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INTRODUCTION 

UNOCAL has prepared a revised Development and Production Plan (DPP) for the 

production of West Hueneme Field gas from Platform Gina. This revised plan was 

prepared in order to address specific comments raised by' the Minerals Manage

ment Service (MMS) in a letter to UNOCAL dated 7 /19 /90 and to meet DPP 

requirements under 30 CFR § 250.34. 

The City of Oxnard has prepared and circulated their document entitled Platfomz 

Gina Proposed Return Water Line Replacement and Conversion To Produced Gas, 

May, 1990, and has reviewed and incorporated responses from all agencies. Based 

upon the City's review, the project description was modified to provide clarification 

and make possible the adoption of a negative declaration. This document is 

included in Appendix Volume 3. 

For questions, inquiries, etc., regarding this DPP, please contact: 

Mr. Williani Weldon 

UNOCAL Oil and Gas Division 

P.O. Box 6176 

Ventura, CA 93006 

(805) 650-4509 
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2.1 Overview 

Platform Gina is located 6 miles southwest of Oxnard, California within 

OCS P-0202 in Federal waters (see Appendix Volume 6 for location map). 

The specific location of Platform Gina as expressed in State Plane Coordi

nates (Lambert Zone 6) are N 723,137, E 1,084,122. Latitude and longitude 

may be expressed as 34° 7' 2.99" North Latitude and 119° 16' 34.53" West 

Longitude. Platform Gina is in 95 feet of water and has been in production 

in the Hueneme and Sespe Zones since 1982. The existing well production 

is transferred by electric submersible pump systems through a 10 5 /8 inch 

pipeline to the Mandalay onshore processing facility, located in the City of 

Oxnard. There are 15 total well slots on Platform Gina: 6 oil producing 

wells, 5 water injection wells, 1 exploration well (H-14), and 3 unused slots. 

Oil and water separation and treatment are conducted at the Mandalay 

facility. Since the existing operation will remain the same, the Hueneme 

Zone will not be discussed any further. This document will focus on the 

proposed development activities. 

Originally, produced water was returned to Platform Gina through a 6 5 /8 

inch pipeline for disposal. The 10 5/8 inch and the 6 5/8 inch pipelines are 

the only pipelines between Platform Gina and the Mandalay facility. The 

6 5 /8 inch pipeline has not been in service since October, 1988, when a leak 

was detected in the produced water pipeline near the Mandalay facility. 

UNOCAL proposes to repair the 6 5 /8 inch pipeline from Platform Gina to 

the Mandalay facility and then convert the pipeline from water return 

service to gas sales service. This will allow production and evaluation of the 

H-14 exploratory well and initiate long term development of the West 

Hueneme Field. The phases of the project required to develop the West 

2 
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Hueneme Field will include the recompletion of wellH-14 to produce from 

the Monterey Zone (H-14 presently produces only from the Sespe.Reservoir 

Zone), the proposed drilling of seven additional wells, and recompletion of 

two existing wells in the Hueneme field. Three of the seven wells will be 

drilled deep enough to produce, at a later date, from the deeper Sespe Zone 

following depletion of the Monterey reserves in these wells. In order to 

process the gas produced from Platform Gina, it will be necessary to provide 

for the installation of gas processing equipment on Platform Gina, minor 

modification of piping at the Mandalay facility, the installation of temporary 

facilities for hydrogen sulfide removal from the product gas stream, and 

permanent hydrogen sulfide monitoring equipment As the production 

phase proceeds to full field development with the planned drilling of seven 

. additional wells, a permanent gas sweetening unit will be installed. The 

addition of wells, processing, and environmental equipment necessitates a 

review of the design structural capabilities of the platform. Modifications 

are required to provide for expanded space requirements and anticipated 

loads. Additional information for each of these proposed modifications is 

contained herein. All phases of the project will be consistent with industry 

standards regarding engineering, safety, and environmental concerns. 

The project is consistent with the requirements of 49 CFR Section 190-195 

(Department of Transportation Regulations), and 30 CFR Section 250 

(Department of Interior and Minerals Management Service (MMS) Regula

tions governing offshore platforms). EIR 78-19 provides background consis

tent with using the platform and the Mandalay onsboi:eJacility Jo produce, 

process, and transport gas to shore via the pipeline;- The 6 5 /8 inch pipeline 

was originally described as a water pipeline although it was designed to stan

dards in order to accommodate the conversion to gas service. 

UNOCAL foresees no significant space use conflicts. Pipeline repairs will 

be swiftly executed involving only a minimum number of vessels working 

3 
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along the Oxnard shoreline for 3 weeks. During drilling, testing, and 

production of the Monterey wells, one crew boat will be chartered to shuttle 

personnel and supplies from Port Hueneme to Platform Gina. This is no 

change from the ctirrent practice. One work boat may be chartered during 

this period to handle heavier items, as is currently being done. 

2.2 Environmental Synopsis 

Environmental impacts associated with this project are minimal. An envi

ronmental assessment and beach vegetative study (see Appendix Volume 1, 

Item E) reveals that impacts to fish and vegetation are minimal and will not 

pose any long-term consequences. A separate emissions study addressing 

impacts upon air quality was prepared and approved by the Ventura County 

Air Pollution Control District (see Appendix Volume 3). 

This project, if successful, will provide a new source of natural gas fuel for 

the surrounding community. When compared to alternate fuels such as fuel 

oil, natural gas burns cleaner, resulting in less emissions. Section 13 sug

gests that if the maximum gas rate from Platform Gina (18 million standard 

cubic feet per day, or 18 MMSCFD) was to be consumed at the Southern 

California Edison Mandalay electrical generating station (located immedi

ately adjacent to the UNOCAL Mandalay onshore facility) in lieu of fuel 

oil, there would be a net annual savings of over 34,000 lbs/year of carbon 

monoxide, 1,707,000 lbs/year of sulfur dioxide, and 105,700 lbs/year of total 

organic carbon. 

4 
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2.3 Existing Platform Gina 

Summary information for Platform Gina is as follows: 

' Facts: 

- Unit Operator: UNOCAL 

- Working Interest: 100% 

- Federal Government Royalty: 16.66% 

- Surface Acreage: 

P-0202: 2824 acres 

P-0203: 5760 acres 

- Water Depth: 95' at Platform Gina 

• History /Highlights 

- Federal lease acquired in 1968 

- 11 exploratory wells from 1969 to 1981 

6 on OCS P-0202 

5 on OCS P-0203 

" 

- 6 production and 5 injection wells on Platform Gina to develop the 

Hueneme Field (OCS P-0202) 

- Exploratory wells P-0203 #5 and #6 drilled in 1985 

- Exploratory well P-0203 H-13 drilled in 1988 and redrilled as H-14 in 

1988 

- Cumulative production 7.03 million standard barrels (MMSTB) of oil 

and 1.85 billion cubic feet (BCF) of gas through July, 1990 

5 
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2.4 Current Status of Facilities 

Before the drilling of wells H-13 and H-14 took place from Platform Gina in 

1988, three projects were undertaken to facilitate testing and potential new 

field development. 

Tue first project was minor structural modification of the platform drilling 

deck to allow for higher hook loads during the drilling of H-13 and H-14. 

Higher hook loads are the result of the greater measured well depths to 

reach the prospective Monterey Zone areas. 

Tue second project was construction of a 23 foot by 40 foot production deck 

extension on the west side of the platform to provide room for temporary 

test equipment. A temporary flare stack was installed. Tue deck extension 

space will be utilized Jar the temporary well testing equipment, and will also. 

be available for some of the permanent facilities. Tue temporary test 

equipment which will be utilized is described in Section 6 of this report. 

Tue Monterey Zone gas from well H-14 is expected to be sour (estimated to 

be 2,000 ppm), but has not yet been tested. H2S removal by gas sweetening 

processes is planned. The gas produced from the Sespe Zone in well H-14 

does not contain H2S, allowing production to occur with the current 

facilities. 

Tue third project completed was installation of a complete ambient hydro

gen sulfide monitoring system on Platform Gina as a safety precaution. This 

system consists of eight monitors at various locations around the platform 

which monitor the air for hydrogen sulfide (H2S). This system is wired into 

the platform's control logic system to completely shut down the platform if a 

dangerous level of H2S is encountered. In addition, a hydrogen sulfide 

contingency plan was developed for Platform Gina. Tue deck layout plan 

for the ambient air hydrogen sulfide monitors is included with the Platform 

6 
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Gina-Ambient Air H2S Monitor Locations (Fire and Safety Equipment 

Arrangement) Drawing in Appendix Volume 6. The approved H2S contin

gency pl~ dated June 1, 1990, is on file at the platform and at the Minerals 

Management Service Ventura District Office. Both of these measures are 

industry safety standards and conform to 30 CFR Part 250 of the Depart

ment of Interior regulations for offshore platforms. 

Wells H-13 and H-14 were drilled after completion of the first two projects 

described above. Well H-13 was a dry hole, and only limited drill stem 

testing was conducted. H-14 was drill stem and production tested in the 

Sespe interval, with production testing performed by blending the production 

directly into the 10 5 /8 inch pipeline with the current Hueneme Field 

production. Existing equipment at the Mandalay facility separated, treated, 

and prepared the gas for sale. The sale of the tested gas and production 

from well H-14 is ongoing because the gas does not contain H2S. 

A permanent flaring system was completed in December 1989 to provide for 

future well testing and permanent processing of the production at Gina. 

This system is designed for a maximum throughput rate of 18 MMSCFD 

rate. This flare boom system provides a flare scrubber, seal drum, smoke

less burner, and a flame extinguishing system. The smokeless burner is a 

state-of-the-art design to minimize emissions. This system conforms to . 

· regulations 30 CFR 250 and to API 521 governing offshore flaring installa

tions. A schematic diagram of the system is in Appendix Volume 6, Plat

form Gina-Permanent Flare Boom Schematic. 

To provide application per 30 CFR 250.122, in May 1990, a certified Piping 

and Instrumentation Diagram (P&ID) and Safety Analysis Function 

Evaluation (SAFE) chart has been provided to the MMS Ventura District 

Office for the proposed gas processing and testing facilities. A copy has 

been reproduced in Appendix Volume 6. In addition, the current facility 
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P&ID and SAFE chart were updated in 1989 and provided to the MMS 

Ventura District for analysis. 
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GEOLOGICAL DATA 

3.1 General 

Lease OCS P-0203, West Hueneme Field, is located offshore in Federal 

waters approximately six miles from Oxnard, California. The West 

Hueneme Field lies within the boundaries of the Point Hueneme Unit and 

was previously referred to as the West Hueneme Prospect/Field. 

Productive reservoirs in the West Hueneme Field are in the Oligocene 

Sespe and the Miocene Monterey Formations. Potentially productive depths 

are from -3700' ss to -5100' ss. The trapping structure for these reservoirs is 

a northeast-southwest trending anticline bounded on the southeast by the 

Hueneme and Gina reverse fault systems. Geologic contour and cross

section maps are shown in Figure Nos. 1through10, Appendix Volume 7. 
J 

Development of the West Hueneme field is from Platform Gina. To date, 

only one exploratory well, OCS P-0203 No. H-14, has been completed in this 

field. This well, although not yet completed in the Monterey, was drilled 

from Platform Gina as a confirmation of exploratory well OCS P-0203 #6. 

Future development wells are planned starting in 1992, if well H-14 tests at 

commercial rates in the Monterey. Detailed discussion of each productive 

horizon follows. 

9 
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4. DEVEWPMENT PLAN, SCHEDULE, AND PROPOSED DRILLING AND 

COMPLETION PROGRAM 

4.1 Sespe Formation Development 

Future development of the Sespe will be coordinated with the development 

of the significantly larger reserves in the Monterey formation. · Three future 

Monterey development wells (No. 1, No. 4, and No. 6 shown in Figure Nos. 

2, 3, 6 and 8 in Appendix Volume 7) will be drilled deep enough to fully 

penetrate the productive portion of the Sespe. These wells will be recom

pleted in the Sespe in the future following the depletion of Monterey 

reserves in these wells. This plan will provide the best economic opportuni

ty for the exploitation of the West Hueneme field. 

Well No. H-14 will continue to produce from the Sespe until the planned 

recompletion in the Monterey Formation is accompl~shed. The actual 

Monterey recompletion date will be defined by the pipeline conversion 

permitting process. 

It should be noted that the Miocene Hueneme sand, which is currently being 

produced from Platform Gina, is apparently not present in the West 

Hueneme structure. 

4.2 Monterey Formation Development 

It is planned to recomplete Well No. H-14 in the Monterey carbonate and 

chert sections by temporarily abandoning the Sespe completion. Drill stem 

tests will be performed in at least two prospective Monte:~Y sections prior 

to running the completion tubing string to evaluate productivity of each 

zone. This recompletion and testing program will be completed immediate

ly after the pipeline from Platform Gina to the Mandalay onshore facility 
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has been converted from water return to gas service. The exact schedule 

will be contingent upon permit approval. Initial production of Monterey gas 

from Well No. H-14 will be through this converted pipeline using temporary 

gas-sweetening facilities which will be installed on Platform Gina. The 

initial production rate from Well No. H-14 will be limited to the capacity of 

the temporary gas-sweetening facility estimated at 3 million cubic feet per 

day (MMCFD), based upon 2,000 ppm H2S concentration. Once the 

productivity of the Monterey carbonate and chert sections is confirmed by 

the recompletion of Well No. H-14, a larger capacity permanent gas-sweet

ening facility will be designed and installed on the platform. A description 

of this equipment is described in Section 7. This facility is expected to be in 

service 22 months after H-14 completion or gas line conversion. At that 

time, gas rates up to 18 MMCFD can be processed after completion of up 

· to seven additional wells in the West Hueneme Field and. recompletion of 

two existing wells in the Monterey Formation (#H-9 and H-10) in the 

Hueneme Field. 

A proposed timeline for the complete development of the Monterey is 

presented in Table No. 1. A drilling program for the development ofseven 

wells is proposed to fully develop the. proven Monterey gas reserves in the 

West Hueneme field. Also, the extent of the additional potential Monterey 

reserves in the field will be determined. during this development drilling 

phase. 

Reference is made to Appendix Volume 7, Figure No. 1, a structural map 

on the top of the Monterey Chert section, Point Hueneme Unit. A total of 

eight development wells, including Well No. H-14, are shown. It is antici

pated that development drilling will extend over a 3 to 4-year period starting 

22 months after the permit to repair the pipeline is received . 
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'-· Development and Production Plan Timeline 

Month Action 

0 Obtain the permit to repair the pipeline. 

1 Mobilize construction equipment to repair line. 

2 Repair pipeline. 
Mobilize rig on Platform Gina. 

3 Test and complete Well No. H-14 in Monterey. 
Install temporary facilities to sweeten gas on Platform Gina. 

.. 4 Place Well No. H-14 on production at an estimated 3 MMCFD rate. 

5 Evaluate Well No. H-14 performance. ... -

6 Initiate permanent facility design. 

8 Formalize cantilever size for additional processing equipment. 

9 Begin third-party verification for cantilever design and slot addition. 

10 Submit structural modifications to MMS. 

11 Finalize permanent sweetening facility design. 

12 Complete specifications for permanent sweetening facility. 

13 Issue bid packages for facility. 

14 Order equipment for permanent facility. 

20-22 Install permanent sweetening facility. 

22 Mobilize drilling rig. 

23-25 Drill Well 1. 

26-28 Drill Well 4. 

29-31 Drill Well 7. 

32-44 Monitor Monterey performance from Wells H-14, 1, 4, and 7. 

45-47 Drill Well 2. 

48-50 Drill Well 6. 

51-53 Drill Well 5. 

54-56 Drill Well 3 .. 

57 Recomplete Well H-9 in Monterey. 

58 Recomplete Well H-10 in Monterey. 

? Recomplete Wells H-14, 1, 4, and 6 in Sespe when Monterey is depleted in 
each individual well. 
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5. 6 5/8 INCH PIPELINE REPAIR 

5.1 General 

This section summarizes the repair of the 6 5/8 inch pipeline between the 

Mandalay facility and Platform Gina. This repair will be completed prior to 

converting the line to gas service, and will replace 3,000 feet of the pipeline 

from the Mandalay facility wall [about 600 feet above the Mean High Tide 

Line (MH1L) landward toward the Mandalay facility] to a point 2,300 feet 

from the MH1L seaward toward Platform Gina. Excavation, installation, 

and restoration required for the pipeline repair will be explained in the 

following sections of this project description. Once work begins, the repair 

of the pipeline will take 3 weeks. 

5.2 Overview of Pipeline 

The subject pipeline is a 6 5/8 inch line, 32,576 feet in length, running 

between the Mandalay treating facility in Oxnard, California and Platform 

Gina within OCS P-0202. The 6 5/8 inch pipeline runs from the Mandalay 

facility southwest beneath the sand dunes that are northeast from the beach. 

- ·Beneath the sand dune, the line is inside a 10 inch protective conduit. Once 

the line leaves the conduit, a long radius bend turns the pipeline to approxi

mately 15° west of south, and from this point the line proceeds directly 

toward Platform Gina. 

The pipeline was installed in September of 1981, and was pressure tested to 

2,190 psi for 25 hours. Originally, pipeline burial was performed by natural 

surf conditions in the surf zone. Subsequent surveys have shown that the 

line has remained buried since installation in the surf zone. 
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The pipeline has been in service carrying produced water to Platform Gina 

for offshore disp·osal since 1982. In 1985, a 650 foot portion of the pipeline 

was replaced from the Mandalay facility seaward towards the surf zone. 

This replacement was from the wall of the Mandalay facility to the MHTL 

Original pipeline documentation, such as EIR 78-19, and the original pipe

line design (Appendix Volume 1, Item D) refers to the 6 5/8 inch pipeline 

as a ''water pipeline." The pipeline was built to the same standards as the 

adjacent 10 5 /8 inch oil pipeline, and the three Gilda pipelines, one of 

which is a gas pipeline. The proposed change to gas service is consistent 

with the original design. 

The pipeline condition has been surveyed annually since the original instal

lation. This is done by either a Side-Scan Sonar survey or a Linalog survey 

each year. The Side-Scan Sonar survey is an external survey and verifies 

pipeline burial and external damage. The Linalog survey determines 

internal and external damage of the pipeline, but does not delineate burial 

conditions. The results of these surveys are presented in Appendix Vol

ume 2. The survey results are submitted to the MMS annually. 

5.3 Pipeline Repair Procedure 

The first step of the pipeline repair was to locate· the pipeline in reference 

to the beach and ocean floor in the repair area. This bas been completed. 

All surveys conducted on the line since it was installed have shown that the 

pipeline is buried in the repair area It was necessary to determine the 

depth of cover to obtain data on the required excavation and offshore tie-in. 

A drawing was made to show the pipeline route, contour of the beach and 

ocean floor, the depth of pipeline cover, and the proposed onshore and 

offshore tie-in points (see Appendix Volume 2, Drawing 7). The pipeline 

has approximately 4 feet of sand coverage throughout the repair area. 
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The second stage of the repair will be to cut the pipe at the offshore tie-in 

point, which is 2,300 feet from the MHTL. A subsea connector and a pipe 

flange with a blind flange attached will be installed on the pipe from Plat

form Gina. 

After this second step in the repair operation, the pipeline from the offshore 

tie-in point to Platform Gina will be pressure tested to 900 psi. This test 

will ensure integrity of the subsea connector and the remaining pipeline 

toward Platform Gina. Once the test is successful, the project will proceed 

to step three. If the pressure test is not successful, the cause will be deter

mined, necessary repairs will be made, and the pressure test will be repeat

ed. 

Step three will be to weld together 2,700 feet of the replacement pipe on 

the beach. The welding will be performed in accordance with the procedure 

detailed in this repair plan. The City of Oxnard has approved the welding 

of the pipe on the beach and an encroachment permit was approved for 

beach access. 

The fourth step of the pipeline repair procedure will be to pull the replace-

. ment pipe to the offshore tie-in point and perform the tie-in. Once the pipe 

is pulled to this point, it will be flange connected to the existing pipeline 

from Platform Gina using the fittings installed in Step 2. This will leave 

400 feet of replacement pipe on the beach which will be run in the right of 

way and at the same level as the existing pipeline. 

The final step will be to weld the additional 300 feet of pipe from the 

Mandalay facility to the point where the offshore pull of the pipe 

terminates. The beach work will be conducted with conventional equip

ment. The pipe will be pulled through the 10 inch conduit that runs under

neath the sand dune to prevent any alteration of the dune area. 
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The surf zone and offshore burial will be accomplished by conventional 

equipment as far as practical. Hydraulic jetting will be limited to areas in 

which the surf zone energy is not sufficient to bury the line. This area will 

extend approximately from the low water mark to as far out from shore as 

practical using conventional equipment. The remaining line will bury itself 

by the natural wave energy. The pipe will obtain burial to the same depth 

as the current line ( 4 feet) in a short period of time indu~ed by tl,le naturn] 

surf conditions. This is described in detail in the Evaluation of the Potential 

for Self-Burial of the Proposed UNOCAL Gina Pipeline study completed by 

the University of California, Berkeley, in May of 1989 (see Appendix Vol

ume 4). The onshore section will be buried mechanically with conventional 

equipment. · 

Pipeline Description and Design 

The original pipeline installation was designed in accordance with standards 

found in Title 49 CFR Part 192 from the Code of the U.S. Department of 

Transportation Regulations and the Minerals Management Service O.C.S. 

Order #9. These are the standards which apply to the transmission of gas 

through pipelines. The 1985 repair was conducted to these standards, and 

the proposed repair and conversion plan is designed to meet these same 

standards. 

The new pipeline will be identical in size to the original pipeline. Minor 

coating differences will be described below. The original pipeline design 

was done using engineering analysis methods by a consultant, PMB Systems 

Engineering, and this detailed information is contained in Appendix Vol~ 

ume 1, Item D. This study addressed sea currents, pipeline cathodic protec

tion, pipeline coatings, and other pertinent design information. Any devia~ 

tions from this study are explained herein. 
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-r 5.5 Pipeline Material Specification 
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Pipe: 6 5/8" 0.D. Seamless (original was ERW) 

Schedule: SCH 40 ( .280" wall thickness) 

Weight: 18 . .97 pounds per foot 

Grade: Al06 Grade B 



/" 

\,. 

Anode Material: Sea-Alloy 150 (original was Galvalum III) 

Anode Type: 1/2 shell bracelet 

5.6 External Coatings 

The polypropylene coating was chosen because it will provide suitable 

protection for the pipeline, and it was readily available at the time the pipe 

was obtained. A letter from the UNOCAL Science and Technology Divi

sion is provided as a supporting recommendation for this choice of coating 

(see Appendix Volume 1, Item D). 

5. 7 Cathodic Protection 

The original pipeline cathodic protection system was designed for a 20 year · 

life. This original design is described in Appendix Volume 1, Item D, in the 

PMB Systems Engineering report of May 1981. The original design called 

for 88 pounds of anode per 1,000 feet of pipeline, and the repair plan will 

result in 190 pounds of anode per 1,000 feet of pipeline. 

The line has been surveyed twice since its original installation for cathodic 

protection. The first survey by Harco Corporation in January 1984 indicated 

the only problem to be a short across an insulating flange located at the 

Mandalay facility, which was corrected. The UNOCAL Science and Tech

nology Division now tests the performance of all such flanges annually to 

verify their proper operation. The second survey was conducted by Corrpro 

in February 1989, and the results of that survey indicate that adequate 

catjlodic protection exists for the 6 5 /8 inch pipeline. The complete third 

party survey results are in Appendix Volume 2. 
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5.8 Concrete Coating 

The difference in the concrete coating thickness of the replacement pipe has 

been addressed in a burial study conducted by the Ocean Engineering 

Department at the University of California at Berkeley. This study, Evalua

tion of the Potential for Self-Burial of the Proposed UNOCAL Gina Pipe

line, May 1989, is provided in Appendix Volume 4. 

5.9 Specific Gravity of Pipeline 

The following table summarizes the net buoyancy of the replacement pipe 

section of the 6 5 /8 inch pipeline: 

TABLE 6 
Comparison of Pipeline Specific Gravity 

Surf Zone Offshore 
w/Concrete w/Concrete 

Negative Specific Negative Specific 
Buoyancy Gravity Buoyancy Gravity 
. (lbs/ft) (water=l) (lbs/ft) (water=l) 

Pipeline Empty 43.06 2.36 18.49 2.09 

Pipeline Full 55.83 2.51 31.26 2.22 

5.10 Connecting Spool Piece 

One connecting spool piece will be required to perform the repair of the 

6 5 /8 inch pipeline. This connecting spool will be located at the offshore 

tie-in point, 2,300 feet from the MH1L 

The connection spool piece will join the replacement pipe to the existing 

line using standard pipe flange connections. The spool is necessary to 
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provide the needed fit between the existing and replacement pipe sections. 

The actual length and configuration of the connecting spool piece will be 

determined after the replacement pipe pull using actual field measurements. 

5.11 Inspection and Testing Requirements 

All welds will be made in accordance with UNOCAL's Western Region 

welding policy. Sample procedures are in Appendix Volume 1, Item E. All 

welds will be radiographically inspected. The standard for acceptability shall 

be API Standard 1104, Standard for Welding Pipelines and Related Facili

ties, as directed by Title 49 CFR Part 192 (gas pipelines) of the Minimum 

Federal Safety Standards. All welders will be certified to this standard 

before work on the project commences. 

Once the pipeline tie-ins are made, a pressure test will be conducted. This · 

test will be conducted at 900 psi, and will test the entire pipeline from the 

Mandalay facility to Platform Gina. The test will be held for a minimum of 

8 hours, and witnessed by the Minerals Management Service, State Lands 

Commission, and a UNOCAL representative. 

Prior to covering the pipe, the location of the line will be smveyed for the 

permanent records. The installation contractor will provide the surveyor 

with assistance, as required, for both the onshore and offshore sections of 

the survey. 

Before covering the pipeline and during the pipeline pull, the replacement 

· · · pipe will be inspected for coating flaws. All flaws will be repaired before 

the pull operation contir~ues, or before the pipe is buried. Repairs will be 

performed in accordance with the pipeline coating manufacturer's 

recommendations. 
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5.12 Pipe Welding and Pulling Requirement~ 

The replacement pipe wiU,be welded according to UNOCAL's Western 

Region welding policy/(Appendix Volume 1, Item E), and will be welded in 

the onshore staging area in a series of three to six side-by-side strings. The 

first joint of pipe will have a 6 inch flange installed which will connect the 

replacement pipe to the subsea connector at th.e offshore tie-in location. 

Replacement pipe sections with cathodic protection anodes will be installed 

approximately 300 feet apart. The first anode equipped· section will be the 

first full pipe section of the pull. 

Each weld joint on the pipe will be equipped with protective sleeves in

stalled according to manufacturer's specifications. Before and during the 

pulling operations, ·efforts will be made to ensure that the external coatings. 

are not damaged. Additionally, the replacement pipe coatings and anodes 

will be inspected and repaired, ii ·needed, both prior to and during pulling 

operations. 

The pulling of the pipe will be conducted in a manner which will not 

compromise the external coatings nor overstress the pipe or its concrete 

coating. 

S.13 Tie-In Procedure 

The offshore tie-in location will be 2,300 feet from the MHTL After exca

vating small holes for access, the pipeline will be cut at the tie-in point and 

again some 40 feet landward. The resulting 40 foot section of pipe will be 

removed providing room for the replacement pipe to be connected to the 

existing pipeline. 
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The subsea connector and a pipe flange with a blind flange attached will be 

installed by divers. Then, an underwater habitat will be installed at the tie

in point so that a dry welding environment can be obtained. After the 

habitat is installed, it will be filled with an inert gas, and the subsea connec

tor will be welded with a pipeline quality seal weld. 

The pipeline will then be pressure tested to 900 psi between Platform Gina 

and the tie-in point. This test will ensure integrity of the subsea connector 

and the remaining pipeline. Once the pressure test is complete, the replace

ment pipe on the beach can be made up in accordance with the previously 

outlined procedures. 

Once the replacement pipe has been fabricated on the beach, a blind flange 

with a pulling head will be installed on the first joint of pipe. Then the 

replacement pipe will be pulled to the offshore tie-in location. The pipe 

will be pulled from the onshore fabrication area in a.continuous manner, 

stopping only for connection of the individual strings. The pull will be 

achieved by the use of both a pulling winch mounted on the support vessel 

and that vessel's mooring anchors, and will require approximately 18 hours 

to complete. 

The pull will be complete when the replacement pipe is about 20 feet short 

of the offshore tie-in point. Upon completion of the pul4 the replacement 

pipe will be filled with water to increase its weight and resist lateral move

ment This will effectively put the pipe into position on the ocean floor. 

Divers will then determine the size and configuration of the connecting 

spool piece by taking tlie required field measurements. 

Once the connecting spool piece is complete, it will be lowered into position 

and installed between the replacement pipe and the subsea connector. The 
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pipe flanges will be joined to manufacturer's specifications, and the offshore 

tie-in will be complete. 

The onshore tie-in can be completed concurrent with the offshore tie-in and 

will take place 400 feet above the MHTL The replacement pipe will be 

buried on the beach to the same level as the existing pipeline within the 

existing right of way. This work will be done with the conventional equip

ment listed in Appendix Volume 1, Item E. 
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( 6. TEMPORARY HYDROGEN SULFIDE SWEETENING FACILITIES 
·· .. 

6.1 General 

The initial equipment installed will include a gross separator, two batch 

sweeteners, two hydrogen sulfide line monitors, and a final gas scrubber. 

The batch sweeteners will each be capable of treating a gas volume of 

3.0 MMSCFD and sweetening from a hydrogen sulfide level of 2,000 ppm to 

less than 4 ppm. The associated liquid production will be handled by an 

~xisting shipping tank and two pumps, each ,of which are capable of 2,000 

barrels of liquid per day. This liquid will be shipped to Mandalay through 

the 10 5 /8 inch pipeline. 

Initially, this equipment will be utilized for only the current well H-14. All 

gas will be sweetened to the pipeline specification for hydrogen sulfide 

before it enters the 6 5 /8 inch pipeline. The hydrogen sulfide pipeline 

monitors will verify that the gas is under the 4 ppm specification before the 

gas enters the pipeline. If a hydrogen sulfide level exceeding the 4 ppm 

specification is obtained, the monitors will automatically shut down the 

producing well or wells, and the pipeline shutdown valve will be closed. In 

addition, the Southern California Gas Company has a monitor on the sales 

gas meter at the Mandalay facility. Flow schematics for the temporary gas 

processing system may be found in the Appendix Volume 6. 

6.2 Batch Hi) Removal System 

For the estimated 3 MMSCFD well H-14 production, a non-regenerative 

batch type H2S chemical removal system is planned. The batch sweetener 

will treat the gas volume of 3 MMSCFD reducing the H2S level from 

2,000 PPM to less than 4 PPM. If an H2S level exceeding the 4 PPM 

specification is experienced, monitors will automatically shut down the 
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producing well(s), and the pipeline shutdown valve will be closed. Removal 

of H2S will be by direct contact of the gas stream with the H2S scavenging 

medium. The sweetener system is designed for a 24 hour continuous duty 

cycle with redundant equipment for alternate operation and chemical 

recharging. When the sweetener chemical is depleted, operatiQn is trans

ferred to the redundant equipment train. 

Referring to Drawing 90-1380 in Appendix Volume 6, a proposed H2S 

removal system is shown and operation discussed as follows: At the time of 
, .. 

actual installation, the actual design and equipment used may be adjusted to 

reflect best available and safest technology. 

6.2.1 Major Equipment 

The H2S removal system consists of the following basic components: 

(a) Gross Separator 

(b) Dual Batch Sweeteners 

(c) Sweetener Carryover Scrubber 

( d) Sweetener Chemical Pumps 

1 e) Sweetener Chemical Tanks 

(f) H2S Monitors 

6.2.2 Operating Elements 

The inlet gas stream is introduced into an inlet gross separator 

equipped with a tangential inlet nozzle/ diverter and a final mist 

eliminator. Entrained liquids, either water and/or liquid hydrocar

bons, are removed from the inlet gas streani via a two-phase scrub

bing action. Liquid drainage is effected by a level controlled drain 

valve directing the separated portion to the existing MBJ-Fl liquid 
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shipping tank~ Shipping pumps P9 and PlO transport this produc

tion into the oil pipeline to Mandalay. 

After passing through the inlet separator, the inlet gas is directed 

into the batch sweetening towers. Operating singly, each tower is 

filled approximately half full of the sweetening chemical mixture. 

The inlet gas is directed through sparging nozzles which disperse 

the flow keeping the chemical solution agitated and in intimate 

contact with the gas stream. Within the sweetening towers, the 

H2S reacts with the highly reactive chemical solution to remove the 

H2S from the inlet gas stream. The treated gas passes out of the 

top of the sweetening tower and is directed into a carryover scrub

ber which is similar in construction to the inlet gross separator. 

The outlet scrubber is provided to prevent any carryover of chemi- · 

cal solution from the sweetening towers into the gas pipeline due 

to unforeseen process upsets. The scrubbed gas stream exits from 

the top of the carryover scrubber, leaves the H2S removal system, 

and is directed into the gas pipeline. The exit gas stream is moni

tored for residual H2S content with two redundant level annuncia

tors providing alarm annunciation at 2 ppm H2S and shutdown at 

4 ppm H2S. 

Gas flow is monitored by a meter run with a flow recorder. In 

addition, gas pressure is also .monitored and controlled by pressure 

regulator PCV21. 

The sweetener chemical mixt~re is supplied to the batch sweeten

ing towers by two chemical pumps P32 and P33 which take their 

suction from chemical tanks TK20 and TK21. These two 600 gal

lons tanks are sized to accept a batch chemical mixture capable of 
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handling a total of 24 hours of continuous operation, with one tank 

in operation while the other is replenished. The depleted chemical 

solution is transported for offsite disposal or recycling by the 

temporary system supplier. Chemical solution mixing for recharg

ing the system is accomplished manually at each chemical tank. 

The proposed batch H2S removal system has provisions for the 
. ., .. 

future addition of a test header, separator, and terminal gas dehy-

dration. Additionally, a connection is provided for methanol 

injection which will be used for initial dehydration. 

6.3 Proposed Deck Layout of Temporary Facilities 

The deck space allotment for the temporary gas sweetening equipment has 

been designed. Appendix Volume 6 displays a proposed plot plan for 

installation of temporary gas sweetening equipment . 
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7. PERMANENT HYDROGEN SULFIDE SWEETENING FACILITIES 

7.1 General 

7.2 

As the production phase proceeds to full field development, additional 

facilities and equipment will be needed. This could include the installation 

of additional deck space along the south side of Platform Gina to allow for 

some of the equipment. The additional equipment could include a standard 

production and test header system, a test separator, a gas dehydration unit, 

a permanent sweetening plant, and gas compressors. The actual equipment 

needed would be based on future well test results and detailed reservoir 

evaluation. 

One method of sweetening under serious consideration involves two process 

units. The first unit, the sweetening operation, is an amine treater unit 

consisting of a high pressure H,S removal stage and low pressure amine 
. . -

solution regeneration stage. The second unit is a recycle sulfur recovery 

unit for removing the sulfur from the amine unit discharge acid gas stream 

employing the Claus process. 

Note: The following sections and descriptions of proposed equipment to be 

installed are based upon UNOCAL's best estimates of what will be required 

and experience in similar situations. As information from Well H-14 

becomes available, the proposed design of the permanent hydrogen sulfide 

sweetening facilities will be checked and modified, as necessary, to suit 

actual conditions. 

Permanent Gas Treatment System 

After testing of the exploratory well H-14 is complete, gas production is 

contemplated. The gas stream will be processed by the temporary system 
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until permanent gas treatment system design and installation is complete. 

This unit will remove H2S and dehydrate the gas to pipeline quality levels. 

Final design of the permanent gas treatment system cannot be completed 

until testing of H-14 is complete. The proposed permanent gas treatment 

system will consist of the following subsystems: 

(1) An Amine Gas Processing Unit 

(2) A Recycle Sulfur Recovery Unit 

(3) A Gas Compressor Station (may be added later) 

(4) A Glycol Dehydration Unit 

Refer to Appendix Volume 6 for process flow diagrams. Sections 7.2.1 

through 7.2.4 generically describe the basic system components and their 

operation rationale. 

7.2.l Amine/Recycle Sulfur Recovery Gas Treatment 

These two systems are connected in series, with the amine treat

ment unit the first element in the system. 

Referring to Drawing 557-F-001 in Appendix Volume 6, the amine 

treatment system operates as described in the following process 

description. 

7.2.1.1 Major Equipment 

The amine treatment system has a high pressure train 

and a low pressure train consisting of the following 

basic components: 
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A High Pressure Train 

(1) Inlet Scrubber 

(2) Amine Contactor 

(3) Outlet Scrubber and Flash Tanlc 

B. Low Pressure Train 

(1) Carbon Filter 

(2) Still 

(3) Reflux Accumulator 

(4) Re boiler 

(5) Surge Tank 

(6) Booster Pumps 

(7) Solution Pumps 

(8) Reflux Pumps 

(9) Lean/Rich Exchange 

(10) Solution Cooler 

(11) Reflux Condenser 

Sour gas enters the process through an inlet scrubber . 
.. 

where entrained hydrocarbons and other liquids are 

removed. The separated gas stream then passes 

through the top of the s~rubber through a high-efficien

cy stainless steel mist eliminator, which allows vapor 

passage with no entrained liquid cany over. The sepa

rated liquids are drained through a level-controlled 

drain valve into the shipping tank for shipment through 

the oil pipeline. 

43 

' ·" 



The scrubbed sour gas then flows to the bottom of the 

amine contactor column. The column contains a series 

of trays to provide countercurrent flow between the 

lean amine and the gas stream. Intimate contact be

tween the amine and gas occurs on the surface of each 

tray allowing for the absorption of the acid gas. A 

level-controlled valve at the bottom of the contactor 

returns the rich amine to the low pressure train via a 

flash tank. Acid gas is directed out of the contactor 

column, flowing to the recycle sulfur recovery unit. 

The flash tank includes a 3-phase separator which sepa- . 

rates the gases released when the operatirig pressure is 

reduced. The flash tank also removes entrained gas 

liquids to prevent foaming. The released gas is recycled 

back to the unit inlet. A level control valve returns the 

solution to the low pressure train. 

The rich amine from the flash tank enters the top of 

the carbon filter and flows downward through the bed. 

Iron sulfide, entrained hydrocarbons, and other unus

able materials are removed by the activated earbon in 

the filter. The rich amine stream from the carbon filter 

enters a full stream sock filter for the removal of solid 

particles larger than 5 microns. 

The filtered rich amine flows next to the tube side of 

the lean/rich exchanger, and is heated by transferring 

heat from the lean ami~e.· 'fhe heated rich amine is 

then fed to the top of the still above the top tray, and 

flows downward through the still where it is contacted 
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r counter-currently with stripping steam generated in the 
\ 
'· reboiler. The stripping steam partially condenses into 

the solution, and provides the heat of reaction required 

to strip the acid gas from the rich amine. 

The acid gas and uncondensed steam are removed from 

the top of the still and are then cooled in the reflux 

condenser. The cooling condenses the steam, and the 

resulting acid gas and water stream flows into the reflux 

accumulator located in the bottom of the still. The 

water is pumped from the reflux accumulator by the 

reflux pump into the rich solution being fed to the still. 

By reinjection of the reflux water, water loss from the 

amine unit is minimized. The acid gas flowing from the 

1 top of the reflux is collected by the vapor recovery 

system. A backpressure controller and valve on this 

discharge line maintains the pressure on the amine 

regeneration system. 

Stripped amine solution flows into the reboiler, heating 

the solution to provide the stripping steam. The lean 

amine solution flows over a weir plate and into the 

surge chamber in the reboiler. Lean amine flows from 

the surge chamb~r to the shell side of the lean/rich 

heat exchanger. Amine exits the exchanger and then 

flows to the booster pump suction. The booster pump 

circulates fluid through the solution cooler to the sue-

tion of the solution pump which pumps the lean amine 

. : back to the contactor column, completing the flow cycle . 

'.\ .. 
' 
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Recycle Sulfur Removal 

The sulfur removal system is the second gas treatment unit located 

downstream of the amine treatment system. It consists of a 2 long 

tons per day {LTD) sulfur recovery unit capable of removing over 

985% of the sulfur content of the gas stream. 

The recycle sulfur removal process is based on an extremely active 

catalyst patented by UNOCAL that has been specially developed 

for sulfur recovery from gas streams containing H2S. This catalyst 

selectively oxidizes H2S to sulfur at relatively low temperatures 

without forming S03, or oxidizing light hydrocarbons. It is highly 

active and stable retaining its activity over long periods of time 

without regeneration. Typically, the catalyst should operate for at 

least 3 years before requiring replacement. The process is entirely· 

catalytic, eliminating the need for a thermal reaction furnace which 

results in a simplified Claus process. 

Approximately one-third of the H2S in the feed gas is oxidized 

catalytically with air to form SO.,, which then reacts with the re

maining H2S to form elemental sulfur, according to the principal 

Claus reactions: 

H2S + 3/2 0 2 -+ S02 + H20 

2H2S + S02 -+ 3S + 2H20 

Referring to Drawing 557-F-002 in Appendix Volume 6, the sulfur 

removal system operates as described in the following process 
. . ....... -

description. 
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Description 

The recycle sulfur recovery unit proposed has been 

designed to operate on acid gas with H2S concentra

tions ranging from 7.10 to 17.0 volume per cent. Relat

ing these rates to sulfur contained in the feed gas 

stream, these concentrations are equivalent to 0.13-2.00 

LTD of sulfur. A long ton of sulfur equals approxi

mately 150 gallons. 

The concentrated sour gas exiting the amine unit enters 

the sulfur recovery unit through the knock-out drum/ 

filter separator. This protects the catalyst from water, 

hydrocarbons, or amine carryover should any process 

upsets occur upstream. The condensate from the 

knock-out drum/filter separator is pumped out on level 

control by the low water pump into the shipping tank. 

Then, the feed gas stream is heated electrically in the 

preheater before being combined with the recycle gas 

from Sulfur Condenser No. 1, and is further heated to 

an initial reaction temperature of 390°F in Reheater 

No. 1. 

A controlled quantity of air is added by modulating the 

air flow rate with the acid gas feed flow rate. The air 

flow is controlled by the output signal from a tail gas 

analyzer on the stream from Sulfur Condenser No. 3 to 

maintain the desired H2S /S02 ratio for optimum sulfur 

recovery. This system can automatically compensate for 
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changes in the acid feed gas composition, or errors in 

flow measurement due to changes in flowing conditions. 

The combined acid gas feed plus recycle enters the con

verter. The Claus reaction to form elemental sulfur 

proceeds as the H2S is selectively oxidized to form S02• 

Then the converter effluent is cooled in Sulfur Con

denser No. 1. The condensed sulfur is separated from 

the gas and stored in a sulfur storage tank. 

A portion of the effluent from Sulfur Condenser No. 1 

is recycled back to the converter with the recycle blow

er. The remainder is heated to reaction temperature in 

Reheater No. 2 before entering the first Claus convert- · 

er, which contains a conventional alumina Claus cata

lyst. Sulfur is formed and the exothermic reaction 

creates a temperature rise across the bed. The convert

er effluent is cooled in Sulfur Condenser No. 2, and the 

condensed sulfur flows to the sulfur storage tank. 

Similarly, for the third stage, the gas from the condens

er is reheated, sulfur is formed in the converter, the 

converter effluent is cooled in Condenser No. 3, and 

the condensed sulfur drains to the sulfur storage tank. 

The tail gas from Sulfur Condenser No. 3 is reheated, 

mixed with excess air, and enters the catalytic incinera

tor to oxidize the residual sulfur compounds. Then, the 

catalytic incinerator effluent is vented to the vapor 

recovery system. A minimum catalytic incinerator 
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outlet temperature of 540°F is maintained to ensure 

complete oxidation of the residual H2S to S02• A high 

and low temperature alarm and high temperature shut

down are provided to alert the operator and safely shut' 

down the plant. 

7.2.3 Gas Compressor Station 

!'.·.-

Referring to Drawing 557-F-004 in Appendix Volume 6, the gas 

compressor station will consist of three multi-stage compressors 

driven by electric motor/ gearbox drive packages. The gas ~ow rate 

is planned to increase incrementally to a total of 18 MMSCFD. It 

is proposed to design each compression module to consist of an 

approximately 1200 HP centrifugal compressor sized to compress 

6 MMSCFD of gas from 50 psig to 500 psig. Compressors will be · 

added to the station as gas production increases. Initially, there 

may be no gas compressors required. 

7.2.3.l Process Description 

Inlet gas from the amine treatment unit will enter a 

suction scrubber. Separated condensate will be drained 

into shipping tank MBJ-Fl by a level-controlled drain 

valve for offsite transmission through the oil pipeline. 
I 

The separated gas will flow into a distributor manifold 

serving the suction of the three compressors. Isolation 

valves allow the selection and addition of compressor 

units. 
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/ Each compressor will be driven by a 4160V, 1200 HP 

explosion-proof electric motor driver. A motor control 

center served by a new transfonner installation will be 

added to handle the compressor, air cooler, and oil 

pump motor loads. The compressor will be equipped 

with appropriate alarms and shutdowns per 30 CFR 

§250. 

Gas discharge from the compressors will enter an air

cooled heat exchanger to cool gas before dehydration. 

7.2.4 Gas Chiller/Dehydration 

The final process unit in the gas treatment system is a gas chiller. 

The gas chiller uses a refrigerant pump and heat exchanger to 

lower the temperature of the gas below the dewpoint {estimated to 

be 45°F) in order to reduce the formation of gas hydrates and 

condensation; which could cause corrosion in the gas pipeline. The 

gas chiller would consist of a single packaged skid, be electrically 

driven, and produce no emissions. 

In some situations, depending upon the specific properties of the 

gas, other treatment will be required. If, after gas testing, it is 

determined that a gas chiller will not be adequate, then a glycol 

dehydration system will be installed. 

Ethylene glycol has a high affinity for the water vapor entrained in 

the gas stream. It is non-corrosive, regenerates readily, and pos

sesses low chemical losses. 
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The following parag~aphs describe the operation of a generic glycol 

dehydration system. Note that a glycol dehydration system will be 

utilized only if gas testing determines that a gas chiller would be 

inappropriate. Gas testing cannot be performed until well testing 

is performed. 

If utilized, the glycol dehydration will be located downstream of the 

compressor station. Referring to process diagram 557-F-004 in 

Appendix Volume 6, the gas stream enters the system through the 

inlet scrubber. Separated condensate and liquids are drained into 

shipping tank MBJ-Fl for transport through the oil pipeline. 

Scrubbed gas passes from the inlet scrubber into the vertical glycol

gas contactor column containing either trays or packing. The gas 

enters the bottom of the contactor and flows upward through the 

packing or trays countercurrent to the glycol flow. At the upper 

end of the contactor is an open space for entrainment settling. In 

this. open space, most of the entrained glycol particles in the gas 

stream settle out. Any glycol not settling out will be removed by a 

high-efficiency mist eliminator at the top of the contactor column. 

The dried gas stream flows downward from the top of the con

tactor column through an external glycol-gas heat exchanger. The 

incoming dry glycol from the surge tank is cooled in this heat 

exchanger before it enters the contactor column for maximum 

contacting efficiency. 

Dry concentrated glycol is picked up from the surge tank and 

pumped through the glycol-gas heat exchanger to the top of the 

contactor column. The dry glycol enters the contactor at the top 

tray or top of the packing. The dry glycol flows downward through 
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the column trays or packing. By the countercurrent flow of gas and 

glycol, the driest incoming glycol on the top is in contact with the 

driest outgoing gas for maximum dehydration of the gas stream. 

The wet glycol, which has absorbed the water vapor from the gas 

stream, leaves the bottom of the glycol-gas contactor column, 

filters, and pumps through a coil in the combined heat exchanger

surge tank. In the combined heat exchanger-surge t~ it is 

preheated by exchanging beat with the lean glycol coming from the 

re boiler. 

The warm wet glycol stream flows from the heat exchange coil to a 

low pressure flash separator which allows for the release of the 

entrained solution gas. The gas separated in the flash separator 

leaves the top of the vessel for use as a supplement to the shipping 

gas. 

Then the glycol enters the stripping still column where it flows 

downward toward the reboiler, contacting hot rising glycol vapor, 

water vapor, and stripping gas. The water vapor has a lower 

boiling point than glycol; therefore, any rising glycol vapors will be 

condensed in the stripping still and returned to the reboiler. In the 

reboiler, the glycol is heated to between 350°F to 400°F to remove 

enough water vapor to reconstitute it to 99.5%, or greater. 

The reboiler is supplied with heated heat transfer medium from 

the amine unit, in contrast to the direct-fired heaters typically 

supplied with these units. 

The reconcentrated glycol leaves the reboiler through an overflow 

pipe and passes to a surge tank. 

52 

• .•· 



(_ 
....... 

7.3 Proposed Deck Layout of Permanent Gas Sweetening Facilities 

Proposed deck space allotment for the permanent gas sweetening system has 

been designed. Note that to accommodate this equipment, an extension of 

the production deck will be required prior to setting of equipment. More 

information on the structural modifications required to accommodate this 

type of equipment may be found in Appendix Volume 5. Appendix Vol

ume 6 provides a proposed plot plan for installation of permanent gas 

sweetening equipment. 

7.4 Byproducts Resulting from Temporary and Permanent Gas Sweetening 

Processes 

The gas processi'ng and distribution systems will produce minimal quantities 

of gaseous, liquid, and chemical byproducts. The majority of these effluents 

will be transported onshore fo~ final disposal or recycling. All byproducts, 

except for relief valve discharges will be kept isolated from the environment 

and transported in closed systems. 

7.4.1 Temporary Batch Sweetening Process 

The temporary batch sweetening process system has three basic 

byproducts resulting from its operation: 

(1) Liquid Drains 

(2) Gaseous Vents 

(3) Expended Chemicals 

Following are estimates of production and projected disposal 

provisions. Since precise system design parameters have not as yet 

been developed, the values listed represent conservative estimates. 
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7.4.2 

·The final designs may have varying performance, but should pro

duce no additional quantities beyond those listed herein. 

Liquid Drains 

The two sources of liquid byproducts are the condensate drains of 

the initial and final separator scrubber units. The initial gross 

separator will have the largest liquid removal duty. Typically, the 

liquid drain stream will contain separated water/condensate and 

unspecified hydrocarbon liquids. Operating at a capacity of 

3 MMSCFD, it is estimated that approximately 1700 gallons/day of 

'entrained liquid will be removed by the gross separator. This will 

be drained to the shipping tank for shipment onshore. 

The remaining source of liquid byproducts will be the drain coming 

from the sweetener carryover scrubber. This component removes 

the trace vapor carryover from the direct contact sweetening 

process. The influent will result from process upsets and transients 

which will produce a minimal contribution to the liquid drains. 

Operating at design capacity, it is estimated that approximately 

500 gallons/day of water and trace sweetener chemicals will be 

removed by the carryover scrubber. This will also be transported 

onshore, pumped from the shipping tank through the 10 5 /8" oil 

pipeline. 

7.4.3 Gaseous Vents 

The only gaseous vents will come from the safety relief valves 

installed on the gross separator, the two sweetener tanks, and the 

carryover separator. Since only one sweetener tank is in operation 

at any time, a total of three relief valve vents require 
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consideration. The relief valves only open during a process upset. 

Thus, the gaseous venting is an infrequent process. The relief 

valve outlets are manifolded and vented to the flare for safety 

reasons. 

7.4.4 Expended Sweetening Chemicals 

The third and final category of byproducts resulting from the 

temporary gas sweetening process is a small quantity of expended 

sweetening chemicals mixed with water. With only one sweetening 

tank operating while the other is being regenerated, a total 300-

450 gallons of expended chemical sweetener is projected to be 

produced each operating day. 

The expended chemical sweetener will be transported onshore for 

permanent onshore disposal, or recycling by the batch sweetener 

supplier. 

The permanent gas sweetening process consists of two basic 

systems: 

(1) An Amine Unit 

(2) A Sulfur Recovery Unit 

Although consisting of numerous process vessels, these two systems 

only produce two byproducts: 

(1) Gaseous Vents 

(2) Liquid Drains 
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Considering each process unit individually, following are 

byproducts production rates and disposal methods. 

7.4.5 Amine Unit 

All process vessels in this system will be equipped with a gas 

blanketing subsystem keeping these components under positive 

pressure during both normal operation and shutdown. All process 

gaseous·vents will be connected to a closed vapor recovery subsys

tem, ultimately discharging into the gas compressor suction header, 

after H2S removal. All sweetened offgassing will be collected by 

this system and disposed of by blending with the shipping gas 

stream transported onshore. The total gaseous volume discharged 

into vapor recovery from the amine system is projected to be 

approximately 15 MCFD or approximately 1/2 of 1 % of the nor

mal initial gas flow rate. 

The amine unit will include several sour water drains primarily 

from the two scrubbers and the feed gas filter/separator. 

Additional liquid drain sources include the carbon and sock filters 

and the various process receiver vessels. The liquid drains will be 

. manifolded for drainage into the MBJ-Fl shipping tank. Collected 

drain liquids will be pumped onshore by the shipping pumps 

through the 10 5 /8" oil pipeline. It is estimated that a maximum of 

2000 gallons of liquid effluent will be transported onshore per day. 

7.4.6 Sulfur Recovery Unit 

Next, the acid gas exiting the amine unit is processed by the sulfur 

recovery unit. This unit produces only gaseous vent byproducts. 
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7.4.7 

All process vessels will be equipped with a gas blanketing system, 

with process vents being stripped by the vapor recovery system. 

The recovered vapor will be returned to the amine plant inlet for 

sweetening. The total gaseous discharge under vapor recovery is 

estimated to be an expected maximum 3/4 of 1 % of the normal 

initial gas flow rate, or approXimately 22.5 MCFD. 

The primary liquid drain source in the sulfur recovery unit is the 

initial acid gas knock-out drum. Since the gas has already been 

scrubbed several times, a small quantitj of removed condensate is 

expected. 

Approximately 600 gallons per day of drain liquid is expected for 

shipment onshore via the 10 5 /8" oil pipeline. A small additional _ 

liquid drain contribution is projected for the balance of the process 

vessels for an estimated maximum total of 100 gallons a day. 

Glycol Dehydration Unit 

The final gas processing system is the glycol dehydration unit. 

Only gaseous and liquid drain byproducts are expected. The 

vessels will be equipped with gas blanketing and vapor recovery. 

The recovered vapor will be blended with the shipping gas for 

transport onshore. It is estimated .that a maximum 1/4 of 1 % of 

normal initial flowrate, or approximately 7.5 MCFD of recovered 

vapor, will result. 

Liquid drains for the dehydration unit consist primarily of the inlet 

gas scrubber. The inlet gas has previously been scrubbed in both 

the amine and sulfur recovery unit, and thus is essentially free of 

entrained moisture when it enters this unit. It is estimated that a 

57 

' ,;., 



C. 

maximum of 150 gallons of drain liquid is expected per day for 

collection in the shipping tank and transport onshore through the 

oil pipeline. 

7.4.8 Gas Compressor System 

Although not strictly a gas processing unit, the gas compressor 

system also produces both liquid drains and gaseous byproducts. 

Condensate is produced by the inter and aftercoolers. An estimat

ed maximum of 800 gallons per day of liquid condensate is expect

ed, with collection in the shipping tank for onshore shipment. 

Each compressor is protected by a safety relief valve, open only 

during major system upsets. In the unlikely event of a major 

system upset, it is expected that the relief valve would be open for 

a maximum of 3 minutes, resulting in a total of 15 MCFD of gas to 

be vented by all three compressors to the flare stack. This also as

sumes the further conservative assumption that all valves would be 

open simultaneously. 

The preceding information constitutes all of the byproducts expect

ed to be produced by the temporary and permanent gas sweetening 

systems. All values noted represent very conservative estimates. 

Final values may differ, but are not expected to exceed the esti

mates listed. The majority of the byproducts will be processed by 

other platform systems and will not affect the environment 

UNOCAL has, by regulation, an existing NPDES permit for the 

discharge of wastewater. 
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A copy of the General NPDES Permit for water discharge, granted 

to UNOCAL, can be found on Page 55037 of the Federal Register, 

Vol. 48, No. 237, published Thursday, December 8, 1983 . 
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{ 8. INSTRUMENTATION 
·· .... ' 

8.1 General 

Additional instrumentation, pneumatic and/ or electronic, will be required 

for control and monitoring of the additional process units and equipment. 

A portion of the additional instrumentation will be furnished by vendors as 

part of packaged units (i.e., the unit for sulfur recovery). Control of the 

packaged units will be provided for by unit local panels. The existing 

computerized control system on Platform Gina is not currently capable of 

handling the increased load and thus will require modification and 

expansion. 

Control for the packaged process units will be provided by the manufactur

er's furnished local control panel(s). All furnished control panels will be UL 

approved for use in Class I, Division I or II hazardous areas, Group D, as 

applicable. In addition, all furnished controls will be provided with hermeti

cally sealed components or enclosures designed to prevent premature failure 

due to the salt-laden, high humidity environment. All shutdown and alarm 

circuits will be designed fail-safe. 

Supervisory control and data acquisition (SCADA) will.be provided to the 

existing platform programmable logic controller (PLC) from the furnished 

local control panels. This information will then be available for display on a 

CRT based operator interface (OIT). 

The existing PLC will be expanded to accommodate the additional inputs/ 

outputs that will be required for the new gas handling equipment. The 

central processor currently has sufficient memory to serve all the new 1/0. 
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Hi;S Detection 

As part of the temporary and permanent installation of facilities on Platform 

Gina to remove the hydrogen sulfide gas, a redundant H2S monitoring, 

detection, shutdown, and alarm system will be installed to monitor the H2S 

concentration in the product gas. The redundant system will include three 

separate H2S monitors. Two will be installed at Gina, and the third at the 

Southern California Gas Company facility inside Mandalay. The redundan

cy of the monitoring is such that the gas from Gina will be verified for H2S 

concentration twice before it leaves Platform Gina, and an additional time 

before sales are made at the Southern California Gas Company meter at 

Mandalay. UNOCAL considers this system to be more than adequate to 

insure that H2S gas does not enter the natural gas distribution system. The 

reliability of this system has been more fully discussed in the risk assessment 

study prepared entitled "Platform Gina Gas Production and Pipeline 

Mandalay Onshore Receiving" dated November 21, 1989, Appendix Vol

ume 3. 

The H2S monitors operate by being sensitive to hydrogen sulfide and sensing 

the rate of lead formation on a lead acetate-coated paper by use of a photo

cell and a light source. This type of monitor has proven to be reliable and 

is extensively used in the industry by gas transmission companies including 

Southern California Gas Company. The continuous monitors are designed 

to activate an alarm should a treating system upset occur that results in a 

hydrogen sulfide concentration of 2 ppm in the gas stream. The continuous 

monitors will activate shutdown of the gas producing well, or wells, should 

the hydrogen sulfide concentration reach 4 ppm. The alarm and shutdown 

features are fully automatic, and the monitors themselves are regularly 

calibrated with the results reviewed by the Minerals Management Service. 
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Regarding the timing of the H2S monitor installations at Gina, the new H2S 

monitors at Gina will be installed prior to the initiation of gas sales from 

Gina via the 6 5 /8 inch pipeline and after the permit is obtained. 

The following pages show a table of the H2S monitors and a simplified 

schematic of the locations of the monitors for Platform Gina. This will 

identify the function of each monitor in detail. . 
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TABLE 7 

Hi;S Redundant/Monitoring/Detection/Shutdown/ Alarm Systems 

Platform Gina Proposed Monitor-Monitor A 

1. Monitor: Gas stream on Gina 

2. Detection: H2S content 

3. Shutdown: 4 ppm H2S 

4. Alarm: 2 ppm H2S 

5. Install: During the facility installation at Gina and be-

fore sales commence 

Proposed Monitor-Monitor B (Redundant Monitor) 

1. Monitor: Gas stream on Gina downstream of Monitor A 

2. Detection: H2S content 

3. Shutdown: 4 ppm H2S 

4. Alarm: 2 ppm H2S 

5. Install: During the facility installation at Gina and be-

fore sales commence 

Additional Redundancy: Gas is monitored in the same manner by the existing Southern 

California Gas Company Monitor C at the Mandalay facility 

sales meter. 
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ELECTRICAL 

Revisions and additions will be required to handle the electrical loads of the 

additional equipment. These will include expansion of the Motor Control Center 

(MCC) capabilities. 

Electrical power available to Platform Gina is via a 16.SKV submarine cable which 

originates at UNOCAL's Mandalay Facility. The conductors are considerably 

oversized in order to allow for future expansions and possibly a future platform. 

Therefore, incoming power to the platform at 16.SKV will be more than adequate 

for the proposed expansion. 

Detailed investigation of existing platform electrical service at 480 volts will be 

performed to determine the extent of available 480 volt power for the gas equip

ment expansion. At this time, it is anticipated that the existing 16.SKV - 480 volt 

transformer will be adequate to serve the expected new load. If further investiga

tion shows that the existing transformer does not have this spare capacity, a new 

lOOOKV A transformer will be installed. 

In addition to the 480 volt loads associated with the new proposed gas handling 

equipment, there will be a requirement for 2300 or 4160 volt power (medium 

voltage). Currently, there is no medium voltage source on the platform. There

fore, installation of a new 16.SKV - 2300 or 4160 volt transformer will be required. 

Initial size of this transformer is estimated at 3000/3750KV A OA/FA (fan cooled). 

The existing powerhouse on the platform does not have sufficient spare space for 

the starters, switchgear, and circuit breakers required for the proposed gas process

ing equipment. A new powerhouse is proposed for this additional electrical 

equipment. The new powerhouse will be of a similar design as the existing 

powerhouse, i.e., pressurized, equipped with an automatic fire protection system, 

and built to NEMA standards. 
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The new medium voltage system will utilize solid grounding for personnel safety 

and reliability. This is consistent with the existing 480 volt system on the platform 

and medium voltage systems on Platform Gilda. 

All new and revised electrical equipment will be designed in accordance with 

30 CFR §250.53. In addition, the design will follow guidelines as established by the 

National Electric Code (NEC), API RP 14F, Design and Instizllation of Electrical 

Systems for Offshore Production Platfonns, and API RP SOOB, Classification of ./lrea5 

for Electrical Installations at Drilling Rigs and Production Facilities on Land and on 

Marine Fixed and Mobil Platfonns. 
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10.1 Platform Modifications 

10.1.1 Additional Production Well Slots 

Providing that preliminary well testing data supports reservoir 

development, it will be necessary to install additional well slots to 

accommodate new production wells. A preliminary structural 

review of the platform has been completed, and it is proposed to 

install up to eight new well slots just immediately north of_ the 

existing well room area. (Please refer to Drawing 557-T-007, 

Appendix Volume 6 for a schematic plot plan representation.) 

Detail design of the additional well slots cannot be completed until 

further development is performed. At that time, detail engineering 

and design will be performed and structural information regarding 

well slots provided to MMS for approval. Engineering and design · 

of the well slots will follow API RP2A, Planning, Designing, and 

Constructing Fixed Offshore Platfonns and API Specification 6A, 

Specification for Wellhead and Christmas Tree Equipment, latest 

edition. Preliminary design information may be found in Appendix 

Volume 5. 

10.1.2 Deck Extension 

If well testing supports reservoir development, it will be necessary 

to increase the available platform space in order to accommodate 

the gas processing equipme11:t. It is proposed to install a 25' deck 

extension along the west side of the production deck. A prelimi

nary review of the proposed equipment weights has been 
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performed, and this information was considered in assembling a 

proposed equipment layout. (Please refer to Drawing 557-T-007, 

Appendix Volume 6, for a schematic plot plan representation.) 

Detail design of the deck extension cannot be completed until 

process design is finalized. When this is completed, detail engi

neering and design will be performed, and proposed structural 

changes will be submitted to the MMS for approval. Engineering 

and design of the deck extension will follow API RP2A, Recom

mended Practice for Planning, Designing, and Constructing Fixed 

Offshore P/atfonns, and API RP 2G, Recommended Practice for 

Production Facilities on Offshore Structures, latest editions. 

Structural Design 

Two aspects of Platform Gina's structuq1l framing that are related to the 

proposed development work have been examined and documented. 

One aspect is a localized analysis that pertains to the ability of the existing 

westside production deck cantilever to safely carry the temporary equipment 

necessary to process the H-14 sour gas. 

The second aspect is an analysis of the global platform system. This analysis 

establishes the performance of the decks, jacket, and piles under gravity 

loads-including deep well rig loads and loads from a permanent batch 

sweetening facility located in part on a new southside production deck 

cantilever-and extreme environmental (storm and seismic) loads. 
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10.2.1 Westside Cantilever - Temporary Loading 

For the layout and loads assumed, the existing framing under the 

westside production deck cantilever can safely carry the proposed 

(temporary) loads. Static and seismic responses were analyzed. 

Part A of Appendix Volume 5 provides details of the analysis 

methods and results. 

10.2.2 Platform System - Long Term Loading 

Extreme storm and seismic criteria at the site were developed per 

current procedures (API RP 2A, 18th ed.). 

Gravity loads were developed using a deep well rig package as a 

basis, and equipment loads for a permanent sweetening facility. 

Pile capacities and soil-pile interaction were defined using original 

soil sample data and pile driving data recorded. during installation. 

For the loads and capacities used, the platform's piled foundation 

is able to support gravity, storm, and seismic loading with adequate 

margins of safety. The jacket also appears able to support the 

assumed loading with adequate safety factors. 

More detailed localized analysis will be necessary prior to actual 

execution of the drilling and production operations. 

The details of this global analysis can be found in Part B of Ap

pendix Volume 5. 
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( 11. COASTAL ZONE CONSISTENCY 
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The California Coastal Commission (CCC) has not completed review of the project. 

for coastal zone consistency. UNOCAL has been advised that the CCC must 

obtain consistency information from the MMS prior to making this determination. 

As stated in the MMS letter of March 8, 1990, the MMS will notify the CCC of 

proposed modifications after the revised DPP has been submitted and reviewed. 
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12. FACILI1Y PERMIT 

The temporary facilities for the project are currently under review by the district 

MMS office in accordance with 30 CFR 250.122. A certified P&ID and a SAFE. 

chart were submitted in May 1990. 
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13.1 Existing Environment 

A narrative description of the environment has been addressed in Section 

12, Volume II of EIR/EA 78-19. A significant amount of pertinent environ

mental information was provided by this report. 

13.2 Air Quality 

An air quality report was provided to the city of Oxnard and the Ventura 

County APCD. _This information has been incorporated into the report 

"Emission Data for Platform Gina Pipeline Repair and Conversion Project". 

This information may be found in Appendix Volume 3. Also contained in 

this Appendix is the. VC-APCD's letter dated April 9, 1990, deeming the 

project insignificant. to overall air quality. 

The -introduction of new sources of natural gas fuel, as proposed aboard 

Platform Gina, represents a viable and positive contribution to local air 

quality emissions. When compared to alternate fuels, such as fuel oil, 

natural gas burns cleaner, natural gas fuel results in less emissions. For 

example, it is quite possible that the natural gas produced by Platform Gina 

will be consumed in lieu of fuel oil by the existing Southern California 

Edison (SCE) electrical power station located at Mandalay (either through 

the existing Southern California Gas Company connection or through a 

dedicated connection). Natural gas is much preferred by the operations of 

this plant because it burns cleaner. However, there is the possibility of 

curtailments (due to limited supply) from the Southern California Gas 

Company, which would force the burning of alternate fuel sources, such as 

fuel oil. Historically, the SCE plant at Mandalay has burned fuel oil and 
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Source 

Natural 
Gas 

Fuel #6 

currently maintains an offshore loading· terminal and several bulk storage 

tanks for fuel oil handling. 

The energy equivalent of 18 MMSCFD natural gas is approximately 

18,900 MMBTUD (based upon 1050 BTU /SCF). This is equivalent to 

1,021,621 lbs of No. 6 fuel oil (based upon 18,500 BTU /LB) or 127~702 gal

lons of No. 6 fuel oil {based upon a specific density of 8 lbs/gallon). The 

following tables demonstrate the possible emissions reduction which would 

be available should the gas from Platform Gina be used in lieu of fuel oil at 

the Edison Power Plant. The emission factors used in the development of 

this table are from the Ventura County APCD table of emission factors. 

TABLE 8 
VAPCD Emission Factors4 

Fuel Oil vs. Natural Gas 

SCC# Reactivity TOC TSP S02 co Rate 

1-01-006-01 0.440 2.50 8.83 0.83 15.00 Per/-
MMCF 

1-01-004-01 1.000 2.62 3.57 36.75 2.86 Per/Mgal 

"Table based upon Ventura County Air Pollution Control District emission factors for 
electric power plants. NOx emission factor is not published for this classification . 

72 

.!. 



I 
.\. .. ........ . 

TABLE 9 
Emission Rate Comparison 

Fuel Oil vs. Natural Gas5
, Lbs/Day 

Emission 
Source ROC TOC TSP S02 co Rate 

Natural 19.8 45.00 158.94 14.94 270 lbs/d 
Gas 

Fuel #6 334.6 334.6 455.9 4,693 365 lbs/d 

Annual 114,902 105,704 108,390 1,707,492 34,675 lbs/yr .. ~ .. 
Savings -

It is estimated that the use of natural gas in lieu of fuel oil at the SCE 

power plant would nullify projected project emissions6 in less than 10 days. 

13.3 Projected Air Qual_ity Emissions 

(___ Projected air quality emissions generated as a result of this project are 

provided in the above-referenced emission data report, Appendix Volume 3. 

13.4 Environmental Effect Assessment 

The effects on the environment as a result of the implementation of the 

plan are addressed in the Draft Initial Study for Platform Gina Proposed 

Return Water Line Replacement and Conversion to Produced Gas dated 

May 1990, a copy of which was sent to the MMS regional office May 14, 

1990, by the city of Oxnard. An additional copy is in Appendix Volume 3. 

Other pertinent information is detailed in the project description already 

provided to the Minerals Management Service. 

5 Assumes no emission abatement equipment. 

6Based upon normal platform operations. Ref: Table 3.3, Appendix Volume 3. 
Comparison based upon worst case comparison of fuel oil and natural gas emissions. 
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An environmental assessment and beach vegetation study (see Appendix 

Volume 1, Item C) reveals that impacts to fish and vegetation are minimal 

and will not pose any long-term consequences. 

13.5 Environmental Safeguards 

13.5.1 General 

13.5.1.1 Precautionary Measures 

UNOCAL utilizes a multitude of safety and environ

mental measures in operatiOns. These include: 

1. SPCC Plan updated October 1989 

2. Hydrogen Sulfide Contingency Plan updated May 

1990 

3. Monthly safety meetings and hydrogen sulfide 

certification of employees and contractors 

4. MMS certification of operators 

5. First aid training and CPR training 

6. International Loss Control Institute (ILCI) audit~ 

7. Regular ILCI planned inspections 

8. Regular fire drills 
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9. Regular hydrogen sulfide drills 

10. Regular oil spill drills 

11. Regular abandon platform drills 

12. Implementation of hazard and operational studies 

of new facility installations (HAZOP) 

13.5.1.2 Pipeline Construction Specific Constraints 

UNOCAL realizes that the range of the pipeline repair 

includes public areas, and the guidelines listed below 

will be strictly enforced during the constz:uction period. 

1. All vehicular access will be from Fifth Street in 

the City of Oxnard. This will require grading a 

small portion of sand entering the beach and the 

installation of a temporary gate. A guard will be 

posted during the construction period to protect 

and inform the public. Once the project is com

plete, removal of all equipment from the beach 

will be done as soon as possible. The beach and 

access area will be regraded to its original level. 

2. The pipe staging and welding area will be north 

of the original pipeline towards the Edison outfall 

canal. 

3. When equipment is on the beach, vehicular traffic 

will be kept to a minimum. Equipment will be 
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7 left on the site whenever possible rather than 
" .. ....... '·• removed and returned to the site. Crew transport 

in and out of the facility will involve crews walk-

ing over the sand dune adjacent to the project 

area east of the Mandalay facility. This foot 

traffic through the sand dune area will be mini-

rnized and will be restricted to a designated 'area. 

4. The sand dune area is strictly off limits except for 

the designated area. A temporary fence will be 

constructed between the sand dune and the job 

site to prevent any unauthorized vehicles or per-

sonnel from entering the area. This fence will be 

removed upon project completion. 

I. 5. Good housekeeping policies will be strictly en-

forced. UNOCAL and the contractor will exer-

cise diligence to conduct all operations in a man-

ner that will prevent pollution and will comply 

with all applicable laws, ordinances, rules, regula-

tions, leases, or provisions regarding all forms of 

pollution. No garbage, trash, waste, or other 

pollutants will be discarded or discharged on the 

beach or in the Santa Barbara Channel. 

UNOCAL and the contractor will be responsible 

for all trash, surplus tools, and other equipment 

removal during the project. 

6. The project area has occasional pedestrian traffic. 

The time that a trench is open will be minimized, 
\, 

.t 
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7. 

8. 

9. 

10. 

and the trench area will be barricaded with warn

ing lights and a guard at night. 

UNOCAL will provide a 24 hour guard for pur

poses of informing the public, security of the area, 

and prevention of unauthorized access to the 

beach. The guard will be at the Fifth Street ac

cess during operating times, and will be at the job 

site the remainder of the-time. The guard will be 

present from the project startup to completion 

and will be equipped with a 4-wbeel drive: vehicle 

and radio communications. 

Once the project is completed, UNOCAL and the 

contractor will be responsible for removal of the 

fence between the sand dune and the· beach area, 

and for the cleanup of all material that remains 

on the beach. All equipment utilized for the 

project will be removed from the beach promptly 

upon project completion. 

The beach sand will be graded to the same con-

tour as before the project commenced. Removal 

of the gate at the access area and the regrading of 

this area will be completed by the contractor. 

The pedestrian walk area in the sand dune area 

will be the responsibility of UNOCAL and the 

contractor. Any areas disturbed will be 

recontoured and revegetated. Watering of this 
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~ area will be done until the vegetation is properly 
:\. 
-...:> established. 

13.5.1.3 Produced Water Disposition 

13.6 H2S Removal 

13.6.1 General 

The produced water that was returned to Platform Gina 

from the Mandalay facility for disposal by NPDES 

permit is currently being returned to Platform Gilda via 

a 6 5 /8" pipeline for disposal. The NPDES permit 

applies at both platforms. A copy of the NPDES per

mit may be found on Page 55037 of the Federal Regis

ter, Vol. 48, No. 237, published Thursday, December 8, 

1983. 

The basis for determination that the Monterey Zone gas may 

contain hydrogen sulfide is the gas analysis from drill stem test 2A 

of well OCS P-0203 #6, which was drilled in 1985. Of several drill 

stem tests conducted on this well, only test 2A encountered hydro

gen sulfide which_was present at a level of 2,000 ppm. All drill 

stem tests on Wells H-13 and H-14 performed to date have not 

encountered sour gas. 

The exact concentration of hydrogen sulfide which the Monterey 

Zone will have is not currently known. Based on experience in the 

Santa Barbara Channel and results obtained in pertinent drill stem 

tests, it is assumed that the gas will be similar to the gas 
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encountered in well OCS P-0203 #6. This is the closest Monterey 

Zone well to Platform Gina which has encountered sour gas. 

Regardless of the concentration of the hydrogen sulfide in the 

produced gas, the gas will not be sent to the Mandalay facility until 

it is sweetened offshore to conform to the gas sales specification. 

The gas sales specification is 0.3 grains per 100 standard cubic feet 

or 4 ppm. The sales specification is more stringent than the 

OSHA-PEL standard of 10 ppm and the American Conference of 

Governmental Industrial Hygienists (ACGIH) standard of 10 ppm. 

There are several methods available for treating the gas to remove 

the H2S. These methods range from chemical scavenging with a 

variety of chemicals to large scale treatment plants. UNOCAL has 

experience in the production and treating of sour gas produced 

from both onshore and offshore reservoirs. This experience in

cludes offshore treatment to prevent the shipment of sour gas to 

onshore facilities, and also includes use of both chemical scaveng

ing and treatment plant technologies. See Sections 6 and 7 for a 

discussion of the temporary and permanent hydrogen sulfide sweet

ening facilities. 

79 



'?' 14. ALTERNATE DESIGN EVALUATION 

'-.. 

There were several other alternatives considered for this project. 

1. Lay a pipeline and transport sour gas to Platform Gilda for processing with 

an existi.ng amine plant. 

2. Transport the sour gas to Mandalay in the converted pipeline and sweeten 

the gas for sales at Mandalay. 

3. Build a separate satellite platform next to Platform Gina for the processing 

facilities. 

All three of these options are possible from a sound engineering, safety, and 

·. environmental position. UNOCAL eliminated these possibilities due to the 

adverse political climate concerning offshore development. UNOCAL deemed the 

chance of obtaining permits for any of these three options as being unlikely, if ~ot 

impossible. Additionally, the environmental report from the City of Oxnard has 

concluded that this project will have no significant impacts on the environment and, 

therefore, making adoption of A NEGATIVE DECLARATION possible. 

80 

.l 



MMS 
PO CSR 
11111111110 

FO 5037 

PLATFORM GINA 

DEVELOPMENT AND PRODUCTION PLAN 
REVISION 

APPENDIX VOLUME 1 

NOCA 



APPENDIX VOLUME 1 
ITEM A 

Gas Analysis 

,,_A,.,_ ........ _ ... _ 

/£~%~~(;~'.{'" '' 

\., ' ' ... ~. 
•, ~,.. i 



A-1 thru A-8 

A-6 thru A-28 

A-29 thru A--32 

A-33 thru A-34 

. . ~ . . . .. . . 

. ~ ........ • :~. . .... ·· :. ·: . 

APPENDIX VOLUME 1 
ITEM A 

Gas Analysis 

Description 

MCE Analysis ofH-14 Gas (11/21 to 12/3/88) 

Southern California Gas Sales Contract 

MCE Analysis of OCS P-0203 #6 Drill Stem Test 2A (1/15 to 
1/16/85) 

Atmospheric Hydrogen Sulfide Standards 

.... 

..... ·. 

. .. . . ... : ...... t. •• ....... . 
. . . . ... . .. . ..... . ........ . . , : ., 

•·. 

· .... •.• .. 

. . . . . .. .· .. · .... ' . .... -~ . 



I 

1
1 

MCE TEST REPORT 
lj 
!I 

ii :-
;i .. .. 

'1 

11 

l 
I 

11 
11 

II 
I 

,-!., -1 
(.~ 

® 

COMPANY: __ UN_O_CA_L ____________ _ 

LOCATION: __ Pl_A_TF_O_RM_G_IN_A __________ _ 

WELL NO.: _ __....H-..-1 ..... 4 _____________ _ 

OAT~ ____ N~OV~EM~B~E~R~2~1~·~19~8~8_-_o~e_c_em_b~er __ 3_.~l9~8~8 __ _ 

MEASUREMENT AND CONTROL ENGINEERING 
P. 0. Box 987 Ventura, California 93002 

Phone (805) 650-9100 

Woodland, Calif. (916) 662·2226 Bakersfield, Calif. (805) 327-2394 
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GAS SALES AND PURCHASE AGREEMENT 

This expresses the agreemen~ en~ered i~to and effective .,,.. 

this thirty-first day of August, 1981, by and between UNION OIL 

COMPANY OF CALIFORNIA (hereinafter rGferred .to as "Seller"), and 

PACIFIC LIGHTING GAS SUPPLY COMPANY (hereinafter ref erred to as 

"Buyer") • 

W I T N E S S E T H : 

WHEREAS, Seller presently owns an interest in certain oil 

and natural gas to be produced from Federal Leases F.OCS-?-0216, 

f.OCS-P-0202 and #OCS-P-0203 located on federal submerged lands 

offshore the State of California, such leases hereinafter called 

"Said Leases"; and 

wHE~EAS, Seller will gather natural gas produced from Said 

Leases to an oil and gas treating facility located onshore Ventura 

County, California; and 

wHEREAS, Seller desires to sell to Buyer such natural gas 

that is surplus to Seller's own needs from time to time and Buyer 

desires to purchase same from Seller, subject to the terms, con

ditions and limitations set forth herein; and 

WHEREAS, it will be necessary for Buyer to install or cause 

to be installed certain pipeline and related facilities to receive 

gas hereunder for redelivery into the facilities of its affiliate, 

the Southern California Gas Company ("SoCal") and SoCal intends 

to install certain facilities to provide additional gas service to 

the Southern California Edison Company C'Edison") at its Mandalay 

power generating plant: 
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NOW THEREFORE, the parties hereto agree as follows: 

I ..... 

TERM 

1.1 This agreement shall be effective from the date hereof 

and shall continue and remain in effect for fifteen (15] years, at 

which time it shall terminate. 

1.2 This agrce~ent is conditioned upon Seller receiving from 

the Federal Energy Regulatory Commission a producer's certificate 

which is, in the sole discretion of Seller, acceptable and the re

ceipt of all p~rmits necessary for the aforementioned facili~ies 

to be installed by Buyer and SoCal on terms acce?table to Buyer. 

II 

DEFINITIONS 

Except where the context inciic3tes another or dif :erent 

meaning or intent, the following terms as used herein shall be con

strued to have the following meanings: 

2.1 "day" shall mean the period beginning at 7:00 a.m. local 

ti~e and ending at 7:00 a.m. local time the following day. Such 

period shall be twenty-four (24) consecutive hours except on the 

days when changing to or from Dayli9ht Savings Time. 

2.2 "month" shall mean a period beginning at 7:00 a.m. on 

the first day of a calendar month and ending at 7:00 a.rn. on the 

first day of the next succeeding calendar month. 

: 
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2.3 "cubic foot" shall me:an th<.; volume oi g.:is which occupie:;; 

one cubic foot o~ space measured at fourteen and seventy-three one 
...... 

hundredths pounds per square inch nbsolute (14.73 psia) at a tem?er-

aturc of sixty degrees (60°) Fahrenheit. 

2.4 "Mc=" shall mean one thousand (1000) cubic fee.t of gas. 

2.5 "Btu" shall mean one (1) British thermal unit, and is 

defined as the amount of heat required to raise the temperature o: 

one (1) pound of water from fifty-eight and one-half degrees (58.5°) 

Fahrenheit to fifty-nine and one-half degrees (59.5°) Fahrenheit at 

a standard pressure of fourteen and seventy-three one hundredths 

pounds per square inch absolute (14.73 psia). 

2.6 "decatherm" shall mean one million (1,000,000) Btu's. 

2. 7 "heating v.alue" shall mean the gross heating value of 

watcrfree gas determined as the quantity of heat in Btu's liberated 

by the complete combustion, at constant pressure, of one (1) cubic 

foot of g~s with air at a temperature of sixty degrees (60°) Fah=en-

heit, and at an absolute pressure equivalent to thirty (30) inches 

of mercury at thirty-two degrees (32°) Fahrenheit and shall include 

the heat of condensation of the water formed by combustion. 

2.8 "FO Indicator" shall mean that value calculated from the 

numbe~ six (6) fuel oil cost as reported by Southern California 

Edison Company and San Diego Gas and Electric Company on the Federal 

Energy Regulatory Corrunission's Form No. 423 (Monthly Report of Cost 

and Quality of Fuels for Electric Plants) as converted using the Btu 

content of such oil to obtain cents per dec~therm. The cents per 
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decatherm for each applicable cost listed in Column eleven (11) a: 

For;:i No. 423 will be weighted by the oil volume associated with tha~ 

cost, shown in Column seven (7) of Form No. 423, ir:. orcer to c.:ilc:.::-. ,,.. 
late the FO In~icator as the weighted aver~ge cost on a monthly 

basis in cents ?er decatherm. 

III 

OELIVLRY CONDITIO~S 

3.1 E :ective with the completion and testing of all pipeli~es 

and f ac il i ties required hereunder, Seller shall col'!'U1le:nce deliver~· oi 

and sell and Buyer agrees to take delivery of and purchase on a daily 

basis all gas available from Seller in excess of Seller's cur·rent 

requircrne:nts U? to a maximum of fifteen thousand (15,000} Mcf per dav 

or such greater volunes as Buyer is able to t~ke into its facilities, 

subject to the following: 

(a) In order to ef !ectuate the earliest possible delive:y ana 

reccip~ of gas hereunder Buyer intends to ins~all, or cause to be in-

stalled, the necessary facilities to take such gas in two phases: 

The firs~ phase to consist of a pipeline between the point of delivery 

hereunder and a point within or in close proximity to Edison's Mandalay 

plunt ~here SoCal will provide Edison with gas service; the second 

phase to consist of a pipeline and related facilities, including co~-

pression necessary to connect with existing facilities of SoCal. 



. -

-:>-

(b) Buyer will use its best efforts to complete the first 

phase so that delivery may be commenced he::::-eunder by November l, 

1981 and to complete the second phase by January l, 1982. Until 

com?letion of the second phase, Buyer's obligation to take and 

purchase gas hereunder shall be limited to those volumes Edison 

is willing and able to purchase from SoCal at its Mandalay plant. 

3.2 It is recognized that Seller's delivery rate will vary 

or may chJnge from time to time and Seller will inform Buyer 

within a reasonable time prior to any significant change in 

delivery rate. that Seller has planned or has knowledge of. 

3.3 For gas sold by Seller to Buye-r hereunder the deli-very .. 

point shall be a mutually agreed point at Seller's onshore treat-

ing facility. 

3.4 Seller shall deliver gas to Buyer at the delivery point 

at the pressure existing in Buyer's pipeline up to a maximum of 

seventy-five (75) pouncs per square inch; provided, however, if 

Edison is unable to accept such gas or if SoCal has a special 

need in their higher pressure distribution system, Seller will 

deliver the gas at sufficient press~re,·up to a maximum of two 
' 

'hundred (200) pounds per square inch, so that Buyer using a com-

pression ratio of three to one (3:1) can deliver such gas at the 

pressure required by SoCal. Buyer will inform Seller within a 

reasonable time prior to any significant changes in delivery pres-

sure that Buyer has knowledge of • 
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3.5 Title to and ownership of gas shall pass to and abso-

lutely vest in Buyer at the point of cclivery and the risk of loss .-· 
shall follow title. 

IV 

PRICE 

4.1 (a) Subject to the other provisions hereof, Buyer shall 

pay Seller monthly for each dccatherm delivered hereunder, a price, 

rounded to the nearest one tenth (0.1) of a cent, equal to the 

highest of the.following prices: 

(i) Eighty-five percent (85~) of the FO Indicator fe>r 

that month. 

(~i) The average of the two highest prices being paid in 

a first Sulc for gas (exccp~ under Buyer's so-called 

"Long Ter:n Border Price" as;rre:ements or the ARCO Oil 

and Gas Cora;;;an::• sale to r::cison at its Mandalay power 

generating plant) by any company, except Seller or 

its majority owned subsidiaries but including Buyar 

and its affiliates, purchasing gas in the "Santa 

Barbara Channel Area", as shown within the dashed 

line on Exhibit A, att~ched hereto and made a part 

hereof. Such price shall be appropriately adjusted 

to reflect delivery conditions and Seller's point of 

delivery to Buyer's onshore pipeline system or the 

pipeline system of Buyer's affiliate. If Buyer and 

Seller are unable to agree upon the amount of such 
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price adjustment, then either party may request 

arbitr~tion ~nd said adjustmer.~ shall be deter-
·'" 

mined by arbit~n~ion in accor~ancc with ~he pro-

visions of Article XII hereof. 

(iii) Where neither (il nor (ii) above is applicable or 

allowable, five dollars ($5.00) per decatherm. 

Commencing on July 1, 1981, and on the first day of 

each succeeding calendar quarter during the term 

or any extensions thereof, of this agreement, the 

price under this subparagraph (iii) shall be in-. 
creased by an amount equal to one and one-half per-

cent (1 1/2~} above the price then in ef:ect. 

(b) The FO Indic~tor for each month shall be calculated 

using the data recorded for that month. It is recognized there may 

be a delay in obtaining the data for the computation of the curren~ 

month's FO Indicator .. Therefore, until the data has been obtuined 

and the FO Indicator has been determined for the current month, 

Buyer shall pay Seller nt a price equal to eighty-five percent (E5~) 

of the most recently determined FO Indicator. When the FO Indicator 

for such month is determined, as herein provided, Seller will adjust 

the current month's invoice to effect a retroactive price adjustmG~t 

equal to the difference, if any, in the price previously paid for 

gas for such month and the price payable based upon the then deter

mined FO Indicator for such month. Seller shall assemble the data, 

make the determination, and advise Buyer of each month's FO Indicator 
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not l.:itcr th.:.in fifteen (15} d.:iys followiny the receipt b::z• Seller 

of tr.e data required for such determina~ion. All data used in 
..... 

making sut:h determination shall be available to Bu~·er, upon Buyer• s 

request.. If in any month there is no number six (6) fuel oil used 

by either of the companies listed in the definition of FO Indicator 

under Section 2.B the price for the i"atest month where number six 

(6) fuel oil was used shall be the price for such month, as adjust.ad 

for the delay in data as provided in this Subsection 4.l[bJ. 

If required data for the determination of the FO Indicator 

ceases to be published, Buyer and Seller shall choose by mutual agree-

ment a new index or new indices which most nearly approximate5 the· 

prior index in terms of content and operation. In the .event the pa~-

ties arc unable to so agree, then either par~y may request that a new 

index or indices be deterrnincd by arbitr~tion and said new index shall 

be determined by arbitration in accordance wi~h the provisions of 

Article XII hereof. 

(c) The price of all or a part of the g~s sold hereunder rn~y 

be subject to a maximum lawful price under the Natural Gas Policy 

Act o! 1978 or under amendDtory or supercading laws (the "Act"). In 

such event, and for so long as the Act so controls the price of all 

or a portion of the gas sold hereunder, the price paid for such con

trolled portion shall be the maximum lawful price, plus all esca-

lations and allowances permitted under the Act •. 

In the event any gas sold hereunder qualifies for incentive 

or adjusted price treatment under Section 107 of the Act, Buyer agrees 
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to purchase such gas at the maximum prices allowed under the incen~ive 

pri:: .:.ng system established by the Feder;:;.!. E;:erg~' Regulato!"y Co;;u';lissic:i 
...... 

or other governmental entity under the authority granted by said 

Section 107 of the Act. 

{d) If at any time when maxinum luwful prices are being ?aid 

under Subsection 4.l(c) atove, the Federal Energy Regulatory Cm~is-

sion, or any successor governmen~al authority, including the U.S. 

Congress, or any other governmental authority having jurisdiction 

over the sales price hereunder shall permit, authori=e or prescribe, 

or allow to be collected, even though subject to refund, a higher 

applicable price for the purchase of gas to be delivered hereunder; 

or u?plicable to other similar gas in che same area, then the price 

·to be paid by Buyer to Seller for gas sold under the provisions of 

this Agreement shall be increased, as of the date such higher price 

i: effective, to equal such higher price, including all subsequen~ 

price adjustments authorized, presc=ib0d or allowed by such au~ho=ity. 

(e) The production-related amountc, allocations, costs, er 

add-ons assigned or designated to be collected by Seller by the 

Federal Energy Regulatory Commission or any other goverr:ment, reg:.:!.::-

tory, admininistrative, legislative, executive agency or body, authori~G 

to so establish relevant costs, allowances and add-ons shall be in ad-

dition to the maximum lawful price provided under Subsections 4.l(c) 

or {d) herein. These allowances, allocations and add-ons for produc-

tion related costs shall include but noc be limited to costs incurred 

for compression and gathering, estublishcd pursuant to Section 110 

of the Act or any subsequent or additional enabling law, regulation, 
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order or similar authority, as well as all price adjustments dee~ed 

just and reasonable, established ~ursu~nt to the Act or any subsc-..... 
quent or additional enabling law, regulntion, order or similar 

authority. All applicable allowances and adjustments as stipulated 

above shall be payable as cf the effective date of the law, regu-

lation or order estublishing tr.c allowance. 

(f) Anything in Subsections 4.l(c), (d) and (e) notwith-

standing, Buyer and Seller each reserve the right, at its option, 

to intervene in any area, national or o~her rate proceeding held 

to give consideration to any rate, price or allowance that may be 

applicable to the gas sold hereunder, to ~ully partici?ate in any 

such proceeding and to seek relief therefrom in any regulatory 

agency or court having jurisdiction. 

(g) If at an:-l time, when the g.:.s com.ilitted under the Agreement 

is not subject to regulation and a m~ximurn lawful price, Buyer deter-

mines in good faith using prudent business judgment tha~ the price 

payable for gas under Subsection 4.l(a) hereunder renders such gas 

unmarketable in the market area of Buyer or SoCal, then Buyer may 

notify Seller in writing of such detel·min·ation and stipulate the 

maximum price payable by Buyer hereunder, called the "Alternate Pric~", 

which would allow such gas to be marketed by Buyer or SoCal. Such 

Alternate Price shall apply to the continued sale and purchase of 

such gas by Buyer hereunder for one year commencing on the date Buyer's 

.notice of such alternate price was received by Saller. Buyer will 

provide to Seller, prior to the time such notice is given, any dat~, 
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information and anulysis used by Buyer to determine such Alternat.e 

Price. 

If the Alter~ate Pri~c stipul~tcd in Euyer's notice is not 
,,.. 

acceptable to Seller, Seller shall have the right at any tirae, wi~hi~ 

a period of one hundred eighty (180) days following receipt of Buyer's 

no~ice, to terminate this Agreement by giving Buyer thirty (30) days 

prior written notice and deliveries of gas hereunder shall cease 

u9on such termination date. In the event the Agreement is so ter~i-

nated by Seller, Buyer shall make pnyrnent to Seller for all gas de-

livered during the period from receipt of Buyer's notification until 

the effective t~rmination date at the Alternate Price. Buyer shall 

apply for and su;::por~ any authorization or abandonment procedures · 

that may be necessury for the release of gas sales under this agree-

ment. 

In the ev~nt Seller does not terminate this Agreement as pro-

vided herein within said one hundred eighty (180} day period, this 

Agreement shall continue and remain in full force and effect with 

all the terms hereof except that the price payable hereunder shall 

be the Alternute Price during the one year alternate price period, 

whereupon the price will again be as provided under this Article IV. 

v 

TAXES 

5.1 In the event any taxes are lawfully imposed on and paid 
' 

by Seller with respect to the gas sold to Buyer, Buyer shall reim

burse Seller a sum sufficient to cover one hundred percent (100%) 
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of any suc.:h t.'l:-~cs paid by Seller irrespective of the mode of im-

position. ~s used herein the term "t~xes" shall mean (1) any --· 
duc~ion-~elated 'tax (other than income, sales, real property, capi

tal stock, or franchise taxes) or (2) similar charges now and here-

after levied, assessed or made by any governmental authority on the 

gas itself or on the act, right or privilege of production, sever-

ance, gathering, transportation or delivery of gas which is measured 

by the velum=, value, or sales price to Buyer of the gas in ques~ion; 

provided, however, that Buyer•s obligation to reimburse Seller fer 

such taxes is s,ubject to the ability of Buyer or its affiliates to 

recover tax reimbursement costs in their rates in any contract en~ered 

inco by Buyer or its affiliates after January 1, 1981. 

VI 

QUALITY 

6.1 All gas delivered hereunder shall be free of sand, wate=, 

and liquid hydrocarbons, shall have a minimum heating value of eight 

hundred fifty (850) Btu's per cubic foot, shall not contain more tha~ 

three ten~hs (0.3) grains per one hundred. (100) cubic feet of hyd=o~en 

sulfide and shall not have a water dew-poi~t of more than forty-five 

degraes(45°) Fahrenheit at the delivery pressure provided herein; 

provided, however, if Edison is unable to accept redelivery of the 

gas hereunder by SoCal the following specifications shall apply for 

gas delivered to Buyer for SoCal's higher pressure distribution system: 
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(a) Have a total heating value of not less than one thousand 

(1000) Btu's ~er cubic foot nor rnore than twelve hundred fifty (1250) 

Btu's per cu=ic foot. 

(bi Not contain more than three-tenths (0.3) grain of hydro-

gen sulfide per one h~ndred {100) cubic feet. 

(c) Not contain more than three-tenths (0.3) grain per one 

hundred (100) cubic feet of organic sulfur. 

(d) Not con~ain more than one (l.O) grain per one hundred (100} 

cubic feet total of all sulfur compounds. 

{e) Not.contain more than three precent {3%) by volume of 

carbon dioxide, and not more than four percent (4i) by velum~ total 

nitr~gen and carbon dioxide; provided, however, if the heating value 

of the gas is one thousand fifty (1050) Btu's or over the volume of 

carbon dioxide my be four percent (4~) and the total volume of nitro-

gen and carbon dioxide may be six percent (6~). 

(f) Be as free of oxygen as Seller can keep it through the 

exercise of all reasonable precautions, and shall not in any event 

contain more than two-tenths of one percent (0.2~) by volume of oxygen. 

(g) Not exceed one hundr~d degrees (100°) Fahrenheit nor be 

less than forty degrees (40°) Fahrenheit in temperature at the point 

of dc:live:ry. 

(h) Not have a water dew-point of more than forty-five degrees 

(45°) Fahrenheit at the delivery pressure provided herein. 

(i) Not contain solid matter, sand, dust, gums, liquid hydro

carbons or other liquid or solid impurities which might be injurious 

to Buyer's pipeline. 
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(j) Buyer shall not be obligated to accept delivery of any 

gas under Subsections 6.l(a) through (i) h~reµnder which does no~ 
,,... 

meet the specifications set out above, but may do so without pre-

judice to its rights hereunder. 

VII 

RESERVATIONS OF SELLER 

7.1 Seller reserves the following prior rights and sufficient 

gas to satisfy such rights: 

(a) To operate its property free from any control by Buyer in 

such a manner as Seller, in its sole discretion, may deem advisabl~. 

(b) To use gas produced from Saic Leases, for repressuri~g, 

pressure maintenance or cycling operacions. 

(c) To process or cause to be processed ~11 or any portion of 

the gas, before delivery to Buyer hereunder, for the extraction cf 

liquid hydroc~rbons and any other constituent~ of the ~aw gas str2arn. 

(d) To use gas produced from Said Leases which Seller shall 

from time to time require and take for ~ts own use, inclusive of ~ut 

not limited to, use by Seller's subsidiaries and affiliates and i~ 

joint operations in which Seller ha~ an interest with others. 

(c) To unitize its leases with other properties of Seller and 

of others in the same field. 

{f) To deliver to Seller's lessor such quantities of Seller's 

gas as the lessor may be entitled and requests to take in kind pur-

suant to the provisions of Seller's leases. 

A-19 



. ..._ .. 

--

-15-

VIII 

MEASUREMENT 

8.1 Buyer shall install and maintoin at its own cost and 

expense a suitable meter for the purpose of measuring the volu~e 

of all gas delivered by Seller to Buyer hereunder. 

8.2 All measurements of gas shall be corrected from the 

observed pressures and temperatures to a pressure 0£ fourteen 

and seventy-three one-hundredths pounds per square inch absolute 

~(14.73 psia), and a temperature of sixty degrees (60°) Fahrer.hei~, 

and shall be computed in accordance with the Pacific Energy Apsoci~ 

ation's Bulletin's No. TS-461, No. TS-561 and TS-661-77 as revised 

from time to time. 

8.3 Buyer shall calibrate such meter each month and Seller 

may have its representative present at such calibration. In the 

event a ca:ibration of the meter does not register within one 

percent (1~) accuracy, the amount of gas measured by such meter 

shall be properly corrected, but no correction shall be made for 

any period preceding the current calendar month. Seller shall 

have the right to request calibration of such meter at any reason-

able time; however, if any such requested calibration shows that 

the meter was registering within one percent (l~) accuracy, then 

the cost of such requested calibrati.on shall be. borne by Selle!:'. 

8. 4 Buyer shall take spot samples and tfetermine the heating 

value of all gas delivered in accordance with generally accepted 
. 

practices in the industry. Seller shall have the right to request 
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Buyer to take additional samples for redetermination of such heat-

ing value at any reasonable time. However, if any such re~uested 
_.,... 

redetermination shows that the heating value so determined is with-

in one percent (l~} of the heating vnlue then being reported by 

Buyer, then the cost of such requested sampling and redetermination 

of heating heating value shall be borne by Seller. 

IX 

PAYMENT 

9.1 On or before the fifth (5th) working day of each month 

Buyer will furnish Seller ~ statement for the preceding month-

showing the volume of gas, heating value and decatherms delivered 

hereunder. On or before the tenth (10th) day of the month, Seller 

shall render un invoice to Buyer showing the amount due therefore. 

Payment by Buyer to Seller for the invoiced amount shall be made 

by deposit in the United States Post Office to arrive at Seller's 

office by the twentieth (20th) day of such month, or as to invoices 

rendered after the tenth (10th) day of such month, within ten (10) 

da~·s. 

x 

EXCESS ROYALTIES 

10.1 Buyer agrees to reimburse Seller for all "excess 

royalty payments" which Seller shall be lawfully required to pay 

under the terms of Said Leases with repsect to gas sold and deliv-
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ered to Buyer hereunder. The term "excess royalty payments" as 

used herein is def ineci as the ai:i..siunt by which actual pa·yments b~· 

Seller to the United States government or other government aut~o~i~y 

as Lessor of the respective oil and gas leases subject to this 

Agreement, exceed the amount such payment would have been if the 

royalty value thereunder had been calculated upon the price received 

by Seller as provided for in Article IV of this Agreement. 

XI 

NON-UTILITY STATUS 

11.1 Seller's agreement to sell gas upon the terms and con

ditions herein contained shall be its sole undertaking and it is 

mutually unders~ood that Seller is not a public utility and ·that no 

lands or properties in which it may hnve an intcres~ of any nat~re, 

is or are sold or of fared for sale by Seller to the public or 

dedic~tcd to public uses or purposes. Neither this Agreement nor 

sarvice by Seller shall be deemed to create, by implication or 

otherwise, any obligation or duty to continue or to reinstate g~s 

service upon the expiration ~f this Agreement. 

11.2 If any court or regulatory body enters a final and 

legally binding order that Seller as a result of the sale of gas 

·hereunder, is a public utility or subject to regulation as such, 

; 
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or that such regulatory body may prevent Buyer from complying with 
. 

this Agreement in any respect then by thirty (30) days written ...... 
notice to Buyer from Seller this Agreement may be terminated by 

Seller. 

XII 

ARBITRATION 

Any controversy arising under those terms providing for arbi-

tration in Section 4.1 of this Agreement which is not resolved by 

mutual agree~ent of the parties shall be determined by a board of 

arbitration upon notice of submission given either by Buyer or 

Seller, which request shall also name one (1) arbitrator. The party 

receiving such notice, shall, within thirty (30) days thereafte~, 

by notice to the other, name the second .:irbitr.:i.tor, or failing to 

do so, the party giving notice of submission shall name the sacc~d. 

The two (2) arbitrators so appointed shall name the third, or fail-

ing to do so within thirty (30) days, the third arbitrator shall be 

appointed by the person who is at the time the Senior (in service) 

Judge of the Federal District Court having jurisdiction over the . 
' 

area in which the property covered by this Agreement is situated. 

The arbitrators selected to act hereunder shall be qualified 

by educa~ion, experience and training to pass upon the issue in 

question. 

The arbitrators so appointed shall promptly hear and determine 

(after giving the parties due notice of hearing and a reasonable 

opportunity to be "heard) the question submitted and shall render 
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their decision within sixty (60) days after appointment of the 

third arbitrator. If within said period a ~ecision is not rendered ...... 
by a majority of the board, Buyer and Seller shall name new ar~i-

trators who shall act hereunder in like m~nner as if none had been 

previously named. 

The decision of a majority of the arbit=ators, made in writing, 

shall be final and binding upon the parties hereto as to the ques

tions submitted, and the parties will abide by and comply with such 

decision. Each party shall bear the expenses of its arbitrator, and 

the expenses pf the third arbitrator sh~ll be borne equally by Buyer 

and Seller, except that each party shall bear the com?ensati'on and 

expense of its counsel, witnesses and enployees. 

XIII 

INDEMNIFICATION 

13 .1 Each of the parties hereto indemrlif ies and saves harr:i-

less the other party from any and all liability and expense on 

account of all damages, claims or actions, including damages to 

deaths of persons, arising from any act or accident, including an 

om1ssion to act, in connection with the installation, maintenance 

and operation of the property, equipment, and facilities of the 

indemnifying party. 

; 
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XIV 

EXCUSABLE NON-'PERFOR ... iAHCE 

14.1 Except for the payment hereunder of money due, the non

performance of any of the obligations of the parties hereto shall 

be deemed excused if and to the extent that such nonperformance is 

caused by any act of God, unavoidable accident, labor disturbances, 

interference by gover~mental authority or any other cause whether 

or not similar to the foregoing, beyond the reasonable control of 

the party so unable to perform. 

xv 

ASSIGNMENT 

15.l All of the provisions, co~enantz, agreeraen~s and stip

ulations contained herein by which either of the parties hereto is 

bound shall in like manner be binding upon the successors and assigns 

of the parties so bound, and those which are for the benefit of 

either of the parties hereto shall in like manner inure to the benefit 

of the, successors and assigns of the parties so benefited: provided, 

however, that neither party hereto shall assign this agreement nor 

any interest herein without first obtaining the written consent of 

the other party hereto, which consent shall not be unreasonably with

held. 

.. 
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XVI 

CONFORMITY WITH LAtiiS 

Bo~h parties shall observe and comply with all applicable 

laws, rules, orders, ordinances, codes and regulations of govern-

mental agencies, including federal, state, municipal and local 

government and judicial bodies, having jurisdiction over this 

Agreement. 

XVII 

NOTICES 

17.l Any notice to be given hereunder by either Buyer or 

Seller to the other shall be deemed received by the other on the 

second business day following the date of deposit thereof in a 

United States Post Office enclosed in a sealed envelo?e, with 

requisite postage thereon respectively addressed as follows: 

If to Buyer: 

If to Seller: 

Pacific Lighting Gas Su?ply Company 
Attn: Contract Administrucor 
720 W. Eight Street 
Los Angeles., California 90017 

Union Oil Company of California 
Attn: Regional Gas Manager 
Western Region 
P. o. Box 7600 
Los Angeles, California 90051 

u·nless and until either party shall change the place of notice by 

written communication sent to the other by mail. 
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,··· IN WITNESS WHEREOF, the parties hereto have executed this 

agreement as of the date first hereinabove wri~ten • ..... 

UNION OIL CONPANY OF CALIFORNIA 

By UL lt!. _Q).I. t2 
Charles M. Schwartz, Vice~resident 

PACIFIC LIGHTING GAS SUPPLY COMPANY · 

~~7 
William H. Owens, Vice President 
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MEASUREMENT AND CONTROL ENGINEERING 
P. 0. Box 987 Ventura, California 93002 

Phone: (BOS) 653-7282 

Bakersfield, Calif. (BOS) 327-2394 
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TO: 

FROM: 

SUBJECT: 

Memorandum 

UNOCALe 

Greq Leyendecker 

Ji 11 P.. Ryer-Powder :f...,(' 

Hydroqen Sulfide 

March 3, 1989 

G. tEYENDECKER 

MAR .. 9 19_a~ 

This memo is written in response to a request for information 
reqa rd i nq hyd roqe,n sulfide. 

The followinq information concerns the most current standards for 
air levels in the ~orkplace. 

ACGIH 

OSHA PEL 

NIOSH 

•TLV-TWA = 10ppm 
•TLV-STEL = 15ppm 

·Acceptable ceilinq concentration = 20ppm 
•Acceptable maximum peak above the acceptable ceilinq 
concentration for an 8 hour shift = 50ppm for 10 
m~nutes once only if no other measureable exposure 
occurs. 

•lOppm 10 minute ceilinq 

The IDLH (Immediately Danqerous to Life and Health) (This level 
represents the maximum concentration from which one can escape 
within 30 minutes any escape imparinq symptoms or any irreversible 
health effects) is equal to 300ppm. 

lM I .0C03 !REV 1-151 PRlllfEO Ill U.S A. A-33 



The followinq table represents physicoloqical effects of hydroqen 
.. -. sulfide through a ranqe of doses. 

HYDROGEN SULFIDE (ppm) 

Approximately 0.2 

Approximately 50 

Approximately 150 

Approximately 250 

Approximately 500-1000 

Approximately 5000 

References 

EFFECT 

Detectable order 

Eye irritation, 
respiratory tract 
irritation, headache, 
naus~a, and siqns of 
central nervous system 
depression (e.q. 
drowsiness, dizziness, 
loss of coordination and 
fatique). 

Paralysis of sense of smell 

Pulmary edema 
(accumulation of fluid in 
the lunqs), 
Gastro-intestinal 
distrubances, bronchial 
pneumonia. 

Unconciousness and death 
throuqh respiratory 
paralysis 

Immeniate death 

1. Federal Reqister/Volume 54, No.12 Jan 19,1989 p 2959 
2. ACGIH Documentation of the TLV's 1986 p 318 
3. U.S. Dept of Health and Human Services NIOSH 

Recommendations for Occupational Safety and Health 
Standards 1988 

4. Chemical Hazards of the Workplace. Proctor, Huqhes, and 
Fischman 2nd Rditlon 1988 p203-2B4 

5. Hamilton and Hardy's Industrial Toxicoloqy 4th Edition 
AJ Finkel 1983 p 191 

JRP/qat 
0044J 

A-34 



APPENDIX VOLUME 1 
ITEMB 

Pipeline Drawings 



Drawing 

1 

2 

3 

4 

5 

6 

7 

8 

. . · .. . "'.... . " .. 

APPENDIX VOLUME 1 
ITEMB 

Pipeline Drawings 

Description 

Sheet 1 of 4 Pipeline As-Built 

Sheet 2 of 4 Pipeline As-Built 

Sheet 3 of 4 Pipeline As-Built 

Sheet 4 of 4 Pipeline As-Built 

0nshore Pipeline As-Built 

1985 Repair, As-Built Drawing 

Beach and Onshore Pipeline Profile 

Pipeline Staging and Tie-In Location Plan 

.. 
. .. .. .. .. . .. . . . . . . . •.. . . - ........ . 

Date 

August 1981 

August 1981 

August 1981 

August 1981 

October 1981 

December 1985 

December 1988 

October 1990 
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ENVIRONMENTAL ASSESSMENT AND BEACH VEGETATION STUDY
FOR PROPOSED PLATFORM GINA PIPELINE REPLACEMENT

MANDALAY BEACH, VENTURA COUNTY, CALIFORNIA

16 August 1990

INTRODUCTION

Unocal has proposed to replace 3,000 ft of 65/8 inch pipeline previously used to return
water from the Mandalay oil separator facility to Platform Gina. A new pipeline would be
converted to transport produced natural gas from Gina to the Mandalay facility.

Of the 3,000 ft of pipeline to be replaced, 700 ft are onshore above the Mean High Tide
Line (MHTL) and the remaining 2,300 ft are offshore, in the intertidal surf and subtidal zones
(Figure 1). The onshore section of the old pipeline will be uncovered, removed and replaced
with new pipeline using conventional equipment. Offshore, Unocal proposes to lay a new
pipeline parallel to the old one and to allow it to bury itself by the forces of gravity and
hydraulic action. Hydraulic jetting would be limited to nearshore areas where the surf zone
energy is not sufficient to bury the new pipeline. TIme required to complete the task once work
has begun has been estimated to be three (3) weeks.

Questions have been raised regarding several environmental aspects of the intended work:

1. UnocaJ proposes to allow the offshore portion of the new pipeline to settle into place by
gravity and to be covered gradually by sediments. The alternative suggestion has been to
jet in the new pipeline to assure immediate placement. What would be the relative impact
of each scenario on the benthic and epibenthic fauna?

2. Unocal proposes to leave the old offshore pipeline in place and run the new pipeline
parallel to it. The alternative is to jet a trench for the removal of the old pipeline. What would
be the impact of each case?

3. Unocal will jet in the new pipeline in the intertidal zone, but proposes to leave the old
pipeline in place instead of removing it by jetting a working trench. What would be the
impacts of leaving it in place versus jetting to remove it in the intertidal zone?

4. What would be the impact of the project on sport and commercial fishing in the offshore
area?

5. What is the likelihood or magnitude of impacts on gray whales (Eschrichtius robustus)
during their migrations along the California coast?

6. What is the nature of the vegetation of the dunes and the adjacent beach in front of the
-Unocal Mandalay facility?
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Figure 1. Map of Mandalay Beach, showing orientation of pipeline from the Unocal facility to Platform
Gina.
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DISCUSSION OF ENVIRONMENTAL ASSESSMENT

1. Self·burial Versus Jetting in the New Pipeline

4

Setting:

The 65/8 inch replacement pipeline to be laid offshore, exclusive of the intertidal zone, will
run from a water depth of about 7 ft (MHTL) to about 26 ft, a distance of about 1,700 ft. Benthic
infauna studies in the area immediately offshore from the Unocal Mandalay facility indicate that
at depths of approximately 20 ft, the' number of organisms in the sediments is extremely
variable, especially seasonally. In 1986, the mean abundance ranged from 3 individuaJs/0.01m2

in the winter to 31/0.01 m2 in the summer, and in 1988, trom 5 individuals/0.01 nr in the winter
to 52/0.01 m2 in the summer. The number of species also varied by season. In 1986, number
of species increased from 2 in winter to 14 in summer, while in 1988, it increased from 4 in
winter to 17 in summer (MBC Mandalay 1986, 1988).

Biomass of infaunal organisms ranged from 85 glm2 in winter to 444 glm2 in summer in
1988. Station values varied from 8 g/m2 to 1016 glm2

, due to the patchy distribution of Pacific
sand dollars (Dendraster excenrricus) (MBC 1988). Since the offshore slope in the Mandalay
area has a gentle gradient, it would be expected that the subtidal infaunal community would
be similar over short distances.

Data from otter trawls along the 2Q-ft isobath in the study area indicate that there are at
least 24 species of fish and 18 species of macroinvertebrates in the area The most abundant
species of fish in surveys conducted from 1978 to 1988 were white croaker (Genyonemus
lineatus), queenfish (Seriphus politus) and barred surfperch (Amphistichus argenteus). The most
common invertebrate species were Pacific sand dollar (Dendraster excentricus) and spotted bay
shrimp (Crangon nigromaculata). As with the infauna, numbers of individuals and species were
greater in summer than in winter (MBC 1988).

Project:

Unocal proposes to lay the new pipeline on the surface of the sediment and allow it to
gradually settle into place by gravity. The current pipeline has settled to a depth of four ft. In
order to uncover the offshore tie-in to the old section, a 15-ft-wide, 40-ft.long trench will have
to be jetted at the offshore tle-in location, 2,300 ft offshore from the high tide mark. Alternatively,
the new pipeline would be jetted in to the desired depth. The area of disturbance would be
about 15 ft wide by 1,700 ft long in the shallow subtidal zone.

Impacts:

Allowing the pipeline to settle by gravity would have some impact on the infaunal organisms
in the immediate path ot the settling pipeline. The maximum impact (assuming a 8--inchpath
at disturbance) would be 540,800 individuals with a biomass of 101 Ib (46 kg) being displaced.
However. the magnitude at the disruption would be small in both areal extent (limited to a
narrow zone around the fiS/8 inch pipeline) and severity (organisms would not be separated
from their sediment substrate) and would occur gradually over a long period at time. Most soft
bottom organisms are mobile and would be able to readjust position from such gradual
pressure. Until the new pipeline has buried itself, it may block longshore movement of motile
epifaunal species, but would not affect fish or other swimming species.
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The area which would be disturbed by jetting along the entire subtidal in order to replace
the pipeline would be approximately 25,500 J12 (2,383 rrf), At maximum impact, approximately
12 million infaunal organisms weighing 2,328 Ib (1,058 kg) would be displaced. During the
jetting procedure, organisms would be suspended in the water column, exposing them to
predation by fish and epibenthic invertebrates. It is assumed that there would be 100% mortality
of any organisms suspended during the jetting procedure.

In addition to the direct effects of disturbance by jetting, there would be a zone of sediment
redeposition beyond the sides of the trench, which would smother any organisms which were
not able to move rapidly enough to the sediment surface to maintain their suitable orientation
and depth. The extent of mortality would depend on the volume of material removed, and the
local current velocity and direction during the procedure. Therefore, there would be an area of
unknown extent with less than 100% mortality of infauna; if the area impacted is twice that of
the trench and the mortality is 50%, another 12,000,000 organisms or 2,328 Ib would be lost.

In either case, in order to uncover the section of pipeline where the new pipeline will tie into
the old section to the Platform, a 40-ft-long trench will have to be jetted. This will disturb about
600 J12 (56 rrr) of substrate and will suspend. at most. 291,200 organisms, weighing about 55 Ib
(25 kg) (MBC 1988). The extent of adjacent redeposition of sediment will be small, and the
period of time involved in the tle-ln procedure will be short.

MItigation:

There will be some loss of infaunal organisms involved in either method 'of pipeline
placement. The jetted trench would have a much greater immediate impact on the infaunal
community in and near the trench. However, most benthic infaunal organisms are short-lived
species which reproduce annually. It would be expected, therefore. that the disturbed areas
would be repopulated from the surrounding sediments within two years.

2. Removal of Old Pipeline by Jetting In the Subtidal Zone Versus Leaving In Place

Setting:

The setting is the same as that for jetting in 1.700 It of new pipeline in the subtidal zone.

Project:

UnocaJ proposes to leave the old pipeline in place, under approximately 4 ft of sediment.
The alternative would be to jet a trench 15 ft wide and 1.700 ft long for removal of the old
pipeline.

Impact:

. Jetting in a trench to expose and remove the old pipeline would disturb an area of
approximately 25,500 ft2 (2,383 rrf), with a possible impact on 12 million benthic infaunal
organisms weighing 2.328 Ib (1,058 kg). Considering that the trench would have to be kept
open tor a much longer period of time than required tor jetting in the new pipeline. the impacts
would be even greater, as the trench would continue to fill in, due to downcurrent sand
transport. The zone of redeposition and smothering would be greater the longer the trench has
to be kept open. Therefore. the effect of removing the old pipeline and jetting in the new
pipeline would be at least twice that for jetting in the new pipeline alone.
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Mitigation:

6

The impact of removing the old pipeline would be considerable. Leaving the pipeline buried
under 4 ft of sediment would have no impact on the infaunal organisms.

3. Removalof Old Pipeline by Jetting in the Surf Zone

Setting:

The intertidal zone, for the purposes of this study, is considered to run from the high tide
mark to 7 ft below the high tide mark. It is a zone of high wave impact and is, therefore, a
difficult environment to adapt to. Relatively few species of invertebrates inhabit the sandy
intertidal habitat and most are very small and easily overlooked. However, there are three
species which may be of concern, either because they are taken by commercial or sport
fishermen or are an important prey source for local fish species.

Recent beach surveys by California Department of Fish and Game (CDF&G) found that
Pismo clams (Tive/a stu/torum), bean clams (Donax gou/dl) and sand crabs (Emerita analoga)
occur on Mandalay Beach (Togstad and Haaker 1990). Sand crabs were also found by MBC
biologists during a cursory survey of the beach on 16 August 1990.

Pismo clams live near the surface (8 to 12 inches deep), but are not rapid burrowers.
Pismos have cyclical population densities: major storms, such as those of the winter of 1982·
83, may cause dramatic population declines. There may also be several years of poor
recruitment so that the clam population takes many years to return to its former level. Pismos
grow slowly, approximately 20 mm per year during their first three to four years (Cae 1947) and
take several years to reach the legal size of 4 inches.

On 25 July 1990, CDF&G conducted a survey for Pismo clams at three locations along the
Ventura County coastline. One mile southeast of the UnocaJMandalay facility, CDF&G biologists
found abundances averaging 13 clams/rrf and ranging from 4 to 321m2

•The mean shell length
was 52 mm (2 in) and most of the clams were only two to three years old, indicating that 1987
and 1988were good recruitment years. Few newly recruited (1990) clams were found (Togstad
and Haaker 1990).

Bean clams live close to the sediment surface and require good aeration. CDF&G biologists
also found bean clams during the Pismo clam survey, but they were not as abundant as the
Pismo clams (David O. Parker, CDF&G, pers. comm.).

Sand crabs are found in the middle intertidal zone and also require good aeration. During
a cursory examination on 16 August 1990, MBC scientists found sand crabs on the beach
immediately in front of the Unocal Mandalay facility. There appeared to be two age cohorts:
larger crabs in the size range 25 to 30 mm (carapace length), at a density of 2 to 31m2, and
smaller crabs less than 20 mm, at a density of about 251m2

•

During intertidal studies at the Mandalay Generating Station in 1971, MBC biologists found
sand crabs at an average density of 191m2 (IRC and MBC 1972a). In other intertidal studies
conducted at Ormond Beach, south of Mandalay Beach, investigators in 1972 found sand crabs
at densities of 71m2, bean clams at densities of 61m2

, and Pismo clams at 4.5/m2 (IRC and MBC
1972b). Another intertidal study in 1974 at Ormond Beach found sand crabs in abundances of
41m2 and bean clams, which were patchy in distribution and occurred at only two of the five
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study sites, were found in numbers of 421m2 (MBC 1974). A study 'in 1975 at Ormond Beach
found sand crabs in concentrations of 161m2

, bean clams at 2.5/m2 and Pismo clams at 11m2

(MBC 1975). Sand crabs are extremely mobile, rapid burrowers, and may quickly recolonize a
disturbed area of beach.

No data are available on biomass of intertidal organisms in the above studies.

Project:

Due to the difficulty of working in the surf zone, UnocaJproposes to leave the old pipeline
in place. The alternative would be to remove of the old pipeline by jetting. Jetting will create a
disturbed zone about 15 ft wide and 600 ft long (9,000 ft2 or 842 m~ through the intertidal at
about a 450 angle to the shoreline, to a water depth of about 7 ft below the high tide mark.

Impacts:

The intertidal zone is subject to variable wave action, to water depths of about 7 ft below
the high tide' mark. This area could possibly contain up to 25 sand crabs/rrf in the upper
intertidal zone and as many as 42 bean clarns/rrf and 13 Pismo clarns/rn" in the lower intertidal
zone. The jetting in of the new pipeline may disturb about 10,500 sand crabs, along with 17,680
bean and 11,000 Pismo clams. Additional jetting to create a trench for removal of the old
pipeline would create at least twice the disturbed area and disrupt as many as 21,000 sand
crabs and 35,000 bean and 22,000 Pismo clams. Most sand crabs will probably reburrow
immediately when dislodged. However, if covered by too much sand, they may not be able to
dig to the sediment surface and would soon suffocate. The bean and Pismo clams also require
good aeration, but are not capable of burrowing as rapidly. Therefore, unless the clams are
collected and carefully replaced at a suitable depth in stable sand, they would probably not
survive the jetting procedure. The longer the zone is kept open to provide a working trench, the
more severe the problem will be. Jetting to set the new pipeline would not involve as wide an
area of disturbance as the working trench.

Repopulation of the disturbed zone by sand crabs will be rapid, but may require a much
longer time for the two clam species. Pismos, especially, will probably not recruit as adults from
the surrounding undisturbed zones, but will depend on good recruitment of juveniles during the
next reproductive cycle. Transplanting of disturbed Pismo clams is not particularly effective, and
the longer the clams are removed from the substrate, the greater the mortality (Togstad 1989).
Smaller species of intertidal fauna are mostly short-lived and reproduce annually. It is expected
that they will repopulated the disturbed area within a year.

Mitigation:

The least amount of disturbance possible would be advisable in the intertidal zone to
prevent loss of bean and Pismo clams. Any clams found on the surface of the sand during the
jetting in operation should be relocated and replaced in the sand as soon as possible. The
clams should be placed lengthwise into the sand with the ligament end up, at a depth sufficient
to completely cover the clam.

Table 1 is a summary of losses for the above three questions, with proposed and alternative
scenarios:
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Scenario

Gravity settling offshore
Jetting for offshore tie-in
Jetting in new pipeline offshore
Jetting trench for pipeline removal offshore
Jetting in new pipeline in intertidal

Jetting trench for pipeline removal intertidal

• = no data

4. Commercial and Sport Fishing

Setting:

No. of Individuals Lost

<540,800
>291,200

>12,000,000
>12,000,000

<10,500 sand crabs
>17,680 bean clams
>11,000 Pismo clams
<10,500 sand crabs
>17,680 bean clams
>11,000 Pismo clams

Biomass Lost

<101 lb
>55 lb

>2,328 lb
>2,328 lb

Commercial and sport fishing are limited in the Mandalay Beach vicinity due to the type of
offshore habitat. Commercial fishing for California halibut (Paralichthys californicus) is conducted
greater than one nautical mile offshore, for Dover sole (Microstomus pacificus) in at least 1800 ft
(548 m) of water, for rockfish (Sebastes spp.) in greater than 180 ft (55 m) of water, and
miscellaneous marketfish (including English and Rexsole, Parophrys vetulus and Glyptocephalus
zachirus, respectively) in at least 600 ft (183 m) of water. Fishing for commercial invertebrates
includes ridgeback shrimp (Sicyonia ingentis) and spot prawns (PandaJus platyceros)in greater
than 180 ft (55 m) of water, crabs (Cancer spp.)in 60 to 240 ft (18 to 73 m) of water, lobsters
(Panulirus interruptus) near rocky areas in 18-120 ft (6-37 m) of water, and. urchins
(Strongylocentrotus spp.) on shallow subtidal rocky reefs (MBC 1989). There is no commercial
fishery for Pismo or bean clams in the area (David O. Parker, CDF&G, pers. cornrn.),

Nearshore sport fishing in the area is limited to kelp beds near the mouth of Channel
Islands Harbor (Dave Parker, CDF&G, pers. comm.) and surf fishing from sand beaches. Fish
species taken by surf anglers at Mandalay Beach include silver surfperch (Hyperprosopon
ellipticum), barred surfperch (Amphistichus argenteus), yellowfin croaker (Umbrina roncador), and
California corbina (Menticirrhus undulatus). California grunion (Leuresthes tenuis) may be taken
(by.hand only) on sandy beaches between June and March (grunion spawning or 'runs' occur
from March through September). (CDF&G et al. 1987). Barred surfperch, yellowfin croaker and
California corbina feed largely on sand crabs (Emerita anaJoga) and bean clams (Donax gould1)
occurring in the intertidal zone (Fitch and Lavenberg 1971). Sand crabs are often used by surf
fishermen as bait. There is probably very little clamming for Pismo clams at Mandalay Beach,
as CDF&G did not find any Pismos of legal size (Togstad and Haaker 1990).
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The construction phase of the pipeline replacement is projected to take three weeks. The
offshore tie-in point is in about 26 ft of water. Jetting for the offshore tie-in, possible old pipeline
removal and new pipeline replacement will produce some noise and activity disturbance, and
turbidity in the water column in and near the construction site. In addition, there will be vessel
traffic between the site and the local harbors, most probably Channel Islands Harbor.

Impacts:

The turbidity produced as a result of the jetting procedure may be a problem for fish, as
they have been shown to suffer some mortality and sublethal stress due to turbidity (Soule and
Oguri 1976). However, the due to increased boat activity and the noise expected to accompany
the jetting, the fish will probably vacate temporarily the vicinity of the work and not be subjected
to the suspended sediments. Fish have been shown to avoid noise (Suzuki et al. 1980).
Furthermore, the sediments in the area are relatively coarse and will settle within a short period
of time; the period of turbidity would not be long, and, therefore the downcurrent region affected
by the suspended sediments would not be extensive.

The effects on the commercial fishing industry are not expected to be significant, as most
fishing in the area is conducted in much deeper water. Sport surf fishing and taking of
California grunion will be temporarily curtailed in the immediate vicinity of the pipeline work in
the intertidal zone, due to disruption of the beach by the jetting in of the new pipeline and
restricted beach access to the public by fencing around the construction site. Jetting in of the
new pipeline will reduce the amount of sand crabs and bean clams available to the surf zone
fish by 10,500 crabs and 17,680clams. Jetting for removal of the old pipeline will double these
numbers.

Mitigation:

Avoiding interference with commercial fishing will not be required. Adequate marking of all
equipment and the exposed pipeline until it is buried should preclude snagging by errant trawl
or purse seine nets. Intertidal work should be avoided during California grunion spawning
(March through September).

5. Grey Whales

Setting:

Gray whales migrate along the entire California coast, from their feeding grounds in the
Bering Sea to their calving and breeding areas in the lagoons of Baja California In general, the
southbound phase of the migration occurs from November through January. Off central
CaliJornia, the whales begin passing along the shore in late December (Dohl et at 1982).
Between Alaska and Point Conception, 95% of the whales travel within 1.2 mi (2 km) of shore
(Rice and Wolman 1979), although at indentations in the coastline, they may follow a shorter
path from headland to headland. Once southbound gray whales reach the Channel Islands,
however, they follow a more offshore path around the islands, until they reach the southernmost
of the islands, where they once again head towards the mainland (Leatherwood 1974). In aerial
surveys conducted between Point Conception and the Mexican border from 1975 to 1978, 60%
of the whales were sighted more than 5 mi (8 km) from shore (Dohl and Guess 1981). The
northbound migration begins in February and continues through May (Poole 1981). The majority
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of the whales retrace their southward migration path around the Channel Islands until they
reach Point Conception, where they resume a nearshore path (Leatherwood 1974).

Numerous studies have shown that migrating whales actively avoid areas of high turbidity
and noise (Doh I et al. 1982). Thus. any strays which did approach the area during construction
would circumnavigate the disturbance and thus avoid possible contact with vessels.

Project:

The pipeline installation and removal would involve increased activity, boat traffic and noise
in an area offshore in about 26 ft of water during a three-week period.

Impacts:

The proposed pipeline work is unlikely to have any affect on California gray whales, as their
migration routes are quite distant from the work location. In general, their bypassing of coaetat
indentations would make it extremely unlikely that any individuals would possibly stray near the
shoreline of the Venture Basin.

Mitigation:

No mitigation efforts are considered to be necessary. Any whales which might possibly stray
off coarse would avoid the work area where there is any activity or noise.

6. Dune and Beach Vegetation

Setting:

On 16 August 1990 MBC scientists inspected the beach in front of the Unocal facility where
the pipeline replacement is to take place. Biologists identified, photographed and mapped the
plant species on the sand dune and beach. During the survey the intertidal sand was examined
for the presence of sand crabs, bean clams and Pismo clams.

The beach is composed of a narrow row of tall dunes (Plate 1) in front of the Unocal facility,
separated from the facility wall by a 2D-ft wide service road, a wide, flat beach sloping gradually
up to the dunes (Plate 2), and a wide intertidal beach (Plate 3). There is a narrow footpath up
the back slope of the dune and across the top of the dune near the south comer of the facility
(Plate 4).

The vegetation is dependent on the beach topography, with beach grass (Ammophile
arenaria), silver beachweed (Ambrosia [formerly Franseria) chamissonia)and sea fig
(Mesembryanthemum chilensis) on the dunes (Plate 5), and scattered sea rocket (Cakile
maritima) and heliotrope (Heliotropium carassavicum) on the beach sloping up to the dunes
(Plate 6). There is no vegetation on the lower part of the beach between the beginning of the
slope and the berm. A vegetation map and beach profile are shown in Figure 2. This same
beach topography and vegetation is apparent southeast along Mandalay Beach to the housing
development at 5th Street (Plate 7), and northwest to the discharge canal at the Mandalay
Generating Station (Plate 8). The beach at the study site has some public use (surf fishing,
sunbathing, jogging, bird watching, etc.) but this is limited, as beach access and the nearest
public parking are about one-half mile southeast at 5th Street. A public county park is planned
for the property southeast of the Unocal facility, between the dunes and Harbor Boulevard
(Plate 9).
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Figure 2. a) Vegetation zone map and features on the dunes and beach In front of the Unocal
Mandalay facility, and b) beach profile of the dunes and beach at the southwest corner of the facility.

Of the five plant species observed on the beach and dunes, only silver beachweed and
nellotrope are native to California (Munz 1973). Neither is considered to be rare, endangered
or threatened (California Native Plant Society 1988). However. with continued destruction of
natural beach and dune habitats. they could soon be so, at least locally.

Silver beachweed is a low-growing, gray-green species, with inconspicuous flowers which
become spiny seed pods (Figure 3, Plate 10).
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It was uncommon and patchy in the study
area

Figure 3. Illustration of silver beachweek
(Ambrosia chamissonia). (Source: Dawson and
Foster 1982.
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• Sea rocket was introduced to the West
Coast from Europe in the 1930s (Dawson
and Foster 1982) and has become
established on beaches from Mendocino to
Los Angeles County (Munz 1964). It is
another spreading species in the mustard
family, with small clusters of lavender
flowers (Plate 12). It has large, pointed,
single-seeded seed pods shaped like
rockets (Figure 4). Rabbit seat on the sand
near some of the sea rocket plants
indicates that this species may be an
important food source for rodents (Plate
13).

• Sea fig is an iceplant with large magenta
flowers (Plate 14). It is native to South
America and has become 'naturalized" in
many places in California (Dawson and
Foster 1982).

• Beach grass (or marram grass) is a densely
growing, tall (3 ft or 1 rn), slender-leaved
grass, scarcely branching, with long (4 to
12 inches or 10 to 30 cm) flower panicles
(plate 15). It is native to Europe, and has
been used in many areas for stabilizing
dunes (Dawson and Foster 1982). The
beach grass on the dunes in front of the
Unocal facility was brought from a site in
Oregon in the recent past, presumably to
help stabilize the dunes (Chris Culver,
Unocal, pers. comm.).

Project:

Figure 4. Illustration of sea rocket (Cakile
maritima), showing flowering branch (right),
mature seed pods on branch (left) and seed pod
detached from its peduncle (center). (Source:
Dawson and Foster 1982)

There is a to-men conduit running under
the sand dune. through which the old pipeline
will be removed and the new pipeline replaced
from inside of the Unocal facility. The beach
end of the conduit opens on the gradual slope
(Plate 16), at a depth of about 4 ft below the
surface. From the base of the front of the dune

to the water's edge, conventional excavation equipment would be used to expose the old
pipeline so that it can be removed and the new pipeline placed and tied in. The old pipeline
will be removed as far offshore in the intertidal zone as conventional excavation equipment can
safely be used.



Environmental Assessment and Beach Survey, Unocal, August 1990 :

Impacts:
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The use of excavation equipment and vehicle and foot traffic on the beach and dunes could
have considerable impact on the dune plants and stability of the dunes. Since the conduit
beneath the dunes eliminates the need to excavate through the dunes, there should be minimal
effects except from foot traffic or inadvertent vehicle intrusion. The only vegetation expected to
be affected by the excavation work will be that on the small area on the foredune at the conduit
opening. The excavation area between the foredune and the seaward end of the excavation has
no vegetation. The species expected to be affected by this limited disturbance are sea rocket
and heliotrope. Excavation and temporary deposition of excavated material will eliminate these
species from the disturbed areas and vehicle traffic will do additional damage. Although beach
contours will be restored to the present topography, it is uncertain how quickly these two
species would re-establish in the disturbed area once construction has been completed and
the beach restored.

During the construction period, public use of the beach will be interrupted briefly.

Mitigation:

There will be severe depletion of the vegetation in the area directly disturbed. This area can
be restricted to the immediate vicinity of the excavation by adequate fencing, both toward the
dunes and to the northwest and southeast along the beach. Fencing along the beach, from the
access point at 5th Street and some distance to the north where materials are expected to be
stored, at the seaward edge of the sea rocket-heliotrope vegetation zone will prevent equipment
and vehicle traffic from disturbing those species unnecessarily. An inset fencing configuration
at the conduit opening area would limit vehicle movement to a relatively small area (Figure 5).
A wooden staircase on the steep slope of the back dune would help prevent erosion due to
the expected increased foot traffic across the dunes. Fencing or signing would also help to limit
damage to the vegetation on the top of the dunes.

After work is completed and the beach contours restored, it could take several years for sea
rocket to re-establish on the restored sand. Collection of seeds from those plants expected to
be eliminated during the work and sowing of those seeds after the beach is stabilized,
preferably just before or during the rainy season, would be expected to accelerate the re-
establishment process.

Disruption of public access to the beach will be minimal. with the least effect occurring
during the winter months when there are fewer beach visitors.
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Plate 1. Top of the dunes In front of the
Unocal Mandalay facility, looking north-
west.

Plate 2. Beach and foredunes In front of
the Unocal Mandalay facility.

Plate 3. Upper Intertidal beach In front of
the Unocal Mandalay facility, looking north-
west.



Plate 4. Back slope of the dunes In front oi
the Unocal Mandalay facility, showing the
southwest wall at facility, the service road
between the wall and the dunes, and the
footpath leading up the back slope of the
dunes.

Plate 5. Vegetation on the top of the
dunes, consisting of beach grass (Ammo-
phlle arenarla), sliver beachweed (Ambrosia
chamissonla) and sea fig (Mesambry.
anlhemum chi/ensls).

Plate 6. Vegetation on the foredune and
upper beach, consisting of sea rocket
(Caki/e maritima) and heliotrope (Hello/ro-
pium carassavicum).



Plate 7. Dunes and beach to the southeast
of the Unocal Mandalay facIlity.

Plate 8. Dunes and beach to the northwest
of the Uno cal Mandalay facility, Mandalay
Generating Station discharge canal In
background.

Plate 9. Site of future public park south of
the Unocal Mandalay facility between the
dunes and Harbor Boulevard, showing
extensive coverage by sea fig.



Plate 10. Sliver beachweed (Ambrosia
chamissonis).

Plate 11. Heliotrope (Heliotropium caras-
ssvicum).

Plate 12. Sea rocket (Caklie maritima).



Plate 13. Rabbit scat on sand next to sea
rocket.

Plate 14. Sea fig (Mesembryanthemum
chllensls) In foreground.

Plate 15. Beach grass, or marram grass
r;.mmophl19 arenarla).



------------------------------------- - ------------------- ----------~------

Plate 16. Site of seaward end of conduIt
under the dunes (Chris Culver In back.
ground) and onshore tie-in point (MBC
biologist In foreground).
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ENVIRONMENTAL ASSESSMENT AND BEACH VEGETATION STUDY
FOR PROPOSED PLATFORM GINA PIPELINE REPLACEMENT

MANDALAY BEACH, VENTURA COUNTY, CALIFORNIA

16 August 1990

INTRODUCTION

Unocal has proposed to replace 3,000 ft of 65/8 inch pipeline previously used to return
water from the Mandalay oil separator facility to Platform Gina. A new pipeline would be
converted to transport produced natural gas from Gina to the Mandalay facility.

Of the 3,000 ft of pipeline to be replaced, 700 ft are onshore above the Mean High Tide
Line (MHTL) and the remaining 2,300 ft are offshore, in the intertidal surf and subtidal zones
(Figure 1). The onshore section of the old pipeline will be uncovered, removed and replaced
with new pipeline using conventional equipment. Offshore, Unocal proposes to lay a new
pipeline parallel to the old one and to allow it to bury itself by the forces of gravity and
hydraulic action. Hydraulic jetting would be limited to nearshore areas where the surf zone
energy is not sufficient to bury the new pipeline. Time required to complete the task once work
has begun has been estimated to be three (3) weeks.

Questions have been raised regarding several environmental aspects of the intended work:

1. Unocal proposes to allow the offshore portion of the new pipeline to settle into place by
gravity and to be covered gradually by sediments. The alternative suggestion has been to
jet in the new pipeline to assure immediate placement. What would be the relative impact
of each scenario on the benthic and epibenthic fauna?

2. Unocal proposes to leave the old offshore pipeline in place and run the new pipeline
parallel to it. The alternative is to jet a trench for the removal of the old pipeline. What would
be the impact of each case? .

3. Unocal will jet in the new pipeline in the intertidal zone, but proposes to leave the old
pipeline in place instead of removing it by jetting a working trench. What would be the
impacts of leaving it in place versus jetting to remove it in the intertidal zone?

4. What would be the impact of the project on sport and commercial fishing in the offshore
area?

5. What is the likelihood or magnitude of impacts on gray whales (Eschrichtius robustus)
during their migrations along the California coast?

6. What is the nature of the vegetation of the dunes and the adjacent beach in front of the
UnocaJMandalay facility?
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Figure 1. Map of Mandalay Beach, showing orientation of pipeline from the Unocal facility to Platform
Gina.
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DISCUSSION OF ENVIRONMENTAL ASSESSMENT

1. Self·burial Versus Jetting in the New Pipeline

4

Setting:

The 65/8 inch replacement pipeline to be laid offshore, exclusive of the intertidal zone, will
run from a water depth of about 7 ft (MHTL)to about 26 ft, a distance of about 1,700 ft. Benthic
infauna studies in the area immediatelyoffshore from the Unocal Mandalay facility indicate that
at depths of approximately 20 ft, the number of organisms in the sediments is extremely
variable, especially seasonally. In 1986,the mean abundance ranged from 3 individuals/0.01 m2

in the winter to 31/0.01 m2 in the summer, and in 1988, from 5 individuals/0.01 m2 in the winter
to 52/0.01 m2 in the summer. The number of species also varied by season. In 1986, number
of species increased from 2 in winter to 14 in summer, while in 1988, it increased from 4 in
winter to 17 in summer (MBC Mandalay 1986, 1988).

Biomass of infaunal organisms ranged from 85 g/m2 in winter to 444 g/m2 in summer in
1988. Station values varied from 8 g/m2 to 1016 g/m2

, due to the patchy distribution of Pacific
sand dollars (Dendraster excentricus) (MBC 1988). Since the offshore slope in the Mandalay
area has a gentle gradient, it would be expected that the subtidal infaunal community would
be similar over short distances.

Data from otter trawls along the 20-ft isobath in the study area indicate that there are at
least 24 species of fish and 18 species of macroinvertebrates in the area. The most abundant
species of fish in surveys conducted from 1978 to 1988 were white croaker (Genyonemus
Iineatus), queenfish (Seriphus politus) and barred surfperch (Amphistichus argenteus). The most
common invertebrate species were Pacificsand dollar (Dendraster excentricus) and spotted bay
shrimp (Crangon nigromaculata). As with the infauna, numbers of individuals and species were
greater in summer than in winter (MBC 1988).

Project:

Unocal proposes to lay the new pipeline on the surface of the sediment and allow it to
gradually settle into place by gravity. The current pipeline has settled to a depth of four ft. In
order to uncover the offshore tie-in to the old section, a 15-ft-wide, 40-ft-long trench will have
to be jetted at the offshore tie-in location,2,300 ft offshore from the high tide mark. Alternatively,
the new pipeline would be jetted in to the desired depth. The area of disturbance would be
about 15 ft wide by 1,700 ft long in the shallow subtidal zone.

Impacts:

Allowing the pipeline to settle by gravity would have some impact on the infaunal organisms
in the immediate path of the settling pipeline. The maximum impact (assuming a 8-inch path
of disturbance) would be 540,800 individuals with a biomass of 101 Ib (46 kg) being displaced.
However, the magnitude of the disruption would be small in both areal extent (limited to a
narrow zone around the 65/8 inch pipeline) and severity (organisms would not be separated
from their sediment substrate) and would occur gradually over a long period of time. Most soft
bottom organisms are mobile and would be able to readjust position from such gradual
pressure. Until the new pipeline has buried itself, it may block longshore movement of motile
epifaunal species, but would not affect fish or other swimming species.
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The area which would be disturbed by jetting along the entire subtidal in order to replace
the pipeline would be approximately 25,500 ff (2,383 m~. At maximum impact, approximately
12 million infaunal organisms weighing 2,328 Ib (1,058 kg) would be displaced. During the
jetting procedure, organisms would be suspended in the water column, exposing them to
predation by fish and epibenthic invertebrates. It is assumed that there would be 100% mortality
of any organisms suspended during the jetting procedure.

In addition to the direct effects of disturbance by jetting, there would be a zone of sediment
redeposition beyond the sides of the trench, which would smother any organisms which were
not able to move rapidly enough to the sediment surface to maintain their suitable orientation
and depth. The extent of mortality would depend on the volume of material removed, and the
local current velocity and direction during the procedure. Therefore, there would be an area of
unknown extent with less than 100% mortality of infauna; if the area impacted is twice that of
the trench and the mortality is 50%, another 12,000,000 organisms or 2,328 Ib would be lost.

In either case, in order to uncover the section of pipeline where the new pipeline will tie into
the old section to the Platform, a 40-ft-Iong trench will have to be jetted; This will disturb about
600 If! (56 m~ of substrate and will suspend, at most, 291,200 organisms, weighing about 55 Ib
(25 kg) (MBC 1988). The extent of adjacent redeposition of sediment will be small, and the
period of time involved in the tie-in procedure will be short.

Mitigation:

There will be some loss of infaunal organisms involved in either method of pipeline
placement. The jetted trench would have a much greater immediate impact on the infaunal
community in and near the trench. However, most benthic infaunal organisms are short-lived
species which reproduce annually. It would be expected, therefore, that the disturbed areas
would be repopulated from the surrounding sediments within two years.

2. Removal of Old Pipeline by Jetting In the Subtidal Zone Versus Leaving In Place

Setting:

The setting is the same as that for jetting in 1,700 ft of new pipeline in the subtidal zone.

Project:

Unocal proposes to leave the old pipeline in place, under approximately 4 ft of sediment.
The alternative would be to jet a trench 15 ft wide and 1,700 ft long for removal of the old
pipeline.

Impact:

Jetting in a trench to expose and remove the old pipeline would disturb an area of
approximately 25,500 ff (2,383 m~, with a possible impact on 12 million benthic infaunal
organisms weighing 2,328 Ib (1,058 kg). Considering that the trench would have to be kept
open for a much longer period of time than required for jetting in the new pipeline, the impacts
would be even greater, as the trench would continue to fill in, due to downcurrent sand
transport. The zone of redeposition and smothering would be greate~the longer the trench has
to be kept open. Therefore, the effect of removing the old pipeline and jetting in the new
pipeline would be at least twice that for jetting in the new pipeline alone.
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Mitigation:

6

The impact of removing the old pipeline would be considerable. Leaving the pipeline buried
under 4 ft of sediment would have no impact on the infaunal organisms.

3. Removal of Old Pipeline by Jetting in the Surf Zone

Setting:

The intertidal zone, for the purposes of this study, is considered to run from the high tide
mark to 7 ft below the high tide mark. It is a zone of high wave impact and is, therefore, a
difficult environment to adapt to, Relatively few species of invertebrates inhabit the sandy
intertidal habitat and most are very small and easily overlooked. However, there are three
species which may be of concern, either because they are taken by commercial or sport
fishermen or are an important prey source for local fish species.

Recent beach surveys by California Department of Fish and Game (CDF&G) found that
Pismo clams (Tive/a'stultorum), bean clams (Donax gou/dl) and sand crabs (Emerita ana/aga)
occur on Mandalay Beach (Togstad and Haaker 1990). Sand crabs were also found by MBC
biologists during a cursory survey of the beach on 16 August 1990.

Pismo clams live near the surface (8 to 12 inches deep), but are not rapid burrowers.
Pismos have cyclical population densities: major storms, such as those of the winter of 1982-
83, may cause dramatic population declines. There may also be several years of poor
recruitment so that the clam population takes many years to return to its former level. Pismos
grow slowly, approximately 20 mm per year during their first three to four years (Cae 1947) and
take several years to reach the legal size of 4 inches,

On 25 July 1990, CDF&G conducted a survey for Pismo clams at three locations along the
Ventura County coastline. One mile southeast of the Unocal Mandalay facility, CDF&G biologists
found abundances averaging 13 ctams/rrf and ranging from 4 to 321m2

• The mean shell length
was 52 mm (2 in) and most of the clams were only two to three years old, indicating that 1987
and 1988 were good recruitment years. Few newly recruited (1990) clams were found (Togstad
and Haaker 1990).

Bean clams live close to the sediment surface and require good aeration. CDF&G biologists
also found bean clams during the Pismo clam survey, but they were not as abundant as the
Pismo clams (David O. Parker, CDF&G, pers. comm.).

Sand crabs are found in the middle intertidal zone and also require good aeration. During
a cursory examination on 16 August 1990, MBC scientists found sand crabs on the beach
immediately in front of the Unocal Mandalay facility. There appeared to be two age cohorts:
larger crabs in the size range 25 to 30 mm (carapace length), at a density of 2 to 31m2, and

- smaller crabs less than 20 mm, at a density of about 251m2
•

During intertidal studies at the Mandalay Generating Station in 1971, MBC biologists found
sand crabs at an average density of 191m2 (IRC and MBC 1972a). In other intertidal studies
conducted at Ormond Beach, south of Mandalay Beach, investigators in 1972 found sand crabs
at densities of 7/m2

, bean clams at densities of 6/m2
, and Pismo clams at 4.5/m2 (IRC and MBC

1972b). Another intertidal study in 1974 at Ormond Beach found sand crabs in abundances of
41m2 and bean clams, which were patchy in distribution and occurred at only two of the fIVe
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study sites, were found in numbers of 421m2 (MBC 1974). A study in 1975 at Ormond Beach
found sand crabs in concentrations of 16/m2

• bean clams at 2.5/m2 and Pismo clams at 1/m2

(MBC 1975). Sand crabs are extremely mobile. rapid burrowers, and may quickly recolonize a
disturbed area of beach.

No data are available on biomass of intertidal organisms in the above studies.

Project:

Due to the difficulty of working in the surf zone, Unocal proposes to leave the old pipeline
in place. The alternative would be to remove of the old pipeline by jetting. Jetting will create a
disturbed zone about 15 ft wide and 600 ft long (9,000 Jt2or 842 m~ through the intertidal at
about a 45° angle to the shoreline, to a water depth of about 7 ft below the high tide mark.

Impacts:

The intertidal zone is subject to variable wave action, to water depths of about 7 ft below
the high tide mark. This area could possibly contain up to 25 sand crabs/rn" in the upper
intertidal zone and as many as 42 bean clarns/m" and 13 Pismo clams/m" in the lower intertidal
zone. The jetting in of the new pipeline may disturb about 10,500 sand crabs, along with 17.680
bean and 11.000 Pismo clams. Additional jetting to create a trench for removal of the old
pipeline would create at least twice the disturbed area and disrupt as many as 21.000 sand
crabs and 35.000 bean and 22,000 Pismo clams. Most sand crabs will probably reburrow
immediately when dislodged. However, if covered by too much sand, they may not be able to
dig to the sediment surface and would soon suffocate. The bean and Pismo clams also require
good aeration, but are not capable of burrowing as rapidly. Therefore, unless the clams are
collected and carefully replaced at a suitable depth in stable sand, they would probably not
survive the jetting procedure. The longer the zone is kept open to provide a working trench, the
more severe the problem will be. Jetting to set the new pipeline would not involve as wide an
area of disturbance as the working trench.

Repopulation of the disturbed zone by sand crabs will be rapid. but may require a much
longer time for the two clam species. Pismos, especially, will probably not recruit as adults from
the surrounding undisturbed zones, but will depend on good recruitment of juveniles during the
next reproductive cycle. Transplanting of disturbed Pismo clams is not particularly effective. and
the longer the clams are removed from the substrate, the greater the mortality (Togstad 1989).
Smaller species of intertidal fauna are mostly short-lived and reproduce annually. It is expected
that they will repopulated the olsturbed area within a year.

MItigation:

The least amount of disturbance possible would be advisable in the intertidal zone to
prevent loss of bean and Pismo clams. Any clams found on the surface of the sand during the
jetting in operation should be relocated and replaced in the sand as soon as possible. The
clams should be placed lengthwise into the sand with the ligament end up, at a depth sufficient
to completely cover the clam.

Table 1 is a summary of losses for the above three questions, with proposed and alternative
scenarios:
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Table 1.
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Scenario

Gravity settling offshore
Jetting for offshore tie-in
Jetting in new pipeline offshore
Jetting trench for pipeline removal offshore
Jetting in new pipeline in intertidal

Jetting trench for pipeline removal intertidal

- = no data

4. Commercial and Sput Fishing

Setting:

No. of Individuals Lost

<540,800
>291,200

>12,000,000
>12,000,000

<10,500 sand crabs
>17,680 bean clams
>11,000 Pismo clams
<10,500 sand crabs
>17,680 bean clams
>11,000 Pismo clams

Biomass Lost

<101 lb
>55 lb

>2,328 lb
>2,328 lb

Commercial and sport fishing are limited in the Mandalay Beach vicinity due to the type of
offshore habitat. Commercial fishing for California halibut (Paralichthys californicus) is conducted
greater than one nautical mile offshore, for Dover sole (Microstomus pacificus) in at least 1800 ft
(548 m) of water, for rockfish (Sebastes spp.) in greater than 180 ft (55 m) of water, and
miscellaneous marketfish (including English and Rex sole, Parophrys vetalus and Glyptocepha/us
zachirus, respectively) in at least 600 ft (183 m) of water. Fishing for commercial invertebrates
includes ridge back shrimp (Sicyonia ingentis) and spot prawns (Panda/us platyceros)in greater
than 180 ft (55 m) of water, crabs (Cancer spp.)in 60 to 240 ft (18 to 73 m) of water, lobsters
(Panulirus interruptus) near rocky areas in 18-120 ft (6-37 m) of water, and urchins
(Strongylocentrotus spp.) on shallow subtidal rocky reefs (MBC 1989). There is no commercial
fishery for Pismo or bean clams in the area (David O. Parker, CDF&G, pers. comm.).

Nearshore sport fishing in the arsa is limited to kelp beds near the mouth of Channel
Islands Harbor (Dave Parker, CDF&G, pers. comm.) and surf fishing from sand beaches. Fish
species taken by surf anglers at Mandalay Beach include silver surfperch (Hyperprosopon
ellipticum), barred surfperch (Amphistichus argenteus), yellowfin croaker (Umbrina roncador), and
California corbina (Menticirrhus undulatus). California grunion (Leuresthes tenuis) may be taken
(by hand only) on sandy beaches between June and March (grunion spawning or "runs" occur
from March through September). (CDF&G et al. 1987). Barred surfperch, yellowfin croaker and
California corbina feed largely on sand crabs (Emerita ana/oga) and bean clams (Donax gould/)
occurring in the intertidal zone (Fitch and Lavenberg 1971). Sand crabs are often used by surf
fishermen as bait. There is probably very little clamming for Pismo clams at Mandalay Beach,
as CDF&G did not find any Pismos of legal size (Togstad and Haaker' 1990).
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Project:

9

The construction phase of the pipeline replacement is projected to take three weeks. The
offshore tie-in point is in about 26 ft of water. Jetting for the offshore tie-in, possible old pipeline
removal and new pipeline replacement will produce some noise and activity disturbance, and
turbidity in the water column in and near the construction site. In addition, there will be vessel
traffic between the site and the local harbors, most probably Channel Islands Harbor.

Impacts:

The turbidity produced as a result of the jetting procedure may be a problem for fish, as
they have been shown to suffer some mortality and sublethal stress due to turbidity (Soule and
Oguri 1976). However, the due to increased boat activity and the noise expected to accompany
the jetting, the fish will probably vacate temporarily the vicinity of the work and not be subjected
to the suspended sediments. Fish have been shown to avoid noise (Suzuki et al. 1980).
Furthermore, the sediments in the area are relatively coarse and will settle within a short period
of time; the period of turbidity would not be long, and, therefore the downcurrent region affected
by the suspended sediments would not be extensive.

The effects on the commercial fishing industry are not expected to be significant, as most
fishing in the area is conducted in much deeper water. Sport surf fishing and taking of
California grunion will be temporarily curtailed in the immediate vicinity of the pipeline work in
the intertidal zone, due to disruption of the beach by the jetting in of the new pipeline and
restricted beach access to the public by fencing around the construction site. Jetting in of the
new pipeline will reduce the amount of sand crabs and bean clams available to the surf zone
fish by 10,500 crabs and 17,680 clams. Jetting for removal of the old pipeline will double these
numbers. .

. MItigation:

Avoiding interference with commercial fishing will not be required. Adequate marking of all
equipment and the exposed pipeline until it is buried should preclude snagging by errant trawl
or purse seine nets. Intertidal work should be avoided during California grunion spawning
(March through September).

5. Grey Whales

Setting:

Gray whales migrate along the entire California coast, from their feeding grounds in the
Bering Sea to their calving and breeding areas in the lagoons of Baja California. In general, the
southbound phase of the migration occurs from November through January. Off central
California, the whales begin passing along the shore in late December (Dohl et al, 1982).
Between Alaska and Point Conception, 95% of the whales travel within 1.2 mi (2 km) of shore
(Rice and Wolman 1979), although at indentations in the coastline, they may follow a shorter
path from headland to headland. Once southbound gray whales reach the Channel Islands,
however, they follow a more offshore path around the islands, until they reach the southernmost
of the islands, where they once again head towards the mainland (Leatherwood 1974). In aerial
surveys conducted between Point Conception and the Mexican border from 1975 to 1978, 60%
of the whales were sighted more than 5 mi (8 km) from shore (Dohl and Guess 1981). The
northbound migration begins in February and continues through May (Poole 1981). The majority
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of the whales retrace their southward migration path around the Channel Islands until they
reach Point Conception, where they resume a nearshore path (Leatherwood 1974).

Numerous studies have shown that migrating whales actively avoid areas of high turbidity
and noise (Dohl et al, 1982). Thus, any strays which did approach the area during construction
would circumnavigate the disturbance and thus avoid possible contact with vessels.

Project:

The pipeline installation and removal would involve increased activity. boat traffic and noise
in an area offshore in about 26 ft of water during a three-week period.

Impacts:

The proposed pipeline work is unlikely to have any affect on California gray whales, as their
migration routes are quite distant from the work location. In general. their bypassing of coastal
indentations would make it extremely unlikely that any individuals would possibly stray near the
shoreline of the Venture Basin.

MItigation:

No mitigation efforts are considered to be necessary. Any whales which might possibly stray
off coarse would avoid the work area where there is any activity or noise.

6. Dune and Beach Vegetation

Setting:

On 16 August 1990 MBC scientists inspected the beach in front of the Unocal facility where
the pipeline replacement is to take place. Biologists identified, photographed and mapped the
plant species on the sand dune and beach. During the survey the intertidal sand was examined
for the presence of sand crabs. bean clams and Pismo clams.

The beach is composed of a narrow row of tall dunes (Plate 1) in front of the Unocal facility,
separated from the facility wall by a 20·ft wide service road, a wide, flat beach sloping gradually
up to the dunes (Plate 2), and a wide intertidal beach (Plate 3). There is a narrow footpath up
the back slope of the dune and across the top of the dune near the south corner of the facility
(Plate 4).

The vegetation is dependent on the beach topography, with beach grass (Ammophile
arenaria), silver beachweed (Ambrosia [formerly Franseria) chamissonia)and sea fig
(Mesembryanthemum chilensis) on the dunes (Plate 5). and scattered sea rocket (Cakile
maritima) and heliotrope (Heliotropium carassavicum) on the beach sloping up to the dunes
(Plate 6). There is no vegetation on the lower part of the beach between the beginning of the
slope and the berm. A vE'getation map and beach profile are shown in Figure 2. This same
beach topography and vegetation is apparent southeast along Mandalay Beach to the housing
development at 5th Street (Plate 7). and northwest to the discharge canal at the Mandalay
Generating Station (Plate 8). The beach at the study site has some public use (surf fishing.
sunbathing, jogging, bird watching, etc.) but this is limited, as beach access and the nearest
public parking are about one-half mile southeast at 5th Street. A public county park is planned
for the property southeast of the Unocal facility. between the dunes and Harbor Boulevard
(Plate 9).
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Figure 2. a) Vegetation zone map and features on the dunes and beach In front of the Unocal
Mandalay facility, and b) beach profile of the dunes and beach at the southwest corner of the facility.

Of the five plant species observed on the beach and dunes, only silver beachweed and
heliotrope are native to California (Munz 1973). Neither is considered to be rare, endangered
or threatened (California Native Plant Society 1988). However, with continued destruction of
natural beach and dune habitats, they could soon be so, at least locally.

Silver beachweed is a low-growing, gray-green species, with inconspicuous flowers which
become spiny seed pods (Figure 3, Plate 10).
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It was uncommon and patchy in the study
area.

• Sea rocket was introduced to the West
Coast from Europe in the 1930s (Dawson
and Foster 1982) and has become
established on beaches from Mendocino to
Los Angeles County (Munz 1964). It is
another spreading species in the mustard
family, with small clusters of lavender
flowers (Plate 12). It has large, pointed,
single-seeded seed pods shaped like
rockets (Figure 4). Rabbit scat on the sand
near some of the sea rocket plants
indicates that this species may be an
important food source for rodents (Plate
13).

Figure 3. illustration of sliver beachweek
(AmbrosIa chamlssonla). (Source: Dawson and
Foster 1982.
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• Sea fig is an iceplant with large magenta
flowers (Plate 14). It is native to South
America and has become "naturalized" in
many places in California (Dawson and
Foster 1982).

• Beach grass (or marram grass) is a densely
growing, tall (3 ft or 1 m), slender-leaved
grass, scarcely branching, with long (4 to
12 inches or 10 to' 30 cm) flower panicles
(Plate 15). It is native to Europe, and has
been used in many areas for stabilizing
dunes (Dawson and Foster 1982). The
beach grass on the dunes in front of the
Unocal facility was brought from a site in
Oregon in the recent past, presumably to
help stabilize the dunes (Chris Culver,
Unocal, pers. comm.),

Project:

Figure 4. illustration of sea rocket (Caklle
maritIma), showing flowering branch (right),
mature seed pods on branch (left) and seed pod
detached from Its peduncle (center). (Source:
Dawson and Foster 1982)

There is a 10-inch conduit running under
the sand dune, through which the old pipeline
will be removed and the new pipeline replaced
from inside of the Unocal facility. The beach
end of the conduit opens on the gradual slope
(Plate 16), at a depth of about 4 ft below the
surface. From the base of the front of the dune

to the water's edge, conventional excavation equipment would be used to expose the old
pipeline so that it can be removed and the new pipeline placed and tied in. The old pipeline
will be removed as far offshore in the intertidal zone as conventional excavation equipment can
safely be used.
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Impacts:

13

The use of excavation equipment and vehicle and foot traffic on the beach and dunes could
have considerable impact on the dune plants and stability of the dunes. Since the conduit
beneath the dunes eliminates the need to excavate through the dunes, there should be minimal
effects except from foot traffic or inadvertent vehicle intrusion. The only vegetation expected to
be affected by the excavation work will be that on the small area on the foredune at the conduit
opening. The excavation area between the foredune and the seaward end of the excavation has
no vegetation. The species expected to be affected by this limited disturbance are sea rocket
and heliotrope. Excavation and temporary deposition of excavated material will eliminate these
species from the disturbed areas and vehicle traffic will do additional damage. Although beach
contours will be restored to the present topography, it is uncertain how quickly these two
species would re-establish in the disturbed area once construction has been completed and
the beach restored.

During the ccnstructlon period, public use of the beach will be interrupted briefly.

Mitigation:

There will be severe depletion of the vegetation in the area directly disturbed. This area can
be restricted to the immediate vicinity of the excavation by adequate fencing, both toward the
dunes and to the northwest and southeast along the beach. Fencing along the beach, from the
access point at 5th Street and some distance to the north where materials are expected to be
stored, at the seaward edge of the sea rocket-heliotrope vegetation zone will prevent equipment
and vehicle traffic from disturbing those species unnecessarily. An inset fencing configuration
at the conduit opening area would limit vehicle movement to a relatively small area (Figure 5).
A wooden staircase on the steep slope of the back dune would help prevent erosion due to
the expected increased foot traffic across the dunes. Fencing or signing would also help to limit
damage to the vegetation on the top of the dunes.

After work is completed and the beach contours restored, it could take several years for sea
rocket to re-establish on the restored sand. Collection of seeds from those plants expected to
be eliminated during the work and sowing of those seeds after the beach is stabilized,
preferably just before or during the rainy season, would be expected to accelerate the re-
~stablishment process.

Disruption of public access to the beach will be minimal, with the least effect occurring
during the winter months when there are fewer beach visitors.
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Figure 5. Suggested fencing configuration to reduce damage to the foredune vegetation.
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PMB Systems Engineering, Original Pipeline Design (5/81)

March Pipe-Pipe Purchase

West Coast Pipe Linings - Concrete Coating

AMF Tuboscope - Amolog 4 Inspection (Bad Joints Were Not
Purchased)

Farwest Corrosion - Sea Alloy Anodes

Advance Pipe Bending - Long Radius Bends

AMF Tuboscope Inspection Report

UNOCAL Science and Technology Pipe Coating
Recommendation

UNOCAL Science and Technology Anode Recommendation
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APPENDIX III

UNDERWATER INVESTIGATION
OF

NEARSHORE GIDLOGY
ALONG PROPOSED.AND

ALTERNATIVE PIPELINE CORRIDORS

In response to a State Lands Commission request, Dames & Moore conducted a
mar ine geolog Lca L reconnaissance of the nearshore seafloor of the proposed
Mandalay and alternative Ormond Beach pipeline corridors. The purpose of this
survey was to provide g~ological observations in the nearshore zone beyond the
shallow-water limits of the geophysical surveying.

METHOD

Marine geologists observed seafloor conditions within the two pipeline
corridors continuously from about 40 feet (12 m) to the surf ~one. This was
accomplished using SCUBA and a. combination of slow towsled (boat FUll),
ParaUon (self-powered sled), and swimming, depending on the time and visibi-
lity conditions.

Work was conducted in association with the marine
investigations, with a biologist acting as safety diver
geologist •. The pipeline corridors were also directly observed

.diving marine biologists "from the plat~~rIl!site depth of 100. ....
the beach, and these data were also reviewed by the marine
geophysicist. The work was comp~eted as summarized below:

biology field
for a marine

by the team of
feet (30 1'0) to

geolog ist and

Mandalay August 3
Ormond Beach July 30

..
Corridor Date (1979) Visibility

2 m
5 m

D-3
III-l

Propulsion

swim (13 m to surf) .
Boat tow (12 - 7 1'0) and
Farallon (7 m to surf)
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RESULTS

Both corr idors exhibited firm sandy seafloor and no outcrops were
observed. Gentle gradients occurred over the lengths inspected, with seafloor
steepening starting at about 10- to 13-fool: (3- to 4-m) water depth into
shore. The seafloor was generally uniform and featureless, and microrelief
was limited to minor depressions and ripple marks. No fresh water springs or
gas bubbles were observed.

The proposed Mandalay corridor seafloor consisted of dense sand with some
small patches of pebbles. The sand .•••as well-sorted, and graded from medium
fine into coarse at the inshore end. Between 6- to 23-fool: (5- to 7-m)· .•••ater
depth was a zone of ripples 1 - 2 inches (2 - 5 em) high and occasional
1.5-foot (O.5-m) deep depressions, probably of biological origin •

The alternative Ormond Beach corridor seafloor. exhibited dense, medium
sand with ripple marks up to 2 inches (5 em) high, grading into coarse, well-
sorted sand at the inshore end. The nearshore portio~ above the 10-foot (3-m)
depth steepens more than at the proposed Mandalay corridor. Some shell debris
was present over the nearshore portion •

CONCLUSIONS

Representative geological reconnaissance traverses were swum near the cen-
terline of each corridor, Insnor e of the -to-foot (12-m) water depth. There
were no obstructions or outcrops observed and the seafloor is .ecmpcsed of
dense sands. The primary distinctions' between the two· corr idors were some. "

minor depressions (probable biological origin) along the proposed Mandalay and
a steeper nearshore slope for ~,e Ormond Beach alternative.

None 'of the features observed represent any geological hazards to the
pipe~ine. The primary potential geological ha%ard to a pipeline is the possi-
bility for erosion and scour of the beach sands at the pipeline surf crossing.
This could expose a pipeline to storm wave conditions. Such an event is only
hyopthesi:ed and is not necessar ily predicted from the reconnaissance di..,ing

0-4
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ouservations. This potential geological problem is generally anticipated for
( all beach crossings. Consequently, the problem is corrrnonlyresolved by'

appropriate design considerations for that section of the pipeline.
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all beach crossings. Consequently, the problem is corrrnonly resolved by· 

appropriate design considerations for that section of the pipeline. 
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APPENDIX IV

SUMMARYOF DIVING INVESTIGATION FOR NEARSHORE GmWGY
ALONG. INSHORE PORTION OF GILDA PIPELINE ROUTE

0-6



(_.
APPENDIX IV

SUf>lMARi'OF DIVING INVESTIGATION FOR NEARSHORE GIDLOGY
ALONG INSHORE FORTION OF GILDA PIPELINE ROUTE

In response to a State Lands Commission recommendation, Dames & Moore con-
ducted a marine geological reconnaissance survey of the nearshore seafloor of
the Platform Gilda pipeline route. The purpose of this survey was to provide
geological observations in the nearshore zone beyond the shallow-water limits
of the geophysical surveying (from about SO feet (IS m) to the surf zone).

METHOD

A marine geologist observed seafloor conditions within the pipeline corri-
dor continuously from about 45 feet (14 m) to the surf zone. This was
accomplished using SCUBA and swimming on a c?mpass course.

( . Work was conducted in association witb. marine biology field investiga-
tions, with a biologist acting as safety diver for the marine geologist. The
pipeli ne route was directly observed by the team of diving marine biologists
from a depth of lOS feet (32 m) to the beach. These data were also reviewed
by the marine geologist and geophysicist. The work was done on 3 August 1979.
Visibi~ity was a feet (2.5 m).

RESULTS

The route seafloor consis ted of dense sand with some small pa tches of
pebbles. The sand was weli~sorted, and graded from medium fine into coarse at
the inshore. end. Between 16-23 feet (5 - 7 m) depth was' a zone of ripples
1 - 2 inches (2 - 5 em) high and occasional 1.S-foot (O.5-m) deep depressions,
probably of biological origin.

"-
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NO outcrops were observed. Gentle gradients occurred over the length

inspected, with slight seafloor steepening starting at about 10- to l3-foot

(3- to 4-rn) depth into shore. The seafloor was generally uniform and feature-

less, and microrelief was limited to minor depressions and ripple marks. No

freshwater springs or gas bubbles were observed.

CONCLUSIONS

There were no obstructions or outcrops observed and the seafloor is

comprised of dense sands. None of the features observed represent any

geological hazards to the pipelines. A p:>tential geological hazard to the

pipeli nes is the poss ib ili ty for erosion and scour of the beach sands where

the pipelines cross the beach. This could expose the pipelines to the effects

of storm wave conditions. Such an event is only hypothesized and is not

necessarily predicted from the reconnaissance diving observations. This

potential geological, problem is generally anticipated for all beach crossings.

Consequently, the pr~ble'm is cotmlonly res~lved by appropriate design con-

siderations for that section of the pipeline route.
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Design Summary

This document summarizes the design of the proposed offshore pipelines
that will provide service for the Gina and Gilda Platforms, Tracts OCS
P-0202 and oes P-0216, offshore Southern California. The work included:

( 1 )

(2)

the design of the pipeline from the riser flanges on both plat-
forms to a termination point on Mandalay Beach
the preparation of the "Instructions to Bidders" and "Specifi-
cations for Installation"

/

.•.

The work was done for the UNION OIL COMPANY OF CALIFORNIA, Southern
Cal ifornia Division by PMB Systems Engineering, San Francisco.
The pipeline designs were prepared in accordance with A.N.S.I B31.4-1974
and A.N.S.I. B31.8-1975 Specifications, and confirm to the U.S. Department
of Transportation Regulations, Parts 191, 192 and 195, Title 49 of the
Code of Federal Regulations.
The following tables surrrnarizethe design parameters and final design
specificat ions .

0-9
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SU~IMARY TABLE

(1) Based on 190 pcf concrete.

(2) Safety factor against lateral translation =

Surf Zone Offshore
(3 ) (3)

(1) Net Weight (1) Net Hci~ht
Nominal Wall Concrete (2) Vuring Concrete (2) (Iurin9

Thickness (in.) Thickness Safety Install at ion Th ickness Safety Installation
Pipe Grade (ksi) (in.) factor (Nlft) (in.) factor (N/ft)

0 4.66 8.67

1.25 2.91 9oUlJ-

0 2.20 3.65

0 4.66 14.40

0 3.65

COC.c..~T VA.L~e~
o~~ I

- lift Force

.500/42 1.50 2.29

.365/46 3.25 2.26

.280/35 1.75 1.58

.500/56 t· 1.50 2.21. '

.280/35 I 1.75 1.58

"

Size
Service 0.0. (in.)

Gilda Oil 12.750

Gas 1O~750

Water 6.625

l' Gina 011 10.750•....
rv

Water 6.625

Wlere ~ = Coefficient of lateral friction
(3) Submerged weight of pipe (empty) plus concrete coating (if any).
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SU~1ARY TABLE - OFFSHORE PORTION

t1inimum Wall Reconuuended
Flange Desi9n Design Thickness for Hin imum Hall No",ina1 H <l 1I

Size Rating Pressure Temperature Pressure (in)/ Thickness for Thickness (in)/
Service O.O.(in) (#) (psi) ( oF) Pipe Grade (ksi) Stabil ity ( in) Pipe Grade (ksi)

Gilda Oil 12.750 900 2160 200 .546/35 .46 .500/42
.455/42
.416/46

Gas 10.750 900 1160 250 .461/35 .66 .6813/35
.3134/42
.351/46

Ilater 6.625 600 1440 200 .189/35 .28 .2UO/35 (2)
? .158/42
•.... .144/46w

.1
.812/35 (1)Gina Oil 10.750 1500 '3600 200 .768/35 .39

.640/42 .GOU/42

.504/46 .594/46

.517/52 .562/52

.500/56 .500/56

Water 6.625 600 1440 200 .189/35 .28 .200/35 (2)
.158/42
.144/46

((~)}Choice depends on current cost and availability
Wall thickness is adequate for a 900 pound system if desired.
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Gina
10-3/4" diam .. 500"

6-5/811 d iam. .280"

62.38
41.93

Table 1

1.93

2.14
14.40

3.65
1.36

1.24

.-

Negative Buoyancy and Specific Gravity
. For Lines Empty

0-14
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Surf Zone Offshore
Service Uegative Specific Uegative Specific

Cuoyancy Gravity Buoyancy Grav; ty
(lbs./ft.) (lbs./ft. )

Gilda
12-3/4" di am. .500 109.13 2.24 53.31 1.94

10-3/4" di am . .365" 118.97 2.12 39.32 1.62

6-5/8" diam. .280" 54.45 2.49 16.17 2.06

Gina
10-3/4" diam .. 500"

6-5/8" diam .. 280"

93.12
54.45

Table 2

2.39
2.49

45.13

16.17
2.12
2.06

Negative Buoyancy and Specific Gravity
For Lines Full

..- -
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GINA/GILDA PIPELINES
TECHNICAL DISCUSSION

-' The fol lowing discussion summarizes the technical bases for designing the Gina
and Gilda pipelines. Included are:

1. A brief review of the technique used to determine the pipe nominal
wall thickness in accordance with ANSI 831.4-1974 and ANSI 831.8-1975
specifications.

2. The assumptions and coefficients used for the desi9n.
3. A table summarizing the design parameters of the pipeline designed

for internal pressure only and for on-bottom stability given the.
design wave and currents.

4. A list of related references.

Pipeline design in accordance with ANSI specifications is straightforward and
requires little judgment on the part of the designer; however, the reverse is
true for designing a pipeline to withstand induced forces from waves and
currents. Little is quantitatively known about the interaction between a
pipeline and the surrounding water. As a result, we have used assumptions and
coefficients to reflect the uncertainty associated with a design of this nature.

Design Review

- The design nominal wall thickness was determined from ANSI 404.1.2
with a design factor of .72 and a weld joint factor of 1.00 (for seamless
or ERW pipe).

- The submerged-empty and submerged-full weights per foot of pipe were
.ctS

determined assuming a specific gravity of .:::s<r. for oil, where appl icable.
Using the submerged-full weight, a friction force between the soil and the

D-16



pipe was determined by applying a friction factor of .45. Terzaghi and
Peck (1967) give friction factors of .55 for coarse sand and .45 for silty
sand, regardless of the presence of water. A friction factor of .45 was
chosen corresponding to the sea floor soil type specified by Dames and
f'loore (1980).

- The maximum possible thermal induced stresses were determined from the
design temperatures sup~lied by Jim Buckingham, using a coefficient of
thermal expansion of 6.5 x 10-6 in/in/-F. A length of pipe necessary to
supply a sufficient friction force to restrain the thermal expansion was
determined and compared with the available length of pipe. If a sufficient
length 6f pipe was available, the pipe was considered "restrained" as
defined in ANSI 419.6.4 and the "net longitudinal compressive stresses"
were checked. If an insufficient length of pipe was available, it was
assumed that additional longitudinal restraint would be used.

- The drag and inertial forces imposed on the pipeline were calculated using
the Morison equation

fD+I

....-

and the lift force was calculated by using

where D is the pipeline diameter, p is the density of sea water, Ue is
the effective velocity acting on the pipeline, and 0 is the local
water particle acceleration .
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- The values of Ue and 0 near the sea floor were obtained from the

Intersea report (1979) using a design wave height of 30 feet) a .8 knot
current and a water depth of 213 feet. Although the Intersea report

.
specifies the direction of the highest waves as from 150- - 138-) the data
on page 4 shows significant waves approaching from 158- to 265-) a range
encompassing the directions perpendicular to both Gilda and Gina pipelines.
The current direction ;s also specified as being generally upcoast;
however) the local current djrection is more a function of the local
bathymetry and can deviate significantly from the general direction. As a
result, the design wave and current were applied simultaneously and in a
direction normal to the pipeline in each case.

~~•. .,s (~-.J~'T!L) ~ I.co(~) Awl) C::t>= .9oCCQ~,:I'~) ~ .8:::lC~~).
- The values used for Gel GIl lAd Gt "er~ ' 0, •.• 5 oed 2 9, esF'::-

til!e]~!. These were obtained by reviewing past research on pipe1 ines
subject to wave and current induced forces and choosing coefficients
corresponding to a Reynolds number similar to that associated with this
design (see references aTe 2496 and 2598). These values are larger than
those generally used for platform design because of the effect of the
bottom on the drag, inertial and lift forces and because the Reynolds

• I ._

number associated with pipelfnes is significantly smaller than that
associated with platforms.

- The weight per foot of pipe necessary for on-bottom stability was deter-
~mined by multiplying ..l-factorof safety oL" "'ltl thi5 the drag plus inertial

forces. This result was divided by a coefficient for lateral restraint
for a pipe laying in sand of 1.0 to yield the necessary net downward

- force. The 11ft force was then added to the net downward force to yield
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the necessary weight per foot of pipe. It was assumed that the liquid
lines will be full at the time the design wave passes over.

- The coefficient for lateral restraint of 1.0 was suggested by Jones (1976,
reference OTe 2598) and is conservative. Other authors have suggested
coefficients as high as 1.9.

The enclosed tables summarize the pipeline design parameters developed
using the outlined procedure and assumptions. It will be necessary to
check the proposed pipeline designed for on-bottom stability with any addi-
tional current and wave data developed closer'to shore, as these conditions
may impose larger forces on the pipelines.

'.-' -
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INSTRUCTIONS TO BIDDERS

1. The fabrication and installation of Platform Gina with risers should be
completed by November 15, 1980. The fabrication and installation of
Platform Gilda with risers should-be completed by December 31, 1980. The
CONTRACTOR shall have 30 days prior notice of any change to this schedule.

2. The construction of the pipelines shall begin as soon as possible after
November 1, 1980 such that the field connection of the pipelines to the
platform risers can be made without delay. The CONTRACTOR should attempt
to lay and bury the pipelines from shore to 3700' offshore during the
month of February (the month of minimum beach elevation). The CONTRACTOR
may assume that all materials to be supplied by the Union Oil Company,
hereinafter referred to as the "COMPANY", will be available at his
convenience.

3. The Instructions to Bidders will become the Instructions to Contractors
when the Contract is formalized. Any revisions or qualifications made by
the bidder and accepted by the COMPANY shall be included either in the
Instructions to Contractor or the Contract Award Letter.

'.- .
4. The CONTRACTOR shall provide the COMPANY and PMB Systems Engineering

Inc., hereinafter referred to as the "ENGINEER", with a description of
all equipment, methods, facilities and items that will be used in con-
struction. This will be reviewed to determine its structural suit-
ability and adequacy.

5. The CONTRACTOR will furnish all materials to be incorporated into the
pipelines, but will not furnish any items of a consumable nature including

-1-

0-21



fuel, oil and gas. The CONTRACTOR shall include a preliminary list of
materials to be supplied by the COMPANY with associated costs. Before
construction, the CONTRACTOR shall supply to the COMPANY a revised list
of materials, such that the COMPANY has sufficient time to purchase said
materials without causing delays to the CONTRACTOR'S schedule. The list
shall include those items needed for construction and shall include
recommended allowances for "extras". The COMPANY shall furnish the
materials according to the list and shall include allowances for "extras."
The CONTRACTOR shall then be responsible for materials and shall hold the
COMPANY harmless for any delays or other hardships caused by defective or
short materials. The CONTRACTOR shall be responsible for providing at
his expense any materials other than those specified in the list.

6. The CONTRACTOR shall submit a lump sum price which includes all weather
delays. As an alternate, the CONTRACTOR shall submit a lump sum price
wherein the COMPANY will pay the CONTRACTOR, at his specified standby
rates, for all weather delays beyond 12 hrs./week.

7. Each bidder shall include with his bid a copy of his current insurance
certificate, which shall be cons'tder'ed-to be in effect during the course
of this job. Anticipated changes in the coverage that could occur prior
to Contract Award shall be attached in writing to the insurance certi-
ficate submitted.

a. At the time of award, "Approved for Construction" drawings will be issued.

9. The COMPANY shall supply the CONTRACTOR with all permits and licenses
needed for the completion of the work.

-2-
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10. A pre-bid meeting at the Mandalay Beach job site shall be held for all
prospective bidders. The CONTRACTOR may assume that a 150' by 600' work
area (the 600' boundary runs perpendicular to the beach) sh'a ll be avail-
able at the job site, unless otherwise specified. The details and
location of the on-shore termination point for the five proposed pipe-
lines will be identified at the pre-bid meeting.

11. All staking of boundaries and right of ways at the Mandalay Beach job
site shall be done by the COMPANY.

12. The CONTRACTOR shall investigate the conditions of existing public and
private roads and of clearances, restrictions and other limitations
affecting transportation entering the job site and at the job site. The
COMPANY shall not be responsible in any way for hardships or delays
resulting from the limitations of transportation facilities.

13. The CONTRACTOR shall take delivery of all coated pipe at the AMERON PRICE
plant in Fontana, California. The CONTRACTOR shall be responsible for
the transportation of all pipe from Fontana to the Mandalay Beach job
site, shall exercise due dilige~ce ~o as to not damage the pipe or its. _." .

, coating during loading, transportation and unloading, and shall replace
or repair any pipe damaged during the transportation operation at the
CONTRACTOR'S expense. Any repairs made to damaged pipe shall be subject
to the COMPANY'S approval. The CONTRACTOR shall include as a separate
item in his bid the expense of transporting the pipe as stated herein.
If the coated pipe is supplied at some location other than Fontana, the
CONTRACTOR and the COMPANY shall negotiate any changes in the cost of
transportation.

-3-
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14. The COMPANY shall deliver the anodes to the Mandalay Beach job site or to
the CONTRACTOR'S designated shipping address.

15. The CONTRACTOR shall, at all times, keep the job site at Mandalay Beach
free from accumulations of waste material or rubbish caused by CONTRAC-
TORIS employees or work. At the completion of the work, the CONTRACTOR
shall remove all rubbish, surplus tools and material from the job site
and shall leave the area clean, unless otherwise specified.

16. The CONTRACTOR shall exercise all reasonable diligence to conduct
his operations in a matter that will prevent pollution. He shall
comply with all applicable laws, ordinances, rules, regulations and lease
or contract provisions regarding pollution, including those of the U.S.
Geological Survey and the U.S. Department of Interior. No garbage,
trash, waste oil, bilge, waste, or other pollutants shall be discharged
or allowed to escape into the Santa Barbara Channel. The CONTRACTOR
shall take all reasonable measures to instruct his personnel in such
matters and will clean up any pollution occur~ing during the course of
the pipelines installation and related field operations.

. '.. -' -
17. The CONTRACTOR will be permitted to use his presently qualified welders

and procedures, as long as his welders are qualified in accordance with
ANSI 831.4 for Piping arydAPI Standard 1104. The COMPANY and the ENGINEER
reserve the right to review welding procedures, the test results of these
procedures and test results of the welders. If these results prove to be
substandard, the welders shall be qualified in accordance with the stated
codes at the CONTRACTOR'S expense.

-4-
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( 18. The risers on both platforms shall be bolted in place by the platform
fabricator. The field connection between each riser and pipeline shall
be either a bolted flange (as shown on drawing nos. 1703-106 and 107) or
a welded connection. The CONTRACTOR may have the use of the platform
cranes for the field connection.

19. The CONTRACTOR should note that the Des.ign and Installation Specifica-
tions are prepared for the lay-barge construction method. The CONTRACTOR
may choose another method, but he must describe the alternative construc-
tion method fully with the submission of the bid.

20. The CONTRACTOR shall hydrostatically test the completed lines and risers
to the following pressures:

Service Hydrostatic Test Pressure (ps i)

Gilda - 12-3/4" diam. 3240
10-3/4" di am. 3240

6-5//8 diam. 2160
Gina - 10-3/4" diam. 5400

6-5/8" di am. 2160
'. --'

21. In the event of conflict between the instructions contained herein
and the Installation Specifications or the drawings or the standard
specifications referred to in the text of these documents, the instruc-
tions contained herein shall prevail.

22. On completion of work, the point of delivery for all excessive COMPANY
material and equipment shall be Port Hueneme.
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OIL AND GAS DIVISION: WESTERN REGION

MAY 30, 1980

SPECIFICATIONS FOR
. /I INSTALLATION OF OFFSHORE PIPELINES FROM

MANDALAY BEACH TO OCS 0202 AND OCS 0216"

.' .

BY

PMB SYSTEMS ENGINEERING INC •
SAN FRANCISCO, CALIFORNIA
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1.0 GENERAL REQUIREMENTS
(-

-~ 1.1 Scope of Work

CONTRACTOR shall provide all utilities, tools, installation equipment,
supervision, nondestructive testing, and all items of a consumable nature
that are required for installation of the 6-5/8", 10-3/4" and 12-3/4" 00

Gilda pipelines and the 6-5/8" and 10-3/4" 00 Gina pipelines for the Union
Oil Company of California, Santa Barbara Channel, O.C.S. plots 0202 and
0216, as detailed in the project drawings and these specifications.

The work includes but is not limited to:
1. Lay and bury all lines as specified.
2. Connect flow lines to appropriate risers.
3. Apply field joint material to weld zones as specified (CONTRACTOR

to furnish material).
4. Install anodes as specified on drawing nos. 1703-102 and l03

(CONTRACTOR shall furnish "cadweld" cartridges, if necessary).
5. Repair and apply field patch material to areas of pipe which

contain damaged coating.
6. Pig and hydrostatic test alt.·l.ines.
7. Perform the specified nondestructive testing:

1.2 Materials and Services as Furnished by COMPANY

I..'
.-

1. All line pipe, including:
ft. 6-5/8" 00, .280" W.T., API 5L grade B seamless line pipe.
ft. 10-3/4" 00, .365" W.T., API 5LX 46 seamless line pipe.
ft. 10-3/4" 00, .500" W.T., API 5LX 56 seamless line pipe •
ft. 12-3/4" 00, .500" W.T., API SLX 42 seamless line pipe.---
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All line pipe will be plain end beveled, 381 to 42' in length
with PRITEC (or API equivalent) coating and HEVICOTE (or API
equivalent) concrete coating, where applicable. Anodes will be
attached on all concrete c?vered pipe sections.

2. Three risers located at the Gilda platform (12-3/4" 00,
.500 W.T., API 5L X 52,10-3/4" 00, .500", W.T. API 5LX 52,
6-5/8" DO, .500" W.T. API 5LX 42) and two risers located at
the Gina platform (10-3/4" 00, .562 W.T., API 5L X 60, 6-5/8"
00, .280" W.T. API 5LX 42).

3. All flanges, fittings, studs, nuts, gaskets, clamps, and insula-
tion kits, as specified by CONTRACTOR.

4. All aluminum alloy or zinc anodes.
5. All prefabricated bends for field connections.
6. Proposed routes will be marked with buoys.

1.3 Pipeline Data and Field Location
1. Pipe

6-5/8" 00, .280" W.T., API 5L grade B seamless line pipe.
10-3/4" 00, .365" W~L, API 5LX 46 seamless line pipe.

o. .-'10-3/4" 00, .500" W.L, APi 5LX 56 seamless 1ine pipe.
12-3/4" 00, .500" W.L, API 5LX 42 seamless line pipe.

Risers
Gilda Platform

12-3/4" 00, .500" W.T. API 5LX 52 Grade
10-3/4" 00, .500" ~.T. API 5LX 52 Grade
6-5/8" 00, .500" W.T. API 5LX 42 Grade

0-28



Gina Platform
10-3/4" 00, .562" W.T. API 5LX 60 Grade
6-5/8" 00, .280" H.T. API 5LX 42 Grade

2. Field Location
Gilda Pipelines

Santa Clara Unit, oes lease P-0216 to Mandalay Beach.
Gina Pipelines

Santa Clara Unit, OCS lease P-0202 to Mandalay Beach.
Refer to drawing no. 1703-101 for identification of subject' work
area.

3. Corrosion Protection
Zinc or aluminum alloy bracelet anodes, spaced as follows:

Service
Gil da

Shore to 3400' 3400' to 3700' 3700' to Platform

12-3/4" diam .. 500" 3-170# anodes
@ 850' centers

1-170# anode
@ 150' center

50-170# anodes
@ 990' centers

10-3/4" diam •• 365" 4-120# anodes
@ 680' centers

49-120# anodes @ 1020' ce~ters
(3400' to platform)

4. Water Depths
Ranges from a to 215' (MLLW datum) - Gilda

a to 951 (MLLW datum) - Gina
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5. Type of Coating

~

PRITEC (or API equivalent), 15 mils butyl adhesive, 60
mils polyethylene ou~er wrap.

HEVICOTE (or API equivalent), reinforced concrete coating.

For coating schedule, refer to drawing nos. 1703-102 and
103.

Riser (coating applied by OTHERS in fabrication yard)
200 mils Ameron TIDEGUARD (only in splash zone).

6. Field Joint Material
Thermofit WPC wraparound sleeves (or API equivalent).
CSI 7900 Joint Fill.

7. Coating Damage Repair
Tapecoat 10/40W.

1.4 Intent of Work

The work shall be performed in accordance with generally accepted,
current good practices of the severa.1--.tradesinvolved and the detailed
requirements of this specifir.ation. Contractor shall be ready to operate
in the manner expressed or implied herein, regardless of whether or not
full details of such compl eteness or practices are contained herein.

1.5 Completeness

These specifications and drawings are believed to be complete in every
detail but, when this proves not to be the case, CONTRACTOR shall comply
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with its true intent taken as a whole, and shall not avail himself
or herself of any errors or omissions to the detriment of th~ work.
Should any error, omission or discrepancy appear in the drawings, speci-
fications or instructions, CONTRACTOR shall notify COMPANY at once, and
COMPANY will issue instructions to be followed.

1.6 Precedence

In the event of a conflict between any of the following items, they shall
take precedence in the order listed:

a. Instructions to bidders.
b. The text of this specification.
c. Installation and construction drawings incorporated into this

specification.
d. Standard specifications incorporated into this specification.

1.7 Field Representatives

1.7.1 COMPANY's Construction Representative

COMPANY will maintain. a Construct;o~~~epresentative in the field who
will be the only COMPANY employee in the field authorized to represent
COMPANY with respect to the work.

Examples of his function ~re to:
a. Establish and maintain field liaison between CONTRACTOR's Con-

struction Representative and COMPANY.
b. Review CONTRACTOR's construction schedule and progress.
c. Provide drawings and other detailed information as required.
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( d. Explain drawings and specifications as required.
e. Direct such inspections as COMPANY may desire in order to check

the quality and progress of the work.
f. Order work to be stopped in the event the work does not comply

with the requirements of the approved plans and specifications.

1.7.2 CONTRACTOR's Construction Representative

CONTRACTOR shall maintain a Construction Representative in the field at
all times, who shall act in full charge of CONTRACTOR's work and maintain
field liaison between CONTRACTOR and COMPANY's Construction Representative.
Examples of his functions are to:

a. Represent CONTRACTOR in matters pertaining to construction quality,
performance schedule and accounting practice.

b. Represent CONTRACTOR during tests, including but, not limited to
all tests related to acceptance of the project.

1.8 Other Contracts

COMPANY reserves the right to let other contracts or perform other ser-
vices in connection with CONTRACTOR's"-work hereunder.

1.9 Schedule and Cost Breakdown

CONTRACTOR shall maintain a detailed construction schedule for all phases
of the work.

1.9.1 The construction schedule shall indicate, for each portion of the facility,
the date of the start of the work thereon, job progress and completion date.
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1.9.2 COMPANY's Construction Representative will review the schedule with
CONTRACTOR's Construction Representative at periodic intervals to verify
that the facility is progressing as scheduled. Modifications to the
schedule which affect the completi~n dates established in the schedule must
be approved in writing by both CONTRACTOR and COMPANY.

1.9.3 When applicable, CONTRACTOR shall provide COMPANY a breakdown of the
compensation. Material cost, labor cost, and subcontractor shall be shown
separately. Daily time sheets, signed by the COMPANY's Construction
Representative, must be provided along with invoices.

1.10 Inspection and Testinq.

CONTRACTOR shall be responsible for thorough craft inspection during
construction and for the quality of the work. CONTRACTOR shall provide
all diving inspection needed for construction and all X-ray services,
including all necessary operators, needed for inspecting the weld areas.
The'COMPANY'S Construction Representative will select location and actual
quantity of testing in order to check the progress and quality of the
work, to see that' CONTRACTOR's employees are properly qualified in their..

-' -
respective crafts, that ,workmanship is of an acceptable grade, and that
requirements of this specification are being met. In addition, COMPANY
reserves the right to inspect, at COMPANY'S expense, any or all welds~
materials and workmanship. Any welds or materials found by COMPANY not to
meet COMPANY'S standards shall be repaired or replaced to COMPANY'S
satisfaction by CONTRACTOR at CONTRACTOR'S e~pense. Such inspection or
any other inspection or testing of COMPANY shall in no way relieve
CONTRACTOR of full responsibility for the work hereunder.
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: 1.11 Guarantee

Irrespective of whether designs, data or information have been provided, ~
reviewed or approved by COMPANY, CONTRACTOR guarantees that the materials
and workmanship provided by CONTRACTOR meet the requirements of this
agreement and are free of defects or faults for a period of one year after
the date such work or parts of such work are originally placed in operation.

1.12 Access

COMPANY personnel shall have access to construction areas at all times
during the progress of the work to ensure that the desired quality of .
workmanship is obtained.

1.11 Quarters

CONTRACTOR shall furnish suitable living facilities, food, transpor-
tation to and from the site of the work for COMPANY's representatives
and inspectors as may be required. The CONTRACTOR's normal AM and FM
communications equipment shall be aboard all equipment and boats used
by the CONTRACTOR on this work and will be available for use by

'.-' .
COMPANY and his representative.
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.,-:-0, 2.0 CONSTRUCTION REQUIREMENTS

2.1 Haulinq and Storaqe of Materials

CONTRACTOR shall be responsible for transportation of all pipe from the
concrete coating plant to the job site and from the polyethelene coating '"
plant to the job site. Any material furnished by COMPANY shall be shipped
either to the job site or to CONTRACTOR's designated shipping address.
CONTRACTOR shall haul pipe and said material, in accordance with manufac-
turers specifications, if any, to job site as required and shall exercise
due diligence in such work so as to not damage the materials handled.

CONTRACTOR shall indemnify COMPANY against any charge of detainment which
may arise out of CONTRACTOR's delay of or failure to promptly unload or
load materials when unloading or loading service is to be performed by
CO NTRACTOR •

If CONTRACTOR finds it necessary to rack pipe, he shall do so at his
expense and in such a manner as to not cause damage to the pipe or its
coating. CONTRACTOR shall be responsible for repairing all COMPANY
property damaged by him throughout the course of the project.

CONTRACTOR at his own expense, shall clean up all storage ar~as where pipe
or other materials used for the project have been stored.

On completion of the work, the CONTRACTOR shall return all of COMPANY's
excess material and equipment tb COMPANY. The CONTRACTOR will
provide the necessary equipment and personnel to offload from the
CONTRACTOR I S barges with in 24 hours after arrival at CONTRACTOR"'s
yard or base at published rental rates.
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2.2 Right-of-Way

COMPANY shall provide CONTRACTOR with general plans and drawings of
the construction area where pipelines will be laid. CONTRACTOR shall be
held responsible for locating all pipelines and existing structures and
for any damage to said structures. CONTRACTOR shall be solely respon-
sible for repairing or paying for the cost of repairing any damage he may
cause to existing structures during the course of his work. COMPANY shall
provide all state permits and right-of-way permits for the construction of
the pipelines. However, CONTRACTOR shall be responsible for complying
with the content of each permit.

2.3 Defective or Damaqed Pipe.

Any pipe found to have laminated or split ends shall not be laid. If ends
of pipe are damaged to the extent that satisfactory welding contact cannot
be made, the pipe shall be cut and appropriately beveled to the standard
30· angle with a company-approved beveling machine. The cost for beveling
and cutting any joint shall be the CONTRACTOR's unless it is determined
that the pipe was damaged before the CONTRACTOR took custody of said pipe.

".-' -All line pipe cuts shall be done with "a beveling machine.

2.4 Line Pipe Joint Coating

CONTRACTOR shall apply heat shrink sleeves per manufacturer's specifica-
tions. CONTRACTOR shall remove all dirt, scale and other loose or foreign
materials from surface to be covered and shall heat surface to hand warm
(120· - 140· F) with a torch. The sleeve shall be wrapped snugly around
the joint area so that end overlap three inches minimum, six inches
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nominal. A closure shall be centered on the overlap, pressed in place and
heated with a torch providing a 24-inch bushy yellow flame. The sleeve
shall be heated starting from the center and worked toward the edges. The
sleeve shall cool to ambient or below 100-F before handling of pipe.

CONTRACTOR shall apply, per manufacturer's specifications, CSI 7900 joint
fill to all joint areas of pipes that have been concrete covered. Sheet
steel cans shall be prefabricated to fit over concrete covering and shall
have a one I-inch diameter hole in each to accept the nozzle of the .CSI

IFJ 100 applicator. The cans shall be held in place by four steel bands,
two per end. CONTRACTOR shall apply sufficient CSI 7900 to completely
fill the area enclosed between the pipe and sheet steel can, and shall
allow foam CSI 7900 to harden completely before pipe is advanced.

2.5 Coatinq Inspection of Damage Repairs

CONTRACTOR sha 11 exami ne po lyethe 1ene pipe coat ;ng with an approved
holiday detector prior to laying pipe. CONTRACTOR shall repair all
coating damage with Tapecoat 10/40W tape per manufacturer's specifica-
tions. Where damage is found, CONTRACTOR shall roughen area with emery

'.-' -cloth and shall coat area with Tapecoat TC Coldprime. After allowing
p~imer to dry to a tacky consistency. CONTRACTOR shall apply Tapecoat
10/40W patch to this area. A spiral wrap shall be used. where successive
winds shall be 25 percent overlapped. All repair must meet COMPANY
inspector's approval.
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2.6 Anodes

CONTRACTOR shall apply anodes per manufacturer's specifications at the
appropriate locations as stated within this document. If the anode
application does not meet with COMPANY'S approval, the CONTRACTOR shall
repair or replace the necessary materials or workmanship, at his own
expense, to meet with COMPANY'S approval.

2.7 Bury

All pipelines shall be buried to their appropriate depths according to the
schedule shown on drawing nos. 1703-102 and 103. CONTRACTOR shall not
damage pipe being buried or any other nearby flow lines. CONTRACTOR shall
replace or repair, at no additional cost to COMPANY, all damaged lines.

2.8 Placement of Pipe

CONTRACTOR may use any acceptable means of placing pipe so long as it
does not cause damage to pipe or coating. All pipe or coating damaged
shall be replaced or repaired to COMPANY's satisfaction by CONTRACTOR at
CONTRACTOR's expense.

o.
-' -

CONTRACTOR shall terminate all five lines on the beach as shown on
drawing no. 1703-107. CONTRACTOR shall place all buried lines offshore
within a corridor defined by boundaries 100 feet eith~r side of the
surveyed centerline. Lines may lie adjacent to each other, but at no
point shall any line cross any other line. CONTRACTOR shall place all
lines within the transition zone such that at no point shall any line
cross any other line. CONTRACTOR shall place remainder of lines within a
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corridor defined by boundaries 200· either side of the surveyed centerline.
Adjacent lines must lie no closer than 10 feet,. except at the platforms,
and at no point shall any line cross any other line.

2.9 Riser Removal and Replacement

If CONTRACTOR chooses to use a welded pipeline to riser field connection,
CONTRACTOR may remove the riser if it is deemed necessary. COt/TRACTOR
shall replace the riser to its original position and shall bear the cost
of repairing any workmanship or material necessary to restore the riser
and riser clamps to their original condition.

I
I

2.10 Hydrostatic Testing

Upon completion but before burial, the lines will be hydrostatically
tested with sea water. CONTRACTOR shall run a scraper with an 80 percent
gauging plate through the line before any hydrostatic tests. CONTRACTOR
shall furnish the necessary T-52 corrosion inhibitor to be added to the
sea water at 250 parts per million (ppm). CONTRACTOR shall furnish all
necessary equipment for pigging and testing the line and shall be respon-
sible for said equipment being in"prbper working condition •. COMPANY
representative must inspect and approve all said equipment before any
tests begin. CONTRACTOR shall observe adequate safety procedures through-
out duration of tests. The completed lines, including risers will be
hydrostatically tested to the pressures stated i~ the Instructions to
Bidders, held for 8 hours and so recorded. All hydrotesting shall be
witnessed by the COMPANY representative.
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I All testing equipment shall be in good working condition. Pressure gauges
shall be attached at each end of the line being tested and the pressure
recorded on line at all times during the eight-hour test. A dead weight
test shall be used at the beginnin~ and end of each test. Any decrease in
pressure reading shall be construed as a leak unless a significant tem-
perature drop can be identified. CONTRACTOR shall leave test fluid
pressurized to 50 psi in line at the .conclusion of the test.

Any l~aks found due to faulty material furnished by COMPANY will be
repaired by CONTRACTOR at his published rates. Any leaks or damage found
due to faulty workmanship shall be repaired by CONTRACTOR at no additional
cost to COMPANY. When leaks do occur and repair work is necessary the
subject line must be retested to the above specifications.

2.11 Weldinq

Welding shall conform to the requirements of the latest edition of the
"API Standard for Welding Pipelines and Related Facilities," API Standard
1104. It shall be the CONTRACTOR's responsibility to be sure that all
workmanship and material comply with code requirements. CONTRACTOR shall. '-.. . -" .
furnish all labor, equipment, tools, Welding rods and supplies. The pipe
shall be welded by the elect~ic shield arc process using electrodes in
accordance with AW$-ASTM specifications for pipe. Rods shall be of a make
acceptable to COMPANY and as specified by the ,manufacturer of the welding
machine. Size of electrode for each pass shall be that which gives the
best results in the opinion of the COMPANY's inspector and the amperage
shall be within the range specified by the manufacturer of the rod being
used. All welds to be 100 ~ercent full penetration without allowing
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excessive metal to run inside the pipe. In addition, all welds on API 5LX
42 or higher strength shall have a root pass 100 percent free of defects.
Each bead shall be applied completely around the circumference of the
pipe. External line-up clamps sha ll be used. The clamps shall not be
removed until 100 percent of the stringer pass, uniformly distributed
about the circumference of the pipe, is completed. Pipe coating adjacent
to the weld area shall be protected by fireproof blankets during all
welding. Where heavier wall pipe joins thinner wall pipe and the differ-
ence in wall thickness exceeds 3/32 inch, contractor may taper grind
the heavier wall to the same thickness as the thinner wall pipe. The type
shall be not less than 1:4 or more than 1:2.

When required in the field, pipe ends should be beveled either by machine
cutting or oxygen torch cutting. Manual oxygen cutting may be used if
authorized by the COMPANY inspector. Beveled ends shall be within the
tolerances tested in the specification and shall be smooth and uniform
enough to facilitate defect free welding. After the proper bevel has been
made all rust, scale, oil, paint, and slag shall be removed from the weld
area. Hand chisels, power chisels, grinders and slag hammers may be used

-' .
to clean the surface. Each pass shall be cleaned as described above
before the succeeding pass is made. No uncompleted weld shall be left at
the end of a day·s work.

No welding shall be done if, in the opinion of the COMPANY's inspector,
high winds, rain, or other environmental conditions exist so as to prevent
satisfactory welding. Suitable wind guards shall be provided by CONTRACTOR
in windy weather •
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Striking the arc on the pipe at any point other than the welding groove
shall not be permitted. A ground may not be welded to the pipe or fitting
that is being welded. Support ties may not be directly welded to the
pipe. Any section of pipe or line fitting which has been arc burned shall
be cut out and replaced at CONTRACTOR's expense. After the weld is
completed, the finished weld shall be cleaned of slag. Protrusions of the
weld metal more than 1/16" beyond the outer surface of the pipe shall not
be permitted.

All welds shall contain a minimum of three beads or passes. Additional
beads or portions thereof shall be added at CONTRACTOR's expense where the
COMPANY inspector determines this necessary due to lack of reinforcement,
pinholes or other defect.

2.12 Qualification of Welders

CONTRACTOR shall employ only competent, skilled and qualified welders who
have been qualified in accordance with the procedure specified in the
latest edition of API Standard 1104. COMPANY's inspector or qualified
representative shall witness weld test and judge the specimens. A. ".. ~ .
complete test form will be completed (or each welder tested and submitted
to COMPANY's inspector. Any welder failing to pass the test to the
satisfaction of COMPANY's inspector shall not be permitted to perform any
welding on the project. COMPANY shall be privileged to have removed from
the job any welder who in the judgment of the COMPANY's inspector is
responsible for an excessive number of defective welds detected either by
radiography tests, or other tests set out in API Standard 1104, even
though said welder may have satisfactorily passed the qualifying welding
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tests. Each welder shall be assigned an identifying number and shall
identify each weld made by him by marking this number. using non-oil base
chalk or crayon, adjacent to the weld.

2.13 Inspection and Testing of Pipe Welas

The COMPANY retains the right to nondestructively test any or all girth
welds and to review any or all results from the X-ray inspection.
Welds that provde to be defective will be replaced or repaired. whichever
is approved by COMPANY's inspector. at the CONTRACTOR's expense. CONTRACTOR
will be reimbursed for extra welds at his standard rates. which shall be
included in the contract as a separate item. Reimbursement shall be
covered by work orders which show the location of the extra welds. Work
orders shall be signed. by the COMPANY's representative and the CONTRACTOR's
representative in the field on the day the work is done. No reimbursement
will be made for extra welds not covered by work orders as stated herein.

Should two or more welders participate in making the weld. the welding
foreman and COMPANY inspector shall decide which welder is responsible for
the defective work. ..-' .
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Ccthodic P·rotection Services, Inc.
P.O. BOX J:r78 • HOUSTON, TEXAS 77210 • 7077 PERIMETER PARI< ORIVE • HOUSTON. TEXAS 77041

TELEPHONE 71JJ4e1l-6400 • TELEX: 79-2345.79-2:144

June 16, 1980

P.M.B. Systems Engineering
500 Sansome
San Francisco, California 94111

Attention: Mr. Tom Coull
REFERENCE: CATHODIC PROTECTION DESIGN FOR HOT OIL, GAS AND WATER PIPELINES

Gentlemen:
This letter is to present our revised designs for the referenced
structures. Our recommended parameters for pipelines carrying 900F
product and laying on the ocean floor are as follows:

oOperating Temperature 32.2 C
sq. ft.

12 in. Pipeline
Surface Area
Coa ting Factor
Current Density
Exposed Surface Area
Current Required
Anode Current Capacity
Des ign Life
Lbs. GALVALUM II! Required
Recommended Anode
Number of Anodes Required
Spacing

54,384 ft;
181,530.64
57.Bare
11),67mA/sq. ft.
9,076.53
96.85 Amps
925 Amp-hrs/lb
20 years
18,353 lbs.
12.72 in. Tapered Anode per P-S78
@ 171 Ibs. each
109
500' center to center

Operating Temperature 32.2oC
sq. ft.

-,

10 in. Pipeline
Surface Area
Coating Factor
Current Density
Exposed Surface Area
Current Required
Anode Current Capacity
Design Life
Lbs. GALVAL~ III Required
Recommended Anode

Number of Anodes Required
Spacing

54,384 ft;
153,055.25
2% Bare
10.67 mA/sq. ft.
3,061.10
32.69 Amps
925 Amp-hrs/lb
20 years
6,192 1bs.
"A" 10.75 in Bracelet
@ 104 1bs. each
60
906' center to center

Anode per 5-619

.-.
0-56
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P.~.B. Systems

6 in. Pipeline
Surface Area
Coa c ing Pactor
Current Density
Exposed Surface Area
Current Required
Anode Current Capacity
Design Life
Lbs. CALVALUM III Required
Recommended Anode

Number of Anodes Required
Spac ing

10 in. Pipeline
Surface Area
Coacing Factor
Current Density
Exposed Surface Area
Current Required
Anode Current Capacity
Design Life
Lbs. CALVALUM III Required
Recommended Anode

Number of Anodes Required
Spacing

6 in. Pipeline
Surface Area
Coating Factor
Current Density
Exposed Surface Area
Current'Required
Anode Current Capacity
Design Life
Lbs. GALVALl~ III Required
Recommended Anode
Number of Anodes Required
Spacing

06-16-80

54,384 f:; Operating Temperature: Ambienl
94,324.74 sq. ft.
5~:Bare
15 rnA/sq. ft.
4,716.23 sq. ft.
28.29 Amps
1,150 Amp-hrs/lb
20 years
4,311.05 1bs
6.625" Tapered Anode per 5-620
@ 32 1bs. each
134
406' center to center

o32,736 ft; Operating Temperature 32.2 C
92,130.34 sq. ft.
5::Bare
10 .67 mAl sq. ft.
46,065 sq. ft.
49.19 Amps
925 Amp-hrs/1b
20 years
9,317 Ibs
10.75 " Tapered Anode per P-S78
@ 142 1bs. each
66
500' center to center

32,736 ft; Operating Temperature: Ambient
51,421.5 sq. ft.
57.Bare
6 mA/sq. ft.
2,571 sq. ft.
15.43 Amps

_ 1,150 Amp-hrs/lb
.-20 years

2,350 Ibs.
6.625" Tapered Anode per 5-620
@ 32 1bs. each
74
442' center to center

.,;.

"

The designs presented in this letter are based on hot oil pipeline laboratory
and field experiments under North Sea conditions. Conservative approximations
are made to correlate cathodic protection parameters for varying conditions

.and the result is a higher current requirement for an elevated pipeline temp-
erature. Cathodic Protection Services, Inc. is monitoring several hot product
pipeline experiments and will continue designing with conservative parameters .

0-57



P.M. B. Sys terns (3) 06-16-80

Ca~hodic Protection Services, Inc. proposes to furnish the following
ma~erials:

Item Quantitv Description Price-
1. 109 12.75" Bracelet Anode per P-5i8 5423.21 each

2. 60 10.75" Bracelet Anode per 5-619 $199.75

3. 197 6.625" Bracelet Anode per 5-620 $ 89.02

4. 66 10.75" Bracelet Anode, per P-578 $421.14 each

Any purchase order resulting from this proposal will be subject to the
following terms and conditions:

1. Materials: F.O.B. Port Arthur, Texas.

2. Anode prices are based upon $0.76/# aluminum and current foundry costs
and are subject to adjustment commensurate with changes in actual cost:
experienced from the date of this quotation to the date of shipment.

3. Delivery: 10 weeks

4. Terms: Net cash upon receipt of Invoice.

We appreciate this opportunity to be of service to you and if we may be of
any further assistance, please do not hesitate to call.

Very truly yours,

CATHODIC PROTECTION SERVICES, INC.

~t!~
Peter Hanson

PH/bm

Enclosures: 5-619; 5-620; P-578

D-58
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DRAG AND INER T IA COEFF IC IEUTS FOR
PARTIALLY-BURIED OFFSHORE PIPELINES
by Michael E. Parker, Texas A & M University,
Exxon Co. U.S.A.; and John B. Herbich, Texas
A ~ M University

ntmRErICll CONSIDERATIONS

Dimensionless Forces

Until a theoretical method for calculation of such
forces is developed, designers are forced to rely on
eXDe~_~ental methods for force determination. These
exPerimental methods may be eit.her model studies or
full-scale studies. }Iodel studies are t.heClOst
cowmon method since full-scale studies are
prohibitively eXpensive. Model studies also are
convenient since nearly everl design condition has its
own peculiaritiesj i.e., mass production of offshore
structures is not feasible.

• (2)

SLl

When a pipeline is laid in an undervat.er-
environment, there will be some immediate ~ettlement
of the pipeline. The degree of this ~ettlement
depends on the bearing capacity of the sediments
beneath the pipeline. If the pipe subsequently is
buried, the wave forces are reduced to those caused
by pore-water pressure variations. If the pipeline
remains exposed to any degree, it is subject to
forces caused by waves and currents. Th~ amount of
the pipe exposed can range from a fully exposed
~ection such as a pipeline ~panning between t~o
point" to having only a fraction of the diameter
exposed due to settlement and sedimentation. There is
no accurate,way to predict the degree or ~ettlement in
other than very general terms.

- The-measured wave force~ were converted to a
dimensionless !orm by a.method !ir:st proposed by Dean
and DaLooymple3 &nd later modified by Versowsk-I and
Herbich.10 These d1mensionles~ Corces are a
desirable method for estimation of wave forces
because they" require no 1n£onnation on the wave
kinematics, only the wave characteristics.

Fdim. FIl\lx • • • • • ..:. • • (1)
y r V • SHLJ • SLl

SHLJ • sinh (kl,/2)
k13/2

• sin ~kll/2) , ••••••••••• (J)
Ie 1/ 2

Since all ~tructures placed in the ocean are
subject to ",fave"and curr'ent forces, it has alway~
been ir:t?Ot"tantto estimate wave forces ad~uatel:r.
Reterence~ and illustration~ at end of paper.

This model stud, was de~igned to simulate more
accurately the actual design conditions for most
oCfshoroe pipelines. The data ',oIeroeanaly-;:edby t~o
approaches: (1) presentation of results in terms of
a dimensionless force that can be used to give a
prototype {oroce estimation 'Hithout requi~-ng the

....c.llculation of the wave kinematics, and (2) presenta-
'.ionof drag, tift, and inertia coefficients that can

~ used in the ~orison equation in combination with
jtokes' third-order wave theory.

All results have been presented in a dimension-
less form. Assuming that the laws of hydraulic
modeling are followed and that there are no scale
effects, these results can be used for determining
the wave-induced forces on a partially buried
pipeline.
nlTROrnCTIClI

Since the late 19th centUI"j, men have been
constructing various types of pipelines in .the oceans
The first cons~ructed were the subm~~e sewag~ .
outfalls, which provided a simple "out of sight, out
of mind" :lOlution to a se·,.,agedisposal problem.
Until World War n, this ...,asthe extent of submarine
pi?eline engineering. During the Second ~orld War,
after the Normand, Invasion, twenty J-in. (7.6 cm)
submarine ~ipelines ...,erelaid to provide the Allied
forces with fuel. Since ~orld War II, there have
been great strides made by the offshore petroleum
industrl and others in the commercial uses of the
sea. The submarine pipeline has proved itselI to be
an economical and safe met.hod of traneportat.ion ot
fluids from offshore locations. The petroleum
industrl uses pipelines Cor the transportat.ion of
Crude oU and natural gas, utilities for extraction
at cooling or hot water, and factories and cities for
dumping ',/astest.hough under strict environmental

..----control.

(
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Ideally, in calculating the force on the model
the Morison equation should be integr~ted over the '
height of the model in a manner similar te that done
by Versowsky and Herbich. 10 Becau=e of the
complexity of integrating the equations of Stokes'
thirC.-order wave theorll this wa:! not done. It was
telt that accurate result:! could be obtained by
using the "centerline" velocitYi that is, the
velocity at the middle 01 the exposed height of the
model. A justification tor this decision has been
presented by Parker. 9

~r.e~~ F~m di~ensionlc~~ Coree
(- f~ax • m~7.~~ ~~a~urec ~orce

7 • speci.f~c .••.~ight 01 ',later
H ••·••.ave height
L • wave length
V • volume of model (total) per unit length
k •.••.ave number • 2 ~/L

11 • model length in direction of wave
propagation

l:3 • model height
The principal advantage of the dimensionless

force method is that it does not require the water-
particle velocities and accelerations. The only .
wave data needs are the height and length along with-
the prototype dimensions. This method requires that
the following ratios be relati~e11 close between
the model and prot.otyp~: d/L, HIL, lJL, and l,3/L.

object te t~e ""a~~r-particle ~~ematics.
st-.:.c.:r,the :·!orisonequa tion was extended
a horizontal cjl~~der partially emeedded
bed.

For t~s
~or use on
in the sea

Wave Th~o[""l Facilitv

Since the strain-gauge load cells require that
there be some displacement ot the model in order te
measure any forces, the model had te be susoended
freely. This was accomplished by hanging the model.
with tine stainless steel wires attached to the
strain gauges (Fig. 1).

Morison !Ouation
'~

·~

.•
.'

"

'.

:'
s· l
·".'••••

The vertical force:! were measured by two load
cells connected in series. The model was connected
by thin wires to a long-threaded bolt. The submerged
weight or the model was sufficient to provide the
pretension load required in the vertical direction
except in the most severe cases. The horizontal
forces were measured also by two strain gauges
connected in series. Since the load cells could not
be submerOged, some method or converting the horizontal .-
motion into vertical motion was required. This was
accomplished with a pulley tabricat~ trom plexiglass.
The frictional through-the-pulley losses were minor,
approximately 5 to 10 percent, depending on the
magnitude of the load. To pretension th= load cell~
in the horizontal direction, a sp~-"g was attached
te the model on the side or the llIJdelopposite the
leads for the hori:ontal torce measurement.

This model study was conducted in a two-
dimensional wave tank 01 the Coastal, Hydraulic, and
Ocean Engineering Group at Texas MH U. The over-
all dL~ensions of the ~ave tank are 120 ft x 2 tt x ,3
ft (,36.6 m x 0.6 m x 0.9 m, length x width x depth)
with a wave generator at one end, and a variable slope
beach at the other. The model was placed about ,30 ft
(9.1 m) from the wave generatee, The model was a
2-ft (O.6-m) long section of 4.5-10. (11.4-cm)
diameter aluminum pipe with a wall thickne5:! of 0.25-
in. (0.64 cm) (Fig. 1).

~
The exoer1rnents were made in water depths or 15

in. (38.1 c~), 18 in. (45.7 cm) and 21 in. (53.3 cm)
with model exposures of -:-,t, 3/4 Cor each water
depth. For each combination of ~ater depth and
model exposure, 81 different waves were tried. nus
re5U1ted in over 700 trials, of which about 550 runs
gave ,usable data.

For any particular experimental run, the
procedure was as follows. Assuming a run had just.
been completed, the motor 5peed was turned up to the
next inc~~ment. After the water surface bec~e calm,
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dFO T dFI
~ CD p A u lui
eM p v Ii ,...::

=
=

where dF T • tetal torce per unit length
dF D • drag force per unit length
dFr '" inert.ia force per unit length

CD '"dr~g coefficient
CM -. inertia coef~icient

~p nuid de."1sit7
A area per unit length
u '"water-particl~ velocity (horizontal)
U • "ater-Farticl~ acceleration (horizontal)

The selection of a wave theorl for use in the
data reduc td.on was of c:-ucial importance. The the6r'J
sel~cted should be easy to u3e, give a re3~n3ble
prediction of the wave kinematics, and be economical
in teI"l:lSof both ti.me and mone:r. First, Airl wave
theorJ was considered, then rejected, because verI
few of the waves had a sinusoidal sh~~c and also
because of the e~ors in the prediction of accelera-
tions by this theorJ i."1shallow ',/ater. Stokes'
third-order wave theorJ then was con2ide~ed and it
proved to be adequate, especially sir.ce onl:r minor
modifications to an existing computer program were

~. ,uired. Stokes' fifth-order wave th~ory also was
idered. This theory .as rejected on the basis

.ome L~tial calculations that gave evidence that
.~r'Jfew 01 the waves to be used in the medel study
would fall into the range 01 applicability 01 this
theor'/. For the final results, Stokes' third-order
wave theor'J as ?resented by SkjebreiaS WaS used.
Since computer programs generally are available, the
use of a relatively complex wave theor'j, such as

·Stokes' third-order wave theory, is recommended.

As it was first proposed, the Horison equation
was intended for use with unbroken surface waves
acting on a vertical circular pile extending trom
the bottom upward past the wave crest. The tetal
wave-induced force comnuted is made un of two
cow,ponents, a velocit7~ependent component (drag) and
an acceleration-dependent component (inertia):

This is the original fore of the Morison equation,
which relates the hori:o~tal ~orce 01 a submerged

?1R
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The Morison equation probably has become the
.."-- mast ccrrmon method of estimating wave forces on a

ltructure. For the first analysis of the wave
forces by this method, it was ass~ed (because at
the si:e of the ~del with respect to the wave
len~.hs and ~ater deeths) that the forces were
totally inert.ia-de?e~dent., ~oth in the hori:ontal

~he ins~~ent3 ~e~~ set to ~he zero mark. The
wave ge~erator then was turned on and a wave train
was allowed ~ beco~e established. Once the waves
~ere ~ell established, a {o~ce record ~as taken,

-- ge~erally for about JO seconds. In addi tion to the
no~al force records, high-speed records also were
made for eve~/ third trial. The force records we~e
digitized tr.en and analyzed by an Ar.:dahl470/'16
computer.

(8)

• • • • • • • . • • (9)

..........

Sf
"? (e)where

and 'Iertieal direc':.ions. The e;uat.ion used :las 01
the fOnl

Fm:!..'(eM • --. (7)"Vu I·········· .
where U a maximum ~ater-oarticle acceleration in the

direction of·inte~est.

For the hori:ontal drag coetCicient, the
Morison eo.Wltion (drag component) as shown in Fq. 10
was used. teo additional as:n.tr.1pt.1onswere required
tor this anal,si:s.

C - F(S)
d - 1/2 ~ A u~ • • • • • • • • • • • • • • (10)

For these and all other i:,ertia coefficient
calculations, the total volume of the model was used •

.This was done since the model ~as a whole section
of pipe rather than a cut section of pipe. \fhen a
wave passed over the model, the whole model was in
motion, not just the exposed part.

Results for this analysis are shown in Figs. 8,
9, and 10 for i, t, and )/4 model exposure, respec-
tivel7, for the horizontal inertia coefficient. As
can be seen from the data points, there is a great
deal ot scatter. Howe'ler, each pipe exposure did
appear to have a limiting value that CM did not
exceed. There was a slight trend for the vaJ.ue of
CM to decrease with an increasbg H/L. The analysis
of the vertical forces by this method gave verj high
values, which indicated that the assumption of the
maximum vertical forces (being predominantl:r due to
the inertial component of the ~~n.son equation) Has
not valid. For this reason another method of
analysis was selected.

This method of analysis ~as proposed by Grace4-6
for the vertical forces. He suggested that. the
vertical forces can be expressed as a function of
the hori:ontal water-particle kinematics. The equa-
tions used were of the form

• force at phase angle where either u or
U is m~~ as applicable, and

CL • lif~ coefficient. .
Grace makes these ass~~tions based on the fact that
the vertical water-particle accelerations are verj
small near the bottom and openly ad::litsthat there is
no Justification in theory ror this assumction. The
"lift-eoefricient equation is based on pot~ntial !low
theory, which predicts a vertical force based on the
horizontal velocity.

The results for the vertical inertia coefficient.
are shown in Fig. 11. As with the tir:st method of
anaJ.ysis, there is a slight trend tor the inertia
coefficient to decrease with increasing values or
d/L. There also appear:s to be some critical value
of d/L where a drastic change in :slopes for the
best-rit curves ot d/L occurs. This value appears
to be around d/L.:z:0.100. The results tor the lift
coefficient are shown in Fig. 12. It 1s telt that
the ll)w values tor the Reynolds number observed
(104). in this study produced results at only peri-
pheru value unde:- mo~t prototype condition:s
(Reynolds r.umber • 106).

Several gener~zed assumptions were required
in the data analysis. (1) The ~ave reflections from
the model and wave tank beach were assumed to be
negligible. (2) S~kes' third-order ~ave theorl was
assuned applicable for all waves used. Additional
assurrrotionswere made for various 'met~ds at
anal/~is as described below.

Results

To change the exposure of the model, the
threaded connections were adjusted to give the
desired exposure. For the one-fourth exposure, some
additional ~difications were required to prevent
:-ackin",of the model. For this case the horizontal
wires had to be run under the false bottom. This
lllOdificationrequired that several holes be drilled
in the sealing apparatus around the model. These
holes then were sealed with thin rubber membranes
in an attcrrrotto mL"'limizeany circulation around
the model. .

The dimensionless force analysis required no
additional assumptions. With this analysis there
is no problem with separation at inertia or drag
components of the forces. The total vertical and
~otal horizontal forces each are expressed in terms
of a single value of dimensionless force. Plotting
these dimensionless forces in groups of constant
d/L vs H/L resulted in some c~mposite plots, which
were then smoothed out to give the idealized curIes
presented here. Figs. 2, 4, and 6 show the ideal-
ized hon.zontoll dimensionless force for i, t, and J/L
model exposure, respecLively, while Figs. J, 4, and
7 show the idealized vertical dimensionless force
for i, t, and J/4 model exposure, respectively. J

Several interesting characteristics can be
noted from these curves. First, the magnitude of
the dimensionless force i~ increasing with in- •
crea~L'g pipe e~osure, which is to be expected
as more pipe area is exposed to the moving water.
The dimensionless force decreases with an increasing
d/L. This is due to the fact that as the waves
approach the deep water condition (d/L ~ 0.5), the
water-particle kinematics near the bottom diminish.
The deeendence of the dimensionless force on H/L
and dJ'L can be explained by the fact that the
dimensionless force equation (Ut. 1) includes an
Hid term. The effects of changing the water depth
cannot be obser-red from plots in this form. It is
Celt that these effects are covered by the dlL t~,
which would tend to put water deeth on a commonbase. •

. r
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~'! l"'!5ul~S ror ~.::.~~cr:'::cnt~ :ir:!1r co'!!'ficient.
~'! presented ~n ri~. iJ. As ·~t~ the iirt co-

!~icient, it ~s !'elt that these resul~s are of only
.Jeripheral value under most pro totype condit~ons.

u - ~or"_::on~~ ~a~e~-oar~i:le ac:ele~~tion
V • to~~ 'rol~e 01 ~odel
7 • fl~d speci~ic ~eight
p • l'luid densi ty
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The data and results presented were cased on
original data taken by the authors. It was felt
that a need existed for a model study to represent
accurately the ~ctual design situation for offshore
pipelines. Results from the moqel study were
analyzed usL"g a dimensionless force'approach and
a form of the ~~rison equation. The results have.
been presented in the form of dimensionless plots.
The range of va.l.uesror d/L observed .tler.efrom about
0.050 to 0.600 and for H/L from about O.COl to
0.070. All the exper-ments were conducted in the
t~o-dioensional wave tank at Texas ~~ U. The
conclusions ar~ as follows.

1. The dimensionless force as computed here
shows a veri good relationship with the wave param-
eters d/L and H/L.

2. The inertia coefficients calculated by the
assumption of tot~ll inertia-dependent forces were
quite good for the hori:ontal forces. The vertical
forces gave results that were not usable, and ~t
may be concluded that the vertical forces could not
be said to be totally L"ertia dependent.

J. The assumption proposed by Grace4-6 gives
reasonable resu.lts, even tho~h it has no basis in
'.heor.r.

NCl~ICU 'IURE

4. As ·~th any model study, it is recommended
that full-scale studies be conducted. Accurate
values for the drag and l:i.ftcoel"ficients are
desired. These values should be obtained at
?eynolds numbers, which more Closely approximate
those of the prototyPe situation.

A • projected area of model
Cd • drag coefficient
CL - li!t coefficient
CH •• inertia coefficient

d • water depth
dFO • dr ag force per 'JJ1itlength
dFT 2 L"ertia force per unit length
dFr •• total force per unit. length

:dim dimensionless rorce
fmax 2 maximum measured force

H ••wave height
k • wave number
L 2 ••ave length

11 • model len~th
lJ • model height

T • '.laveperiod
u • hori:ontal water-particle velocity

(
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ABSTRACT

A ~ecommended praceice is established for
the on-bottom stability design of a pipeline
subjeceed to steady water cur~ents. The
analysis leading to the recommended desig~ pro-
cedure recognizes that the water velocity
decreases as the bottom is approached due, to .
the'boundary layer effece and that the magni-
tude at 'the hydrodynamic forces on the pipe
will be a function of the shape of this veloc-
ity profile. The analysis also assumes that •
the lateral resistance to movement provided by
the bottom soil is proportional to the net
Vertical resultant force acting on the bottom.
Equilibrium, or stability, occurs when the'
late~al resistance is just equal to the forces
e~erted on the pipeline by the steady current.
The resulting design equation for the required
pipeline weight contains several parameters
whose numerical value depends on the pipe, sea-
water, and soil properties. A nominal set of
these values ls chosen and a parametric study
is made of their effect on the required pipe-
line weight. Design curves are· generated
based on the chosen parameter values, and pro-
cedures for their use are recommended. The
parametric study demonst~ates that the minimum
specific gravity required for equilibrium is

References and illustration at end of paper.
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relacively insensitive to large variations in
the value of most of the parameters in the
design equation. Ic also demonstrates that the
selection of the design current velocity is the
most significanc factor in the stability analy-
sis. Hence, further research on stability can
most profitably be aimed at developing better
methods of determining the design velocity for
a particular loc~cion in the ocean.

INTRODUCL'!ON

the design of an offshore pipeline system
must give due consideration to each of the
following factors. The operating requirements
- internal pressure, throu~hput, ecc. - have a
large influence on the design. At the same
time the design must provide for the safety and
integrity· of the line in the face of external
and environmental factors over the expected
lifetime of the system. Faccors influencing
the selection, design, and efficiency of the
construction system must also be included in
the overall consideration of the design.

The specifications for the line pipe and t:
pipe coating system must not exceed those re-
quired to ensure adequate operating performance
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and long-term safety of the line. Unnecessary
pipe ~eight and too-stringent pipe handling

·._.:riteriaimpose undue operating lil:1itson
I' . 'esent construction systems even in Qoderate

.dter depths. In deeper vater they may impose
~impractical requirements on the constructlon

I system. The seleccion of the pipe and speci-
fications for the coating system are directly
affected by the criteria established for the
maximum environmental conditions expected over
the life of the pipeline. Therefore, the
environment of the opp.rating pipel~ne is the
basic starting point for the design.

A compl~ce discussion of the environment-
near the seawater - soil interface is beyond
the scope of this paper. Suffice it to say
chat certain environmental situations must be
avoided by careful route study and selection
because there is no known method to ensure
pipeline stability and integrity in the face
of gross instability of the sea bottom. Thus,
route selection is the first and most important
step in stability design. Mes! gives a general
discussion of what needs to be known about the
ocean bottom for design purposes and methods of
obtaining the necessary data. Bea et a12 in
their discussion of bottom movements in the
Mississippi Delta present an excellent example
of the correlation of bathemetric surveys. soil
borings, sparker data, and a general geologic

r,--nowledge of a given area. Such study of
,ailable data is a necessary prerequisite to

.ational route selection.

Once a route has been selected to avoid
the hazardous environmental factors, the
designer then begins to investigate the local
racher than the large scale environment of the
line. One of the first questions is vhether
the bottom is locally stable, i.e., vill scour
occur? This is an important question vhich
will not be considered in this paper. Townsend
and Farley) conducted scour tests in cohesion-
less soils and'concluded that the pipeline
~ould settle and stay in contact with the sand
bottom as the bottom eroded. The same conclu-
sion vas reached from earlier, unpublished
testS conducted by the Shell Pipeline Research
and Development Laboratory. Of course if por-
tions of the line are laid on harder or
non-scouring materials, then a span could be
left suspended over other portions of bottom
~hich do scour.

Another question which vill not be con-
sidered in this paper concerns the magnitude
of the hydrodynamic forces exerted on the pipe-
line by surface wave~. Grace~ has summarized
available wave force data for submarine pipe-
lines through 1973. However, the present paper

s concerned only vith the hydrodynamic forces
,exerted by steady currents.

I

The discussion to this poine has attecpted
to give a broad perspective of the co~p1ete on-
~ottom stability problem. With ~his in mind,
~e turn nov to a specific part of the overall
problem. Consider a pipeline lying exposed on
the ocean bottom along a route ~hich has been
carefully chosen to avoid the hazardous
environmental factors. In addition the bottom
is locally stable, i.e., significant scour is
not likely to occur. Only hydrodynamic forces
due to steady currents are considered. Based
on these assumptions, the ne~t section presents
a stability analysis in vhich the basic equa-
tions are derived and numerical values are
recommended for the various parameters. The
succeeding section is a study of the effect of
the numerical values assigned to the parameters
on the resulting veight of the pipeline.
Design procedures, graphs, and tables are
presented in the last section.

STABILITY ANALYSIS

Equilibrium Eauations

The stability analysis ~s based on the
following premise: the pipe rests on a stable
bottom of slight slope and is exposed to a
steady current. Soil properties are similar
to those typical of the continental shelf soils,
and water temperatures are between 2 and IS·C.

As the pipe comes to rest on bottom during
the laying process, its weight deforms the
bottom surface and the pipe settles into the
soil. As the steady current tries to move the
pipe, the soil provides a resisting force. The
resisting force is taken to be' proportional to
the net effective veight on bottom. The
resisting force includes not only a frictional'
component but also an additional reaction vhich
stems from the sides of the groove that the
pipe makes in soft bottom materials - or for
hard bottom surfaces, from the projections of

. the irregular bottom surface. The net reaction.
however is expressed mathematically through a
coefficient of "friction". The soil force is
assumed to be a constant, U, times the normal
force exerted on the soil.

On this basis, the forces acting on a pipe
resting on a bottom with a slight slope are as
shoun in Figure lea). A steady current V(y),
which varies vith height above bottom, y,
approaches the pipe in the direction shown.
The slope ~ng1e, Q. is taken to have directional
properties as indicated. A horizontal bottom
is given by Q • O. A positive value of Q gives
a current f10v up slope. A negative value of Q
gives a current flov dounslope as shoun in
Figure l(b). The hydrodynamic force exerted by
the current on the pipeline is resolved into
components parallel and per?endicular to the

\
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bo~~om. Thes~ comoonen~s are c~lled the drag
corce. F!) • and t~~' life rorce, FL' respe ccrve Ly •
The normal and ean~eneial soil reac~ion forces
are q and qc' re~p~c~ively. Equilibriumn .equaeions for ~he pipe are g~ven by:

qn • v cos a - FL •••••...•••••••••.••••••• (1)

qc • FO - ~ sin a ••••••••••••••••••••••••• (2)

~ - FO d - 1/2 D1J sin a ••••••••.••.•••••• (J).

where w is the submerged weight per foot of the
pipeline including any internal fluids, 0 is
ehe pipeline diameter, H is the moment about
the point at which the pipe touches the soil,
and d is the distance from that point to the
line of aceion or the drag force. The moment M
is resisted by the section of pipe adjacent to
the plane of the figure and is not considered
further. The la~eral resisting force of the
bottom contact is:

qt x Uqn •.•............•....••••..••...•.. (4)

Subscituting Equations (1) and (2) into (4) and
rearranging gives

P 4u
SC = - + -----,- (10)

Po> J"" 0-~ _,-P:i;T

Equations (3). (9), and (10) are the basic
desi~n equa~ions which give the submerged
weight or the pipeline raquired for equilib-
rium as a fu~ction of water velocity.

Par3~eter Values

Values of the drag and lift coefficients,
Co and Ct, will depend on the Reynolds number
at th~ flow and on the surface roughness, k, of
the pipeline. In Reference 5 experiments to
determine the values of CD and CL are described.
It is shown there that if the effective velocity
is used in the definition of the coefficients
and Reynolds nueber, ~hen the data obtained
with differenc boundary layer profiles collapses
onto a single curve. Only recently it was
discovered thae the ReynOlds number axis was
incorrectly shifted on some of the curves
recommended for design use 1n Figures 17 and 18
or Reference S. The corrected recommended
design curves and che data are shoun here in
Figures Z and J.

The equilibrium equacion then becomes

1 2FL· FCL 0 V e ........•..................... (7)

1 2FO - Z-;:CODVe .... '.. I.' •••••••••••••••••••••• (6)

where the effective velocitj acting on the
pipeline, V , is defined as:e

In Rererence 5 a l/7th power law represen-
tation for the boundary layer velocity profile
is recomm~nded and data is presented sho~ing
the applicability of this form. Using this
profile, the definition of the equivalent
velocity becomes

2 2 (O}0.286 "-
Vi!!,. O.778U h (11)

where U is the velocity at the height h above
bottom. The principal advantage of this
representation is that only one point on the
velocity proiile is needed to specify the
equivalent velocity •.

The only remaining undetermined item on
the right hand side of Equation (9) is the
coefficient of boctom friction, \.I. A value of
1.0 is recommended for general use. Some of the
data obtained 1n the laboratory by Lyons~
indicates a value lower than 1.0 might be more
appropriate. Ho~ever, these data were obtained
by careiully placing the pipe on a submerged
bed of sand or clay and applying loads to simu-
late th~ hydrodynamic loads. In the ocean, the
pipe is laid on the bottom by lowering fro~ a
barge on the water surface. A mathematical
analysis of the suspended span of pipe shows
that a concentrated vertical shear force exists
at the point where the span touches bottom. In
accuality chis concentrated shear force is
distributed over some finite length of pipe
touching bottom. A rational analysis of the
~agni~ude of this force indicates the maximum
distributad force per unit length is of the
same order of magnitude as the weight of water

............•...•...... (5)
FO + lJFL

u :a \.l cos a + sin a

v; -101D
V2(y) dy ••••••••••••••••••••••• (8)

a

1 2
rOVe (CO + \JCt)w. +. ••••••••.•••••••••••••• (9)\.I cos a Sln a

T~e specific gravity of the pipeline is defined
as the tocal weight of the pipeline including
~he weighc of the internal fluids divided by
t~e weight of ~h~ displaced standard seawater
of mass density P - 64.0/J2.Z lb-sec1/fc·. ors

The 11ft and drag forces have been experi-
mentally determined at the Shell Pipeline
Research and Development Laboratory. As shown
in Reference 5. the lift and drag forces may be
expressed in terms of the 00 of the pipe, D,
the mass density or the fluid, P, and coeffi-
cients Co and CL as:

.
i
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cont3i~ed in the pipe during hydrostatic test-
!:'I~ of the ?i;:lf~lineS:/stC::l. As a result of this

'1tr.3tedshe ar force tll":p ipe 1s pushed
..•__ ard into the so11 as it is Love red to the
~Ottom. During hydrostatic testing of the com-
pleted pipe line. chc soil 10:loinl-;is Inc reased
ag:lin and the pipe settles further·into its

groove". Lyons's dat.:1'demonstrat:ed that pipe
filled \lith \later ~s durin~ hyd~ost:atic testing
develops a 1.9 "coefficient of friction" (in
the groove) to resist lateral movement. Lyons
correctly attribut:es the larc;e increase in "IJ"
to the additional setclem~nt ot the pipe into
the soil. .Based on these studies, it is felt.:
that the combination of shear force during
laying and loading during hydrostatic testing
result in an eff~ctive "IJ" greater than 1.0 1n
most se.:1bottom soils. This agrees with the
value chosen by Ells' from experiments to
determine the "coefficient of resistanc-e" for a
line in the North Sea and is recommended as a
design factor for most stability analyses.

design velocity U 3~d a height off bottom hare
used in Equ:lt~on (11) to calculate an ~quivalent
v~locity v~. Th~ C~~?er3ture of the Ocean
water 1s used loIithan appropriate table to
determine the kinematic viscosity of seauater
v. The equival~nt R~ynolds number is then '
calculated from

.•...............•..........•.••. (lJ)

The surface roughness height, k, of the Outer-
most surface of th~ pipeline is used with the
00 of this outermost surface to calculate the
kIn ratio. This ratio and the equivalent
Reynolds number are then used to enter Figures 2
and 3 and read ofi values of Co and CL. These
values are substituted into Equation (9) along
loIithvalues of IJ and a. to calculate the required
submerged loIeight. The pipeline specific grav-
ity is obtained from Equation (10).

_.
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Effect of Slope Angle

a. ~ s in a.) vo ••••••••••.•••••••••• (12)·_.,cos
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PARAMETRIC STUDY

The above procedure is straightforward,
but the use of t.:1blesand graphs makes it
cumbersome and time consuming. Therefore, a
computer program was ur1tten 1n Fortran V for
the Univac 1110 computer. The program, named
Equilibrium Submerged Ueight (ESrlT), follows
precisely th~ abov..:procedure except all the'
necessary tables and graphs are stored
internally. Sample output: data from the program
is shovn in Appendix II.

The heading on the tables of Appendix
indicates the values of parameters used as
to the program. These are a "nominal" set
values which should apply to most pipeline
situ~cions. Houever, it is of interest to
the effects of variations in each of these
parameters on the resulting stability design
requirements.

ox • x] - xo . ).x 0 •••••••••••••••••••••••••••••• (14

The "equations necessary to evaluate the
sensitivity of the design to each parameter are
derived in Appendix I. The "nominal" values .
and submerged weight calculated f~om them are
represented by a subscript "0". One of the ,.
parameter values is changed to form a "nev" or
"different" set of input: which is given the
subscript: "1". The percentage change in a
general variable x is defined as

·~·::-~·I:..:~-....•.:-
..~~

:~ i"":
.0,. ::!"t

.. .?~. ."'.,.
The resulting equations are mathematic:llly -~'•.;J

correct Cor any percentage change of the variable "'1~1
..~.~~

'~.ia~:":;~-
" .0' •.": ..;~'"

Then the percentage change in submerged loIeight,.
ow, is expressed in terms of the percentage •
change in the variable in question, e.g •• op,
ISh, ISU etc.

The

'3uter Program

The 'fo11ololingprocedure is follololedto
alcul.:1tean equilibrium submerged \leight.

Table I sho\Js that for up to 10· slopes,
the maximum variation in design veight from that
required for a horizontal bottom is on the order
of ~O7.. Therefore further discussion of sub-
merged loIeighton bottom loIillconsider only a
horizontal ocean bottom. Values of submerged
weight as obtained later can be converted to
submerged \leight correspondin~ to a slope a. by
multiplying by the appropriate Slope Factor
from Table I.

The factor in parenthesis is called the Slope
'actor and is tabulated in Table I for values

of a. from -10· + 10·.

This form shovs that the overall effects
of slight bottom slopes on the minimum required
submerged \leight can be taken into account by
using a "loIeighted" design \leight. The
"weighted" design veight is obtained by multi-
plying the design loIeightfor a horizontal
bottom by th~ appropriate Slope Factor from
Table I. For example, a ne~ative slope of
10 degrees requires a "',Jeighted" design loIeight
1.2J ti~es that required on 3 horizontal bottom.

Consider a pipe resting on a horizontal
bottom ano define Wo as the submerged weight
calculated for chis case using Equation (9).
Then for a value of \J ~ 1.0 and any other slope
angle, "'.

I
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1n question. Hovever, there are realistic
limits on the amount of change possible in each
of the param~ters. As an e~ample, consider the
density of sea ~ater vhich varies with salinity
and temperature. the major ~ariation for pipe-
line des ign, hove'/erI is t he increase in fluid
density due co sedi~~nts suspended in the bottom
floI.'. An upper limic on chis increase is
provided by che dens it, Ot a fully developed
turbidity current ~hich i3 about lOX greater
than normal sea ~ater. The lower limit 1s pro-.
vided by the density Ot fresh water. Similar
considerations are used to fix the practical
limits on the variations or each of the para-
meters.

the resulting equations are plotted in
Figure 4 for effective Reynolds numbers greater
than about 5 x lOS. In this region oCD and oCLare zero and the equations are considerably
simplified. The shape and magnitude of the
curves at lower Reynolds numbers would be
similar. The solid lines represent the varia-
tion in submerged ~eight within the practical
limits of each parameter. ~he dashed lines are
included only to indicate the general shape of
the mathematical curve.

The variation due to changes in surface
roughness height, k, and vater temperature, T,
are not shown in Figure 4. Rather than evaluate
Equation (I-26), an easier brute force method
vas adopted. ESUT was run for the limiting
values of k and T and various combinations of
velocity and diameter. The results in Table II
shov that all variations in calculated submerged
weight are less than 10~ over the full range of
feasible k and T values.

The solid curves in Figure 4 show that
variations in submerged weighc due Co op, oh
and oC have a maximum value of about 15-20%.
Hovever these are really upper ·limits and the'
variation in any actual pipeline situation is
probably much less. Figure 4 shovs that the
variation in calculated design weight due to
au and o~ can be much larger than any of the
above.

These large variations due to au and oU
can be miti~aced by expressing the results of
the stability calculation in terms of specific
gravity. Equation (!-35) shows that the varia-
tion in specific gravity is al~ays less than the
variation in submerged weight. As an example
consider the case of a cafculated "nominal"
specific gravity of seo 2 1.3. Now suppose
au has the maximum realistic reduction of 50r.;
Figure 4 indicates a ou on the order of 50%.
But Equation (1-J5) gives a variacion in
Specific gravity of only .J x 50/1.3 • 11.5r..
Even this extreme example gives results within
usually accepted bounds of engineering accuracy.
Variations in calculated specific gravity due to
the oaxi~um op, oC, ~h, ok, or oT are ve~1 small
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in this example, only 2 to 4:. Hovever the
maximum variation in calculated specific gravity
due to aU is 2J~. a still sizeable figure.
DES !G~l P~OC::!)lJ:tE

The minimum pipeline specific gravity
required for equilibrium as calculated by ESwr
for the "nominal" input parameters is shovn in
Figure 5. The "Pipeline 00" sholoTtlis the overal'
diameter including the outermost coat~:lg on the
steel line pipe. Since specific gravity is
relatively insensitive to the numerical values
of the various input parameters, this figure can
be used as a general design chart for most situ-
ations. .

Since the line pipe diameter is known at
the start rather than the pipeline 00, a trial-
and-error method is required to arrive at a
design specific gravity and the resulting dia-
meter. Trial and error solutions are noe diffi-
cult since the curves in Figure 5 are relatively
close together. The design velocity and an
estimated 00 are used to enter Figure 5 and
determine a required specific gravity. A coatin
schedule is then designed to give this value of
specific gravity. If the 00 of the resul~ing
pipeline is differenc from thac originally
assumed, Figure 5 is re-entered with the new 00
and the process is repeated until the new and
old 00 agree.

. Another possible trial-and-error scheme
starts with the specification of a coating
system. The resulting pipeline specific gravity
and 00 are calculated. Figure 5 is then entered
and the equilibrium velocity is read and com-
pared with the design velocity. The coating
schedule is then adjusted accordingly.

The design chart of Figure 5 gives the
specific gravity required for equilibrium in the
face of a given design current. This means the
pipe is JUSt on the verge of moving. Therefore,
the designer will wanc to include a facto~ of
safety ~n his calculations. The appropriate
factor of saiety is a matter of engineering
judgement. Its value will depend greatly on the
confidence of the designer in the numbers chosen
to represent "design conditions" - particularly
design velocity. It will also depend on the
tolerances of the veighc coat application system.
S~ll variations from the specified value of
specific gravity can result in large variations
1n submerged weight, particularly with large
pipelines. Only the designer of a particular
project will have the information necessary to
~ke these engineering judgements, so no value
for the factor of safety is recommended here.

Figure 6 shows the submerged pipeline weiy~
required for equilibrium as a function of wate
velocity and pipeline 00. The curves in this --.
figure are similar to the specific gravity curve$
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NOMENCUTURE

these parametc~s is chosen which ~1l1 apply to
most design situations.

The parametric study demonstrates that the
selection of th~ "design" velocity is by far the
most significant f~ctar in th~ st~bility analy-
sis. For providing long term stability and
integrity on the ocean bottom, it is second only
to the proper selection of the pipeline route to
avoid hazardous bottom conditions. Hence,

. further research on stability analysis can most
profitably be aimed at developing better methods
of est.:1blishing the design velocity for a par-
ticular location in the ocean.

-

Coefficient representing Co or ~ or both -
Equation (I-JO)

Drag coefficient
LiCt coefficiant
0.0. of pipeline
Distance from line o~ action of drag force
to soil
Drag Corce per unit length
Lift force per unit length
Height above bottom of design velocity
Pipeline surface roughness height
Moment about point at uhich pipe touches
soil
Normal soil reaction force per unit length
Tangential soil reaction force per unit
length
Effective Reynolds number - Equation (13)
Pipeline specific gravity
Sea water temperature

_ Velocity at a height h above bottom

c

Ree

V Effective velocity - Equation (8)e
V(y) Velocity as a function of height above

bottom
w Submerged ueight per unit length of pipe-

line
x Caneral variable - Equation (14)
y Height above bottom
a Slope angle
6( ) Percentage change in ( ) - Equation (14)
K Ratio defined by Equation (1-13)
\J Coefficient of bottom "friction"
v Kinematic viscosity of fluid
P Mass density of fluid
Ps Mass density of standard sea water

SC
"r
. u

Rout~ selection is the first and most"
important step in providing on-bottom stability
and integrity. Route s~lection should be based
on correlation of data from bathymetric surveys,
sub-bottom profile~, side scan sonar, cores and
bottom samples, bottom photographs, undersea
cable history in the are~, or from any other
source uhich could provide information about the
ocean bottom.

CO~ICLUSIONS

Figure 6 could be used ~s a design chart in
the same manner as Fi~ure 5 to arrive at an
equilibrium submerged ueignt. ~ecause of the
relative insensitivity of the specific gravity
to the input pa rame t er values, Figure 5 is-
recommended for coating design. Ultimately Cor
la~ing system analysis, the designer uill be
interested in the submerged veight. Therefore,
Figure 6 has been included. In addition, the
output from the ES~lprogram for a variety ot
pipeline diameters and vater velocieies is
shoun in tabular fonn in Appendix II.

The on-bottom stability analysis in the
face of steady currents assumes that the pipe-
line route has been carefully selected to avoid
the environmental hazards such as gross bottom
movement, turbidity currents, etc. It also
assumes that a near-bottom "design" current has
been established for the chosen route. The
analysis recognizes that the vater velocity
decreases as the bottom is approached due to the
boundary layer effect. The Clow over the exposed
pipeline in this boundary layer results in a
lift Corce uhich decreases the net weight of the
pipeline on bottom and a drag force uhich tends
to displace the pipe horizontally in the doun-
stream direction. This tendency is opposed by
the passive resistance of the soil. This resis-
tance is taken to be proportional to the net
ueignt of the pipeline resting on the bottom.
The equilibrium equations for this balance of
forces determine the mini~um submerged pipeline
ueight required for the line to be stable. i.e.~
JUSt on the verge of moving. This ueight can
also be expressed in ta~s of the displaced sea
vater as specific gravity. .

A parametric study shous that the minimum
specific gravity required for equilibrium is
relatively insensitive to large variations in
all of the paraQaters appearing in the stability
an.:1lysis except the "desi:;n" velocity. There-
fore, a "nominal" set of numerical values of

of :!;ure 5 uith one exce?tion. As the pipe-
line 00 incrc~s~s, th~ ~~uilibrium submerged
~eight incre~scs ~hilc the ~quilibrium specific

r~vitv decreases. The rcason for this can be
~cen i~ Equations (9) ~nd (10). As the diameter
o increases, the submerged u~ight goes up in

"direct proportion to D. The specific gravity in
contr:lst is a function of IoJ/02 or 1/0.

0"-
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(a) UP SLOPE VELOCITY

• Fig. 1 - Equi Iibrium of a pipe exposed
to a steady current.

-'i .

I
I

I .
(b)

y~
~@

d ~~

-c( \ qn

DOWN SLOPE VELOCITY

I. ..:

_.

3 4 :l 6 8 6
/0

z

~~~~~~..~..
~".......

0.1
3 4 , 6 8 :l

10

1.0

OJ!

2.0

3.0

Co O~
0..4 }il'

:'4
a· • 7&10

Q.J -3
a • .4 .10

v -3
• 8&10

A
.2

Q.2 • 2 &10

....

.~...'.." -:

R••
Fig. 2 - Recommended effective dragcoefficient for design of a pipe restingon bottom •

.-

•••• 0 ".
~.'._. __ '.0

0-87
---------_ _------------.



OFFSHORE TECHNOLOGY CONFERENCE
6200 North Centrel expressway
Dallas. Texas 75206

PAPER 0 T C 2.1.. 9 "'0NUMBER

_.
Wave Forces on Pipes Near the Ocean Bottom

By
John H. Nath, Tokud Yamamoto, and James C. Wriqht, Oregon State U.

THIS PAPER IS SUBJECT TO CORRECTION

© Copyright 1976
Ottsnore Technology Conference on behalf of rhe American Institute 01 Mining. Metallurgical. and Petroleum
Engineers. Inc. (Sociery of Mining Engineers, The Metallurgical Society and Sociery 01 Petroleum Engineers).
American Association 01 Petroteutti Geotoqists. American Institute 01 Chemical Engineers. American Society
01 Civil Engineers, American Society 01 Mechanical Engineers. Institute 01 Electrical and Electronics En-
gineers. Marine Technology Society. Society of E.xploration Geophysicists. and Sociery 01 Naval Architects
and .\i1arine Engineers.
This paper was prepared for presentation at the Eighth Annual Offshore Technology Conference. Houston.
Tex .• M.:Jy J-o. ,a7a. Permission to copy is restricted to an abstract 01 not mora than JOO words. Illustrations
may nor be copied. Such use of an abstract should contain conspicuous acknowledgment 01 where and by
whom the paper is presented.

ABSTRACT
Where wake effects are negligible, poten-

tial flow calculations predict well the lift
and added mass forces acting on pipelines near
the ocean floor 't/hensubjected to time dependent
flows. Wake effects have a significant
influence on the flow conditions and measured
frequencies of vortex shedding can predict the
drag force acting on the cylinder. The Strouhal
number is a function of the gap below the cylin-
der. The added mass coefficient is much larger
when the cylinder i~ near the boundary than when
it is a free stream.
HlTROOUCT ION

Vertical and horizontal hydrodynamic forces
on pipes near the ocean bottom are influenced
by pipe roughnes:i, ambient turbulence, angle of.
ske~, number and grouping of pipes, formation
and collapse of the wake, the proximity of the
free surface and the proximity of the bottom.
Most of these topics have received little atten-
tion as to quanti fying thei r effects for engin-
eering purposes. However, a fund of knowledge
is growing for smooth circular c~linders near
the bottom away from the inFluence of the free
surface.

Let the non-dimensional gap below the
cylinder be designated as ~, shown in Fig. 1.
We consider waves with crests parallel to the
C11 inder center Hne. The free surface does no"
influence the forces acting on the cylinder if
6 > 4, (3). The importance of ~ on the'lift
force is treated analytically in (2, 3, 7, a, 9.
10,11) for potential flow calculations, substar
tiated wi th Iaboratory results .. Some infl uences
from the free surface was presented by Chakra-

.borti and Cotter (9), and Grace discussed the
importance of the period parameter (9).' The
influence of groups of ne~rby cylinders has als:
been treated analytically (11). The wake,
however, exerts a significant modification to t~
hydrodynamic forces (1, Z, 3, 4, 5. 6,7).

This paper focuses on the importance of wa·
modifications for time varying flows. The cond-
tiqns ~Ihen potential flow theory can be used wi'
be indicated. [n general the wake formation is
not in phase with the ambient fluid velocities.
and therefore the drag force is not in phase wi'
the ambient velocity. This can influence the.
valUe of added mass coefficients derived from
laboratory data, which are ordinarily determiner
at a time in the records when the ambient veloc
ity is presumed to be zero.

,I
I

I,.
rtererences and illustrations at end of paper.
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The results for the "1Ht" coefficient are
shown 1n Fig. 7. The positive values from
laboratory measurements are for pronounced wake
effects when 0 < ~ < 1.

For small ~, large aiD, one run is shown in
Fig. a .. [t shows a case where the lift force is
due almost entirely to the ambient horizontal
~elocity, which is true because the two negative
forces are about equal and they occur at phases
of the wave where vertical accelerations are in
opposing directions. The two fairly large
negative forces occur because the wake has
"collapsed~ at that time. Note that for maximum
positive and negative horizontal velocities that
the verti cal forces are upward, or in the posi-

.tive direction, indicating strong wake effects.
The total horizontal force was determined

for various phases in some waves as a function
of wave height. That is, for various waves of
the same period, the horizontal force was noted
for a given phase and given wave height. For the
same phase, the increase in horizontal force was
noted as the wave heiont was increased. Given
that the increase in ~orce is nonlinearly
related to wave height, a significant ~dra9h

·..•...;\.:: :Ol\C~S O~: ?t?ES SEAR THE OCE';''' 30TTO:-!

f1ui d flovrs in
th Jtential flow
t ants in ilr.pulsive·

ind other accel era ti on
'1Tlationhas not occur-
les. When a wave
in considered, the

the region of the
y small and the wake

before the flow
se. The characteristic

motion is shown as 'a'
o the potenti al flow

"edict the force on the:
jicular to the nearby
r t: (7, 8, 9). Thi5
aar-amet.er range of.
; on wave depth, where
ntal wave particle
a~e period. For such
oefficient approaches
. 0, and is equal to

mouqh to allow for the
wake, the coefficients

- and parallel to the
I modified. For example,
Iy ~tablished the time
11 • perpendicul ar to
away from the boundary
f ~ exce~t that it
1 or 2. Howe~er, for

.1ues, there are sho rt
! when the wake wi 11 not
.he 'lift' force on the
j the boundary. At other
?, the wake exists and the
n the boundary. During the

the so called "drag"
ontal wave force will be
tuat e in the direction of .
e and negative .. Such a
erally thcught of separ-
a~, or "added mass~, or

mt , \oleusually pre fer to
res of the flow into the
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t the center of the
nder were not present, will
, when the '.'lakeforce is-
-I illustrate some of these
Ilts from laboratory
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U.80il.~TORY EXPE RI/-1E:IT'\ Timl

A schematic of the general laboratory layout
is shovm in fig. 2. Th e wave channel is 104m
long by 3.7m wide by 4.6m dee~ in the working
s~ction. It can produce incipiently breaking
waves 1.3m high in deep water. For this work a
false bottom was installed in order to produce
a water depth of from 0.7 to 2.4m.

Two rigid smooth test cylinders were used.
The first was .3m in diameter and was mounted as
shown 1n Figs. 3 and 4. The second was mounted
in much the same way but the cylinder diameter
was O.076m. Vertical and horizontal wave forces
were measured on both cylinders by means of
strain gage force dynamometers that supported the
central test sections.

The variables in the experixentation was
conducted in a f.low visualization water flume
(2) where the Strounal number was calculated as
a function of ~ by measuring the vortex shedding
frequency with movies. Drag coefficients calcu-
1a ted· therefrom (5) 'were compared wi th wi nd
tunnel measurements and wave measurements in (7).
RESULTS

Theory shows that the inertia coefficient,
Cr, or (1 + em) shoul d .be the same ei ther
parallel to or perpendicular to a nearby wall for
a circular cylinder (3, 8, 9). Figures 5 and 6
compare results from theory with measurements for
this investigation and others when aID ts small
enough so that wake effects are small.
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,component (wake effect) exists. However, if a REF~RE~CES
phase can be round Hhp.t"'e the total horizontal
force is linearlv related to wa'le height, then 1. Garriscn, C. J., Gehrman, F. H., and
that must be tn~ phasa angle where the force is PerkinsJn, B. T., "Wave Forces on Bottom-
~completely co acceleration. Potantial.f10w rlounted Larqe-Diameter Cylinder," Journal '0-,.'
effects predominJ~e and the drag or wake erfects Waterways, Harbors and Coastal Engineering
are zero. Division, ASCE, 'AW 4, Nov. 1975.

Some prel iminary results are shown in Fig.
9. They indicate that at a phase angle of about
:T/6 the wake effects are very sll1all. However, '
at the node of the wave (where the phase changes
as H is increased) and at a phase angle of IT/4
(where the node ex i ts for small wave heights)
the horizontal force is non-linearly related to
wave hei!]h t. Thus. the "drag" or wake effect
still exists when math~matical Wdve theories
show the ambient velocitJ to be zero. This is
due to the phase shi Ft bet'o'Jeen the formation of
the wake and the oscillating ambient velocities
(7) .

We ask the question "should CI be determinec
from laboratory experimentation by determining
where the drag component is zero, rather than
where the ambient velo~ities are zero?"

Flow visualization studies showed that the
Strouhal number is related to ~ as shown in
Fig. 10 for Reynold's number of 5800. The drag
force was calculated frem the Strouhal number
(2) and compared to wind tunnel measurements
and measurements of others as shown in Fig. 11.
An approximate agreement is seen. '

CQrICLUStONS

A few interesting ramifications of hydro-
dynamic forces on pipelines has been presented.
It is shown that vertical forces on pipelines
near and above the bottom can have frequencies
that are twice the frequency of the ambient
'Have.

The added mass coefficient is'drastical1y
increased for pi pes near a boundary frem the
condition in an unrestrained flaw.

The wake conditions from the' flow have a
significant influence an the forces that act
bath parallel to and perpendicular to the nearby
boundary.
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:RMINATION OF THERMAL CONDUCTIVITY OF SOILS: A NEED
CmlPUT I NG HEAT LOSS THROUGH BUR I ED SUBMAR I NE P I PEL! NES

.C. R3wat, S.L. Agarwal, A.K. ~alhotra, Engineers
a L:d.; S.K. Gulhati, and G.V. Rae, [ndian Ins t ,
echnology, Delhi

,uqftl 1'111,Ou,nOA r.C""C1loqyCcnlltrrncl

IIOt' ." CI'''ltl1cd ~I In. 111h .Annu~1 ale in HOuSlon. r'i .. .laid )].Ir.LI., J. t.J1'lJ Th. m.alltialll \UDICClla contC!'Ion by tn. lul1\or "''''''IIOft IQ coDy II tuUtCltd 10 ,n lOuncl 01 1'01 """ 'ft,n)OJ wOldS.

~ import nnt IIar ae e t er r equI :-e': for CooFuting
teat to:::1 th:,ou~ bu:"i eei submarl:o.e ?i;Jel1nes
~rar.spor:i:1~ cr.lde oil i, the the:=a1, coaduct1vity
oC 3!:'i1,. Thi:l paper de~c:,ibes an a>'Faratu:l
des:";1.:d Cor detolr:Url:1tl'Jn of the ~her-:lal conduc-
tint] oC :loil:l at the de:li:ed moi:Jtu:,e-<ierlsity
C:1""cli~ioain tr.e taborator"j una er steady "tate

~ition:l. Srt:e:irce~ta1 resutt:l on the thr~e
"tudieu show that :he themal conducti'rity
aes aa dI"'j denai t] i:lc:,aase:J at a constant

~~. ~r~ ccn~~nt a..'1dthat i: inc:'~a::es as ~ater
COr.t~l!t increllses at constant <:=-:; 1en:lity. '!:=.e::e
re:luttJ c:n!·1r.:1 :~~ tr?nC::J i::lol.at'!1 earti~r by
Kt!rJ:~. fu:-:her the e~ct!r_~e'\t.:!.l t'~l:l.:lt:J are
conp!.red ':I'1.ththo availabLe <:c:;:i:"lc:!l r;)l!l.~ic=:sl:ips.
iCer:J::m's rel.atioa La ob:Jerred to :e:!.son:lcLy
predict tee tneI'::lal conduc~:"ritl or these :loil:l.
~ho i=:,edic~ion:J b"j !Jakoltski' and !locnUnski' 5
rolJtiOQ are oot load but :'o;Jro're iC the sum ot
~i1t end clay !ractiOQ3 i:l treJ:e~ 3:1 c1~
C:'actioQ in tl1e cOlllFut.::tion.

~br.l'1ri:1e ;Jipeline:l are exte~sivlll:r uaed ~or
tr:!.l1s~:J~ia~ crude oil Crom a loc ••ticn offsho:'!
to '3;r.er:s o I' (soo r~ or onsho reo These ?ire1ins,
ell :\0 ::"'":0111,5t et]l pipe:! covp.red -:r..:!l. ~ coat in~
of ccnc::,~tP'. They are 0 ~ten ou:ied :lace d,;:th
bel.)~ t~e =ud-t~=:lI. The rlleolo6"ical projle:-ti~s
oC '.lJ.rrer,nt crude ,,119 vaI"'J. Tl:e visCO:lity or
all "r toP.:!!ir.crlll\5e:s upen a dec:'~:tse in teoperature.
5,Lo'" sce e tempe:'l1ture the liquid oit tends to ~el.
For ,t'Cicient tran3rortat1on it is nec~:l:ll\r:r,
'h,rer::e, that the crude ce at & re1ati""I1y hi,rh.
:o1!l,:er3.tu:,e 50 toa.t it hs:s a low vi.scosity. The
ter:l;:enture of the 50il-"':I.ter ':/:lt~l1I su:roundinAJ'
a sul::1llrine pi;:eUne is u:lUall:, 10r.er ~han the
• ·!::eraturo: of oil. ':'hi5 ~e:l:lleI'3tur., c!.ir:'eren:e

~~Cp.sheat to ftow from the'oil :0 :he env~:onco:nt-c.

.ar,ces !lid i11ust:':ltion:l at '!~d oC ?s~er.

and the te':lperature of the oil redu.:es as it
trave15 !l.lon~ ~~e len~th or ~h~ pi~~li:1e. Cna
must 8asur, that this tel1l?~r:lture re':!uctlon does
not exceed desirable 1imit~ dictated by the
rheo lolfical ':lro'Je:t ie5 0C oil and the i::ll:e~3t i TflS

of eiCicient' .,C~r.OllllCtrans!=or:aeioa. Thd
analytl.c:ll &sjlect of this ~n:;iaeerin6 prcbl~1II
1, t~ll:l one of bein.!j ~bte to ;:Jredict the temperature
of crude in the ?~?elille son:e ':ista..'1ce a'7fay CroCI
th~ inllut station. In order ~o do so one requires
knowt~d~e oC the oveI':l.11 heat transt'e: c:Jef~icient
Cor tile ;:i?elinlt. ;or o;;r.i.:h, in tUI':l, it 1:1
neCe:l9:1.I"'jto kr.o~ ~ho tter=~ coacuc:ivitie~ ot
the oil, the piptllin~ ::Iatar:.als a:d its coating
and the soil. This ;:a?er ;:re::ents ther.r.a1
conductivities of :loils det.er:o.ined in the
labor:ltoI"'j ~de:' stead:," state condi:1on:l and
also ':3:,e:le:1::1a coc:::::u-:':lonof ~he tast results
on th~ee 50ils =i.t~· va.lues ceteI""'..i.oedu:ling
exist1:lg e:u?i ri:::l.1 =atJtionsQ ps.

neat =ove:l 5~ontanaou:llj !roc hi~~er·to loyer
telDpe:at'Jra. b ~pe:!~ctl:t d:'J rOrcus body,
tr~~:lll:i:lsion ~( neat c~~ take pl~ce :ot only by
conduct Len thr::lu~!l the salie t:'a:::e',~cr':cof the body
~nd ~~e air in t~e ?ore:l but also by convection
an~ radiation bet- .•een th, Ifal~s of " llore as also
bl ::I4C=0~~d :ic:,o-Jist1l1:ltion. III soils, hOTaver,
it can ba ascri~ed essen~i1l1:t ~o conduction, a
~olecular ,har.ol1len~n, ~~~::h roan ba '~yressed in
tero:s or ax;:erir.:ento1l1y :b:er::i:ud coe!:'lci8nt~
or conducti~\tj or re:listi'nty, 31:r~usn :h~:I'
IUY actually 1aclude cont.=:'bu;.io.'1:1 tr.u:l
cic:':)-cti:ltil1.:l.:ive and o~~er :ech:ll\i:l:t5 (~in~erY.o:n,
1960) •

:'~e heat c.:n-:,;c:i:n 1."\ so11 ,:~n be d.,~cri'Jed
!or :I:e '3no: d=~n:llor.al csse by t~e F(lurier
ec.u,,:ion (:<:e:':!i, '<r74):
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-
( I) cor.nected !:: ;:-:':':1 con~act ~oL'1ts is con:!.~e:'e:i

to ~e i"enc!'":lllj' :,:on--!:r.i5te~~.

in "lilt! ch

T " ~e::l';~:-:1t:J:-eat ~iCle t and 'it dp.rth t in °e
k •• t.h"rrH.l ccn~uctl Vlt'/, i.;" :he llJIIount of

beat that flo"'-:I unde r a temper:lture
d' taTgTa 1en d: " I in unit ti.::le through unit

cro:;:l-~ectlonal area, in c31 ;Jer hour
. per ca !ler °C

c " 3pecific heat of :Joil
of"" tlcn:Jl ty of :Joi 1

It is inport ant to :10t e t::at the s;Jp.cific heat of
po.rti cl es 0 f ~..nU c.ne r.l:rl i 3 only ooe :'i rth 0 ( that
of ~ater, It ie , tho:ret'ore, largely on account of
troe :=:-coence of :oi stU:-e that t he soil is calla'ole
of st e ncg beat. .

holj'.:lsev l!nd Cupelo (1958) sUiEest'ld thll
!'01l0·r.ir.1; ~:~e~Ql :r3Jls!er ::Jechnnis::s \Thich COCe _
into ;llay -::-:,th :"'lc:-easi::g /Il01:;ture conteot:

(a) In tte ahsolu:el:r dry state through ~art1ch
coot acts.

(b) For "'uter contcnt3 less th.:m ,0 percent through
c::ntolcts aided by tbe ;lreSeJ1ce of water at
cant act3,

(e) In lhl! Tater content ranee b.t".en 10 - 20
rercent by ~ster =oven:e~t in the Cl1m phase
"nen "ater fil:lls sUr:"oWld the soil ilart1cle;
and fom a continuous Fhase.

(d) At aoout 20 percent 1Il0:'stun content, the
filo cechan13a1 oC 'X'ater lllovemect c!:an€;es into
tho c3pi1l~~ oochanlsm but heat tr~o~ission
throurh the solid phase still dOlllinate3.

The tt,cmn.l c:)ncuctiVl~j' of 3 :loil de':lend3 on
grain-si:e d.i~t n butlon, dry censr t)', llloi3ture
content and lll.i:leral cocoo:siti·on. The re:lult:l ot
ext ensi 'Ie stud:!.es 0f the t hemal oro oerti ee of :loils
~j' .:er:ltp.n (I~':')) aad '.:'i·:ltp.r,(orn t 1~60) Ind Le at e the
follonnll':

(e) 31!yond 25 :=ercent, the capillary mectani3/1l
takes over and eventually the themal ccn duc-,
tinty of the soil-'Matar system ac::roach8s
the ther.ual ccnductivlty of ,::ater:·

At coost ~t eo i atur e cont ent, an Lnc re as e
in density result3 in an inc:-eese in concucti'nty.
Tte :-ate of i:lc:-~3se 13 about the sl'.l1Ieat all
:':loistu:e cont ent s,

To pr'!dict ':!len:sl ccnduct:"/itj' of :loils the
rollowinii l!:':I!liric:L1.:'or:nu1a.e/relati-:-::=!li:-s have
been 3u~ested by "/a::'ou:. i::,ves:iga:or3:

(b)

.It co::ste.:lt dp.nsi ty, an L'lc:-ease in
moi:lture conteot ca~3e3 an ioc:~ase in conductivity
r.hicb is ~rue upto t~e point of saturation.

SGllds r.i~!1 a !1i~ qual":: ::ontant ~l1ve
~eater ccoductivit7 than :l~'lds with hiih c::ntants0,- such ::!itler~ls as llla~c-cla.s e :'eldst:~r and
::yroxene_ :oi!.:l To~!1 :-etoltively i:iJl'h c'Jntents oC
'o::lOlinite Cave :-e1"':lvelj' 1'J" conriu~t1vit1es.

:01' siH:I and clayey :loils

k ••[0.9 log ("l7) - 0.2] 1: 10o.Or(d (2 )

:01' sandy soil:.

:c " [0,7 log (~) l' 0.4] 1: 100.orTd D)
(b)

( a)

k •• th~l'::Ial conduct ivity in orO' per squar.,
foot Fer i.:lch ?er hour per debT'ee
:liIrenhei t •

.• " :lloistu:e ccn~ent in :erceot or the d:"/
:loil "eight. •

Td •• d1"l -!'!~si t;,· in poU:lds :o!r c~b 1e root.

where

~.'~_l.:o"''1ki:'..'1c! ~·~::~E!l~~i {~uotl!d ':IV !:~1~s, 171'5'

1c " (A 10~ 71 + :1) 1: 10 e

!::e ::!~'t:':nur:er:-:r in\"olved in ~he:le :'or.:ulae
1s 25 ~er::er.t.

(c)

'i'hen:el ::)nductivity in eeneral varies
ntb the texture of soils. At a given densl~:r and
lr.oi~tur,1l content, t:e conductivity i3 relatively
high 10 coarse ~nt~:~d soil:'! suc:: as gravel or
3 'lJle, 30n:!!....t:atIo"""!:,,in :'I211dy10m ooi 13, and 1o,,.est
i:l fi!)e ~eTtured soi13 such as si:ty loam t)r clay.

Uc~a" (1~6~) ty?o:te:li:ed tha~ ~~e:-e arll only
t7'O paths Co: heat ~0';7 through :I~tu:"a':ed E:'Ulular
::1l~,ter!.:l13:a se!"'ies :18:h ~h:-ou'rh ~::e ;;::mular
:Ie:T.'O~, aic!ed ':y a ::orticn of the co:'11 nuid that
acts to trans~er l:Ht r:::lln g:"ain to' Ip"ain, and II
conti:1ucus rath ~h:-::.I~ ':ne r~n:aint1er ot' the fluid.
.\ ':hir: ,3th ':h:,,:u,~ ,:cntinuous solid :a:erial

in -mich

k .• ';her.::al .:on:luctivi';j' 0:" :l011 i:1 ~/(~)
A" n.l~24 0.~CC~65Sc
~ D O.~41~ 0.000;1350
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iCe::U (19701) has ~'I~ll a trian~la: char': !'or
dp.te:::lL'lino the ther::al cO:lcuct1vi.ty of a soil as a
fuaction ot' t~9 phl1:11~composition: :!!oil soUd:!!, air
sad 'lI'ater. Hi:! cethod does :Jot take in~o account
the soil tipe. (6)- k.19-dt

ror dato!r::",i::ling ~he :!:~:7.:a.l ,=onciuctivity at'
:loi ~3, ~ ex?enr:2~~al !P~~:-:l;;U9"fa:s de'ldl:>-:ed lIh:'c..
e::1901.edd,!tp.:-:uinaticn of t::J.s ?roper~y CroQ'unidirec-
tional heat 1'10" uO'le: Jte:d1 :It.1~e c::ln·.!i~:'on9. :or
suca conditions the :'ate o~ l:i!9.t flor. Clll1be ex~rl!ss
a:s: ~

6.2 % 10-~ <d
.•ei~nt ?e:-ce~t 0:' clay (le:!s than 0.002 ::r:
partici!l si:-=) :'!lle:-:,e-:!.to the total ~el':lht
of the drl soil.

'lI'a~ar cont~~t of t~e soil 1n oe:,ceot.
11"': -ien:lit;.r oC soil in 'r.~:D3.'

c .•
s ••

e

.. ..•
-(d ••

,..:,..

l-II
: I

in .•cu ch

A. is the c:oss sectic::al area. of the soil
throu~n which ileat is nomng.

':I'here

rig. shows a 3che~a:ic sketch ot the get-up used.

:'iit. 2 g"l.'lo!Sa :110re detaili!1!. drawing 0 r the :st:ecimen
cell aae eeol y, A more cOQpl'!lte de:scri9tion oC this
apparatu3 and the te3t ?rocedure adopted is reported
in lIT Delhi Report. 1978.

Te5t:l "'e:'" con~ucted on ell the tbree :1011:1at
widely diCfer!C'nt a:oistur., content:l ra.'l~n~ CroCId
to Cully satu:a.ted .!.'ld !or each coisture con:ent
diC!erl!nt densitl~s_

Three 30il:l were us ed i:1 thi:l :ltudy. Tbeir
index prO?e~ie5 and OTaln si:e di:ltribution are
-li'ren in l' abLe I.

Soi l~ 'J:I'!d::

( 5 )

Itr = bulk coaducti'ritj' oC a continuous liquid
phase.

k:l •• bul~ conduct i vie] a r a d.1speraed ~ranular
phase.

\e:la-=-
kt

n •• poro:Jit:r
A .•• (1 - a) •• volu::e !'radion of :solid:s.

l1c •• volur:e of rlui~

~his er,lression :equire:s kno'wledsre of the
the:":lal conducti'tit;.r of ~he it:"a.'lular :uaterial in
drJ state ~c t~at cf t~e liquid in t.he pore space.

McCa.• (1')69) h aa s~~!estp'rj the Collowing
er,lressioo for ther:nal conductirtty oC a saturated
granular oaten!!.l:

(

J

!.tisting- cnethods o!' -ieter.:ininll' the thema!
proper=ies of /lIoist ca~i11al""J-por'Ju~ bodie:l like
soils, can be sepa.:"ated i!1to two groups: methods
oC stead:r and non-:3te~-=j" ::eat no~. In the first
group, the no,",ot' he~t passing thr':lu'ln tee bad:! or
sys~ell: of ~odies r!t~ains constant in IIIa~itude and
:1i:-ection and the telllper:ltUre Cield 13 stationary.
~et~ods of the other ~roup ?hich are commonly knor.n
a:l "r!t.:ula.r re~me !l\ethoLls" a:'e based 00 certain
laws dt' the non-stationery telllpenture n"ld, with -
cooli:1~ at ':he re'5U1ar re,p,lDe 9ta~e. Thoug~ theee
me~hod:l are !!lore ~ '10~" :han those ot' thl! first
~roup, a 9.teady stat~ oethod (belo:l{l:lg to the ftr:st
,rroup) '11%. bas ed pri:lanly on l.ee's disc ~ethod.
~a9 been u:led ~'l this lnvesti~at.ion ':lecau3e:

i. it is si!!lple in concept and in o';ler:ltion.

11. it dne s oot d.i9tur':l the 9ar.lple, and

iii. it a110"3 easy placeoent oC the sBlllph
at the de31.:ed denei vr and lDo19turll
cont ent ,

Thll ba9ic drs'll'-back or such a :steady :ltate
:leth:d i:s the 10D~ ':iu.:"atl:n or the '!X-;:P.n.rc8:lt.
:urthe:" there is poo'l:li':li1:.ty or :lIoi:Jc;:"e ~i6ration
d'Je ':0 t ~e t e::;:er<!.~:.l:"~~i !:-~r ene ec crnt ed ~:'uik(lv
( 1-:~5)

ResI;lt3 of eX'?erlment:s on soil tY';le 1 are
presented i:t :'igu:e "} for satu:"ated :Sj:ecit:lens wd in
Fi£Ure 4 Co: -!i~rerent degree:l 'ot :la.:uration.
Fi6"Jres 5 and 6 prllseo.t t!:e result5 o!' soils 2 and
3 rcspl:lcti'lely.

;'t'OQ :'ieur~s 3 eo 6 it i:1 Jeneri1lly a.ppare:l t
that k, the thernal conductiV'ity of soil:s stuEed
i:lcrease~ a:l drJ ieosity increase:s at a const~~t
.•ater contant and ~hat i~ increa:us a,:I''lfater content'
inc:ea:!~s at a const.'lt drJ den:lity. The5e :,es~~ts
indicate that the :rl!nd:l isolated earlier by K~rsten
,nth rel{3rd :0 ;yater content end den5ity for other
soi l a , al.::o c::aracteri:e :he soil:l under :study.

Testa on :loil type 1 (:'16.3) in the :saturated
:state co:~borate the vieT ~rpres:led by Koly&:sev ar.1!.
Cupelo (Igsa) that 'lfith i.'lcre:.se in '!'atar conteo.t
the thp.~u1 con~uctivit1 of th~ ~oil-"at"r syste=
reduce:s ~'l<i tend9 to app~acl1 the 'l'alue at the
tl)er::sal c~nductlvit:! a'' water.

Also consiste~t nth the ob:lerration repor
in the 11~erature i~ t:-:e t"!sult re;:ortad ~"rein .t
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~la :11~~1::J:!a OJ:' :::l':":':al cor:::.:c: :OVl ty ill ,rrell.ter
~cr ec ar ee ~:,ai=ec =~~';:-:'I\l in :-~lllt:'on to ~:'ne
drlUo,,'! :::Jt~r:.1l1.

Usi:lg aquations 2, 3 and 4, t~er::al eenduc-
~:"ri:ies o{' the :loil:: :e9tp.d nave been calculated
at ::-'0: l:oi:!turr.-·:'::I:lltj' coo'll!10n9 used :'or te:ltiog.
These v:llues hllve '.lat::1 plot:'ed agains: the eXjle-

ri::le:1tal values aad sr.o"'ll in r:'cures 7 and 8 {'or
lCer:ll en's :elnt io09, aad ~aj(o~ld .nd l~ochl.1nski' s
relation re9pect:ively. These !':'.;ure:J show:hat
~ersteo's relatioo precicts the value:! rea~onably
-=e11, ~erees l.:ako'll'9ki and :':ocol·inski! s predictions
GIll al'llays 00 the hi.;~er :Jidc.

-
~e::'stoi!n'9 ~~t~od are more r~al:'stic.

~he autbor::! ee .rrate~ul to Dr. Ii.X. Sehgal
and Or. T.C. COlll 01" thlt Physics De?4r.=eo~ ~t I:l'
Delhi Cor thci r lI::si at anc e !.:1 ~~e developlllent of the
appAratU:l us ed,

I. !IT Delhi (1978), "Deter:i:1ation of Thermal
Conducti-ri,ty o~ So11s", I:1di<!Z1Institute ot
Tecaaolo~, Delhi.

By ~:,oati:l6 the perceotage silt + clsy as
clay content. :!:1e the!":lal conductivities have bean
COlllPUted agaJ.o 'J9iog ~W<o1r.Jkiand V.ochlin:lki ':1
relatioo and plotted i:l :'1gure 9 agaiost the expe-
r..:le.:ltaj, valu es , Th:'s iigu:e shows that the predic-
tions i:llprov~ wi th sucb a procedure.

Another sali ent feature of these tTC relations
is that, ror a gi'/~ 1II0isture-eensity of II. 90il,
both relAtions yiold value:l ..micn are either on the
hi~Ge: or the lo-.er side of the experimental value.

CO:/CWSTo'rs

AD aFparll.tus slc:?1e in ~siZO and operation,
ba::ed on steady state heat flo .• cooditions, has
b~"_"1.jp.~il:=lerl ror rlctp.r.:lnation of thermal eenduc t I»
vi tj' of aoil:l at de:.il::,ed moisture-densi ly conditions

'!';,e !xr~:"ime:'ltal :~~ult3 on the th:ee soil:!
tudi ed aha ...•.t hnt :!l e tee T":l:U.cenduct.L vi ty 1.0creases

4S d::-J densl tj·.

P:oi!:':lte::1's relation :akes r~~sooabl:r gooe pre-
dictions of t!le the:"Jlal conduc:ivity of soils.
':~e :lredictioo of rekoT3ki and !~ochlinski', role.-
tion;h1;ls i.l:lp:-oves it' the sun of silt aod clq
('r9ctions is t:,~atp.d as clay frection in the
cOlllputation. ~evertheless the jlredictioo9 by

2.

~...
4.

5.

6.

7.

s.

KERsrE:/, !d.S. (1c;49), "Thereal Propertiu of
Soils", Uoi'/ersity of ~llnnesota, Institute
of Techooloa Bulletin, ~0.~8, ~nneapol1,.

lCEZDI, A. (1974), "Sandbook of Soil Ilec!lanics:
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T .iJ!t~ 1 '.
son ?~cr=:P.?T~::

,: ~ ~ LL PL PI
Soil Saod Sllt Cl~ :" ., ~,"

Tne 1 9 45 46 92 2'; sa
'Z'ne 2 34 ~6 ~ 45 18 27

~:lpe 3 78 22
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HEW TECHNOLOGY IN INSULATED OfFSHORE
PIPELINES - DESIGN AND INSTALLATION

-

by'~.W. Horris. K.B. Kaplan. Brown &
Root. Inc. ~ and S.H. Huhs
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A ne~ insulation 'ys~e~ for offs~ore ?ipe-
lines has ~ee~ designed a~d installed as pa:t
or & ne~ tield located in the Arabian Culf. This
5yst~ of insulation vill be used to preve~t the
!or--ationof hyd:ates in dual flo~lines t~anspo~-
ing hig~ teeper~ture c~de oil bet~een six
vells and a cen~r&l ?roduction plat~o~m. The
insulated pip~line slste~, designe1 and installed
\s ~esc~ib~d in this peper, is &?plicable to
futa:e desi~n of insul~te~ offshore ?ipelines.

The s1ste~ is desibne~ to ope~ate at a
consta~t te=?e~at~e of ~OO-deg : vith excursions
to 225-deg t at a ~te~ depth of 50-ft. Over
a ?ericd of t~o lear~. ~-in., 6-in., and 8-in.
?ipelir.es~ere desi~ned through analysis and
testir~. The ~estir.gir.clude~ri~ld joint
fe&si~ility and reliabili:y, ~ler~~ of insulated
?ipe joints ~~ ~ids?en and !ield joints, ~nd
!~l sc&le layba~c~ tension loadir.gof insulated
pi~e joints. Froe this design ~rog~am an
insulation sys~eo consisting of polJUrethe~e
ro~, pol'lethyl~~e3ac~et, heat sh~i~~able
polj'::ler'\I&te~stotlsand ~ield joint :nateria..ls,
and ~eight coati~g ~as developed. The insulated
?ipelines ~e~e ins:alled by the lejbarge ~e~hod
i~ the :all of 1978.

I~ thi, paper the develo~ent and installation
or the insulate~ pipeline syst~ a~e desc~ibed.
Ce::e:'5.1resu.J.tsand :esc~iptions of the field
joint, flexure and tension testing prcgra:s
are given. A desc~iption of the ~ethod of
installation, and its 5.nalysisacd the actual
field instal~ation are also included.
r.rrn 0~IJC'!'I0If

As the develop~ent of the rield vas beir~
studied. a syst~ of satellite ~ells connected
to a ce~t~al ~roduct~on ra~ili:, vas dete~ined
to ~e c?ti~~. ~~e ?ossi~ilit, ot hyd:ates
!c~i::; in tr.ec~ude oil in t~e !lovlines

b~fore the oil vas tlr~cessedloooed &s & major
question to the dev~l~~ent ~lan. Providing t~o
insulated rlo~lines to e~ch vell, one tor production
flo\land the other ror startup circ~ation, to
maintain the ~igh crude oil t~pe~~:ures vas
the ans~er to the process schece for the rield •
The ability to safely install an insulated pipeline
syste~ in a 50-ft vater dep~h becace a key to
tield development.

Table 1 lists the pipeline requir~ents that
are ~he basis of the insulated pipcline design.
The pipe diameters vere deter:l.inedby nov
require~ents ar.dthe ~all thic~ness by a shut-in
pressure of 3,000 psi and corrosion Lllovanccs.
The crude oil to be transported contains a high
concentration of hydrogen sulride vhich dictated
the eetallurgy, ~ateriAl grade and co~osion
Lllovance for the pipe. Insulation requirements
detercine1 by the process schece are 3-in. of
polyurethene roam \litha me~i:num :be~l conduc-
tivity of 0.20 (BTU-in)!(rt2-hr-deg ~). Haxi=ua
dcsign operating te~pe~atu:e tor ~he pipeline
sys~ec ~as established as 200-:eg r vith excursions
to 225-deg :".

,.AlsO include1 in Table 1 are the on-bottom'
stabilit, conc~ete coating require~ents 'Jhich
vere dete~ined from laO-lear storm conditions
acting on the pi,elines, coated vith 3-in. of
polyur:t~ane foam, restin; on the sea rloor. As
can be scen :rom the table, the co~crete
requireme~ts vere large to coopensate Cor thc
buoyant eCfect or the insulation.

From these basic design par~eters an
insulation sJste~ 'JaS developed :hrough design
and testins. The llIAjorareas ot desig:letCo~
vere:

1. Development ot a ~te~ barrier Cor ~~e
insulation vhich could sustain ,ipeline instal-
lation load.:':-.;;s.

2, Develo~:nt or a tield.joi:t sys~ea
th~~ r~ovi~ed a veter ~a:~ier r~~ t~e insulation
L~d.could be i~st~11e~ en a lai~a:-o:'
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~. ~:ve!c;~~~:o~ a =~ch~~is=~~:~~by the
:~~:~~:e:=~~~~~:~~: ~e :o~:~d~~~~e i~~~a~~~n
~~~e~ ~~ri~r ~~ ~u~~~i~ ~ip~l~1 t~~sion loe~:.

~. :~:e:=i~e:~~ ~~~ec:of ~~e :c=;osi~e
~~sul~:ed?~~eli~e ~~~~:onO~ ~h~ r~~~~~l·
~£6i~£tJ of ~he ?£?eli~e d~i~~ i~st~12aeion.

5. :e'/e1.C:l:l~:ce-:~esand any necessaz-I'
e~~i;=ene to ~e~~iJ i~~tall the i~sulaeed
jli;:ell:aes.
!~:SIJTJT!ml S"(ST~·l

The'the~al ins~ation syste~ for the
pi~elines :or.sistedof approx£~atel¥ 3 inches
oC ?olyuretr.~ne rc~ sur~o~~ded by an outer
~ackee of prero~ec hioh density polyetnylene
as sho~ i~ ?ieure 1, ~e polTlrethane foam
i~sul~tion hed a mini~ ~ore density of 6 pcf
a:a~a ci~ic~ cocpressive stre:agthof 120 psi
vhic~ resulted in an aged the~al conductivity
value of 0.13 (BTU-in)/(:~2-hr-1eg F). ~y
s?e:i~ing e~is cccbinaeion of paremete:s the
required i~su1.~tir.gpro;:ertiescould be obtai:aed
'Jh:'.leprovid:'.~gsufficient fotU:Istrength to
resist t~e c~~shing a~d bene£n~ loads of
i~:tal2ation. Also, this st~en~h feam vould
not collapse uneer the hydrostatic load of the
sea ;:ressure.

The a:lolic~tionorocess chose:afor the
!c~ ~as th~ ~~er t;oe met~od. In this
=e~~od, the ?ipe is ir.;erteeinto the ?reformed
:oly~th¥lene ~~cy.eten~ placed on a ro~ing
line cesi~~ed ~o hol~ t~e jackee concentric
'Jitht~e ~i~e. A st~el nuller taoe at~ached
to ~ roll'ot pn?er is fed through'the annulus
fo~ed. The f~nc ~ixi:a~and =izpensing ~chine
is ?ositioned over t~e :ape~. The tape puller
and the foam 1~s~ensi~g no::~e st~ si:ulta-
neously, thereby dizpensin~ the mixed c~e~ed
:o~rurp.thaneco=?one~ts onto the :ovicg :aper
es shovn i~ Figure 2. ~nen the cre~ed
cempone:atsare dist~ibuted throu;hout the annulus
of the ?ipe and Jec~e~, the puller tepe ~nd the
ro~ eispensi~ unit vill stop, te:porar/ steel
end caps ~i21 be placed on the pipe, and the
?olyu:et~ane vill rise and fill the annular
Srace bet~een the pipe and jacket.

~is :ethod ~as chosen over other application
;:roce'!u:-es.such as spraying the fcam on"
ceca~se it ~as cc==atible vith ~he or~fo~ed
Jac~et sJst~ used: Diff~r~nt jack~ting systecs
vere i:vestig~ted. ~~~ the prefo~ed ul~~ahigh
=olec~ar veig~t Fol"et~ylene jacket system vas
choaer.rath~r ~~an c~~er jacke~s, such as spiral
cr~?ed ateel, ere~~~e~ polyethylene, or a s~eel
pijle,because polyet:~'leneis extre:ely resistant
to :~ssage of ~ater vapor and has the best vater
resistance ot any ~eajily avail~ble organic
poljeer. ~hi5 is i:;ortant, because one of the
key design ~ara=e:ers ~as t~a: no ~ater shall be
able to ?en~~r~te tc the fcae over the design
life of the ?rcject. If the foam ~~re to 5et
~et. i: vould resCi17 ~egrnde a:adlose its
i~sul~ing ?rope:ties. ~e ultr~high molecu.!.ar
vei;ht desic~atic:a:eans ~~at the :olecules
~r the :aterial are ~ery lar;e ~hich i=?roves

,1 =ec~a:aic~ ?ro~~:ties o~ :art~ colded from
•.t.

~cce c~ ~~e =~C~~~!:~;~:~~~!es i=rrove~Ove~
~o~~l =~le:~l~~~e~~~~ ~cly~t~Jl~~ea:e a~r~sion
:"e:!l.::':!.:1C~. :=:"~t.~~:-~~l:';:~r.C~, ~~~:- ~-::'"e::.;:~:1~~
overa12 ;:~Jsic~~ st~~~st~. "~oth~r ad~a~~~~e o~
t~e relJ~t~rl~~~o~e~ s:~el~~c~e~s is th~~ ?ol,-
e~~yle~e ~oulc ~Ot :nte~f~re 'Jiththe cathodic
,rotec~:on sys~e= on the pipe.

One possible ?robl~~ in using a preCor:ed
jacket vas the i:aspec~ionof the COliCa:ter it
~as appli~d to the ?i~e to check ~or voids. An

•infrared heat detection unit solved the proble:
by sensing any cold spots or voids in the
~olyureth~n~ i~e~i4t~ly at~er appl:'.cation. I~
mioht be notee, hovever, tr.atrev voids in the
roam vere encour.te~e~juring the production
run of the pipeli~e. ~is ~as ve~i~ied by
periodic stri?pir.gof insulating joints each day
oC production as part of the quality control
progre.m.

Upon completion of the rOliCingprocess,
heat shril'.kll.blepol:r::ervaterstops vere applied
to both ends of the joint. 3y this ~eans the
i~sulation on each 40-ft ?ipe joint ~~s encapsuled
so that the rail~e of One joi~t or ~ield joint
vould r.oteffect the enti~e oi~eline. !he ~ater-
stops also protected ~he ro~ fro: ~oisture
durir~ shipping,

Another unique problem encountered vas to
cathodically protect the pipeline vithout
penetrnti"6 the polyet~ylene ~acket vater barrier.
~his ~as solved by ~l~c~~g the anode on tho outsiee
of the polyethylene jacxet ane rJnning a cable
r~om tbe anode to the field joint area vhere i~
vas exothe~cal2y ~elaed to the pi~e. The
cable ~as on tOp of the jacket cut ~~s covered
vith the conc~eee ~eioht coati:ag.

The insulation syste: vas applied over a
thin f:l: ru~ion bonded epor/. This corrosion
conting ~as chosen OVer an ordina~ coat and
VTll.psys~~= bec~use oC the hig~ operati~
teo~erature. The !o~ insulation adhered
exc~llently to the fusion bonded eporl'as ~~s
cemonstr~ted in tension tests.

The field joints vere designed vith three
:Ajor ccnsiderations in mi:d. First of all,
the rield joint ~s to be insulated. Secondly,
no ~ater vas to be able to ~enetrate to the
tield joint nor the 40-ft l~ng ir.sulatedjoint,
~irdly, the tield joint syste= =ust be capable
ot being i:astal1edin a reasonable amount of
time so that ?roduct:on on ~he laybarJe vould
not be ~peded. The ~ield joint vas designee so
t~at there vould be several levels ot ~rot4c:io~
eac~ act£~s ir.depen~entlyo~ the others to
p~ev~nt the ~cam insulation from beeocing vet
and rurthe~ore to ?revent corrosion of the pipe.

Di~terent typeS of corrosion coatil'~svere
t~!ed to orotect the nine in the ~eld ar~a. A
:ield ap?iied epoxy v~s'conte:~la~ed, but it
'JaS roun~ to be,too depe~~ent upon.sur~ace
pre~a:nt~on, ~~lC~ ~as tl:e cons~~~~. The
corrosion ccati~~ decided upon ~~s a heat
shrinkable Dol~~er sleeve vith a s~ainless steel
c~er.nel. The ~~~nnel ~as !~s~511e~ onto :olded
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ri~e, ~o se~'~~ t~~ s?lit Jle~ve ~:to ! c,lin~~~,
~ ~'nnta~~ or the sl~~~~ is that it ~ocl! ~e~~i~e
co ,a:~ace prepa:~tion of th~ ?i?e, other than to
r~ove ~nJ ~e~li~~ sl~~ or sharp ed~e5 or ~el~

A;:ot~~:Ud'/li::t~.,~of t;:~sle~'/~vas th:l.t
i~ 'muld e~e~d bet~een the ~aces or ::.ne~ate:5tOps
6i'n~ ~~ced prote~tion s~nins~ ~~ter instrusion
into ~~e ~O-rt ;oLnt of ?i,,~, :or ad~e1 protec-
tion, ~est sr~i~~ pQ1Jme~ collars \lere?lac~d
aver the s=~l en~ of th~ ~ute:sto? sft~r it vas
,~~ in ?lace, This ~oll~r ~ould ~~t~nd
the Le~~h at the s~ull ~~~ of th~ ~uterstop
to ecsu:e that the field :l.ppliedinner corrosion
slee~e ~o~~ co,er th~ s~ll er.dof the ~at~:5top,

\/hen::.ht:sle'~'1o:'Ja:}:;h:,,~r.kinto ::llnce,3-in,
o( ?Q1JU:ethune ~O~ ~a:linject~d int~ a col1
aTeI'the .lee~e ~o proviJe the insul:l.tion~or
t::eridd jo int :l.r~·l,On top aI' the fo,'.IlIinsula-
tion, a~Qth~r ?oly:er s~lit sleeve '~s shr~
into place to ~eep the insul~tion ~/, The
sleev~ exte~1ed from th~ larg~ end of one vater-
stOp to th~ lur~e ~nd ot th~ other in the rield
joint ares. ~sin for added protection, a h~st
sh:i~~:I.~lecoll~ ~as placed over the lsr;e end
of the ~aterstop to e~end it:;len~h to ensure
that th~ lerse end '.roul.l.be cov~r~'.i,

Various :aterlsls ver~ cor.si~e~e1for the
till~~ ~rea ~,p,rth~ outer shrir.ksl~e~e, The onl,
rill~r requir~en: ~a~ t~at th~ ~at~ri~l provide
cec~anical oratec~ion to the sh:ink sleeve a,
th~ Fi?~ ~e~t over the ?ontoon rollers. A =astic
ri11er ~as ~xacined, but it '~s found to be too
hot as it ';auld~elt the outer shri~~ s1eeve, A
quick-set concr~te fill~: ~ate~ia1 ~as consider~d
but Va3 round too aV~Jard because or probl~s of
cc=~etely rilli~ ~he area 'rithout,oids. ?oly-
uretr.~nero~ ~s found to be an e~cellent outer
tiller material since it provided good mechanical
st~e~g.h, A clear ac~a~ta~e of pol~~ethane r~am
as 4 tiller material ~as t~at ::.h~roa: equipcent
vould ~read1 be aveil~ble on the la,barge,

The e~tire rield joint desi~~ and applica-
tion ?rocedure ~s develoced ~ith a comnrehen-
3i~e t~sti~ ?rc~~ac. Th~ rield joint testing
pra~r~ :~sted ~l or the =at~rials ar.dprocenur~s
~entior.ed~bo~e ~o rind OUt ~hich one ~4'best
suited for the pipeline, The pr0S'~ verified
that esch at the ~rious ~ieces in the field
~oi~t (~.e.,inne~ ar.douter s~lit sleeves and
<:o.!.lll.rs,\n1terstoos) ~ould ac~ bde:lendentl:r
of ~sch other to ?rovide the ~ate~i~~~
prate~:ion ~r.ich~as re1uired. !ach of the
heat shri~~ ::lit:ces~as ~ested tor all thre~
si:es a~ ?iF~line,

In addition, the test~~g ?r0S'~ '~s used
to :i~d the be~t adhesives to use On each or
~he heat shri~~a=le polJ=er pieces ur.deroperat-
lng conditions, The 3~tUP (or the test pragr~
as sho'Jnin.ri;ure 3, consisted of 5-~t joints
o( ?i?e ~el~ed together ~ith the resultin~
riel~ Joint ~ea~. ~en the rield joints ~ere
<:~~?l~te~,they ~~~~ su=c:r;ed in ~ ~~te~ ta.~
Cor :~ ~O~3, Cu:ir~ th~ e~ti~e 2~ hc~ test
?eri:~, 3:e~ ~~s r~r.~~:o~gh the i~si~e or
:~e ~es~ ?i~c~s:0 s~~~te the ~e=r~~&:~~
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at th~ ~ot c~~~~ oil ~r.1the ~ater bath ~as c~ille~
to ~ee? i~J ~e=;~~a:u:~ ~C~~ ~o s~'il3te ::.h~
t~p~r~:~r~ o~ ~h~ se~ 'JUter, This ~4S dee=e~
an i~por:~~~ ?er: of :he testi~~ ?rog~1:, ~ecause
it ~a3 ~n as close as possibl~ to the o~er~~i:~
and eny~:cr:.entalconcitions of the ?ipeline, '-
ri~~ ~ ~h~~~ ~ ~ield joint beir~ exu:l~e~
a{te~ ~:~oval ~:o~ ~he ·~~t~~bat~.

Anoth~: ?hase at the fi=ld joint tes:ing
prog:~ ~~~ :~~~~ the spplic~tion of :he various
sche~es ~o Se~ if production aboard the laybar5=
'.rouldbe :'\e.::?er~d,. Some of the testing '"asdone
~ith l~Jc~:,,~~~~pe~/isor, personnel. Their
knovle~= of the actual Cield conditions oroved
invalu3~1~ in designing t.he~ield joint c~nfig~s-
tion as ~o ~h~: could and could not be ~one
Il.bol1ruIJ. 1'1J'ca:"3C,

~it~·the sel~~:ion of the pol,et~ylene
jacket i~sula~ion s,stee, considers:ion '~s ~iver.
to bondi~~ ~r.~:oncrete veight coatin~ to the
insul:!.te·lOIi;'l/!,?rohlp'=:Jvi.~happlic:l.:ion01'
t~~ cor.c:e~=~eio~t coating ~e~e :l.ntici;st~d
becaus~ of ~h= slic~ surface of the po17~th,ler.e
jack~~, A :'.(U ?a:~ ~esti~g ?rcgram vns 1evised
to defi~e t~e ~onJing prool~ and ~o devise a
prac~ic~ =~s~s of improving the ~olyet~,lenel
concr~:e bond 'Jithinthe time !race of the project.
The rirs: stn~~ :If the testi~ program 'JUSto
te5t ~ n~~~: of ult~rn~te bondin~ method~ under
controlled :onditions. The~ in the second chase
of ~he ~es:i~;, I~1 sc~le tests in a layba~3e
pipe te:sion~r ~auld be condccted ~sino insula:ed
pipe ~ei~~t c=ate1 'Jith the optizt~ boncing
method se~ec~e~ in the !irst phase.

Tes: sac?les ror the first testing ?hase
vere ?r=~a:~1 by :~~ing t~o 40-rt joints ot 4-in.
pipe ~r.dins~a:ir~ th~ in the coating plant
as par: or a ~or.:alproduction run. Eight
dirfer~nt bonClng means, includir~ smooth
polyetr.,le~e,~ere applied to different se~tiQns
of the i~sala:ed ~ipe joints vhich vere then,
conc~=te coated using the i=pact method. After
concrete c'~ir~, the pipe joints vere cut into
5-ft spe~£=en len~~s and t~e conc~ete :oatir~

.on eac~ 3;eci=~:\cut into 12-in. lel\J)t~sfor ,
te5tin~.•

Table :2 lists each ot the Qethods investi~ated
iri & des:~ndi~~ orde~ ot ave~~ge yield she~
st~ess, ~e :es~i~ sho~ed that un~~e&ted,
s:nooth,::o:':'~o::h,!.enej!l.ckethas a lov shea:-
~trer.;~h~~~ :r.a~the ~olyeth,le~e/c~ncrete ~or.d
did ~e~~ to be i~orove1. ot the othe~ eethods
testei, t~e ~ethod at lightly abr!l.cir.gt~e
polye~hylen~ jack~t vi:h & vi~e b~sh proved
to be the :05: er~e~tive. ~is :nethod'J3S
recc:cen:~d ~or :ull-sc~e :esti~ 'Jiththe
reser~a:io~ t~at s~rir~e:\tquality control be
~plo,=d to i~su:e that the jacket not be deeply
scr!l.tc~e~and jeopardi:e i~s inte~ri~7.

Acca:iir~l" (ull 40-Ct vi?e joi:ts, six
4-in. a~d t~o a-in. dieceter, ~e~~ coated tor tne
test. As ~= r~~~e !. th~ pire joints ~ere ir.S'Jlate:
in the :~e~~~; ~la~: du:ir~ ?rod~:tion, ~as:~ cn
the :~sal~s of t~e ccntrolle1 te5~~~. the ~L~e
joi~~s ~e:e ~:~~de~, but & ~it bleste: ~~s u,e~



i::,:e~d of Il. vi:-: :r.:sh. :'1 cs:':-.; t~: Oo":'t
,::l~s:e:-i-: -.IlLS ~e!t. t~e sa::e :"c~eh teX':~:"e ot
••.•,,:o!.lethyl:ne':ac~et could 'l:e'l.chievedon a

. ·':::,ej:rcc.l:c";i·:e~as:'s'.-ithless risltof
ir.;tr.e?olJe~~llene jacket. After s~o~

.d.ir_:.the ;Jillejoint~ vere conerete coated
~si::;t~e iCFact =e~hod and al!ov~d to cure.

COncurrent vit~ ~he ter.sion~esti::;~ro~-~
a series or fle~.:raltests vere con:uctei"to - ,
deter=ir.e t~e ~endino respor.seof t~e i~su!ated
pipe dl::-i:-~installation. To achieve this goal
the testi~g vas conduc:ed ".lithtvo objectives.

- ~o cete~ine the rlexursl rigidit, of
the cocposite insulated pipe section.
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To determine the stress concentration
effect of (iel~ joints.

Seven 4-in. dill.llletertest speci~ens. each
20-ft long. vere pre?ared ror testir~. ~eldable
strain gages ~ere attached to the pipes before
the polyurethane ir.sclation and polyethylene
jacket ~ere applied at the coa~ing yard vhere the
concrete coating ~~s elso ~nnlied by the icnact
method. One of the 4-in. pipe speci~ens va; not
insulated but onll concrete coa:ed to se~e as
a base for the tes~ing. Of ~he recaining six
4-in. spec:'mens, three vere continuously coated
vith in3ulation and concrete vhile a simulated
field jo~t va3 c~eated in t~e center ot three
by r~~oving the insulation and concrete eoating.
A continuously coated speci:en and & field joint
specimen vere prepared usir~ 8-in. pipe.

Atter the concrete coating h&d cured, concrete
strain gages ~ere at~ached to the compression
side of each test specimen. Rods vere attll.ched
to pipe through hole~ drille~ in the concrete and
ir.3ulation. In conjunction vith & stationary
line stretched acro~s the tes~ fi~ure, deflee-
tions ot the pipe speci~ens vere measured.
Figure 7 shovs the test fixture vith a 4-in.
pipe specimen in it. The fr~e su?ported the
pipe on tvo ,addles, 10-ft apart, equally spaced
along the pipe. ~JO cylinders at either end ot
the pipe joint ep'plied conce~trated loads. By
this means a constant flexural ~oment vas Obtained
in the center lO-rt span of the pipe.

Each pipe spec~en vas loaded in increzental
steps. At each loadicg step the load, s~rain
in both the steel and concrete ga~es, and de!lec-
~ion along the pipe vere recorded. Five ot the
4-in. sp~imens ~ere loaded until yielding vas
recorded at one or ~ore points along the pipe.
~.lo field join: specl:Jens, one 4-in. and one 8-in., .
vere loaded to 85 per cent of the s?ecified
material yield stress and c,cled ten times from
tero to the 85 ?er cent stress level. One
continuously coated speciaen ot each si~e va3
loaded to failure then ~otated leO-deg. and again
incrementally loaded to ~ailure in reverse bending.

Before the testir~ began & cucber or
circucferential c~acks vere noted in the concre";e
coating and vere ~rooably due to shipping and
handling. Du:ing testing cracks first appnred
over the saddles and then appe&red in the llIiddle
span &pprox~ately one di~eter apart as the
lead increased. Althou~, soce of the c:-acks,
p~icular17 at the saddles, becallIeas much LS
1.875-in. vide, there vas little s?alli~~ of
the concrete coa~ing. A:ter testing, the concrete
vas re~oved a~ the locaticn or some of t~e verst
cracy.s3nd no d~a;e to the ~011ethy!ene jac~et

Figure 6 shcvs the ~i:,stresults of the-
layb~r3e testing, The 4-in. and 8-in. pipe
joi::ts~ailed at an aver~;e shear s~:-essof 8-psi,
the sace as smooth polyethylene in the controlled
test::r.g.Frolllthese tests the follolring
concluslon, ~ere re~ched.
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Table 3 shovs the results of all the lay-
ba:3e testin~. The use or vire brush abras ion
Il.nd14 oa~ge vire reinforcing proved effective
b~cause the test3 ~or :~ose ~ipe joints ~ere
c~:-~ed out to either t~e ~~i=um tension
c~?~city of ~he te~sior.eror the ~e~sioner
ti~es sli~pe1 alon~ the pipe. From these tests
i: ~es reco=xended th~: each pipe joint be
~nt~nuouslJ aora~e1 to ro~ a nap ot

~~thJ!.ene ~i~~rs. 14 ea~e ~ire reir.fcr:e~ent
~ed, ~n1 t~e reinfo:-:i::~~ir~s sho~d ~e
inl:ous:~~:ug~ the ce~ter ~atch on the ~-in.

die.::eter?ipe.

~o =os~ aCCl::e~el, si:ulate t~e actual
i::~-;alla~ionconditions. one at't~e tvo vheel
t~e ?ipe tensioner~ on =:-ovn& Root's L~ybarge
~Aa-~~?~as used. The testing configuration is
shoun i::Figure 5. The pi?e tensioner and cable
lIi::cha:e ccordinated so -:.he'.-i.no:h·culls the
piFe out 0: the te~sioner to ~e:e~ine payout
tension and the te~sione:- ?ul:s the pipe
(:-0:0 the vinch to deter--i~~ pay in tension.
This is the sece procedu:e used in c~ib:-ating
this tj~e of tensioner ana the ~~nsione:-~as
calitrated ~ediately prior to testing.

2. The 17 ~a~e vire :-ein!~rcing did not
'ribute the tension over ~he entire joint

:h since ~he coating repeatedly tailed in
!~s~ 8-ft to 10-ft o~ each joint.

Af~er testir.g all of :~e coated pipe joints,
they ve~e stripped of their concrete coating
and ?rep~ed ag~i~ for testing. The polyethyl-
er.eJacket vas abraded ".litha 'Ji~ebrush either
continuously or in a close spiral to detercine
~ov QUc!:abrasion ~ re'.1.ui:-ed.':'votjpes ot .
he~·ri.er r~inforcir.g. s-s 17 £auge ..,irevith more
~~:-~st~ands t~an nor=al and l4 gs~e vireo vere
~ec. A concrete coatir~ ~~s reapplied using
the i~~act method and al1cved to cure. The
rei~~orcir~ vires ~ere connec~ed contin~ouslJ
thrc~gh the center ~a~c~es ~or the ~-in. joints
and ~~e ~atches i::stal!e~se~arately.

1. The polyethylene jacke~ re~overed from
the :-ougheninKeffect of the shot bla,t. The
diffe:-encefrolllthe vire br~sh :'sthat the
polyet~Jler.eis no~ cut and a nap of fibers
:-aised.

3. The center ~~tcr.esi~ ~he conc:-ete
coati~~ of the ~-~n. piFe join~s fa~ed because
the ~:re rein£orcir~ ves not continuous
:~rc~h them.
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figure B ~ho~s ~he ~l~~~~l ~i~i~i~y of
~he 11-:':1.~r.c.~-i:l. coc:;:cs:'':epi-;esectlons. Th~
Cl~:cur31rii:di~1 ~i ;~e ~-i~. ?ipe ~eC~~~j~~
3.ft~:' ~-: :,as 3us'::l:'::e-: :-~'/e:"se ~e:::ii~. ~hi5
ir.dica~~s~h~: the conc~e~e coa~:ng cont~ibut~s
to the ccc?osi~e ?i?e s:~~r.~~ an1 t~is cont~ibu-
tion i:J r~1~ct!'! n.:"-:~:- ::1'! conc:-r~t..~ he s !:~':!n
crac~~d i:1t.e~sion. ~~e Cl~xu:al rigi~~ty
plot for t~e 3-ir.. ?i,e is the s~e ror b~ndir.g
~nd rcv~~s~ ~"ndi~~ indi~Rtir.;~ l~ss SUbs~3:1t:'al
ri6iditJ con~~ibuticr. or the concr~ta co~:i~g.
As expf'!c:c!~ f:·oo ,:~i~ :.~-:.~, st:-ess ..:on:e:'lt:-st,ion
:"Il.ctors:001" the !ield joints 'rarf t'rOl:1:?5 (or
initi~l benli~~ ~o l.~ ~or r~vp.r~ebendin~ o( the
4-i:1.pipe ~hil~ :he 3-i~. ~i?e stress ccnce~tra-
:ion r~ctor is 1.4 :or ~oth C~ses.

Upon co~letion of the tension and flexural
bendi:-~":esti~ ?ro£t"~s, the design !lhase(or
the insula:ed pipelin~ syst~~ ~ns campl~t~d. The
focus ~hifted to insullat ion of the insulated
ofrsho~e ?ipelines and associa~~d ~ise:s.
P:-epu:-a.tion for ir.stall-ation bego.n'.rith prepa~3.-
ticn of inst31lation ~rocec~es and cethods.
~~diticaticns to ?i?eiay c~ui;ment becaus~ of
the sp~cial requi:~=en:s of the insulatee
pi?elines ~e:e d~si;r.~1and ~rfe~ted. All of
tne sdvan~e ~r~oa:~~ior.s~ere comoensate~ i:1
the s~oo~h i;st~le~ion ot t~e in;ulated of:3hare
pipelines.

One aC t~~ fi:-s:zt~?S in pr~Far~:ion rar
pi~elir.ei~st3.l1ation·~s the davelapcent oC
inst~lation proc~dur~s. Each pipe site, b-in.,
6-in., snd a-La., vas 3.n~,:ed and a procedure
develape1 for pi;el~y startup, ~or=al pi~elay,
pi?eline abo.n~o~er.t/recove~/, and riser
ir.sr.alletion.for ~o.c~csse the ?ipelir.etensior.
'~3 ~ir.~i~e~. The 4-in. pipe ~o.sanalyzed
using a ~ei~hted ave:3.;~o( the flexurll rigidity
for reve:3e ber.ai~gover the length of a pipe
joint and the ri~lu Joint str~ss intensific:l.ticn
facto: for sir~le bending to be conserrative.
The a-in. ,ipe vas sr.~,:ed ·Jiththe =ore
conserrati're assu:r~tionthat it be!,:!!.vedlike
the 4-in. pipe. A~aly~i~ of the 8-in. pi~e ~as
perror.neudi:ec:ll f:om the Clexu:ll test uat~.

Ilor::.a.ll:tI!o st::I.i~httne =,on:oonis used
tor "ipeline i~stell~tion in 50-ft ~ater de?tr.s.
Hovever, due to the lov :~~xurll ~i~dit7 to
~eight r~~io tor the ~-i~. ?ipe, t~is ~ethod
01" insta~lation vas ,b:or~ct:'c3.l.Insta.!.la.tion
st:ess Lnallsis sho~ed'that the pipelin~s could
~e laid ~y cear.saC ax~sl ~ension a~d :scurve~
pipelA7 ~ontoon. A tension level at 31,000-103
'~s r~~ul~ed far t~~ 4-in. pi?elines and 40,000-
las vas requir~d Cor the 8-in. line. The optimum
design ot the "i;elsy pontoon ~or All the pi~e
si%e~ ~s dete~i~e1 to be A curfe1 pontoon
app~ox~=etel:tl~O-rt lon~ ·Jit~A radius of
currat~e ot 150-r~. Since no pontoon of this
t~e ~AS :svll.ila~lein th~ ~idlle Esst, &
3traigr.:~ontoon ~as =odi(ie~ by reduci~; its
ler.~h a~: re=o~:t~~g ~~e ?ipe sUPFO~ rolle~s
to ~ 7~O-ft ra~i~s.

~odlCic~ti~r.s:0 t~e ~i~~l:Siba~~e, ~~~-1~T,~si
~~~~ J~~=::i~e~ t~ :e :-~;~i:~~. An~:tsis of
:~e ~-i:l. ~i~! ~~d:'ca~~::'~~3.~ l-: vould be o'/e:--
s:r~~sed~~~~~ i~s o_~ ~a!;h~ i~ it span~e~ the
r.o~~L ~O-~~ ~~:~~~n ?i;e iU~~C:":3 on :~~ l:l.Y-
:a:g~. Ac~~:~~r.;~:.te=;~r~~' roller SUp;0~3
~ere pl~:~~ cr.:he rae? ~C the ~ara~ so :~&t~o~
sp~n ~as ;~~s:~: thar.2C-Ct. ~e pi?e han~ir.~
:::,:\r.e'J:I:i ~1uip!led'"i~h!. s?re~d~r ~l1r s;)that
~he ~-tn. ?i~e ~oulJ ~~ ~i~t~u 1t least 6-:t
:rom th~ ends o( the joi~ts. Extr~ lirtin~
~oint3 ~e:'~~r.s:~1~~d:e~4e~:1~he existing pipe
davit~ ~j ~ssis: in li:~~~g the ?i;e dur~ng riser
i.nstaLl:H.ien. 9A1l-2IJT ·.'"asaLso :l:odi:Oied:0 IlC~~?t
the polrur~~~~ne i~jec~icn equip~ent re~~~ed Cor
:h~ ri~l(iJoint~.

At the t~e tha.t?ipelay began, ~l or the
jacke~z (or t~e ~ell tripods and the production
~latfo~ ~e:,~in olace :ut none o( the ~ecks ha~
been s~t. !3.ch:oicvlir.e'JaS installed by ~tarting
at the ?rod~c~~on ?lat:~~ and layin~ ava, to
the a~oroor:~te ~ell t~ioad. A(t~r both flov-
line~·:o ~ ~ell tripod ~~d been l~id, tne risers
at that ~ell vere instllled. The risers At
the eent:-~l~~cility,~ere installed &t~~r all
the rlov~in~s had oe~n 1sid and the :ise~s at
t~e t:i;:.:J<.!s$et.

On the laY~4r~e t~o ~ork sta~ions ~ere use1
(or ~eldi~~l one vas use~ :or radiog:aphic
inspection. and t~o ~o~ (~el~ joints du~i~g pi?e-
lay oge:~tions ~or the 4-in. pi?e. ~ree
~eldin~ s:~tions ~ere ~ed ror the 6-in. and
d-in. pipe, All ~f the ~elding ~as done :Anually
usin~ ~;~er~al line up clao?s. Conce:1tricity
or the ;i;e ·rithinthe conc:,et~and insula~ion
coati~z presented ai~cr prcble~s in ~el~ing
line up but .'1idnot e(:'ec~the overall installa.•._.4n.

Figure 9 shovs the tnsulated pipe entering
the ~ioe :e~sior.er. Side rollers ~er~ ~ounted
on the" si~e or the tens:one: to ~ee? t~e pipe
in bec~use ec~ent~icity ot the ~ipe in the coa.tir~s
70uld oc~~sionally ~~use it to :ove late~ally.
The pi~e ~elds ~ere r~dia~ra?hically inspected
'i~medi3~e11 a(~ 0: the tensioner. At t~e
~egir~i~~ :( ?ipelay, ins?ection ~as done by
x-ray but t~is ~as later char.gedto g~~-:ay

.•to ke~p pace ·.nththe pipday ~ate.
. ~e rie1d ;oir.ts~ere installed usi~~ t~e

proce~ures ~eveloped in te5tir.~. Fi~e 10 $r.o~s
a sh:irL sleeve being inst:l.lle~over ~he veli
are~. A~pli:~tion of the inner lAle: or ~olJ-
ur~~ha~e i~su1ation ?resented a n~be~ or probl~s
iu:i:ll~~:.=elU"ljstag~s of i1i,elsy. It'the
&mount ot ~oaQ injec~ed into the ~ecovable
::101.:1~as not c:s:O:l'Ully::IIOni.:ored. the aocu."t
varie~ :.n~ht~e hea~ ot the day an~ ~~e insulstion
·JOulicrac~ one~ aftlT the :oli vas re=ove1.
After s ~u:ce; at interi~ solutions, the prob1~
·~s sol~ed ~y usir~ disFosable :olds vhic:h vere
lef~ i~ i1l3ce. Fi~re 11 sh~JS an outer shri~(
slee~e i:stalle1 over the insulation laye~.
~e out~r layer ot (0&0 tor ~ec~anical pro~ection
~4S ins~alled, as in ;i~~e·12. i=media:ely

'be!~re t~~ pi?e ~'slaid :ro: tne bars,: into
the ·"lL~e:'".

!ns~all1~ic= at :he risers ~en~ as s:co::'_._.
as :~e ,i~elsj. In e~c~ C3'~ ~is~: i~s~~lla:i~~
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~!.!~~0:'1 the sea
:c':'·;::!:"..;~l:e ex:'st:':"..;;
:l:':. ':.:1c:~~d':.0 ~he

) ':.'-" sur r'ac e in
! . :!e::th \las
s':.~-,.e1onto t~e

e ·.IeBec.joint
e ar.d~iser ~ere
:1 i::':.oplace.
~es required for
Hnes and the
u,l.ationrel!l.ted

tl:~t~i':.tletime
elay ef~ort due to
r=ents. Due to
rations, t~e
d oifshore pipelines

di~!ic'J1ties tha~
e ?i?elay o?e~aticr.s.

,lines have been
.cre afte~ tvo years
'a'tions. :·!anyof
::1 fee.t'J:esdeveloped
.icable to fu-:ure
I. The more 5ignifi-
.nelude.
!':.hanefoae insulation
been developed.
larger die.'Jeter

pi~e':':'nesor i~ ~ee~e~ ~~:e~ derenc.i~..;;~?on the
c~~sh:~~st~er.~~or ~he ir.!~a~ion.

2. A S7stec o~ i~s':.alli:,,~i::sula':.~dfiel~
joints 0:1 a lay:a.:"ge~a5 been developed. Again
this syste~ ~y be used for larger diameter
~ipelines or in c.ee?ervater dependin; ~pon the
c~Jshing strenb':.hof ':.hefoam insulation.

3. Tension testing performed as part of
this proj~t shoved that an abraded ~olyethylene
jacket could sustain tension loadings of 60,000-
lbs in :agnitude. ~her testing vould be
re~uired for tension require=ents greater than
this •

4. The concrete coated insulated pipeline
does behave as a :oc~osite sec':.ionunc.er flexural
loac.ing. This phe~o~ena is mor~ ?r~nounced vith
~all diameter pipe and :eccces less significant
as the pipe diamet~r ir.c:eases.

This paper is based upon design and testing
vhich lasted over a ?eriod core than 2 ye~s.
During th~t time, Po. Po. Saker, R. E. Ca.in,
R. L. Fearon, J. D. Touchet, and.others have
been involved in ':.heengineerir~ design, testi:g
and critique that fore this paper. The Author,
vi,h to thank them ~or their efforts ~hich hAve
made this naner nossible. The authors also vish
to thank B~o~ l°Root, lac. Cor percission to
publish this paper,

T..- ,..~.'. .
-: :

.-,~.
':" ~

'"

\lall ':'h i c!t.n e s s
fi!:l

0.531
0.719

0.719

TABU 1

?IPELIrIE ?ARA.Mt'!'::RS

Hateria.l
r:r~c.e

APr. 5LX-42

API "5L:c-42

API 5LX-42

1020
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In,ulation Concrete
Thic~ness (i~l Thic~ness (i~l

3.06 3-140pcr
3.25 3-140pcr
3.19 2.75-140pcr
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•••.•• "'at •.• ,",,,, tWl u ..•.
Unccal Oil II G,l~ II'VI~IOI\

I'IM u. ~LL llU':u~'1"I, ••
"A(KACI S

Unocal

III1"'S
Nl:t 3lJ /~~:y:.;

r.e.u POINI0elive:rvd
IlAll'HVUICIIN UUAIlIlUI'UCAII 10

Un o c ~ 1 lll: G uiVLc ion
P • o. b c.:; C 1 7 (j

VC 1"1t LJ L' '" I l'A ~ 3 0 0 u

i
\
I

~I
I
I
I
I

I'UIICltASl OIlOtH CAlllU/2U/fiG
47123E:-A

I"lOUI~IIIUN NO.UAII our 01 SlINA""N

10/J1/ll~·.
pnOJlc I
u/o 32G!121

UNOCAL®

nar cn Pipe
!l.U. IJUJI. 113U
A~u~a, CA !J17U~

Your trucl~

•

•

•

:n 01

i\ttn: Attr;:
WHEN INVOICE COVERS PREPAIO TRANSPORTATION CHARGES ALWAYS AT.
TACH OH,GINAL III CCII' rEO TIiANSPORTAlION DILl..

JJ\NflTV UNIT UNII I'IIJCE u fS CIII I' T ION

3,04U r"l' 8.07 611 .280 \I~ll Ifl.97i .1\lG(j Cjrnd~ s , seamless, im,
'10 I len'JtlJ ] Lne pipe Cuiltl:d v i t l: ·1U lilil
ttJiCI,lh~:;:-J o r lJrUIlV~ polYl·lropolene X~'n.U Cout.
Wl'll I n rt:(lUi r ed
(SumitD~o - 2C.O Tons)

10
',' )

EA 7.00 (j" ttr.:lp .:lrounci lIeat·:.:;hrink nleevcs

Df~livery -
3GlJO I to Pl~xco

~'oJltan~, CA

40 I to I\dv.mcc Pipt: l:Jcn.:iiIlV
~O~O 1::. :31i1unoJl J\V<'l
HUl1tin!)ton ParI., CA !;0255
Attn: G~ry NcCrLJ

$ ~5,l~G.ulJ
1,!)U~.41

$ 2G,ubli.:ll
~llbtutLll
u'~ :1,,,1~::; t UJt
':i'()'l'AL

lill~ll

PU, • cnnen IS SUBJECT TO ALL Of THE
IS AND.••UNCITIONS SET fORIH ON rus R(VEltSC

AND ACCfl'TANCE MAY liE MAOE ONLY ON till:
IS O~ THIS Off Ell,

18~) IKIV. ~/"I f'HIMIID IN u.s A.

Annrlr.:.~·:: 1\1L ~"illr:r~'i"1 ..:!

::.- nt:CUi:':':.O~l~:.

.', ..

UNION OIL COMPANY OF CALIFORNIA, DBA UNOCAL

BY~O-u~1 ~ ~. )4 (Vl/l ••.

'-1
. I
I
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10 Unocal

Purchase Order
Unueill Oil'" Cas 11IVI:i1UII

UNOCAL®

IIH~ "'U"'~II ll •••,. •••t •••••••••.• 1'<

1'1 ~H ON ~LL IlU~UI.lI A 1s r;
I·,\L.~LI S

1\71230-D

PROJlCI

'vI/D aOG021'

Nflt 30 (:~y::;
fO.1I 1'OlNt

PO\lCallu

01 • *:3ee bel 0""

• \7e~tnr '.i:'ran.sport

U~I( DU( 01 SJINAIIIJH

11/17/0!)

IlIIIo1S

1"1 OUISI \ION NU, I'UKCllA~ OnUlH DAll

10/28/80

r
•

\/ezt co a at 1JLp e Lin in'.)::, Inl:.
);I'.(J. uo x 47G
t:ti\lillitia, CA 9173~

IoIAllINVOIC( IN OUAUIIUI'LICA'E TO;

Unoc~l O&G Division
1:'• O. 11u:, ~ 17 II

"Vcrltur.:, ex ~3lJUG

Attn: 1,}.H4'" ih:L~IoI.:.ll
714/U22-11J3 WHEN INVOice COV~RS PREI'AID TRANSPORTATION CHARGES ALWAYS AT·

TACH 011lGINAL IlECEIPTEO TflANSPORTAllON aiu,

JANTITY UNIT UNIT pmCE OE5CIIIPTION

2,70t E''l'

1

3.2~

$ B,083.00
333.uU

;I; ~,:l.l('.UO

to G- nch 4G A10G gr~l.h~ H, ::a::.:rtlll!ss, 40 1~n9th
1 i ne P il'l'= COb ted \-,i til po l yp r opo ll:!J1t;! X'l'HU cou t
wi t h 1 inch thick coatc.::d or concrete \leigllin~
25. 3G:~/tt.

Hot e: tline jo i nt s ••, i 11 i.ave anodes C\ t t acned,
~/.c. pit \litll provide ili:.Jtullation of these

anode s iJ\: ~:n. per llnit. ~'cll.:Hest co r r o s i on

\1 i 11 pr ov Lue initial suj.e r v is ion of
i. 11t: t <.41 L:d: 1.0 Ii • 11. n c d e s :lL' -: II 0 t t 0 ~ e C 0 a t t! d \.,ri t 1.
c cmo n t coa t iug

Cu~tiIl'J
Anod~ 1DstLllation
'1'0'l'J\L

,.' ..

--
'HIS PURCHASE ORDER IS SUBJECT TO ALL OF THE
'ERMS AND CONDITIONS SEl fORTH ON THE REVERSE
;IOE, AND ACCtPTANCE 1.1"1 OE I.I"OE ONLY ON lHf.
'(IIMS Of THIS OFFEn, 2 - REQUISTtONL::R

UNION OIL. COMPANY OF CALIFORNIA, DBA UNOCAL

8Y~~ d,~ ,"'\.,~~
II 4'JUU11111V ~/"I rnlHlID lit USA. 0-109

"1101'11'~;!;t,LL ,';, .nnr '":I' n..,r rucr; .".tJI1 Arl-:r·:(I'NL CTIGM£:N"" 1 , ;.1 .v.urrrrs J\ nENTION



Alln 01

Viis

Unocal

•

•

I UIIIIIU'}C UIUt;1
Uno cal Oil & Cas llivisron

UNOCAL@
UAIE UUL 01 S IINAIIUN l"rOUISIIION NO.

lO/2~/.~i; I..
PllOJECI

\'110 GOGu21
I£nlolS

H~t 3U <.l~y.;
f.O.D. POIH!

AZUCti

47l230-C
f\JhCtlAS£ OHUtH 0A11

lll/:l7/t;1i

To •

•

AIlE' ~'u1Jo~cul~'e 1nc ,
P.O. BIj" OU~]8
U~k~r~ti~l~, CA 9)j~L

WAIL INVOICE IN OUAUIIUf'lICAIf 10;

U'10C:<il ur..C lJivi::ion
l.J • () • ur ..x ti l'l Ii
V<;:I".tL.r: •• , ";/, ~30UG

WHEN INVOice COVERS PREPAID TRANSPORTATION CHAROES ALWAYS AT.
TACH ORIGINAL I,LCf.IPTED TRANSPORTATION lULL.

• i\ t t II : 1::il r 1 '1'1f r i ,.
000/) 4!J-76S1

Attll: cu r ic Culver

QUANTI! V UNIT UNIT PlliCt

.G~

2,125.20

UESCIIIPTIOH

(;OlH~IRt1IllG

to pr ov ide i\r.iolog 4 Lncpect Lou and reports on
3000 it of G· s cn JlO, jdU£a urude 0, ae aral e s s
i?if'C:, 4lJ' length, made I.•y SUlflitOIllO. lnzpection
i~~ to r epo r t a l ] defects that deviate frolil
perfect pipe

Subtotnl
tlui1 r~port to;

Union Oil company
~~5 Go. Lake Av~., Guito ~OO
P~~a~Qna, CA 911U1
Attu: D"-lvi.JB. Ilul:1Jur

.' '.

W 4 ·]UUJ jRIV. ~/UI ~1I1"110 IN US s,
JI.f)DIt'·C~(; AL:. :·(II~•••r·::·l'I.I. d.'1 \1·;1·

rHI:. ••••••• llASE onosn IS SUBJECT TO ALL OF THE
renMS AND CONrJITIONS sar fOIlTH ON TI1E REVEnS':
iiOI.. AlID "'CCE !'lANCE MAY 010 MADE ONLY ON nu,
rEIIM~ O~ 1111:> OfFLII ~ - HCQUISlICi"lE.=t

UNION OIL COMPANY OF CALIFORNIA, DBA UNOCAL

~ydo..u-.:)ci..~. 1,'C2A~
D-llU --



IHIS UHOlH NUf,;1It1l ~lu:;1 ;.,.
~lAn ON ALL UU~UMlN IS ~
rACKACI S.

47l23!i-U
PURCHASE ORDER DAlE

lU/~O/UU
I"[OUISIlION NO.UAI( UU( O[SIIN"III1N

11/~/eu

F.O.U. "DIN'
Tult:~l, oi:

nOMS

Nllt JG u<:.tys

rRDJECI
\110 8G(;O~1

Purchase Order
Unocal Oil & Gas Oivision

Lynden Air Io'reicJllt
K0V i.n Eadp.~
213/776-3142

UNOCAL®
He:::t coa st; Pi}?u Lirdng
U!i21 ue e ch AVe
Fontnna, CA ~2J35

Unocal

•

•

Alto 01

Via

Ship to

To •

•

Faru~st Corrunion
17311 So. Hc:li n St •
Garth:.:Hii, ex ~02t1G

"'All INVOICE IN OUAUIIUI"CAIE 10:

Uilu~ul (juG Divinion
P.O. Dv~< 61"16

" v« 11t u r i,l, Cl\ ~30 0 G

QUANTITY

• .i\.ttli:
Phone:
PAX:

UNIT

J illl 1·'lul.;e
213/5 3 2 - 9 ~ 2 'j
:L 13153 2-J ~J '1

UNIT PRICE

Attn: Chrin Culver
WHEN INVOICE COVERS PREPAID TRANSPORTATION CHARGES ALWAYS AT.
TACH ORIGINAL RECEIPTED TRANSPORTATION BilL

DESCRIPTION

!:1 EA $ 27~.15 C alloy 150 cacrificiaJ. anoue und mount ir.g. braC1E:t for 0- pipe. uill1en~i()n::: - 2lA long X 1-1/2- thick
Hcil)llt - ~7#
Shipping Height - G20r- tot.;ll

$ 2,512.35 Subtot~l

Lynden i\ir l"L:(liCjht \li11 ~iick up t lie s e ancde s at
l',d. Sf; c ell m,li ca I ~
7311 E. 41Lt Street
'J.' u 1 :; a , (JK PI 1\ 1 <17
Contact ',i.'OJ' I nrcnncn
j?Loll~: !J1Ci/G27-01Gll
and slJifJ t hes e to
f~rwact Cor roc ion
Gc:trc1enu, CA
Attn: Jitl j!'la}:e

r~.:;,n/~:::tt/ill proviue (h.-livery to \le::;t Coast
Piping LitliulJ a nd offl.~r initial installation
cupe r vd s Lou of arioue s ou t o pil>e pr ior to cemun t
coatiny.

., .. ,

r "/"'TTll
"'

THIS PURCHASE OROER IS SUOJECT TO ALL OF THE
TEnMS AND CONDITIONS SET FonTH ON THE IlEVEIlSf.
SIDE, AND ACCEPTANCE MAY BE MADE ONLY ON THli
TEHMS Of THIS orr En. 2 - RI:;OUISTIONER

UNION OIL COMPANY OF CALIFORNIA, DBA UNOCAL

BY ~ ~ c,~ .")..\0-\.1 '- •.
DR'" 4 JIIOJ (HIY ~"'UII'I\lNI[O IN U.S.A. 0-111

ADDRESS ALl. CORRr:~~P(~I';:Ir-tJCF ,,,ND i·.CI<N()WLFf)(~Iv1rN"';" I: it' ':"/RITER'S ATTENTION



Purchase Order
Unocal Oil & Gas Division

UNOCAL<i!J
UME DUE OESliNAIION IR(OUISII.'.ON NO.11/9/~B
PflOJECl

\1/0 0060;n

I~ AR UN All UUCU'" " •• ,.
PACkAlllS,

471238-£
PURCHASE ORDER DAlE
lO/:L8/IHI , '

DESCRIPTION

WHEN INVOICE COVERS PREPAIO TRANSPORTATION CHARGES ALWAYS AT·
TACH ORIGINAL I\ECEIPTEO TRANSPORTATION aiu, ,

Pipe OeliJintj
Slauson Av~
.o n PCl.l.'k I C;\ so 2S5

:ary HcCray
213/~Ol-0208
:L13/5[jl-(J71~

UNIT PfilCE

TERYS

N~t JU c/ilYS
F.O.D. fOlNt

Tul~~, (jK
Iol.aJL 'NVOICE IN OUAUIIUl'llCAlE 10:Unocal u~c Division

P • o. i!C.I~: G 17 G
Ventura, CA ~300G
Attn: cnr tu cu tve r

,";".:',' '.,... .:~'. :...

2G5.00 6- .28U wall 100 radius ~OO pipe bend with
18· t aUlJentti. ~ ipe to ue prov iueu IJY Union Oi 1
C~mpuny ~s one 40' joint. Auv~nce will cut Q~
ne~ded and provide bevel~ Dt each end.

., ~..

/

I
I'
;

ir
I

t

t

I
I
!

I

I
!,

UDJECT TO ALL OF THE
FORTH ON THE REVERS!!
BE M•.••OE ONLY ON THE

UNION OIL COMPANY OF CALIFORNIA, DBA UNOCAL

2 - ffi:QUJ~TIOI";t:Fl J ~yN'~ <i,~ .'")~~~.
1.51.. 0-112
lESS ALI. connssr-o, ~f:n:cr f.,:lf: , Ci':i J :.IL r i"iCMFN', '~i' ':: IF wnrrrrrs ATTENTION
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Azusn, California

... ~ ,.". .. ~
'oll'~ ttl. -.', '." ",.·.I.\I~.·· 10. : I •• , ",_... ":'

HARCH PIPE

93006

617::;

---'.~----'------'--~---------,J....'J--,..,U~U PAGE --_ OF __ ...

.>
•• __ lOCATION WHERE WORK IS TO BE PERFORMED

UHIOtl OIl, COHPANY

lJDOSt:OPE

CUSTOMcn WELL NI\Mf; ANn NUMnr:n on SHIPPED TO---_._. __ ._--- ---_ .._ ..._-_._-------

I CUSTOMER NAME & BILLING ADDRESS::' 7/.1 .-

UmO:1 OIL COH!'AllY'" ,', /.:.- ('(.l4J( Io!.,

r _1). O. toX

L::venturn, California

-'1
!
I

I
I
I
I
I
I
I

...................................... , ,., "' _ _._ .

...... ..
JOBBEGIN lO/28/'iJ; r •••• ,' ,.,.",.", '.:r., 'to', ",r"", ,

~~~ ~ 1..\ A.A~
JOB END 10/2 9/88 SIGNATUR~OFCUSTOMEnon AUTHonlZ[o REP

__ ~~.c:.~:10~_1~'~~_1CUSTOM.E.nNUMBER WID DATE ~;K;~E;N~. INVOICE NUM90R ...•• ~:?},~~?~¥.~~.~~.~.~.
~jl ~ 0,:) 3, 4 1 HY Jl/~2

,.~.~'.l.~~7.~.~~~).~: r 'j" ~~.~~~~~~~~~, 'j' "'r:' 1'. ~~~~.~~9.'.'..,
X • au ~IL~ ' 1'0 YeN • LISTI'nlCE . 'PEn' FlU • FEET ," UNITS........ .. ] I· ..· ] ·1 · ~ .
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TUOG.t;COPE

,.6 •••.-.

TueOSCOPE INC.
PO !:lOY./1,;,1'HOUSTON. TX zroo: REPORT PREPARED BY:

PRELIMINARY INSPECTION REPORT OF HEW TUBULAR GOB·~~ERSFIELD INSPECTION DIV"

..:- .-IER~NIO~}.~. CNlPANy. . DATE _-9.CTOB~B- 29, 1988 ~J

Vv'ORK
l.UCATION __ 1-!AR~lL..f)Pf~.fUSJh_CAL IFORNJ=A.~ .__ ORDER NO. _-.0..] ...•.9 .•.•.80""'3.•..2 _

CUSTOMER.
WELL NAME & NUMBER ORDER NO. 47]?38-B

.~ '-TYPE OF INSPECTION -AHAtOG IV IIL'ir. .•..E~C~T_IO~N_.._. _

TUBULAR GOODS DESCRIPTION AS REPRESENTED BY CUSTOMER:

105 6" JlliLPIPE --LII _SlIMITQMO--
Lengths Si~e Type 01 Pipe Range Manulacturer

,280" A106 SCH 40 Pluin end seamless
Weight Wall Grade Counecticns Welded/Seamless

ED Customer Specifications:

SUMMArlY OF RESULTS

IXJ Appropriate dimensions per API Standard -.5.•..Cu.T _
5% of the specified wall thickness for this pipe is __ O.~ _
12.5% of the specified wallthickne!:s for this pipe i3_...D.3.5~. _
87.5% of the specified wall thickness for this pipe is_..21.~15~'_' • _

Drift Mandrel: Diameter --lUA Length __ -u.NJ~6 _

_72_

'27

~--

Lengths did not indicate imperfections exceeding.l1.....5. % of the specified wall thickness and compiy wi:h above drift specltications,
where applicable (Identified by a white band and-A.l-.ULOG.-I.' •..l _

stenciled in white on the pip~ body near the coupling or box enc.) ~ Footaqe 3, 8Q.Q...~

Lengths did not indicate imperfections exceeding .-l.L..S/o of the specified wallthici<ness but have rejectnble pins and/or coupllnqs.
(Identified with a white paint band on the pipe body near the coupling or box end and a red paint band around the rejectable
connection) Foctage _
___ Pins Couplings Both Pin and Coupling found reiectaole.

"Lengths were found to have indications of imperfections exceeding 5% but not oxceecinq 12.5",;' of the specilied W:l11 thickness.

Imperfections no.t removed (i.dc:ili!~..b¥~)ul!Jo\l,/.p.olin1..tl~ad} i-ootagc __ l.1..080. 0 '
lrnpertections removed by grinding (identified by a white paint band) F~·":3ge. -9_-__

'Lengths Iound to have lndlcations of imperfections exceeding 5% but not e>:::~eding ,;2.5% of ~rc:.ifi~d 'Iml1 thickness and have
rejectable ::lIn~and/or couplings. (ldentilied with a red paint band around the d",fr.ctive connectlonj ..... Foctnge _
___ Pins Couplings Both Pin a.nd Coupling found rejectaole.

Lengths we~e Iound to have inside imperfections which could not be measured. (IdEntified by a ctue paint band) ......................•
...........•...• ...................•.•..•...................•...•... .....•...•.•. .•.........• ..•..........•.•• .••....•.. ....•...... Foot<:.ge. _

yo

Le:'!gths were round to be rejectable or would not pass the above drift specifications (Identified hya red paint band) .
... ..•................................................................. Foctage 40.0

Serviced 8y MANUEL AGUILAR

SPECIAL COMMENTS _4.LJJili.GTIlS NET API SPECIFICAllQliS AS TO 87!~~~\INING BODY HALL BIlT HERE

-liQI....L\CCEPT ~BLE....IO ell STOMEP•..•.AliILIllERtEQR!LSEL.ASlDE NOT COLOILCQ.D£lL.RED...DR-HlllI._E _
'This section does not apply when inspection is
done to API SA or SAC imper1ection tolerances.

'Y \'IORK. INSPECTION OR TESTING PERFORMED BY TUBOSCOPE INC. IS iN ACCORDANCE ';\11THAND SUBJECT TO THE TERMS
."'\ CONDITIONS OF THE AE30VE WORK ORDER INCLUDING LIMITING WARRANTIES. THE RESULTS OR REPORTS MAY BE
.THE.R LIMITED BY WORK OB M/,TERIAL CONDITIONS, OR BY INSPECTION OR TESTING EQUIPME~~T CAPI'.81L.ITIES.

THE RESULTS OF ANY INSPECTION OR TESTING REPORTED. OR ADVICE GIVeN. BY TUROSCOPS INC. REPRESENT GOGO FAITH
OPINIONS ONLY AND ARE I~OT TO BE CONSIDERED WARRANTIES OR GUAR.A.NTEES OF aU,\L1T'f. CLA3SlFlCATlCN oa USABtLITY
OF THE MATERIAL
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REPORT PRePARED BY:
BAKERSFIELD INSPECTION DIVISIO:

SUPPLEMENT TO IilSPECTION REPORT OF flEW TUBULAR GOOnS

TUBOSCOPE INC.
P,O, UOX 1108~ ItOU~ TON. TX 77001

TlJSo.~COPE

. --"='--================--==

rorvlER _UNl.OlLQIL_CO.HEAJ.\l_y __ . .._ .--- DATE October ?9, 19S5
WORK

LOCATION -MARCl!...-E.I~\.r-CAUF-Or..N-1A--------.-----.- ORDER NO. __ 1_9_8_0_32 _
CUSTOMER

WELL NAME & NUMBER ._.. __ ORDER NO. __ 47121.l3.=ll- __,.~

DESCRIPTION AND LOCATION OF IMPERFECTIONS NFC:

110 00'

40 00'~n-OJ
llfi-OQ~

"0 oni.,
I

1:LQ..JlQ_~.J

"D~

I.n nn' I

SUMITOHO

X VARIOUS

x

I- I X\lA~ I•..•"

I I
! I X ,VAB 1I1IIS

--

-1~t\E:••I~·;.NG LOCATION OF IMPERFECTIONS ]
I cor.on FROM COUPLING TALLY
·-·-~-·-1- ••·--- on InCNTlflEO END LENGTH

-' ·!·~·'~I!.;~::'II-~:''''~L.=::.c==.;._' _.. ~::..:=--=~.-....=':";:':":':_.'.:.-::"

X IS' 40.00' I
40~0' I

, I XfARIOI1~ 4Q....Q;,

___.J.__,. I Xf'''RIOUS 40 0 '

I I ~;VARIOUS ," I'--T;J ~
X ., I

! JUQUS40,OO' I
j-L X, !4~.D~

--- --'f' l- 4.ARI.QUS. l!i.Q··JlQ~-1

I . I XIVA1Hnll~ 140,00' I
I " xlv
! I I X V~"To.ur~r----I .-'~'V::OIISr+ X: IVAIHl1Il~

I 1'-
r
I
I
I
!

245"

?4'i"

.24 'i"

.2d

.QJj1l

035"

01')"

REMAINING

DEPTH WI\LL
T1I1CKN(5~

.07811 .202"
LESS MORE
.035" .245"

.035" .245"

.035" .245"r---"

.035" .245"

.03511 .245"

.03511 .245"

.035" .245"
1::5" .245"

.035" .24511

.035" 24'i"

.O~'"
...DJY' It.5. "

..Jl1S"

l'xn:RNALC.tJT~
EXI.ERNALClITS-

12 .
EXTERNAL CUTS..

16 EXTER~AL CUrS

18 E~I~IillAL CIITS

22 EXTE..RNA1..£UIS

24 EXTERNAL CUT~

43

45

47 I "VTJ:'l?NAL....C.u:rc: 0 J C;"

_~ 9.--L:X'IEI'...NAL...C.UTS ....J.&.OJ5"

PluNaD 1/1USA.

-~~=====================_.;.=:-:.::.-,.::.:. ""';C.'-===============--'"
-l-JY WORK. INSPECTION OR TESTING PERFORMED BY TU80SCOPE INC. IS IN ACCOr.DAt~CE WITH AND SUBJECT TO THE TEflMS AND CONDITIO~

'THE ABOVE WORK ORDER INCLUDING LIMITING WARRANTIES. THE RESULTS Oil :::.~POilTS MAY BE FURTHER LIMITED BY WORK OR MATERli
.ONDITf&IS, OR BY INSPECTION OR TESTING EOUIPMENT CAPABILITIES.

THE RES'JLTS OF ANY lNSPE'CTION OR TESTING REPORTED, OR ADVICE GIVEN. BY TUI:;OSCOr'E INC. REPRESENT GOOD Ft,ITH OPINIONS or JLY At
ARE NO'510 BE CONSIDE.RED WARRANTIES OR GUARANTEES OF QUALITY. CLP.:::SI;:IC/'f1·:.JN Of1l1~~"~ILlTY OF THE MATERIAL

----_.=='..:==========_.
fOlm 102'" ,M". "
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REPORT PREPARED BY:
BAKERSFIELD DIVISON

SUPPLEMENT TO INSPECTION REPORT OF NEW TUBULAR nOODS

,. .. ,
TUBOSCOPE INC.

P.O BOX /.<00• HOUSTON. TX 77001

PAGE _ OF _

UNION OILiTOMER ____ DATE __ QEsobcr 2~, 1988

WORK
HARCILPjPEJ-AZJLS_~-l-Q..ALIFO~Rl:.'\. ORDER NO. _._1__9_8_0._3_2 _

CUSTOMER
WELL r-JAIvI=: e, NUM3i:R . ORDER NO. 471238_-_B _

LOCATiON
'--.-

=.~='=':~----------==::.:::=====.======-=-=-~-=-=-=================.:_==-======================
DESCRIPTION AND LOCATION OF IMPERFECTIONS

F-- ..:--:_-- ,.

! L~"CIH I TVPE or
nEMAI~IING IDEt,TIFYIN-J LOCATION OF IMPoRF(ClIONS

DEPTH co.on FROM COUPLING TALLY
I ',I) IIAPmrECllON

WALL

t2~ -' E~E:'AL

THICKNE5S ,,1.••,1v.ilN7i on IDENTIFIED END LENGTH
Rco

LESS MORE -'== --
CUTS .035" ? I.~" x VARIOUS 4Q....ill)~

! 53 I EXTERNAL CUTS .035" "I,~" x VARIOUS 4n.nn'•

~ 57 _.t EXTER"='~!1.TS .035" .245" X VARIOUS LlJLQ~.•.__ . _.-
j

I 5 <) I EXT:C:R:-1ALCUTS .035" .245" X VARIOUS i-MLQO~-~--~-----
II • .035"L.§}__ L~XTER]~;.L CUTS .245" X VARIOUS ~:.~

! 64 I [XTEP-XAL
~-I

CUTS .035" .245" X VARIOUS i LIO.OO'
;------y-- ------

I I 40.00'I 67 I EXTER!i:AL CUTS .035" .245" X VARIOUS,------1 ___ 0 1 -----!

L~__ Lr;,';"TERN:\L CUTS .035" .245" X VARIOUS l_40.00'
i : .035" .245" I 40.00'I 72 i EXTERHAL CUTS x VARIOUS
~'---I--

.035" I 40.00':__lg}_l£:TERN.\L CUTS .245" X VARIOUS-· . I

i I II
I
I II

I !

I
,
I I I

I I I1-·--·---- I

I ! I Ir' I·· I II I . Ii
I

+1 II I

I I

c1= I EB• II I
I !~ .

6" /\106 SCH 40
PLtl..PLEND

=-=--==-=,:,-:=--=-:-;":-::_=:'-='-:-.=======================-==== ======,=======
". '( "IOIil'-. INSf'::·:T!·:)!'! (':1 :L!CTIIJ,J PERFORMED BY TUBOSCOPE INC. IS IN ACCORDANCE WITH AND SUBJECT TO THE TERMS AND CONDITIONS

;''-1E M~OVE '::Or.~ ORDEr: 1l':CLUDING LIMITING W.o\RRANTIES. THE RESULTS OR REPORTS tAAY BE FURTHER t,IMITi:D EYWORK on MATERIAL
._ ...A·;~1ITI0NS or. E:;Y IfolS?:'CTI:>N cs TESTING EOUIPMENT CAPABILITIES.

ii-:F. r::SULTS OF Af\:Y II,Sr~c.TION OR TES11NG REPORTED. on ADVICE GIVEN. BY TUAOSCOPE INC. REPRESENT GOOD FAITH OPINIONS ONLY AND
1\;:;£ NOT TO i3E CONSIDEr:lED WARRANTIES Ofl GUARANTEES OF QUALITY, CLASSIFICATIOI'l ( ..R USABILITY OF THE I.V,TERIAL.-:.---------=-------_._-
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Unocal Science & Technology Division
Unocal Corporation
376 South Valencia Avenue. P.O. Box 76
8rea. California 92G21
Telephone (714) 526-7201

January 16. 1989 CORR 89-003

C. R. Culver
UNOCAL OIL & GAS DIVISION
Ventura, California

EXTERIOR COATING OF
GINA a-INCH WATERLINE

Approximately 2700 feet of the s-lnch water return line from Mandalay to Platform Gina will be
replaced. This seclion of the line has been corroded internally .

.
The Plexco X-Tru coat polypropylene coating system at 40 mils thickness, covered additionally
by approximately one inch thickness of concrete "Hevicote" is a good exterior coating system
for a subsea pipeline. The polypropylene will provide corrosion protection comparable to the
Pritec polyethylene system that was used on the remainder of the line.

propylene is similar to high density polyethylene in most respects. The differences between
the Pritec and the X-Tru Coat systems are in the nature of the primers and the method of
coating application. For your use. the principal advantage of polypropylene is its' better
strength, rigidity, and toughness. The principal advantage to the X-Tru Coat system is that it
provides a seamless coating. This, however, provides a built-in hoop stress in the plastic,
which if severely damaged, may pull away from the asphaltic primer.

The principal advantage of the Pritec polyethylene coating system is the use of a softer. tackier.
butyl rubber adhesive, and a helical wrap application that minimizes the hoop stress in the
plastic coating. If the polyethylene is severely damaged, there may be less of a tendency for
the wound to open and there is a possibility that the butyl rubber primer will remain ttowable
and provide a limited "self-healing" quality.

In my opinion, these differences between the Plexco X-Tru Coat polypropylene coating system
and the Pritec polyethylene coating system are not important when the coating is additionally
protected by a concrete. negative buoyancy coating. I recommend that you supplement the
coating protection with cathodic protection. using the original number, size and distribution of
bracelet anodes for this section of the line.

.
71ld~
M. S. Schilling
Research Chemist

MSS/kb
cc: J. H. Duir

W. R. Coyle. 8
C. J. Cron
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Memorandum

UNOCAL~

January 9, 1989 CORR-89-004

To:

From:

RE:

" C•.R. Culvert··Ventura

R. E. Palmer

USE SEALLOY 150 ANODES ON THE GINA 6" H20 PIPELINE

You recently requested a written confirmation of my advisement to use Kaiser Sealloy 150
anodes instead of DOW Galvalum III anodes on the Gina 6" onshore water line.

Both anodes are made from a mercury-free aluminum containing indium. And both are
recommended for use in high temperature, saline mud environments. However, the laboratory
tests conducted at Research indicate the efficiency of Sealloy 150 in mud is over 25% greater
than that of Galvalum III (84.4% versus 59%, see CORR 84-143M). As a result, I feel the use
of Sealloy 150 anodes on the Gina 6" water line would be more cost effective than using
Galvalum III.

If you have any questions or require any further information, please give me a call.

Yours very truly,

M~
R. E. Palmer
Senior Engineer

AEP(mlb)

cc: C. J. Cron
K .E. Whitehead

0-119
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APPENDIX VOLUME 1
ITEM E

Repair Procedures



E-1

E-2 thru E-4

E-5 thru E-11

APPENDIX VOLUME 1
ITEME

Repair Procedures

Description

Equipment List from Hood Construction for Onshore Portion of
Project

Sample Welding Procedure

UNOCAL Pipeline Welding Specification
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PIPELINES • PLANT PIPING • CONDUIT cnN~;rnUC;T10N • INTERNAL PIPE CLEANING

CALI"O"NIA STATE:LICENSE NO, 186761 A -
FAX (2'3) 945·6532TELEX 67·7664

CORPORATION-HOOD

November 14, 1988

. ,- .~", ~..,' .
Union oil Company
271 Market Street #12
Port Huencme, Cl\. 93041
Attn: Mr. John Cronk

1,,",1'1 d8UtU. ' •

Re: Installation of 2,700 I -611 Offshore Pipel ine.
Welding Procedure & Anticipated Equipment.

Dear Mr. Cronk:
Attached please find a copy of our Weld Procedure Number

HC-l which we have previously set. ,We have been using this
procedure on a project we are working on at this time.

I am also listing the following equipment that we anticipate
using on this project:

2 - Cat 561 Pipelayer (1 additional during pull)
1 - 5~h Wheel Dolly
1 - John Deere 450 Combination
1 - 4x4 Pickup
1 - Equipment Van
2 Welding nigs
4 - Light Towers (as needed during pull)
1 John Deere 690 Backhoe (determined by depth)
or
1 - John Deere 500e Backhoe (determined by depth)

PleClse feel free to contact me if you need any further
information.

Very truly yours,·Qn~TINa:'. Hagelst n
General superintendent

E-I



, " I:"
EOOD CORPORATION

HC-lPROCEDURE NUMBER ---------- -
•.

R.ef. Par.:U API St.Lndard 11D4

STANDAJU> PROC£DUR£ SP£CInCAnON

A. Process: SMAW............•...•..•...•.•••..•...................•.....
B. . API-5L GRADE B

M.at.enal: ••••••••••••••••••••••••••••••••••••••••••••••••••••••••

c. Diameter and Wall Thieknenf ::. ?5.~ ~I•• ~ •• :.~?~..~.:: .
. ..D. Joint !>aim: Standard V Bevel Open Butt

Reverse

E60l0/E70l0

D.C.
. .
. .

...

. .
E1~tric.a1 or F1une Ch&ncltrinics:

6G Stationary Axis Horizontal

Fill er MeuJ and Number or Bud!:

P~tiOQ:

E.
F.
G.
H. ~tiOD orWeldil1i:

45- Downhill. .
I. NutD~ or WeJdm:. One. .
J. Hot Pass within 5 MinutesTirO( L.aps.cbetween PUJ,.CS: .: •••••••••••••••••••••••••••• _ •••••••••

K. Type or Liee-up Camp: Internal or External..•............•.•.•..••.•..•.............•
, ' .

L. ." .' '~'''.Bead 50% Complete .
Reroo\'aJ or U ne·up Cla.mp:, ••••••••••••••••••••••••••••••••••••••• ,.

to 0 •

pa&sl:ti

.•......•.•.•.•.•.••.••.••........•..•
...........••........•............................

Power ~r~na first pass-Brush s~bseGuen... ,,-.. : ..•. -.. ~ ~,•. ··0· ••.. ·0· .••. ·0· ..••...........••
0: 0

W. L S n_I' ( • None ','rrcl";.c:.al. a-eal n.c: Ie : ••••••••••• '•• , •••••••••••••••••••••••••••••••.' . ,
N/ASbieldi!1% GIJ and Flow R.aU::,.

N/ASbieldiDI Flux:

N.
o.
P.
Q. sPeed orTnvel: See A't t a c h e d...........•.........•..•.•.••.••...•...........

.-

Jt.~ ~hlches and T.•buJations (10 be Inxbcd)

TMtuJ: ~.r;~.~~:\'!'f..~.~I:.~.:r.~~TI W~Idcr. JDhTt••1'J.~r'O.tJ •••••••
A ~.•• SEE ATTACHED . W Idin.Sup· O.D. McKINNISpprov.,..:, •• · ••• ~ ••••••••••• £0~c:... .• ••••.••••...••••.•
AdoplU1: ••~.: I.:' ••••• nVH .~,

:\

':0'

B-2 .

."



Jl)jD CD~RATION

ltC-1 _.
~Tial Used fOT Procedure

,II API 5L Grad~ n .375\.1.1'.

:r-
'V

j_ i
W'l'P\ox.. ", r NJW 1\'lrII1-.J l.- .

I'TAIifOUDV leVEL lun oXllWT

Material.-Diameter
SMYS
W.T

Qualff1e d
2" thru 12"
Less than 42,000
.1675 thru .750

.375

....I-
.;J

I.

It 0IJ[ iii C[ 0r • [Ant
, .

fLEcnoor JJZ£ I .UWHftS Dr JUD$
HVWI[" Of' J[4~

BEAD if ILfl:'l""OO£ lPM B IPM
1. 5/32 5P+ 8-12 7. 3/16 HYP 8-12
2. 5/32 !lYP 12-14 B.
3. 3/16 HYP 8-12 9.t.. 3/16 HYP 8-12 10.
5. 3/i6 HYP 8-126. JLlfi HY'P R-J 1.

t.OT[. 'IIU'T ,.us ~L"( 5/32'/1 Fleetveld 5P+
Itt ..,.\.,H I H c l".-.J30 \,llI:( 5/32" or 3/16" Sh fel da rc ltyp
COV 1" a c ~ 0 r-u. Y J! WAM 1IIfT)f N/A

VOLTAcr I ,\WP'UAC[ kAJ;!:
•......----_._---------------

•
fL' crnoer i)1.'Ul::;Tt"

1. 5,/32
·2. 5132
3. 3/16

,t.U1'[""D[
130-160
140-180
140-190

E-3

Me V'01.T'I

24
24
24



5223 TWE{;D'y' n::>ULEVARO SOUTH GATE, CALIFOnNIA !J0280 564·5879 • 564·5870

COUPON TEST REPORT
LAB CONTROL H- 151

'-" PROCEDURE NUMBER HC-l
. 15

. UNION PACIFIC RESOURCES WILHI~8J.(3'H,··CA~··"···
Loca tl§? z 2 rea' c' '0 C'
Date Slate •.. ~ ••• Roll Weld •.••••• Fixed position Weld ••••..•
W cider ••• U.Il..I...Tl'P1.0.li·. • • • • • • • • • • • • • • • • • • • • •• Mark •••••• : ••••••••••••
Welding time .~ •.~<?~.~. Time of day •••.•• A~~·M.Temperature ••• ?~.o.F.
Weather condition • 'NoC.~~i\.~..l.•. ~.l!l;l~X....••••......••.•.•••••••.•.•.•
Wind brenk used •••.•.••••.•.• voltage .~~.~.f\.~Tf\~\hrpPrage .. ~.~~..J\r:rACHED
T t Id' hi LINCOLN 250 S' 250~pe 0 we '"go m~CQ }feA''l'tA'Cn 'Er)' . . • . • . . • •• • • • • . • • • • • • I%e ••••..••••
F'iller metal ••••••.•..•...••..••..•.••••••••••••••••...•••••••••••••••••
Size of reinforcement .•••••••••••..•••••..•.•.••••.•.•••••••••••••••••••
Pipe Kind and Grade •.• : •.. ~~ .I•• ?L•• ~.~~P.~.13 .
\VnlJ thickness •••• '.~ .7.~•••••••••••••••••••••••••• Dla, O.D ••• ~ ~•••??.'~..

I J 3 • S , 1
Bead No. ..................... ·.... ·.... .... . ·.... ·.... ·.... ·....
S iZP. o! £1 ectrod e •••••.•••••••.. ·.... ..... ..... ·.... ·.... ..... ·....
No. of Electrode ••••••••••••••• ..... ·.... ..... ·.... ·.... ..... ·....-- - - - --I , S • S , 1
Coupon stenciled .............. f :2~O r:Ub r:077 l:n'~·.... ..... ·....
Original
Dimen:lion: of plate •••••••••••• .381 x.J71 x.3T x.37·....

~~):~I; ~P:6:(..... ·.... ·.... · ....
Orih'. area of plate In I •••••••••• ~4n~ .·A~~·.... ..... ·....
Ma:x;mum load ................ ~~. \<. ~P.~.~9.l\. 1..9•• ~ ·.... ..... · ....
Tensile Sjin. plate area ••••••••• f>.8.~. 70 K n.~.~9.~. ·.... ·.... ·....·....
fracture location P.M. P.H. P.H. P.H. ·................. ·.... ..... L····· ·.... .... . ·....
ro Procedure
o Welder

Cl1 Qualifying' Teat
o LIne Tut

~ QuaHt\ed
o Dlsqualined

flfax. tensile •. ].J. ~399 •.• MIn. tensile pa. •.~1l6 ••••• Avg. tensile •.7.Q.3~2 ••.•
Remarks on tenslle ••••••••••••••••••••••••••••••••••••••••••••••••••••••

I ••••• SALIS Fl\CrORY ••••••••••••••••••••••••••••••••••••••••••••••••
2 ••••• SA1:ISFl\C:rnRY ••••••••••••••••••••••••••••••••••••••••••••••••
S ••••• SAT.l.S\=".(\.C:r.O.f\,( ••••••••••••••••••••••••••••••••••••••••••••••••
4 ••••• ::lA1:1.Sl!(\C:r.OJtX ••••••••••••••••••••••••••••••••••••••••••••••••

Remarks on Bend Tests .••..••••••••••••••••••• ·•••••••••••••••••••••••••
I •••• FACJ~ .llctJD••-•. ~hTISrAC1'ORr •• / ••• ll-OP:t .nl;;~ ••• oa; •• St\J'J.S.Et\CTDRY,
2 •••• FA~ .DEND •• oa; .ShTI~,F'ACTOR),••• I., .HOO:r: .UEND ••• oa; .STt\IS.F.AG1.'ORY••
:I •••• Fj\CJ~.J}I;:f:lD •• - •• ShTI~.FAC1'ORY••• I. •• ttDD:t: .nEtfD ••• oa; .~hT):S.F.AC't'ORY••
, •• , ,1:·~Ff.. ~~~P..-..~~T~~rAG1·QltY••• I. •• \U)p:r••IlI~W•.• - .• ~~T~p,FAGTQ\tY••

RONALD S. HOBLEYER

Remarks on NIck Tellts •••••••••••••••••••••••••••••••••••••••••••••• '.' ••
t ••••• SA.T.lSrA,Cl~p.R.X••••••••••••••••••••••••••••••••••••••••••••••••
2 ••••• S l\T.l:.S 1:'6Cl'PR,( ••••••••••••••••••••••••••••••••••••••••••••••••
3 ••••• StJ.lSFAC:rO.R."! •••••••••••••••••••••••••••••••••••••• ' •••••••••
.( ••••• StJ.IS F.AC!a.R. ~ ••••••••••••••••••••••••••••••••••••••••••••••••

Tut made at.{\~~.U.!V\T~.}JA~~.'f~~;r.~~GDate •••• a.1.~4/~lJ·······d·'ri").{' k'i i
Tested by •• ~Q~~IL~r.t'lP.1:lI.~Y••••••• Superviaed by •••••••.•• : ••••••• ~ •• nn s

(Use back for addItional remarks.)

TEST CONDUCTED BY ACCURATE' WELD TESTING LAB

~ 8~/!¥!-
~~~
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UNION OIL COMPANY OF CALIFORNIAOIL AND GAS DIVISION
WESTERN REGION OPERATIONS - CONSTRUCTIONPIPELINE WELDING SPECIFICATION

1.0 SCOPE
..•

1.1 The following paragraphs detail the requirements for field
welding of line pipe, fittings, and related equipment in
the construction of liquid and gas transmission systems.

2.0 CONTRACTOR'S RESPONSIBILITIES

2.1 The Contractor shall provide all superV1Sl0n. labor.
equipment. and welding materials for the fabrication or
assembly by welding of the pipeline, facilities. and other
associated piping described in the contract documents.

3~0 WELDING PROCESSES

3.1 All welding shall be accomplished by the shielded metal arc
welding (SHAW) and/or submerged arc welding (~AW)
processes. Permitted use of aliernate processes may be
considered upon receipt of complete details outlining the
operating characteristics of the process. the extent of
desired application. and actual test results indicating the
requirements stated herein can be achieved by the alternate.

4.0 MATERIALS

4.1 Line Pipe - Tr,ansmiss1on line pipe shall conform to the
requirements of API Specification 5L and the additional
requirements stipulated in the line pipe procurement
documents attached hereto. Specific grades of pipe for the
various facilities shall be as indicated in the contract
documents.

"
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4.2 Weldinq Consumables - All welding consumables shall conform
to the requirements of the American Wcldin9 Society
Specification AS.l. Class E6010 (Lincoln Flcctwcld 5P or
equivalent) and/or A 5.5. Class E7DIO-Al (Lincoln Shieldarc
85/8SP or equivalent) or Class E7010-G (Lincoln Shieldarc
HYP) or equivalent.

5.0 QUALIFICATIONS

5.1 Qualification Materials - The Company shall provide pipe
necessary for procedure and welder qualification tests.
The Contractor shall provide all other materials necessary
to perform the required tests. All completed weld test
coupons shall become the property of the Company and shall
be retained by the Contractor until Company advises of the
means of disposal.

5.2 Procedures - All procedures for welding to be performed in
execution of this contract shall be qualified in accordance
with the provisions of the American Petroleum Institute
Standard for Welding of Pfpelines and Related Facilities.
API Std. 1104. The Contractor shall furnish ~ritten
guidelines to be employed in the testing. qualify the
actual job procedures using these guidelines. and submit
final documentation indicating the actual welding
parameters employed in the qua~ifications.

5.3 Performance Qualifications - The performance of all welders
shall also be qualified in accordance with the provisions
of API Std. 1104. The Company may exercise the option to
qualify wclde~s by use of radiographic nondestructive
examination.

-2-
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6.0 CLEANING

6.1 Precleaning - Prior to fifup, each pipe shall be thoroughly
c 1e aned 0 fin t ern a 1 deb r is, d i r t , s cal e I and r us t • T h e ,-
beveled end areas shall be wire bru~hcd to clean metal and
the area of coating cutback shall be cleaned of all loose
scale. dirt. and other foreign materials.

6.2 Weld Cleaning - The root pass of all groove welds shall be
ground with power disc grinders to remove all side wall
undercut prior to deposition of the second or hot pass.
All subsequent beads, including the cover pass, shall be
cleaned of all slag using power driven wire brushes.

7.0 ALIGNMENT

7.1 The alignment of abutting bevel preparations shall be
accomplished with line-up clamps approved by the Company.
For welding of pipe 16" and larger diamcter$, internal
power line-up clamps shall be employed. For smaller
diameters. selection of clamp type is the Contractor's
option. The pipe shall remain in a totally static
condition and the alignment clamp shall remain in place
until as much of the root pass as can be completed has been
deposited. When external line-up clamps are employed, a
minimum of fifty percent (50%) of the root pass shall be
deposited in segments equally spaced around the
circumference before releasing the clamp.

7.2 Radial Mismatch - Radial mismatch or high-low shall be
equally divided around the circumference of the pipe.
Spacing tools'shall be employed to insure a uniform root
opening conforming to the procedure qualification
requirements. All transitions in wall thickness shall be
ground to a four-to-one taper to achieve equal internal
diameters at the weld edge~

- 3-
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7.3 Offset of longitudinal Seams - If the pipe is
longitudinally welded (e.g. ERW pipe). the weld seams of
abutting joints shall be offset not less than ten degrees
(10°) nor more than forty-five degrees (45°) on th~
circumference. Weld seam alignment in the ditch shall be
in the top quadrant of the pipe circumference.

8.0 HAI1MERING

8.1 Any hammering of pipe to obtain alignment shall be
accomplished only with smooth-faced hammers overlayed with
a material softer than the line pi~e. Dents, scratches. or
any other damage caused from hammering shall be removed by
grinding. If grinding reduces the pipe wall thickness
below the minimum specified wall thickness, the affected
areas shall be completely removed as a cylinder and the
joint shall be rewelded.

9.0 GROUNDING AND INADVERTENT ARC STRIKES

9.1 Grounding of welding machines shall be accomplished to
prevent arcing of the pipe body wall at the point of ground
attachment. Grounding shall preferably be accomplished o~
surfaces.which are to receive subsequent weld metal
deposition; i.e., on bevel faces or on the face of fill
passes. Any arc burns occuring on the surface of the pipe.
regardless of cause, shall be eliminated by removing a
cylinder containing the arc strike from the line and
rewelding. The Contractor shall be responsible for all
costs associated with removal and rewelding pipe affected
by arc burns.'

-4-
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10.0 MARKING AND IDENTIFICATION

10.1 Each qualified welder shall be assigned a unique and
~ unduplicated symbol or number. This identification shall

be applied with waterproof crayon or paint in characters at
least two inches high and shall be affixed to the pipe in
the vicinity of each weld deposited. All marking shall be
on the pipe between the weld and coating cutback.

10.2 Each identifying mark shall be employed exclusively by an
individual welder. In the event a welder is terminated or
leaves before completion of the project, his identifying
mark shall be retired and shall not be reassigned to
another welder.

11.0 NOTIFICATION

11.1 The Contractor shall notify the Company at least 3 days
before commencement of work of: (1) the number of welders
anticipated to be tested, (2) the number of procedures to
be qualified, and (3) the amount of pipe required for the
qualification tests.

12.0 RECORDS

12.1 Procedures - The Contractor shall prepare the final
detailed written welding procedures in accordance with and
on the forms indicated in API Std. 1104. The procedures
and certified test results shall be submitted to the
Company for approval before commencement of work.

12.2 Qualifications - The Contractor shall prepare written
welder qualification test reports in accordance with and on
the forms indicated in API Std. 1104. If welders are
qualified by radiography, the film shall be submitted to
the Company t0gether with one copy of the qualification
test report.

-5-
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12.3 Retention - One copy of all procedures and qualification
records shall be retained by the Contractor at the job site
and shall be made available to the Company upon request.

13.0 REPAIR WELDING

13.1 Repair of defective welds shall be subject to the approval
of the Company and the provisions of API Std. 1104.

13.2 Defect Removal - Removal of all defects shall be
accomplished by power disc grinding. When an area
containing defects is to be repaired. the entire length of
continuous defect. and any interrupted length of defect of
the same type or category. shall be entirely removed prior
to commencement of the repair.

13.3 Re-deposition - The re-dep~sition of weld metal shall be
accomplished by the approved welding procudures and
qualified welders using the same consumables. in the same
sequence. as employed in the original welding.

13.4 Restrictions on Repair - Welds with defects whose repair
would require removal of ninety degrees (900) or more of
the weld circumference, any cracked weld. or any weld on
which a previous repair has been attempted shall be
completely cut out. the pipe rebeveled. and a new weld
installed.

13.5 Beveling - Pipe ends to be butt welded shall be beveled by
machine tool or machine oxygen cutting. Manual oxygen
beveling is nat allowed. \

-6-
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14.0 INSPECTION

14.1 All work shall be subject to inspection by the Company or
its designated representative to insure compliance with the
requirements of API Std. 1104 and the requirements herein.
Inspection may employ any tool or instrument deemed
necessary to assure the provisions of this contract have
been fulfilled.

14.2 Right of ~ccess - The Company or its designated
representatives shall have full access and the right to
inspect all equipment, materials, and workmanship on this
project. Any inspected item found to be inadequate to
these requirements shall be subject to removal and
replacement at the Contractor's sole expense.

15.0 NONDESTRUCTIVE EXAMINATION
., ~•...

j 15.1 All production welding shall be subject to radiographic
inspection by a nondestructive examination contractor
approved and supervised by~the Company. The Company will
make every effort to direct and conduct the radiographic
inspections to avoid any delays to Contractor's operations;
however, the Company will not compensate Contractor for any
lost time resulting from the inspection or for repair of
welding found to be noncompliant.

15.2 Contractor's Responsibility - The Contractor shall
cooperate fully with the radiographic inspection agency to
insure timelY,and adequate inspection of all welding. The
Contractor is "expected to furnish to\'dng to free
radiographer's vehicles from disabling conditions of
terrain or weather at no cost to the Company or the
inspection agency.

-
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Intersea Research - Side Scan Sonar Survey (12/31/82)
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Harco Cathodic Protection Survey (1/84)
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APPENDIX VOLUME 2
ITEM A

Pipeline Inspections

Page J2es~dption

C-l thru C-10 Intersea Research - Side Scan Sonar Survey (12/31/82)

e-n thru C-28 .Pelagos - Compilation of ~.Side Scan Sonar Surveys (1/89)

C-29 thru C-31 McClelland As-Built, Redigitized by Pelagos for Reference (Plates
1A, 1B, and 1C)

C-32 thru C-34 Side Scan (Plates 2A, 2B, and 2C) (1/9/84)

C-35 thru C-37 Side Scan (Plates 3A, 3B, and 3C) (1/7 to 1/8/86)

C-38 thru C-40 Side Scan (Plates 4A, 4B, and 4C) (11/11/86)

t" ..
C-41 thru C-43 Side Scan (Plates 5A, 5R, and 5C) (8/1/88)

C-44 Not Used

C-45 thru C-61 Pelagos - Side Scan Sonar Survey (9/89)

C-62 Not Used

6-63 thru C-66 Pelagos - Navigation Plot, Seafloor Features

C-67 Not Used

C-68 thru C-119 Linalog Survey (2/8/85)

C-120 thru C-173 Linalog Survey (9/2/86)

C-174 thru C-220 Linalog Survey (10/2/87)
'.

C-221 thru C-269 Harco Cathodic Protection Survey (1/84)

C-270 thru C-305 Corrpro Cathodic Protection Survey (2/89)
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SIDE SCAN SONAR SURVEY
SANTA BARBARA CHANNEL

PIPELINES: DOS CUADRAS,
SANTA CLARA AND HUENEHE

(IRC Report 01382)

Prepared for:

Union Oil & Cas Division
Western Region
Union Oil Co. of CA
l003 Maln Street
Santa Paula, CA 93060

December 31, 1982
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INTERSEA RESEARCH CORPORATION
I 171~1""""11111 V"III'YI~" .• \,,,.I);,'}:I'. c,. 'I!. I.' I • I"'""ho/ll': (II 1"1 ·l~ 1·',2IM I • I ,,1,1,': IN III-:~I/\ SAN Ilil C( I • Teh-v; h,,·;cllli
1\ "'1I1•••i,I""y 01 111111 INI III ", IN( .

December 31, 1982

Union Oi 1 oS r.;lS Division
Western Region
Union Oil Company of California
1003 Main Street
Santa Pauln, California 93060

RE: Sid~ Senn Survey
Santa Barbara Channel
Pipelines: Dos Cuadras, Santa Clara & Hueneme

Sirs:

In accordance with your request, Intersea Research has conducted a pipe-
line surveillance of three submarine pipelines located in the Santa Barbara
Channel. The purpose of the survey was to identify possible pipeline haz-
ards, especially portions of the lines that may be suspended.

The three subject pipeline bundles surveyed included: (1) the Dos Cuadras
Pipeline Bundle (2-12" and 1-6" from Platform C to Rincon; 64,000 ft.),
(2) the Santa Clara Pipeline Bundle (1-12", 1-10", and 1-6" from Platform
Gilda to Mandalay Site; 53,000 ft.), and (3) the Hueneme Pipeline Bundle
(1-10" and 1-6" from Platform Gina to Mandalay Site; 33,000 ft.).

Instrumentation used to survey the pipeline included a Motorola Mini-Ranger
IV System (operated by Lewis and Lewis Surveyors), a Raytheon DE-719 record-
ing echo sounder, and a Klein Model 402 side scan sonar system. Sea condi-
tions during the survey were breezy with choppy, 1 to 3 foot swells.

Coverage of the pipelines exceeded 99% on all routes. Two separate 70 m
sections of the route along the Dos Cuadras Bundle were destroyed by a
recording event marker failure, but adjacent side scan coverage shows no
significant bottom/pipeline variances. Pipeline conditions varied from
complete burial to complete exposure, although ~ portions ~ observed
~ be suspended. Noted bottom characteristics include drag marks, other
pipeline crossings, debris near platforms, and possible sand ridges that
have drifted over the bundle.

C-2
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Union Oil & Gas Division
Union Oil Co. of California
Page - 2 -

A brief report covering field operations and findings from this survey is
attached. We appreciate the opportunity to be of service to Union, and
look forward to working with you again.

Very truly yours,

INTERSEA RESEARCH CORPORATION
r

CRD/pw
Encl.

C-3
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SU~~y OF FIELD OPERATIONS

On 28 December lQ82, the N/V Western Warrior was mobilized with naviga-
tion and surveying instruments. Positioning for the survey was controlled
by Lewis and Lewis surveyors (Ventura, CA) using a Motorola Mini-Ranger
IV System. This system determines position with respect to radar trans-
ponder reference stations located at known fixed points. The elapsed time
betwe~n the transmitted interrogation produced by the transmitter (aboard
the survey vessel) and the reply received from each appropriate transponder,
is used as the basis for determining the range to each transponder.
Accuracy of thi~ system is within J meters at a range of 35 kilometers.
This range-range l~formation, combined with the known location of each
transponder, is then trilaterated to provide a position fix in the appro-
priate X-Y coordinate system. The survey vessel's distance from the pipe
routes varied between 50 and 200 feet. Event marks were placed on records'
at each fix location along survey lines.

On 29 December 1982, at 0430 hours, the survey vessel left the
Channel Islands Marina underway for Platform C. By OBOO, the vessel was
on site and instruments were operating. A Raytheon DE 719 recording echo
sounder was used for all sounding operations. (It had been depth calibrated
back at the marina.) This system has an operating frequency of 200 KHz
with a b~3m width of approximately 5 degrees. Operating on 0-110 and
100-210 foot scales, the accuracy of readings is within 0.57.of actual
depth.

A Klein Associates side scan sonar system was used to acoustically
sweep the pipelines and surrounding seafloor. The 50 KHz, two-channel
Model 402 towfish emits fan-patterned acoustic beams from transducers
located on both of its sides. The beams are focused normal to the vessel
heading and are broad enough in the vertical plane to scan continuously,
from directly bel~w the fish to the full range of the system (operated

INTERSEA RESEARCH CORPORATION
(1)
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on the 150 m scale for this survey). Echoes returned from targets are
received by the towfish, processed and displayed on a Klein Model 401T
recorder. This creates a permanent, continuous graphic record of a path
along the seafloor in which the echoes are placed side-by-side such that
the record resembles an aerial photograph.

The fish was towed at variable distances behind the vessel. Notes
of tow cable deployment were maintained on the record to provide set-back
information. The fish was towed at heights above the seafloor that would
provide the best shawdow characteristics for observing possible pipeline
hazards.

Minimal difficulties were encountered during data acquisition. Pipe-
line Surveillance Records (pages 5 through 7 of this report) detail
observations made from the side scan sonar records. All locations are
corrected for set-back distances. The three lines were completed by
1440, and the M/v Western Warrior went underway back to the marina.

"'--------------- INTERSEA RESEARCH CORPORATION --J
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FINDINGS

Coverage of the pipelines exceeded 997.on all three lines. Two
separate 70 meter sections of the route along the Dos Cuadras Bundle we~e
destroyed by a recording event marker failure, but adjacent side scan
coverage showed no significant bottom/pipeline variances.

On all records, pipelines were observed to lie on or below the sea-
floor. No locations along the lines were seen to be suspended or under-
mined. At 588 + 20 (on the Dos Cuadras line), the bundle is split and
all 3 lines are separate and clearly visible on the side scan record.
Drag marks from anchors and/or fishing devices are visible on many portions
of the records. Also, another pipeline crosses the Dos Cuadras line near
328 + 80. Other bottom characteristics of mention are the debris piles
near platfonns, and migrating sand ridges at 225 + 09 and 268 + 86 alocg
the Hueneme Bundle. The Pipeline Surveillance Records on pages 5 'to 7
document the observations seen on side scan records.

INTER SEA RESEARCH CORPORATION

(3)
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PIPELINE SURVEILLANCE RECORD
Platform C to Rincon 65,121 feet

Locntion (ft)

624 + 51

572 + 95
451 + 98

651 + 21
635 + 01

Side Scan Sonar Observations

p1atfo~m w/ debris
230'/70 m section of record destroyed by
recording event marker failure
230'/70 m section of record destroyed by
recording event marker failure
p1ntform w/ debris
platform w/ debris
bundle split, 2-12" and 1_61i pipes clear
on ~ecord
bunul~ exposed, no suspension
paper advnnced to eliminate cutting, no
appreciable data loss
survey vessel crossed pipeline
survey vessel crossed pipeline
pre-pipe (1) drag marks/anchor scars
pipeline crossing under (1) subject
Union line
lose coverage
regain coverage; missing gap too large
abort and reshoot
par tinIly exposed
pre-pipe (1) drag marks
165-250 feet (50-75 m) sections inter-
mittantly exposed and buried
100-165 feet (30-50 m) buried
2 additionnlpipes to north
all pipes buried
all 3 pipes exposed
1 additional pIpe, 4 total, all exposed
intermittent burial of all 4 lInes
100i. burial all lines, much kelp present

182
182
180
167

195
192

193

193
193

193 to 194

Depth (ft)

194
193

118
113
108
106

90 to 82
73 to 42

25

164
159
158
163
150

135 to 106

96 + 08
37 + 95
12 + 08

188 + 29
172 + 93
151 + 39
147 + 13
107 + 71 to
82 + 51 to
37 + 95 to

624 + 51
593 +. 03
588 + 20 to 574 + 01

318 + 63
305 + 15
301 + 75
322 + 20
274 + 60
235 + 10 to 148 + 19

400 + 05
391 + 57
376 + 01
328 + 80

~.•.
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PIPELINE SURVEILLANCE RECORD
Platform Gilda to Mandalay 52,540 feet

Location (ft)

520 + 30
517 + 88

508 + 53
499 + 81

423 + 21 to 404 + 40

359 + 01
336 + 79
284 + 84 to 263 + 24
268 + 24
214 + 58

193 + 63

146 + 08
137 + 28 to 134 + 04
134 + 04
73 + 25
59 + 70

Depth (it)

202
201

190
183

123 to 113

96
90

79 to 74
74
66

63

57
57 to 56

56
50
47

(5)

C-9

Side Scan Sonar Observations

platfo~ wI debris; begin bundle from
platform wI minor string 30 m north;
all slightly exposed on surface
1 additional line from north
1 additional line from north, total spread
45 m
faint indications of additional lines;
subject bundle slightly exposed on surface
2 bundles, 3 and 4 pipes
2 bundles, 4 and 4 pipes
north bundle intermittantly buried
north bundle buried 100%
south bundle intermittently buried in lO-
IS m sections
north and south bundles intermittantly
slightly exposed
all lines, both bundles buried 100i.
partial exposure
all lines 100% buried
buoy markers
buoy markers



PIPELINE SURVEILLANCE RECORD
Platform Gina to Mandalay 32,860 feet

( _.
Location (ft) Depth (ft) Side Scan Sonar Observations

28 + 43 to 230 + 53 30 to 64 no evidence of pipe exposed
167 + 42 to 209 + 09 55 to 61 seafloor irregularities
230 + 53 65 pipe exposed wI sand accumulation on

east side of line; 3 distinct lines,
1 primary, 2 minor

225 + 09 69 sand rid~es cross over pipes
268 + 86 72 sand ridges cross over pipes
258 + 17 to 277 + 12 70 to 74 evidence of 6 minor lines
316 + 48 92 backwash from work boat at platform

(,....

(
""'-. -"
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Pipeline Inspections

Pelagos - Compilation of 4 Side Scan Sonar Surveys (1/89)
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A COMPILATION OF FOUR ANNUAL SIDESCAN SONAR
SURVEYS (1984-1988) - SUBMARINE PIPELINE

PLATFORM GINA TO MANDALAY BEACH
VENTURA COUNTY, CALIFORNIA

FOR
UNOCAL

VENTURA, CALIFORNIA
BY

PELAGOS CORPORATION
SAN DIEGO, CALIFORNIA

JANUARY 1989
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PELAGOSCORPORATION
Telephone: (619) 292·8922

9173 Chesapeake Drive San Diego,California 92123
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INTRODUCTION

Pe.Lagos Corporation has performed a series of four annual inspections
along a submarine pipeline route for UNOCAL.A pipeline bundle (one 10-inch

pipe and one 6-inch pipe) and a power cable occupy the route originating at
Platform Gina and terminating at a landfall near Mandalay Beach in Ventura

County, California (Figure 1). In each survey, a sidescan sonar system ~s
operated along this route.

This report describes the instruments and methods employed during the

survey operations, discusses interpretation techniques, and presents results
of each survey. Table 1 summarizes the pertinent facts of each survey

including date, vessel, equipment and horizontal control. Supplementary
details such as the personnel involved in the various field operations and
office analysis tasks, survey vessel specifications, and daily operator .logs
are available in the original reports listed in the references.

The results of each survey include a series of three plates showing

significant seafloor features and a discussion of any prominent changes in
seafloor conditions from previous surveys. The first three plates (1A,1B,1C)

indicate the "as-built" pipeline location based on the August 1981 McClelland
Engineers survey. These serve as a commonreference for all later data

presentations.

-1-
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\. Figure 1. Location Map.
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Table 1
Previous Pelagos Surveys

Survey
Date

9 Jan 1984

7-8 Jan 1986

Vessel
WESTERN WARRIOR

WESTERN WARRIOR

Equipment
MRS III w/SCOPE 85
ORE Multiscan Sidescan

Sonar System
Ross 801 Echo Sounder

MRS III w/PHROGNAV
ORE Multiscan Sidescan

Sonar System
Si-Tex HE30 Echo Sounder

USC&GS
Horizontal

Control Stations
MART 3
SEACLIFF
SPRINGVILLE

MART 3
SEA CLIFF
SPRINGVILLE

",v.......

\ ...

11 Nov 1986

1 Aug 1988

WESTWIND

SEA WATCH

MRS III w/PHROGNAV
ORE Multiscan Sidescan
Sonar System

Raytheon DE-731 Echo Sounder

MRS III w/PHROGNAV
EG&G Model 260 Sidescan

Sonar System
Furuno Echo Sounder

-3-
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SEACLIFF
SPRINGVILLE
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LOON
MART 3
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DATA ACQUISITION

A brief description of instruments utilized for these surveys is
presented below and summarized in Table 1. The survey syste~ used to collect
data for the pipeline inspection were operated simul taneously over
predetermined survey lines. Figure 2 illustrates the typical towing geometry
relative to the survey vessel. Echo sounder tr-anaducer- location was vessel
dependent. Ve~sel speed was approximately four knots throughout the survey.
Pe.l agoa Corporation was responsible for' data acquisition, navigation, data
reduction, and interpretation during each survey project.

Navigation and Positioning
A Motorola Mini-Ranger III position system was used to insure highly.

accurate and repeatable positioning during the survey. This is a microwave,
pulse positioning system which utilizes a mobile interrogator and two or more
base station transponders located at survey control points on shore. Once per

~ •., second, the distance in meters to each transponder is displayed onboard the
vessel where the system automatically records the ranges at selected locations
or time intervals. The Mini-Ranger is an accurate line-of-sight system which
is not subject to ionospheric disturbances and has a position accuracy of
better than three meters.

On the January 1984 survey, a SCOPE-85 microprocessor system was operated
aboard the vessel to provide real-time positioning solutions and vessel
tracking. The system interfaces the Mini-Ranger to a Hewlett-Packard Series
85 computer, a 9872A plotter and video monitors. Continuous position fixes
were taken at 500-foot intervals along pre-plotted lines. Preplots of vessel
tracks in the area of interest were used by the navigator to direct the vessel
along the desired course and to ensure compliance with the survey
specifications. At every position fix, ranges and times were logged, and all
recording charts were marked simultaneously to permit easy correlation between
syste~.
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Echo Sounder

Sidescan Sonar variable distance

Figure 2. Typical Towing Geometry.
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On all later surveys, PHROGNAV, a microcomputer-based Pelagos software

system was operated aboard the vessel to provide real-time position solutions
and vessel tracking from range information. The software interfaces the Mini-
Ranger to an lIP 9826 computer, a printer, plotter, and video monitors.
Navigation fixes were logged at 60-second intervals along pre-computed survey
lines and external event marks were registered and annotated simultaneously on
all recordings. Field preplots and postplots were generated using the onboard
computer and plotter.

Key features of both processing systems include:
the video monitor; continuous least-squares solutions
video monitor to aid the helmsman in steering accurate,

Shore-based transponders for the navigation system were located at
previously recovered horizontal and vertical control pOints; these points were
selected to provide favorable shore station geometry. Horizontal angles of
300 to 1500 between shore station transponders insures good trilateration

\.. solutions of three-range position information.

Transponders were placed at the well-documented U.S. Coast and Geodetic
Survey triangulation stations listed below:

Lambert Zone 6 NAD 1921
North East Latitude Longitude

CASA 819,992.5 1,025,206.3 34022'43.29" 119°28'49.98"
LOON 833,391.1 996,545.9 34024'46.84" 119034'36.19"
MART 3 188,126.1 1,081,083.6 34011'116.59" 119°16'21.15"
SEACLIFF 806,821.4 1,046,913.3 34020'39.13" 119°24'25.69"
SPRINGVILLE 161,601.0 1,139,998.5 34013'39.05" 119005'42.15"
TEAL 2 152,126.2 1,093,131.5 34011'58.48" 119°14'49.16"

\ ...

-6-
,. ....

\...



\. -

The coordinates (feet) listed above are in Zone 6 of the California Lambert
Grid along with the corresponding geographic coordinate values. The spheroid
used was Clarke 1866. Offsets from the USC&GS triangulation stations were
used for reasons of expediency, security, and logistic support.

Seafloor Imaging
An O.R.E. Multi-scan sonar system was used on the first three surveys to

sweep the seafloor within the survey area.. This two-channel sidescan system
emits horizontal, fan-shaped, 100-kHz beams from each side of the towed sensor
(fish). Acoustic echoes returned .from targets found within the beam paths
from the sea surface to the seafloor are then received by the fish and
displayed on an EPC 3200S recorder. This creates a permanent continuous
graphic record of a path along the seafloor 1n which the echoes are placed
side by side so that the record resembles an aerial photograph. On the August
1988 survey, an EG&G Model 260 two-channel, 1DO-kHz sonar system with
integrated graphic recorder/display was similarly used.

Both systems were operated at a scale of 150 meters per channel on the
survey lines. The depth of the towed fish was maintained at an appropriate
height above the bottom in order to insure optimum coverage. An echo sounder
was operated to display general bathymetric profiles and as an aid in
maintaining the proper altitude of the sidescan sonar tow fish.

-7-
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DATA PROCESSING

Navigation
A VAX- 11/780 VMS mini-computer was used to process navigation data

returned from the field. Coordinates of navigation rixes were recomputed rrom
raw range data and were reviewed for inconsistencies and errors. Edi ted
navigation positions were plotted on a 34-inch Zeta 3653 plotter at the
des Ir-ed scale. A po::stplot (set of three plate::s)t-rasdrawn for each of the
::surveyroute::sat a scale of 1:~800 or one inch equals 400 feet and was u::seda::s
a base map for seafloor features interpretation. The ecor-df.nat es are
California Lambert Zone 6 (feet) and geodetic (latitude/longitude) on the
Clarke 1866 ellip::soid.

Seafloor Imaging
Conventional sfdeacan sonar data pr-esencat.Lon is subject to inherent

geometric di::stortion::s.The ba::siccau::sesof di::stortion in a ::standard::sidescan
l", record are: pr-esence of the water eo.Iumn] difference::s betwe~:l ship speed vs

recorder speedj and slant-range distortion. "

An ORE Model 158A graphic processor was interfaced into the ORE multiscan
side::scansonar system to enhance the records and correct for distortion. The
EG&G Model" 260 a.Lso OO::sthe ability to compensate ror geometric distortion.
In both sy::stem::s,the distortion problem is eliminated in the following manner:
all data are converted to digital rOrmj a bottom-tracker gates out the water
columnj ship velocity is used to control recorder paper-feed and stylus speed;
and output data are "shifted" to eliminate slant-range error. The result is a
record in which X and Y scales are equal. This output can then be combined
with records taken from parallel tracks to create mosaics of the seafloor.

\~~:""-
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RESULTS

Sidescan sonar data collected along the pipeline route between Platform
Gina and a point located a few hundred meters off the Mandalay Beach landfall
were examined. The data were reviewed for evidence of possible damage to the
pipelines, indications of unsupported spans, recognizable changes to general
seafloor. conditions aa mapped by previous surveys, and anomalous sonar
targets. The location of the pipeline, where exposed, was found to be in
agreement with "as-built" data provided by UNOCAL.Distance along the line
was accurately controlled through logging of cable out, water depth and tow
fish height. Hence, targets shown (on the accompanying:plates) relative to

the pipe as seen on the sidescan record are accepted as the true location
based on the previous "as-built" data.

The discussion of r-esu'l ta and the corresponding set of three seafloor

features plates (scale' 1:4800) are reproduced from each original Pelagos

\,. report.' The "as-built" series of plates (scale 1: 4800) based on the
McClelland Engineers August 1981 survey is also included.

9 January 1984 Survey (Plates 2A, 2B, 2C)

The pipeline is continuously exposed from the platform to a .point
approximately 9000 feet (2740 m) north where it becomes completely buried.
From this location, the pipeline is buried throughout the remainder of the

route shoreward. The only exception is a 50-foot (15 m) segment of the
pipeline exposed approximately 26,800 feet (8170 m) north of Platform Gina.

From the platform to a point approximately 4000 feet (1220 m) north, a

power cable is partially exposed. Over the next 2200 feet (670 m) northward,

the power cable and its associated trench are well exposed (Plate 2C). From

this point northward to shore the power cable is completely buried.

-9-



Near Platform Gina, approximately 250 feet (80 m) west of the pipe, there
is an apparent accumulation of scars and debris (Plate 2C). In addition,
three unidentified sonar targets are located approximately 7,700 feet (2350 m)
north of Platform Gina and 60 feet (18 m) west of the Pipeline (Plate 2C).

A large swath, exhibiting an apparent change in sediment texture, begins
about 12,000 feet (3660 n) north of Platform Gina and persists for
approx:imately 3600 feet (1100 m) along the route. This zone suggests a
change :in acoustic scattering properties which may be caused by only a very
subtle sediment facies change, but i~ is seen on both sides of the pipeline
out to the limits of the sonograph. The pipeline is alternately covered and
exposed along a 2000-foot-long (610 m) sector in this zone (Plate 2B).

Positioning solutions proved to be well within the accuracy of the Mini-
Ranger system. This was done continuously by the least-squares solution
method employed by the micro-processor. In addition, known positions. of
platform structures were calibrated within this navigation net via the transit
fix method of the software.

7-8 January 1986 Survey (Plates 3A,3B,3C)
Along the pipeline route north from Platform Gina, the pipe bundle is

exposed for a distance of approximately 9000 feet (2740 m). Thence, the
pipeline is buried along the remainder of the route toward shore. Two notable
exceptions include: a 2000-foot (610 m) length of pipe intermittently or.
partially exposed between 12,000 (3660 m) and 14,000 (4270 m) feet north of
Gina along the route, and a second 50-foot (15 m) length of pipeline exposed
4700 feet (1430 m) from the landfall.

From a point approximately 2000 feet (610 m) north of the platform to
nearly 6000 feet (1830 m) north, a power cable is exposed on the seafloor and
lies parallel to and on the east side of the pipeline. Further north, along
the route, the power cable is only locally exposed to a point about BOOO feet
(2440 m) north of Gina. Beyond this point, the cable remains completely
buried (Plate 3C).

-10-
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A zone of numerous small sonar targets was mapped along the pipelina
route :from 12,000 (3660 m) to approximately 15,000 :feet (~570' m) north of
Platform Gina. This zone may represent the acoustic return from a hard
subsbr-at.e laying beneath a thin veneer of' sof'ter Burficial aeddmenba, The
area was previously mapped as a "cluster of possible objects" by McClelland
Engineers (1981) for the "as-bull ttl survey and by Pel.agos Corporation in 1984
as an apparent change in sediment texture. The pipeline is alternately
covered. and exposed along this 3000-foot (910 m) section of pipeline route
(Plate 3B).

11 November 1986 Survey (Plates ~A,~B,~C)
The pipeline bundle occupying the route from Platform Gina to Mandalay

Beach is exposed on the seafloor from Platf'orm Gina north for a distance of

approximately 9000 feet (27~0 m). Shoreward, the pipeline is buried and not
seen on the sonographs. One possible exception is an isolated 60-foot (18 m)

segment of pipelinepart'ially 'exposed 13,100 feet (~OOOm) north of Gina
within a zone of numerous small sonar targets. Previous surveys (McClelland
Engineers, 1981; Pelagos Corp., 198~ and 1986) have mapped and reported more
extensive pipeline exposure within this zone.

The zone most likely represents hard substrate lying beneath a thickening

veneer of softer surficial sediments. Continued slow deposition, cross-shelf
sediment transport or settlement of the pipe bundle have contributed to the
gradual burial of the pipeline.

Further evidence of' this 1s documented by the complete disappearance of a

power cable, mapped just north of Platform Gina and paralleling the pipeline

to the east (Pelagos Corp., 1984and 1986).

1 August 1988 Survey (Plates 5A,5B,5C)
The pipeline bundle occupying the route from Platform Gina to Mandalay

Beach is exposed or partially buried beneath the seafloor from Platform Gina
north for a distance of approximately 8000 feet (2~~0 m). Shoreward, the

-11-
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pipeline is completely buried and not seen on the sonographs. Previous
surveys (McClelland Engineers, 1981; Pelago.s Corp., 19811 and 1986) have mapped
and reported more extensive pipeline exposure indicating that the pipeline is
being slowly buried by sedimentary action. Continued .slow deposition, cross-
shelf sediment transport or settlement of the pipe bundle have contributed to
this gradual burial of the pipeline. Further evidence of this is documented
by the complete disappearance of a power cable, mapped just north of Platform
Gina and paralleling the pipeline to the east (Pelagos Corporation 1984 and

- 1986).

No evidence of damage or impingement by commercial fishing gear was seen
on the moab recently collected sonar records. Along the exposed segment of
pipeline, near Platform Gina, no indication of unsupported .spans was observed.

-12-

C-26

\
.0'



(
"--.

\

CONCLUSIONS

Based on the interpretation of these four sidescan sonar surveys, there

was no evidence of possible damage' to the pipeline, unsupported spans, or

significant sonar targets along the pipeline route. Since the 1984 survey,

there has been a gradual burial of the pipelines and power cable due to slow

deposition, cross-shelf sediment transport and settlement of the pipe bundle.

In 1984 the pipeline was exposed from Platform Gina for a length of

approximately 9000 feet northward with several other partially exposed

segmen ts. By 1988, the pipeline was exposed or partially buried for a

distance of approximately 8000 feet from Platform Gina and completely buried

from this point shoreward. The power cable which was at least partially

exposed over the first 6200 feet north of Gina in 1984, was completely buried

by 1988.

-13-
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Pelagos - Side Scan Sonar Survey (9/89)
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INTRODUCTION

Pelagos Corporation perfonned an annual pipeline inspection along two

submarine pipeline routes for UNOCAL during 21-22 July 1989. A pipeline

bundle (one 10-inch pipe and one 6-inch pipe) and a power cable occupies the

route originating at Platform GINAand terminates at a landfall near Mandalay

Beach in Ventura County, California. A second pipeline bundle (a 12-inch

'pipe, a 10-inch pipe and a 6-inch pipe) and a power cable trace a route east

from Platfonn GILDAto the same Mandalay Beach terminus (Figure 1).

This report describes the instruments and methods employed during the

survey operations, defines seafloor conditions along the pipeline routes and

discusses significant changes in these conditions from previous surveys.



·•..

.Santa Barbara

ENLARGED AREA

SANTA BARBARA CHANNEL

0.-

GILDA

Figure 1. Location Hap.

..................................................................•.....•........•...........

":::::aXNARD.................................
• • • • • 0•••••••••.......................................

• •• • •••• • •• CI ••....... ......... .......... ..........•...•.......... ..........................

C-49:-



\... :

DATA ACQUISITION

A brief description of instruments utilized for this survey is presented
belcw and summar-Lzed in Table 1. The survey systems used to collect the
necessary data for the pipeline inspection were operated simultaneously over
predetermined survey lines. Figure 2 illustrates the towing geometry of the
various instrument sensors relative to the survey vessel. Vessel speed was
approximately 4.0 knots throughout the survey. Pe Iagos Corporation was
responsible for data acquisition, navigation, data reduction, and
interpretation during the proj ec t , A list of all personnel and their
responsibilities is presented in Table 2. The Daily Survey Log is included in
the Appendix.

Vessel
The navigation and survey equipment were installed aboard the R/V

WESrwDID, a 50-foot research vessel rigged for light oceanographic and
geophysical surveying.

Navigation and Positioning
A Motorola Mini-Ranger III Position system was used to insure highly

accurate and repeatable positioning during the survey. This is a microwave,
pulse positioning system which utilizes a mobile interrogator and two or more
base station transponders located at survey control points on shore. Once per
aecond , the distance in meters to each transponder is displayed onboard the
vessel where the system automatically records the ranges at selected locations
or time intervals. The Mini-Ranger is an accurate line-of-sight system which
is not subject to ionospheric disturbances and has a range-measurement
accuracy of better than two meters.

PHROGNAV, a microcomputer-based software system was operated aboard the
vessel to provide real-time position solutions and vessel tracking from range
information. The software interfaces the Mini-Ranger to an HP 9826 computer,

c-so
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Table 1
Equipment List

A. Navigation

Motorola Mini-Ranger III System including:

Range Console
Multi-user option
4 Reference station transponders
1 Receivers/Transmitters

Microprocessor Survey Package including:

HPg826 microcomputer
HP Thinkjet printer
HP7475A plotter
HP59306A relay actuator
HP color video monitor
Pelagos Corporation PHROGNAV Software

Survey Systems

EG&G Sidescan Sonar System including:

M260 transceiver
M272 towfish
M1,6A electric winch w/3000-foot cable and sliprings
HP3968A analog magnetic tape recorder

C-Sl



Navigation
Antenna

~--\
.'
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Figure 2. Typical towing geometry.
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Table 2
Personnel Listing

FIELD OPERATIONS

Shore

Logistic Support J. Lorenz Pelagos Corp.

Vessel

Party Chief/Navigator w. Speidel Pelagos Corp.
Sonar Operator B. Eastman Pelagos Corp.

OFFICE ANALYSIS

Interpretation R. Ashley Pelagos Corp.
E. King Pelagos Corp.
R. Hanson Pelagos Corp.

( Report w. Speidel Pelagos Corp.
R. Ashley Pelagos Corp.
E. King Pelagos Corp.

Drafting K.P. Day Pelagos Corp.

-
C-53
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a printer, plotter, and video monitors. Key features include: a vessel track
display on the video monitor; continuous least-squares solutions of multiple-
range fixes; and, a video monitor to aid the helmsman in steering accurate,
straight survey lines.

Shore-based transponders for the navigational system were located at
previously recovered horizontal and vertical control points; these points
were selected to provide favorable shore station geometry. Horizontal angles
of 300 to 1500 between shore station transponders insures good trilateration
solutions of three-range position information.

Transponders were placed at the well-documented U.S. Coast and Geodetic
triangulation stations listed below:

PLATFORM GINA TO MANDALAY BEACH PIPELINE ROUTE

UTM ZONE 11 NAD 1927
\:. NORTH EAST LATITUDE LONGITUDE

SEA CLIFF 3,802,763.7 278,575.6 3lj020'39.54" 119024'25.79"
SPRINGVILLE 3,789,172.5 307,024.lj 3lj013'39.05" 119°05'lj2.15"

HUENEME LIGHT 3,780,260.6 296,323.2 3ljo08'lj2.57" 119012'32.58'.

The coordinates listed above are in Zone 11 of the Universal Transverse
Mercator Grid (meters) along with the corresponding geographic coordinate
values. The spheroid used vas Clarke 1866. Offsets from the USC&GS
triangulation stations were used for reasons of expediency, security, and
logistic support.

-
\...

Navigation fixes were logged at 100-meter intervals along pre-computed
survey lines and external event marks were registered and annotated
simultaneously on all recordings. Field preplots and postplots were generated
using the onboard computer and plotter.
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Seafloor Imaging

An EG&GModel 260 sonar system was used to sweep the seafloor within the

survey area. This two-channel sidescan system emits horizontal, fan-shaped,

100-kHz beams from each side of the towed sensor (fish). Acoustic echoes

returned from targets found within the beam paths from the sea surface to the

seafloor are then received by the fish and displayed on the systems graphic

recorder. This creates a permanent continuous graphic record of a path along

the seafloor in which the echoes are placed side by side so that the record

resembles an aerial photograph.

The system was operated at scales of 100 and 150 meters per channel on

the survey lines. The depth of the towed fish was maintained at an

appropriate height above the bottom in order to insure optimum coverage.
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DATAPROCESSING

Navigation

A VAX-11/780 VMSmini-computer was used to process navigation data

returned from the field. Coordinates of navigation fixes were recomputed from

raw range data and were reviewed for inconsistencies and errors. Edited

navigation positions were plotted on 34-inch Zeta 3653 plotter at the desired

scale. A post plot was drawn for each of the pipeline routes at a scale of

1:48,000 (one inch equals 400 feet) (Plate(s) 1 in jacket).

Sonar Imagery

An EG&GModei 260 was used to acquire the seafloor sonographs because of

its ability to correct geometric distortions inherent in a conventional

sidescan sonar presentation. The. basic causes of distortion in a standard

sidescan record are: presence of the water column; differences between ship

speed and recorder speed; and, slant-range distortion. The Model 260

eliminates these problems in the following manner: all data are converted to

digital form; a bottom-tracker gates out the water column; ship velocity is

used to control recorder paper-feed and stylus speed; and output data are

"shifted" to eliminate slant-range error. The result is a record in which X

equals Y; this output can then be used with records taken from parallel

tracks to create mosaics of the seafloor.

C-S6- .....
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RESULTS

Posi ti oning

The location of the pipelines, where exposed, was found to be in

excellent agreement with "as-built" data provided by UNOCAL. When operating

without a positioning system on the towfish, the towfish position is assumed

to be directly behind the vessel. In the deeper water areas of the survey,

transverse currents may cause lateral displacement of the towfish from the

vessel trackline. Distance along the lines is accurately controlled through

logging of cable out, water depth and fish height. Hence, targets shown on

the accompanying plot were located relative to the pipes as seen on the

sidescan record.

Sonar Sweeping

Sidescan sonar data collected along the pipeline routes.between Platf<:lrms

GINAand GILDAand the Mandalay Beach landfall were examined. The data were

reviewed for evidence of possible damage to the pipelines, indications of

unsupported spans and recognizable changes to adjacent seafloor conditions as

mapped on previous surveys.

Platform GINAto Mandalay Beach

Sonar targets detected along the pipeline route between Platform GINAand

the closest safe vessel approach off the Mandalay Beach landfall were plotted

(Plates 2-4).

The pipeline bundle is exposed or partially buried beneath the seafloor

from GINA north for a distance of approximately 8200 feet (2500 meters).

Shoreward from this point, the pipeline is completely buried and no trace is

seen on the aonogra phs , with the exception of an isolated' 40-foot segment of

the pipeline partially exposed 9480 feet (2890 meters) from the landfall

terminus. Previous surveys (McClelland. Engineers, 1981; Pelagos Corporation

1984 and 1986) have mapped and reported more extensive pipeline exposure

indicating that the pipeline is being slowly buried by sedimentary action.
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The 1988 Pelagos Corporation survey mapped approximately the same amount of
pipeline exposure as seen in this current survey. However, slow sediment
deposition, cross-shelf sediment transport or settlement of the pipe bundle is
likely to continue contributing to this gradual burial of the pipeline.
Further evidence of this is documented by the complete disappearance of a
power cable, mapped just north of Platform GINA and paralleling the pipeline
to the east (Pelagos Corporation 1984 and 1986).

A zone of numerous small targets was mapped 10200 feet (3110 meters)
north of Platform GINA. The sonar targets are generally less than 16 feet (5
meters) in length and do not appear to have any impact on the pipeline.

No evidence· of damage or impingement by .commercial fishing gear was seen
on the most recently collected sonar records. Along the exposed segment of
pipeline, near Platform GINA, no indication of unsupported spans was observed.

PlatfromGILDA to Mandalay Beach
The pipeline route was surveyed from Platform GILDA eastward toward its

Mandalay Beach landfall and anomalous features were mapped (Plate 2-6) along
the route.

The pipeline bundle is fully exposed from GILDA east for approximately
21120 feet (6439 meters). Along the next 7400 feet (2256 meters) east, the
pipeline is only partially exposed. At a distance of approximately 28500 feet
(8689 meters) east of Platform GILDA, the pipeline is completely buried. From
this location, the pipeline is buried throughout the remainder of the route
shoreward; the only exceptions being isolated short lengths of pipeline
exposed. in the shallow water-portions of the route (Plates 2 and 3).

Drag scars previously mapped and reported (McClelland, 1981 and Pelagos
Corp., 1984) were not seen on these data. The unidentified and linear
targets mapped fran the previous survey (Pelagos, 1988) were not observed.
However, several other unidentified targets were observed during the latest

C-5S-
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survey. These targets were mapped adjacent to the pipeline, but do not appear
',-

to have any impact on the pipeline. Directly south or GILDA ground tackle ror
a mooring buoy was observed on the sonar record. A depression previously
mapped (Pelagos Corp., 1986 and 1988) just south of GILDA was not seen on the
current sonar data.

Beginning 2200 feet (671 meters) east of the platrorm, a power cable can
be observed (Plate 6). The cable lies parallel to the pipeline and is well
exposed until a point about lJ600 feet (1lJ02 meters) east of Platform GILDA.
Beyond this point, the cable is completely buried, except for a 700-foot
segment that is partially exposed 7600 feet (2317 meters) east of GILDA (Plate
5).

North of the pipeline route near its landfall terminus, two marker buoys
were plotted from the sonar data. The well location observed on the previous
surveys (PeLagos Corporation, 1986 and 1988) was not observed on the current
survey because it was out of range of the sidescan sonar on this pass.

'-..,' -'
An old reported drag scar (Pelagos Corporation, 1986) near Platform GILDA

that appears to impinge on the pipeline, was not recognized in this most
recent data set, suggesting burial by shelf sedimentation processes.

No unsupported spans were observed along any of the exposed pipeline
segments. Nor was there evidence or damage or impingement by commercial
rishing gear seen in the most recent collected sonar records.

-
....... -~
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I Nl'RODUCTION

The following offshore pipelines were surveyed by Linalog®

in January 1985. The set-up location used for each survey

was Ventura, California.

1. The 6 inch diameter pipeline PLATFORMGINA to
MANDALAY: Length, approximately 6.2 miles. The
pipe is reported to be .280" nominal wall Grade "B"
ERW. One successful instrumented survey run was
made January 14, 1985. Running time was 5 hours 45
minutes, resulting in an average tool velocity of
approximately 1.1 miles per hour.

2. The 10 inch diameter pipeline PLATFORMGINA to
MANDALAY: Length, approximately 6.2 miles. The
pipe is reported to be .500" and .562" nominal wall
Grade X-56 ERW. One successful instrumented survey
run was made January 12, 1985. Running time was 6
hours 14 minutes, resulting in an average tool
velocity of approximately 1 mile an hour.

3. The 12 inch diameter pipeline PLATFORMGILDA to
MANDALAY:Length, approximatley 10.1 miles. The
pipe is reported to be .500" nominal wall Grade
X-42 ERW. One success Eul instrumented survey run
was made January 9-10 1985. Running time was 8
hours 46 minutes, resulting in an average tool
velocity of approximately 1.1 miles per hour.

A survey consists of passing a self-contained instrumented

pipeline pig, known as the Linalog~ Tool, through a pipe-

line. The Linalog® Tool records magnetic anomalies existing

in the body wall of the pipe.

-1-
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A "Dummy" Linalog® Tool was run through each pipeline,

before running the instrumented tool, to check for obstruc-

tions which could interfere with the instrument's passage.

The survey showed the existence of magnetic anomalies in

each pipeline. Each joint of pipe containing significant

anomalies has been indicated by a grade stamped along the

~op of the log. These grades are tabulated by grade classi-

fication between pipeline reference markers in the "RESULTS"

section of this report.

-2-
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LlNALOG SURVEY EQUIPMRNT

THE "DUMMY" TOOL

A sizing tool, known as a "Dummy Tool", is run through the
pipeline prior to running the Linalog® Survey Tool. The
"Dummy Tool" is used as a gauge to check the pipeline for

any restrictions which could impede the movement of, or se-

verely damage, the Linalog® Survey Tool. The Dummy is simi-

lar in appearance to the Linalog® Survey Tool but contains

no instrumentation.

MAGNETS

Prior to running the Linalog® Survey Tool, the pipeline is

usually marked at convenient intervals. The suggested in-

terval is approximately I mile. The actual interval used

will depend upon land topography and ease of access to the

pipeline Right of Way. This marking is dane by placing a

pair of permanent magnets on the pipeline at desired

locations as shown on Figure 2. When the Linalog® Survey

Tool is run, the flux field from these magnets is detected

and recorded along with the other data. These "Marks" then

become above ground reference points from which areas of

corrosion can be located. The location of reference mark-

...--.

ers, used on a previous survey, can be transferred from the

-3-
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previous survey log to the current one if applicable. Nat-

ural features of the pipeline, that can be identified from

the surface above the pipeline, and that can be recognized

on the log, make excellent "Marks" and should be used, along
with the magnets, whenever possible. Valves, flanges, tapso

tees, and stopple fittings are typical examples of these

natural features.

LINALOG® SURVEY TOOLS

The Lina10g® Survey Tool is a self-contained unit that is

inserted intoJ propelled through, and extracted from the

pipeline in the same manner as a conventional cleaning pig~

The 6 inch diameter Type 3 Linalog® Tool, used during this

survey, was approximately 8 feet in length. The 10 and 12

inch diameter Type 3 Linalog® Tools were approximately 10

feet in length. Each tool is made in five sections, which

are connected by universal joints ("U" joints), so they can

pass through bends in the pipeline (See Figure 1).

The first section is the "Drive Section". It is supported

in the pipeline by scraper cups, which provide a tight seal

inside the pipe, so the pipeline throughput can propel the

inspection tool. A marker detecting device is mounted be-

tween the cups. Its function is explained in the "LINALOGl!\)
SURVEY RECORDllsection of this report.

-4-
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Th~ second section is the "Magnetizer Section" which magne-

tizes the pipe and supports the survey shoes. The magne-

tizer is supported in the pipeline by a set of steel brushes

at each end. These brushes also provide a path for the

magnetic lines of flux to enter the pipe wall. The survey

shoes contain the corrosion survey sensors. These shoes,

and the sensors in them, overlap one another to provide

complete 3600 coverage of the pipe wall. Information

signals from the survey sensors are recorded on the survey

channels. The function of the survey channels is explained

in the IILINALOG® SURVEY RECORD" section of this report.

The third section is the "Distance Measuring Section". It

is centralized in the pipeline by scraper cups mounted at

each end. The distance measuring wheel is mounted between

the scraper cups. Its function is explained in the

"LINALOG® SURVEY RECORD" section of this report •

.The fourth section is the IIBattery Sectionll
• This furnishes

electrical power to operate the Linalog® Tool. A scraper

cup on the rear end supports and centralizes this section

in the pipeline.

-5-
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The fifth section is the "Recorder Section". It is support-

en in the pipeline by a scraper cup mounted on. the rear

end. The recorder section houses the magnetic tape recorder

and the electronic circuits. The recorder and the electron-

ic ci.rcuits process the data from the various sensors and

record it on magnetic tape. The 10 and 12 inch recorders

were equipped with "Speed Gain Control" (sec) which
automatically adjusts the the sensitivity of the survey

electronics to compensate for tool speed variations.

OPERATING PRINCIPLE

The Linalog® Tool operates on the flux-leakage principle. A

magnetic field is induced into the pipe wall by the magne-

tizer section as it moves through the pipeline. This mag-

netic field travels with the tool. When an anomaly is en-

countered in the pipe wall, the magnetic flux is forced out

of the pipe at the anomaly (See Figure 3). This is cailed

flux-leakage. The Linalog® Tool detects this flux-leakage

and records a corresponding signal on magnetic tape. Line

i
'-"

pipe usually contains small imperfections, so some amount of

background signals can be expected.

We can generalize and say that the amplitude of a corrosion

pitting signal, generated by the flux leakage at corrosion
pitting, is proportional to the depth of the pitting. This

-6-
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is the basis for the grade classifications used to evaluate

the condition of the pipeline. For more detailed informa-

tion, refer to the "GRADING SYSTEM" section of this report.

PLAYBACK SYSTEM

After the Linalog® Survey Tool is removed from the pipeline,

the magnetic tape, containing the recorded data, is removed

from the recorder and placed on a machine known as the

"Playback System". The Playback System "reads" the data on

the magnetic tape and makes a paper graph called the

"Linalog® Survey Field Log". The field log is then inter-

preted by the field inspector to verify that the tool has

performed satisfactorily. If a verification dig is to be

_.

mane, the field log is used to locate a suitable area.

When the magnetic tape is returned to the Linalog® Division

Office, it is played back again to make a permanent paper

graph called the "Linalog® Survey Record" or "Log".

-7-
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LlNALOG~ SURVEY RECORD

The Linalog® Survey Record, normally called the "Log", con-
sists of multiple channels of information. Logs of 6 inch
diameter pipelines have 10 channels of information consist-

ing of a marker channel, 8 survey channels, and a

combination distance/orientation channel (See Figure 4).

Logs of 10 and 12 inch diameter pipelines have 14 channels

of information consisting of a marker channel, 12 survey

channels and a combination distance/orientation channel (See
Figure 5).

MARKER CHANNEL

The Marker channel is used as an aid in recognizing girth

welds and helps identify magnets when placed on the pipeline

to serve as reference markers. Since it is not practical to

put magnets on offshore lines, except to locate areas for

repair; magnets were not used on these pipelines. Natural

features on the pipeline, such as valves, flanges, sleeves,

and tie-in connections, are also recorded, and could be used

as reference markers when applicable. These reference

markers are used as a starting point for locating corrosion

and other features of interest on the pipeline that are

-

indica ted ·by the log.

on "USING THE RECORD".

Refer to the section of this report

-8-
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,, SURVEY CHANNELS

The survey channels show the anomalies, encountered in the.
body wall of a pipeline, such as corrosion, girth welds,

magnets I va 1ves, flanges, taps, saddles, anchors, patc.hes,

clamps, and manufactur ing irregularities.

are detected by the survey shoes.
These anomalies

\Vhen the log is interpreted, each joint of pipe in the pipe-

line is examined, and a grade is assigned to those joints

which contnin anomaly indications of sufficient magnitude to

be classified in one of the grading categories.

the "GRADING SYSTEM" section.
Refer to

\. -.J

Examples of anomaly classification and grading are shown on

Figures 4-9.

Figures 4 and 5 show the format of the survey logs and iden-

tifies the various information channels on them.

Typical examples of corrosion anomaly grading are shown on
Figures 6 and 7.

Figure 8 shows a typical unclassified anomaly indication

graded "U". The majority of the class "U" grades were found
to be on the 12 inch pipeline PLATFORM GILDA to MANDALAY.

-9-
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The orienta tion channel showed these indications to fall

mainly in the areas between 10 and 2 a' clock on the pipe-

line.

It was noted on the 6 inch survey PLATFORMGINAto MANDALAY

that survey channels 2,4;,6, and 8 appeared to be a little

more sensitive than the other channels. This can be seen

starting at approximately wheel count 7,700 and continuing

throughout the survey (See Figure 9). As the tool rotated,

the noise remained on the same channels; For this reason

possible corrosion was not considered. At approximately

20,452 feet, a definite rotation pattern could be seen for

the remainder of the survey. At this point, corrosion

grac'les were markec'l on the log, as were noted on Figures 6

and 7.

DISTANCEMEASURING/ORIENTATIONCHANNEL

This channel displays the distance measurement the tool

recorded as it traveled through the pipeline as well as the

orientation of the tool at any given point on the log. An

individual mark for each one foot of pipeline length is dis-

played. These unit "Wheel Counts" are recorded in multiples

of one, ten, one hundred, and one thousand. An amplitude

differentiated signal is recorded on the log for each

rnuLtiple (See Figure 10). Each thousand count is marked

cumulatively throughout the log.

-10-
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The total "Wheel Count" is shown on the log at each pipeline
~: _0

reference mark. (See Figures 4 and 5). This is read
directly from the distance channel. The "Map Station"

numher is n1.50 shown on the log o'lteach reference mark when

it is furnished. This information comes from pipeline maps

or a station number list provided by the pipeline company.
No station numbers were provided for these sections.

to "USING THE RECORD" section of this report.

Refer

The length of the pipeline from the launch .to any point of

interest (reference marker, anomaly indication, etc.) is the

wheel count at the point of interest minus the wheel count

at the launch. This calculation is necessary because the

distance wheel circuitry cannot be made to start a zero

count at the launch valve.

The distance channel also indicates whether or not the

Linalog® Tool traveled at a uniform velocity. Uniform

'spacing indicates that a steady velocity was maintained

during the survey. .Variable spacing between wheel counts

indicates a changing velocity. As tool speed decreases,

this spacing increases: as tool speed increases, this

spacing decreases.

-11-
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The orientation of the tool is displayed by the distance

channel. The orientation channel records the rotation of

the inspection tool as it moves through the pipeline. ,The

tool is designed to rotate so that wear on the scraper cups,

brushes, detectors (shoes) , etc. is more uniformly

distributed thus improving the quality of the survey log.

As the tool rotates, the individual footage pulses steadily

begin to decrease or increase, depending on the direction of

tool rotation, until the tool has completed a 360 degree

revolution. At this time the individual footage pulses

again return to their preset maximumor minimum height,

again depending on the direction of tool rotation. (See

f Lrs t; survey channel when the individual footage pulses are
\ )

",.-

Figure 11). The top of the pipe is being recorded on the

at their maximum height and the ·last survey channel is

recording the top of the pipe when the individual footage

pulses are at their minimumheight.

The top of the pipe (12 o'clock position) can be plotted on

the log for each rotation cycle by drawing a diagonal line

from left to right starting with the survey channel record-

ing the top· of the pipe at the beginning of the rotation

cycle to the survey channel recording the top of the pipe at

-12-
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0' clock position) follows a parallel diagonal path across
i ': "
\.,:~::'...-

the end of the rotation cycle. The hot tom of the pipe (6

the log that is half way around the top of the pipe. This

is shown on Figure 11.

The approximate o'clock position of the anomaly on the pipe

can he determined from the log in the following manner.

Refer to Figure 11.

1. Locate the top of the pipe in the joint of
pipe containing the an~maly indication.

2.

3.

Assume you are standing on the top of the
pipe (12 o'clock position) on the joint con-
taining the anomaly indication and looking
downstream toward the receiving trap. Turn
the log viewer so you are looking downstream
toward the receiving trap on the log.

The 3 o'clock posi~ion 'is to the right of the
12 o'clock position mid-way between 12 and 6
o'clock.

4. The 9 0'c10ck position is to the left of the
12 o'clock position mid-way between 12 and 6
o'clock.

5. The other o'clock positions are located in a
similar manner between positions.

The orientation channel is intended to locate the quadrant

of the pipe where the anomaly can be found. It is not

L'."",r)\~.

intended to locate the anomaly as being a specified number

of degrees off of the top dead center position on the pipe.

-13-
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Figure 11 is a typical example illustrating how to interpret

the orientation channel. .It was not taken from the logs

covered by this report.

SCALE SHEET

A scale sheet accompanies each log. It lists the markers
used on a pipeline and shows their location on both the

pipeline and the log (See Figures 12-14). The "Line Marks"

column is the type of reference marker on the pipeline. The

"Map Station" column is the station number of the reference

marker, expressed in feet, and taken from information

supplied by the customer. The "Map Distance" column is the

distance in feet from the· preceding reference marker,
derived from the station numbers. The "Wheel Count II column

is the reading of the Linalog® Distance Measuring Channel,

expressed in feet, at each reference marker. The Ilt'lheel

Distance" column is the distance from the preceding

reference marker to this one, derived from the wheel count.

The "Map Stationll and "Map Dd starrce " columns are blank when

stations numbers are either unavailable or not furnished by

the pipeline company.

-14-
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GRADING SYSTEM

PREFACE

The Linalog® Tool operates on the flux-leakage principle.

Flux-leakage is an indirect method of finding and evaluating

anomalies in pipe. Probably this' can be understood best by

first defining direct evaluation. Direct evaluation would

be to actually see and measure each anomaly as you would if

the joint of pipe was on' a pipe rack. You could then see

and examine both the inside and the outside surfaces. This

is not practical in a pipeline so we must resort to indirect

methods to inspect it. Flux-leakage is one of these meth~

ods. A magnetic field is induced into the pipe. The amount

of distortion in the magnetic field, caused by an anomaly in

the pipewall, is detected, measured; and evaluated.

TYPES OF ANOMALY

Linalog® detects anomalies that produce a disturbance in the

magnetic field that has been induced into the pipe wall by

,the inspection tool. These include a wide range of service

related environmental anomalies, mill or manufacturing anom-

alies, and anomalies put in the pipe during handling, trans-

portation, and construction. They can be on the external or

internal surface. Typical examples are corrosion pits:

-15-

C-87



(

~... ")

',. )'-,

scams~ overlaps~ slugs~ slivers~ scratches~ grinding marks~

inclusions or laminations that break the surface: uneven or

high trim of longitudinal weld seams: mis-matched plate edge
at the longi tud inal weld seams: gouges: welding marks and

hard spots.

INTERPRETING THE LOG

Each joint of pipe is evaluated innividually. Due consider-

ation is given to the joints on either side to maintain con-

tinuity and perspective. The grade assigned to the joint of

pipe is the grade that applies to the highest amplitude cor-

rosion anomaly indication in that joint of pipe. Each indi-

vidual anomaly indication is not graded in the joint of

pipe. Once the grade for a joint has been determined, that

grade is stamped at the top of the log as follows:

Grade 1 is assigned to anomaly indications which, we
believe, indicate more than 15% but less than 30l body
wall penetration.

Grade 2 is assigned to anomaly indications which, we
believe, indicate more than 30% -but less than 50% body
wall penetration.

Grade 3 is assigned to anomaly indications which, we
believe, indicate 50% or more body wall penetration.

Grade "U" means unclassified anoma ly. This grade is
assigned to anomaly indications which, we believe, are
not associated with significant deterioration of the
pipe wall. They may be caused' by manufacturing
irregulari ties in the pipe wall, which existed before
the pipeline was put into service i'" or by something

-16-
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attached to the pipeline. Unclassified anomalies show
on the log. in a wide range of shapes, patternso and
amplitudes depending on the nature of the anomalyo

No gr<ide classification is assigned to anomaly Lnd Lca t Lons

which, we believe, indicate 15% or less body wall pene t.r a-.

tion.

If there is doubt as to the cause of the anomaly indication,

it is classified as corrosion.

The number of survey channels on the log, on which an anom-

aly indication appears, indicates approximately how far

around the pipe the actual anomaly extends. For example, an

anomaly indication that shows on half of the survey channels

on the log will. extend about half way around the pipe.

"Half-sole" patches are a good example. of this. Likewise,

an anomaly indication that shows on all the survey channels

on the log will extend completely around the pipe. Girth

welds are a good example of this. Following this line of

reasoning, we would normally expect a single small area (for

example, 1/2" dia.) isolated pit on the pipe to show on only

one survey channel on the log. However, it can, and some-

times does, show on two adjacent survey channels. The ex-

plana tion of this is that when the middle of the detector

\ )

(shoe) passes over the pit, the indication will be on one

-17-
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survey channel on the log, and when the overlapping edge of

two adjacent detectors passes over the pit, the indication

will be on two adjacent survey channels. The overlapping of

the dece ct.or-s is necessary to ensure a complete 360 degree

inspection of the pipeline. Sin~e we cannot control whether

the center of one detector, or the overlapping edge of two

adjacent detectors, passes over the pi t, we must consider

and recognize this when interpreting the log.

The extent of an anomaly indication on the log, in the long-

itu0in~1 rlirection of the log, indicates how far the ftctual

anomaly on the pipe extends along the length of the joint of

pipe. Suppose there is an isolated area of pitting, about

one foot in length, near the middle of the joint of pipe.

This would show on the log as an isolated group of indica-

tions, about one foot in length, according to the distance

measuring channel on the log. However, suppose the pitted

area on the pipe started near the middle of the joint and

extended to the downstream girth weld. In this case, the

(. )'-'

log would show a group of anomaly indications on the survey

channels beginning near the middle of the joint of pipe and

extending to the girth weld at the downstream end of the

joint.

-18-
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It is therefore possible to determine the approximate size

of the pitted area, or other anomaly, on the pipe by observ-

ing (a) the number of survey channels on the log on which

the anomaly indications appear, and (b) how far along the

longitudinal direction of the log -- between two girth welds

-- the group of anomaly indications extend.

Many of the mill or manufacturing anomalies, such as seams

and overlaps, slugs, slivers, circumferential cracks and

scratches, grinding marks, inclusions or. laminations that

break the surface, etc., often produce a higher amplitude

indication on the log than their depth justifies. These

anomalies are included in the "U" (unclassified anomaly)

classification because their higher amplitude signals are

uniquely different from normal low amplitude signals which

are characteristic of pipeline corrosion. Many of the class

"U" indications are on the inside of the pipe, and conse-

quently, could not be easily seen by external visual inspec-

tion when the pipe was made. They are difficult to find and

evaluate by ultrasonics and radiography due to the small

area and shallow penetration many of them have. However,

these anomalies disturb the magnetic field in the pipe and

Linalog@ detects them. Many of these anomalies, such as

seams and overlaps, slivers, and laminations that break the

-19-
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surface, introduce two factors which occur simultaneously to

make the anomaly indication we see on the log. F~rst, there

is the disturbance in the magnetic field. Second, these

anomalies sometimes have a thin edge, projecting into the

inside of the pipe, that is turned up by the drive cups on

the tool before the detectors in the magnetizer section pass
over them. The detector bounces as it goes over this turned

up edge. The detector receives the signal, caused by the

bounce, at the same time it receives the signal, caused by

the disturbance in the magnetic field. These two simul ta-

neous signals add together and appear as a single indication

on the log with a much greater amplitune than the depth of

the anomaly justifies. This has been verified ·numerous

\ •...
times when we were able to examine the pipe in detail. and

compare it to the log.

While. rlebris and foreign material (gravel, welding. rods,

etc.) inside the pipeline are not anomalies in the usual

sense, they make similar indications on the log. They dis-

turb the flux field and/or cause the detector to bounce as
it passes over them. They do not have a unique signature

\ ..

and are sometimes interpreted as corrosion. Verifying them

is difficult because, by the time the joint of pipe can be

examined, the piece of debris has usually been moved along

-20-
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in the joint of pipe, or even moved to another joint of pipe

downstream, by either the inspection tool or by normal

pipeline throughput.

GRADE TOLERANCES

It must be recognized that there is a tolerance in the grade

classification assigned to anomaly indications on the log.

Consider the following:

1. Anomalies are detected by an indirect method, not by
measuring and recording the anomalies themselves, but
by observing their effect on a magnetic field induced
in the pipe. .

2. Several variables, which cannot be anticipated and com-
pensated for, affect the signals the Linalog® Tool
records. These are (a) the configuration of the defect
(sharp or sloping edges, width to depth. ratio) ~ (b)
variations in the magnetic permeability of the p.i pe j

(c) the detector to defect incidence (whether the
defect passes across the middle of the detector or the
overlapping edge of two adjacent detectors) ~ and (d)
variations in tool speed which are beyond the capabil-
ity of the velocity compensation circuits.

Due to these variables, a tolerance of ± 10% applies to the

boundary line between each corrosion grade classification.

This variation, between the assigned grade classification

and the actual condition of the pipe, is minimized when the

log is compared to the pipeline, at one or more locations,

before the log is graded.

-21-
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IMPORTANCE OF VERIFYING THE LOG
Comparing the log to the pipeline, at one or more locations,

before the log is graded, improves grading accuracy. This

comparison is made by excavating and examining the condition

of the pipeline at specific locations, where the log shows

significant anomaly indications, and then comparing the con-

ditions found in the pipeline with the conditions indicated

on the log. In doing this, actual pi ts in the pipe are

t,
'-~.' -:

\

identified on the log, and the measured pit depth is corre-

lated to the amplitude of the corresponding indication on

the log.

This procedure helps to "fine tune" the entire Linalog®

system and establishes the actual relationship between pit

depths in the pipe, and signal amplitude at the same loca-

tions on the log.

-22-
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RESULTS

The Linalog~~ survey showed magnetic anomaly indications in
each pipeline as marked on the logs. The tabulation below
shows the number of joints of pipe assigned to the various
amomaly grade classifications between pipeline reference
markers for each section surveyed.

WHEEL COUNT

6 II PLATFORM GINA TO MANDALAY

GRADE CLASSIFICATION
1 2 3 U

ROLL NO. 1

37
10,000 3
20,000 1
30,000 82

\ .
32,830 32 10 5

-v- ;

TOTAL OF PIPELINE 115 10 5 3

10" PLATFORM GINA TO MANDALAY

ROLL NO.1

622
10,000
20,000
30,000
33,492

TOTAL OF PIPELINE

-23-
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WHEEL COUNT
GRADE CLASSIFICATION

1 2 3 u

12" PLATFORM GILDA TO MANDALAY

ROLL NO.1

57
I0,000
20,000
30,000
40,000
50,000
53,549

TOTAL OF PIPELINE

11
9
3
I

2

26

Each section surveyed has been reported to be in existence

for approximately 3 years. The absence of corrosion grades,

with the exception of the 6 inch pipeline, reflects the new

condition oE these pipelines. For this reason, these

surveys are considered "BASELINE" surveys. Any subsequent

surveys or inspections can be compared to these "BASELINE"

surveys: thus any change or deterioration in the pipelines

can be clearly detected.

REVIEW OF GRADING SYSTEM

No grade classification is assigned to anomaly indications

which, we believe, indicate 15% or less body wall pene-

trat"ion. If there is doubt as to the cause of an anomaly

indication, it is classified as corrosion.

-24-
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Grade No.1 is assigned to anomaly indications which, we

believe, indicate more than 15% but less than 30% body wall

penetration.

Grade No.2 is assigned to anomaly indications which, we

believe, indicate more than 30% but less than 50% body wall

penetration.

Grade No.3 is assigned to anomaly indications whd ch , we

believe, indicate 50% or more body wall penetration.

Some tolerance in these grade classifications must be recog-

nized because:

1. Anomalies are detected, and their depth of pene-.
tration into the pipe wall is evaluated, indirect-
ly by observing their effect on a magnetic field
induced in the pipe, not by measuring and record-
ing the actual anomalies.

2. Several variables, which cannot be anticipated and
compensated for, affect the signals the Linalog®
Tool records. These are Ca) the configuration of
the defect (sharp or sloping edges; width to depth
ratio); (b) variations in the magnetic permeabil-
ity of the· pipe; (c) the detector to defect inci-
dence (whether the defect passes across the middle
of the detector or the overlapping edge of two
adjacent detectors); and. Cd) variations in the
tool speed which are beyond the capaci ty of the
velocity compensation circuits.

-25-
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A tolerance of ± 10% applies to the boundary line between
~ v-. each corrosion grade classification because of these

variables. This variation, between the assigned grade

classification and the actual condition of the pipe, is

minimized when the log is compared to the pipeline, at one

or more locations, before the log is graded.

Grade "u" means unclassified anomaly. This grade is as-

_.

signed to anomaly indications which, we believe, are not as-

sociated with significant deterioration of the pipe wall.

See the "GRADING SYSTEM" section of this report.
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USING THE RECORD

USING THE LOG TO FIND ANOMALIES

Areas of interest on the pipeline can be located accurately
from .the log by using the distance channel. The point of

interest to be found should be referenced to the nearest

line marker, such as a magnet, valve, etc., recorded on the

log. First, determine the wheel count reading for the anom-

aly you are trying to find. Next, determine the wheel count

reading for the nearest line marker. Wheel count readings

are read directly from the distance channel. The difference

between these wheel count readings is the distance in feet

from the line marker on the pipeline to the anomaly in the

pipeline. Care must be taken to insure that the pipeline

measurement is always in the same direction (upstream or

downstream) from the reference marker as the log measure-

ment, and that you measure from the same reference location

on the pipeline that you figured from on the log.

DIGGING ON THE PIPELINE

When digging on the pipeline to find anomalies, it is advis-

able ·to measure to a girth weld at one end of the joint of

pipe in question rather than measuring directly to the anom-

aly. Dig down to the top of the pipeline and locate the

-27-
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girth weld. If the measurement places you close to a girth

weld, you can be confident that the measurement is correct
and that the desired girth weld has been found.

Next, determine the distance from the girth weld which was

just found to the anomaly by referring to the distance mea-

suring channel on the log. Finally, measure that distance

from the girth weld, and examine the pipe to find the

anomaly. Since the log shows the length of each joint of

pipe in the pipeline, measuring the length of an actual

joint of pipe in the ground and comparing it to the log is a

good way to verify correct location. This is especially

true if the joint of pipe is very short compared to those on

either side of it.
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COOCLUSION

The survey showed magnetic anomalies in each pipeline as

marked on the logs and listed in the Results Section of this

report.

The grading on these logs is our "good faith opinion" about

the condition of the pipelines at the time they were

surveyed.

The survey was completed with the pipelines in place

I
I'
I

delivering the throughput desired. It is considered to be

successful. The logs have been prepared and graded, scale

sheets have been provided, and this report has been

·C'·

written. The survey is considered to be complete.

-29-

C-104



(
\.

Figure 1:

Figure 2:
Figure 3:
Figure 4:
Figure 5:

Figures 6-7 :

Figure 8:

Figure 9:

FIGURES AND EXAMPLES

6, 10 and 12 Inch Linalog® Tool
Marker Placement

Magnetizer Flux Leakage

6" Log Format
10 and 12 Inch Log Format

Typical Corrosion Anomaly Grading

Typical Unclassified Anomaly

Indication Graded "U"

Survey Channels Which Seem To

Be More Sensitive

!
t-
I

Figure 10:

\ Figure 11:'.

Figure 12:

Figure 13:

Figure 14:

Explanation of Distance Channel

Explanation of Orientation Channel

Scale Sheet: 6 Inch PLATFORM GINA TO

MANDALAY

Scale Sheet: 10 Inch PLATFORM GINA TO

MANDALAY

Scale Sheet: 12 Inch PLATFORM GILDA TO .

MANDALAY
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INTRODUCTION

The fo11owing offshore pipelines were successfully run by
Linalog® in June, 1986.

1. 6 Inch - Mandalay to Platform Gino - Length,
approximately 6.26 miles. The pipe is reported to be
.280" nominal wall grade B ERW. One successful
instrumented survey run was made June 29, 1986. Actual
run time was 3 hours, 35 minutes, resulting in an
average tool velocity of 1.74 miles per hour. Due to
the distance wheel failure at 32,540 feet, 516 feet have
been added using the 1985 survey as reference. No
survey'channel data was lost, only distance.

2. 10 Inch - Platform Gilda to Mandalay - Length,
approximately 10.1 miles. The pipe is reported to be,
mainly, .365" no.minal wall ERW, But contains some .500"
wall. One successful instrumented survey run was made
June 30, 1986. Actual run time was 6 hours, 50 minutes,
resulting in an average tool velocity of 1.47 miles per
hour.

Because these are offshore lines, no magnets were used as
reference markers and no verification digs were made. "Dummy"
runs were made on both pipelines, by Union Oil personnel, to
check them for obstructions which could damage or impede the
throughput of the "Live" tool. The "Dummy" runs were reported as
successful by the customer.

The actual surveys consisted of passing a self-contained
instrumented pipeline pig, known as the Linalog® Survey Tool"
through each pipeline. This tool records magnetic anomalies
which are in or on the body wall of the pipe.

The surveys showed the existence of magnetic anomalies in each
pipeline. Each joint of pipe containing anomalies of significant
magnitude has been indicated by a stamped numerical or letter
grade along the top of the survey log, centered in each joint.
These grades have been tabulated by grade classification between
pipeline reference markers in the "RESULTS" section of this
report.

-1-
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The 6 inch pipeline from Mandalay to Platform Gina was previously
run by Linalog® in January, 1985, job number 1551. A comparison
was done between the 1985 survey and the 1986 survey of this
pipeline. Refer to the "COMPARISON" section of this report.

This was the initial or baseline survey of the 10 inch pipeline
from Platform Gilda to Mandalay, conducted by Lina1og~.

-2-
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LINALOG SURVEY EQUIPMENT

THE "DUMMY" TOOL

A sizing tool, known as a "Dummy Tool", is run through the
pipeline prior to running the Linalog~ Survey Tool. The "Dummy
Tool" is used as a gauge to check the pipeline for any
restrictions which could impede the movement of, or severely
damage, the Linalog® Survey Tool. The Dummy is similar in
appearance to the Linalog® Survey Tool but contains no
instrumentation.

LINALOG0 SURVEY TOOL

The Linalog® Survey Tool is a self-contained unit that is
inserted into, propelled through, and extracted from the pipeline
in the same manner as a conventional cleaning pig.

The lengths of the different size tools used on this survey
include:

SIZE

6"
10"

TYPE

3 SGL
3 SGL

LENGTH

7' 11"
9' 11"

\ ..
\~,.-;.

-
\ ..

Each tool is made in five sections, which are connected by
universal joints ("U" joints). The "U" joints allow the Linalog®
Tool to negotiate the bends in a pipeline (See Figure 1).

The first section is the "Drive Section". It is supported in the
pipeline by scraper cups, which provide a tight seal inside the
pipe. This' allows the pipeline throughput to propel the
inspection tool. A marker detecting device is mounted between
the cups. Its function is explained in the "LINALOG~ SURVEY
RECORD" section of this report.

The second section is the "Magnetizer Section" which magnetizes
the pipe and supports the survey shoes. The magnetizer is
supported in the pipeline by a set of steel brushes at each end.
These brushes provide a path for the magnetic lines of flux to
enter the pipe wall. The survey shoes contain the corrosion
survey sensors. These shoes, and the sensors in them, overlap
one another to provide complete 3600 coverage of the pipe wall •

. ' ..~'.
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Information signals from the survey sensors are recorded on the
survey channels. The function of the survey channels is
explained in the "LINALOG® SURVEY RECORD" section of this report.

The third section is the "Distance Measuring Section". It is
centralized in the pipeline by scraper cups mounted at each end.
The distance measuring wheel is mounted between the scraper
cups. Its function is explained in the "LINALOG® SURVEY RECORD"
section of this report.

The fourth section is the "Battery Section". The batteries
furnish the electrical power needed to operate the Linalog®
Tool. A scraper cup on the rear end supports and centralizes
this section in the pipeline.

The fifth section is the "Recorder Section". It is supported in
the pipeline by a scraper cup mounted on the rear end. The
recorder section houses the magnetic tape recorder and the
electronic circuits. The recorder and the electronic circuits
process the data from the various sensors and a recording is made
on magnetic tape. The recorder was equipped with "Speed Gain
Compensation" (SGC) which automatically adjusts the sensitivity
of the survey electronics to compensate for tool speed
variations.

OPERATING PRINCIPLE

The Linalog® Tool operates on the flux-leakage principle. A
magnetic field is induced into the pipe wall by the magnetizer
section as it moves through the pipeline. This magnetic field
travels with the tool. When an anomaly is encountered in the
pipe wall, the magnetic flux is forced out of the pipe at the
anomaly (See Figure 2). This is called flux-leakage. The
Linalog® Tool detects this flux-leakage and records a
corresponding signal on magnetic tape. Line pipe usually
contains small manufacturing imperfections, so some amount of
background signals can be expected.

We can generalize and say that the amplitude of a corrosion
pitting signal on the log is proportional to the depth of the
pitting on the pipeline. This is the basis for the grade
c.Le ssLf Lcat.Lons used to evaluate the condition of the pipeline.
For more detailed information, refer to the "GRADING SYSTEM"
section of this report.

-4-

r-l?R



\.

PLAYBACK SYSTEM

After the Linalog@ Survey Tool is removed from the pipeline, the
magnetic tape which contains the recorded data is removed from
the recorder and placed on the "Playback System". The Playback
System converts the recorded data into a temporary paper graph
known as the "Field Log". The field log is then interpreted by
the field inspector to verify that the tool has performed
satisfactorily. If a verification dig is to be:made, the field
log is used to locate a suitable area.

When the magnetic tape is returned to the Linalog~ Division
Office, it is played back again to make a permanent paper graph
called the "Linalog® Survey Record" or "Master Log".

-5-
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LINALOG~ SURVEY RECORD

The Linalog® Survey Record, referred to as the "Log", consists of
multiple channels of information. Logs of 6 inch diameter
pipelines have 10 channels of information consisting of a marker
channel, 8 survey channels, and a combination
distance/orientation channel (See Figure 5). Logs of 10 inch
diameter pipelines have the same channels which are common to the
6 inch log with the exception of four·additional survey channels
(See Figure 9).

MARKER CHANNEL

The Marker channel is used as an aid in recognizing girth welds
and helps identify magnets when placed on the pipeline to serve
as reference markers. Natural pipeline features such as valves,
flanges and sleeves, are also recorded on the marker channel.
They too are used as reference markers. These reference markers
are used as a starting point for locating corrosion and other
features of interest by the pipeline that are indicated on the
log. Refer to the section of this report on "USING THE RECORD".
*Anodes were used as reference markers on the 10 inch pipeline
(See Figure 10).

SURVEY CHANNELS

The survey channels show the anomalies, encountered in the body
wall of the pipeline. These anomalies include corrosion, girth
welds, magnets, valves, flanges, taps, saddles, anchors, patches,
clamps and manufacturing irregularities. These anomalies are
detected by the survey shoes.

When the log is interpreted, each joint of pipe in the pipeline
is examined, and a numerical or letter grade is assigned to those
joints which contain anomaly indications of sufficient magnitude
to be classified in one of the grading categories. Refer to the
"GRADING SYSTEM" section.

Examples of anomaly classification and grading are shown on
Figures 9 and 11.

Survey channel 8, on the 6 inch Mandalay to Platform Gina survey,
was dead at the launch (See Figure 5). Channel 2 began to fail
at wheel count 565 (See Figure 6). On the 10 inch Platform Gilda
to Mandalay survey, channel 6 was damaged at approximately 44145

-6-
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feet (See Figure 12). It became progressively worse (See Figure
13) and eventually failed (See Figure 14 and 15).

DISTANCF. MF.ASURING/ORIF.NTATION CHANNEL

This channel displays the distance measurement the tool recorded
as it traveled t.h r-ou-jh the pipeline as well as the orientat.ion of
the tool at any given point on the log. An individual ma zlc for
each one foot of pipeline length is displayed. These unit ccWheel
Counts" are recorded in multiples of one, ten, one hundred and
one thousand. An amplitude differentiated signal is recorded on
the log for each multiple (See Figure 3). Each thousand count is
marked cumulatively throughout the log.

The total "Wheel Count" is shown on the log at each pipeline
reference mark. (See Figures 5 and 9). This is read directly
from the distance channel.

The length of the pipeline from the launch to any point of
interest (reference marker, anomaly indication, etc.) is the
wheel count at the point of interest minus the wheel count at the
launch. This calculation is necessary since the distance wheel
circuitry cannot be made to start a zero count at the launch
valve.

The distance channel also indicates whether or not the Linalog®
Tool traveled at a uniform velocity. Uniform spacing indicates
that a steady velocity was maintained during the survey.
Variable spacing between wheel counts indicates a changing
velocity. As tool speed decreases, this spacing increases: as
tool speed increases, this spacing decreases.

The orientation of the tool is also displayed by the distance
channel. The orientation channel records the rotation of the
inspection tool as it moves through the pipeline. The tool is
designed to rotate so that wear on the scraper cups, brushes,
detectors (shoes), etc. is more uniformly distributed.

As the tool rotates, the individual footage pulses steadily begin
to decrease until the tool has completed a 360 degree
revoulution. At this time the individual footage pulses again
return to their preset maximum height to indicate the next
rotation sequence (See Figure 4). The top of the pipe is being
recorded on the first survey channel when the individual footage

-7-

C-132



\;..

pulses are at their maximum height and the last survey channel is
recording the top of the pipe when the individual footage pulses
are at their minimum height.

The top of the pipe (12 o'clock position) can be plotted on the
log for each rotation cycle by drawing a diagonal line from left
to right starting with the survey channel recording the top of
the pipe at the beginning of the rotation cycle to the survey
channel recording the top of the pipe at the end of the rotation
cycle. The bottom of the pipe (6 o'clock position) follows a
parallel diagonal path across the log that is half way around
the top of the pipe. This is shown on Figure 4.

The approximate o'clock position of the anomaly on the pipe can
be detennined from the log in the following manner. (See Figure
4).

1. Locate the top of the pipe in the'joint of pipe
containing the anomaly indication.

2. Assume you are standing on the top of the pipe (12
o'clock position) on the joint containing the anomaly
indication and looking downstream toward the receiving
trap. Turn the log viewer so you are looking downstream
toward the receiving trap on the log.

3. The 3 o'clock position is to the right of the 12 o'clock
position mid-way between 12 and 6 o'clock.

4. The 9 o'clock position is to the left of the 12 o'clock
position mid-way between 12 and 6 o'clock.

5. The other o'clock positions are located in a similar
manner between positions.

The orientation channel is intended to locate .the quadrant of the
pipe where the anomaly can be found. It is not intended to
locate the anomaly as being a specified number of degrees off the
top dead center position on the pipe.

Figure 4 is a typical example illustrating how to interpret the
orientation channel. It was not taken from the logs covered by
this report.

-8-

C-133

.
."



SCALE SHEET

(". A scale sheet accompanies each log. It lists the markers used on
the pipeline and shows their location on both the pipeline and
the log (See Figures 16-20). The "Line Marks" column is the type
of reference marker on the pipeline. The "M~lP Station" column is
the station number of the reference marker, expressed in feet,
and taken from information supplied by the customer. The "Map
Distance" column is the distance in feet from the preceding
reference marker, derived from the station numbers. The "Wheel
Count" column is the reading of the Linalog® Distance Measuring
Channel, expressed in feet, at each reference marker. The "Wheel
Distance" column is the distance from the preceding reference
marker to this one, derived from the wheel count.

The "Map Station" and "Map Distance" columns are blank when
station numbers are unavailable.

\.
";"'...
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GRADING SYSTEM

PREFACE

The Linalog® Tool operates on the flux-leakage principle.
Flux-leakage is an indirect method of finding and evaluating
anomalies in pipe. This can be understood best by first defining
direct evaluation. Direct evaluation would be to actually see
and measure each anomaly as you would if the joint of pipe was on
a pipe rack. You could then see and examine both the inside and
the outside surfaces. This is not practical in a pipeline so we
must resort to indirect methods to inspect it. Flux-leakage is
one of these methods. A magnetic field is induced into the
pipe. The amount of distortion in the magnetic field, caused by
an anomaly in the pipewall, is detected, measured, and evaluated.

TYPES OF ANOMALY

Linalog® detects anomalies that produce a disturbance in the
magnetic field that has been induced into the pipe wall by the
inspection tool. These include a wide range of service related
enviromental anomalies, mill or manufacturing anomalies and
anomalies put in the pipe during handling, transportation and
construction. They can be on the external or internal surface.
Typical examples are corrosion pits, seams, overlaps, slugs,
slivers, scratches, grinding marks, inclusions or laminations

~._ that break the surface, uneven or high trim of longitudinal weld
" seams, mis-matched plate edge at the longi t.ud ina.I weld seams,

gouges, welding marks and some hard spots.

INTERPRETING THE LOG

Each joint of pipe is evaluated individually. Due-consideration
is given to the joints on either side to maintain continuity and
perspective. The grade assigned to the joint of pipe is the
grade that applies to the highest amplitude corrosion anomaly
indication in that joint of pipe. Each individual anomaly
indication is not graded in the joint of pipe. Once the grade
for a joint has been determined, that grade is stamped at the top
of the log as follows:

Grade 1 is assigned to anomaly indications which, we beleive,
indicate more than 15% but less than 30% body wall
penetration.

-10-.-
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Grade 2 is assigned to anomaly indications which, we believe,
indicate more than 30% but less than 50% body wall
penetration.

Grade 3 is assigned to anomaly indications which, we believe,
indicate 50% or more body wall penetration.

Grade "U" means unclassified anomaly. This grade is assigned
to anomaly indications which, we believe, are not associated
with significant deterioration of the pipe wall. They may be
caused by manufacturing irregularities in the pipe wall,
which existed before the pipeline was put into service, or by
something attached to the pipeline. Unclassified anomalies
show on the log in a wide range of shapes, patterns, and
amplitudes depending on the nature of the anomaly.

No grade classification is assigned to anomaly indications which,
we believe, indicate 15% or less body wall penetration.

If there is doubt as to the cause of the anomaly indication, it
is classified as corrosion.

The number of survey channels on the log, on which an anomaly
indication appears, indicates approximately how far around the
pipe the actual anomaly extends. For example, an anomaly
indication that shows on half· of the survey·channels on the log
will extend about half way around the pipe. "Half-sole" patches

.... are a good example of this. Likewise, an anomaly indication that
shows on all the survey channels on the log will extend
completely around the pipe. Girth welds are a good example of
this. Following this line of reasoning, we would normally expect
a single small area (for example, 1/2" dia.) isolated pit on the
pipe to show on only one survey channel on the log. However, it
can, and sometimes does, show on two adjacent survey channels.
The explanation of this is that when the middle of the detector
(shoe) passes over the pit, the indication will be on one survey
channel on the log, and when the overlapping edge of two adjacent
detectors passes over the pit, the indication will be on two
adjacent survey channels. The overlapping of the detectors is
necessary to ensure a complete 360 degree inspection of the
pipeline. Since we cannot control whether the center of one
detector, or the overlapping edge of two adjacent detectors,
passes over the pit, we must consider and recognize this when
interpreting the log.

-11-
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The extent of an anomaly indication on the log, in the
longitudinal direction of the log, indicates how far the actual
anomaly on the pipe extends along the length of the joint of
pipe. Suppose there is an isolated area of pitting, about one
foot in length, near the middle of the joint of pipe. This would
show on the log as an isolated group of indications, about one
foot in length, acco rdLnq to the distance IIIc,l~uringchannel on
the 16g. However, suppose the pitted area on the pipe started
near the middle of the joint and extended to the downstream girth
weld. In this case, the log would show a group of anomaly
indications on the survey channels beginning near the middle of
the joint of pipe and extending to the girth weld at the
downstrei1m end of the joint.

It is therefore possible to determine the approximate size of the
pitted area, or other anomaly, on the pipe by observing (a) the
number of survey channels on the log on which the anomaly
indications appear, and (b) how far along the longitudinal
direction of the log the group of anomaly indications extend.

Many of the mill or manufacturing anomalies, such as seams and
overlaps, slugs, slivers, circumferential cracks and scratches,
grinding marks, inclusions or laminations that break the surface,
etc., often produce a higher amplitude indication on the log than
their depth justifies. These anomalies are included in the "U"
(unclassified anomaly) classification because their higher
amplitude signals are uniquely different f~om normal low
amplitude signals which are characteristic of pipeline
corrosion. Many of the class "U" indications are on the inside
of the pipe, and consequently, could not be easily seen by
external visual inspection when the pipe was made. They are
difficult to find and evaluate by ultrasonics and radiography. due
to the small area and shallow penetration many of them have.
However, these anomalies disturb the magnetic field in the pipe
and Linalog@ detects them. Many of these anomalies that break
the surface introduce two factors which occur simultaneously to
make the anomaly indication we see on the log. First, there is
the disturbance in the magnetic field. Second, these anomalies
sometimes have a thin edge, projecting into the inside of the
pipe, that is turned up by the drive cups on the tool before the
detectors in the magnetizer section passes over them. The
detector bounces as it goes over this turned up edge. The
detector receives the signal, caused by the bounce, at the same
time'it receives the signal, caused by the disturbance in the
magnetic field. These two simultaneous signals combine and

-12-
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1... ~ USING THE RECORD

LOCATING AND UNCOVERING ANOMALIES

By using the distance channel on the log, desired areas can be
located accurately in the following manner:

1. Choose an area of interest on the log.

2. Find the nearest reference marker (Magnet, Flaflgeo

Valve, etc.) and note its location on the log by using
the wheel count from the distance channel.

3. Determine the girth weld closest to the anomaly of
concern (upstream or downstream) and mark the girth weld
location by using the wheel count from the distance
channel.

4. The difference between the reference marker wheel count
and the girth weld wheel count will yield the distance
measurement, in feet, needed for the dig location of the
chosen girth weld. (Upon digging, if the measurement is
reasonably close to a girth weld, you can be confident
that the measurement is correct and that the desired
girth weld has been found).

5. Determine the location of the anomaly of concern by
using the wheel count from the distance channel on the
log.

6. The difference between the chosen girth weld wheel count
and the anomaly wheel count will yield the distance
measurement, in feet, needed to uncover the anomaly.

7. By using the orientation channel on the log an
approximate o'clock position of the anomaly can be
determined.

Since the log shows the length of each joint of pipe in the
pipeline, measuring an actual joint of pipe in the ground and
comparing it to the log measurement is a good way to verify
correct location. This is especially true if the joint of pipe
is shorter than those On either side.

-14-
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* Note: When measuring distances, be sure to signify whether the
measurement is to be made upstream or downstream.

\~ (Reference marks, Girth welds, Anomalies). Record as
such for accuracy.

'''-...
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* Note: When measuring distances, be sure to signify whether the 
measurement is to be made upstream or downstream. 

~ (Reference marks, Girth welds, Anomalies). Record as 
such for accuracy. 

· ... -... 
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RESULTS

The tabulation below shows the number of anodes assigned to the
various anomaly grade classifications between pipeline reference
markers for each pipeline.

WHEEL COUNT

6" MANDALAY TO PLATFORM GINA

ROLL NO. 1

GRADE CLASSIFICATION
123 U

17
32,540

LAUNCH
DIST CH. QUIT (TRAP) 90 15 2

TOTAL OF PIPELINE 90 15 2

WHEEL COUNT

10" PLATFORM GILDA TO MANDALAY

ROLL NO. 1

GRADE CLASSIFICATION
123 U

-
\.

70
960

1523
2126
2730
3333
3936
4539
5142
5745
6349
6953
7555
8159
8762
9365
9969

10572
11176

LAUNCH
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE

3

-16-
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11779 ANODE
( 12383 ANODE

12984 ANODE
13590 ANODE
14193 ANODE
14796 ANODE
15400 ANODE
16003 ANODE
16607 ANODE
17210 ANODE
17813 ANODE
18417 ANODE
19020 ANODE
19624 ANODE
20217 ANODE
20831 ANODE
21434 ANODE
22038 ANODE
22640 ANODE
23244 ANODE
23846 ANODE
24449 ANODE
25053 ANODE
25656 ANODE ...:
26259 ANODE
26863 ANODE

C 27466 ANODE
28070 ANODE -.
28674 ANODE
29278 ANODE
29881 ANODE
30484 ANODE
31088 ANODE
31691 ANODE
32295 ANODE
32898 ANODE
33502 ANODE
34105 ANODE
34709 ANODE
35312 ANODE
35916 ANODE

-17-
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GRADE CLASSIFICATION
WHEEL COUNT 1 2 3 U

(
.... 10" PLATFORM GILDA TO MANDALAY

ROLL NO. 1 (CONT. )

36519 ANODE
37123 ANODE
37727 ANODE
38330 ANODE
38933 ANODE
39537 ANODE
40140 ANODE
40744 ANODE
41347 ANODE
41951 ANODE
42554 ANODE
43158 ANODE 1
43761 ANODE
44365 ANODE
44968 ANODE
45571 ANODE
46175 ANODE
46778 ANODE
47382. ANODE
47985 ANODEv.. 48589 ANODE
49192 ANODE
49795 ANODE
49836 ANODE
50198 ANODE
50560 ANODE
50922 ANODE 1
51284 ANODE
51646 ANODE 1
52008 ANODE
52370 ANODE 1
52732 ANODE
53191 ANODE 2
53424 TRAP

TOTAL OF PIPELINE 4 2 4

..... - ...

.-'
\ ..
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Corrosion control programs reduce the rate of deterioration and
stabilize the condition of a pipeline. Result: some anomaly
indications remain virtually unchanged from one survey to the
next.

Some anomaly indications on the log may have been up-graded from
the previous grade to the current one, i.e. from "no gradell to
"Grade I" to "Grade 2" or from "Grade 2" to "Grade 3". This
normally indicates a growth in corrosion. However, it can
sometimes be attributed to normal tolerances and variations in
detector to defect incidence (whether the .defect passes across
the middle of the detector or acrss the overlapping edge of two
adjacent detectors) that normally occur from run to run. Also,
it is our policy to grade anomaly indications as corrosion if
there is doubt about what the anomaly is.

Some anomaly indications, that showed on the previous log, may be
"down-graded" to a less severe grade classification (from "Grade
3" to "Grade 2", etc.) on the' current log. Reason: the
amplitude of the indication is lower on the current log than on
the previous one. This is caused by normal variations between
runs, such as detector to defect incidence, which was discussed
previously.

Some anomaly indications, graded on the previous log, may not be
graded on the current log for several reason as:

1. The p~pe has been repaired or replaced since the last
survey. These areas are marked on the log where
indentifiable.

2. The indications were caused by loose debris (dirt,
welding rods, etc.) which has been swept away since the
previous survey. In this case, the anomaly indication
disappears from the joint of pipe.

3. One or more shoes were prevented from touching the pipe
properly by excessive amounts of paraffin or other
foreign material in the pipeline. Result: the anomaly
in the pipe is not detected.

-20-
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4. The amplitude of the indication is below the minimum
grading level. Here, the anomaly indication may still
show on the log, but its amplitude is too low to justify
a grade classification. This is also caused by normal
variations between runs, such as detector to defect
incidence, which was discussed previously.
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CONCLUSION

The corrosion survey showed the existence of magnetic anomalies
in each pipeline as listed in the "RESULTS" section of this
report.

The grading of the logs is our "good faith opinion" about the
condition of the pipelines at the time they were surveyed.

The survey was completed with the pipelines in place, delivering
the throughput desired. The logs have been analyzed and graded,
scale sheets have been provided and the survey report has been
written. The survey of these sections is considered to be
successful and complete.

Thank you for your confidence and trust in AMF Tuboscope. We
sincerely hope you will continue to use our services in the
future. If we can be any further assistance to you, please
contact our office.
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FIGURES AND EXAMPLES

Figure 1:

Figure 2:
Figure 3:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

Figure 8:

Figure 9:

Figure 10:

Figure 11:

Figure 12-15:

Figure 16-20:

6 Inch And 10 Inch Survey Tool

Flux-leakage example

Distance Channel Example

Orientation Example

6 Inch Log Format

Survey Channel Dropout

Anomaly Grading

Distance Wheel Failure

10 Inch Log Format

Reference Marker

Unclassified Anomaly

Sequence Of Survey Channel 6
Failure

Scale Sheets
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-rON OIL COMPANY OF CALIFORNIA
(:';:'.NDALAY TO PLATFORM GINA

''':-0-,1 - CORROS ION
RUN #1 - JOB #1626
JUNE 29, 1986

PAGE 1

LINE
MARKS

LAUNCH
TRAP

FEET OF LINE =
MILES OF LINE =

MAP
STATION

33039

6.25

MAP
DISTANCE

WHEEL
COUN'r

17
33056

WHEEL
DISTANCE

o
33039

* WHEEL STOPPED ADD 5161

32540 + 5161 = 33056

\.. .:

\.~. _.'
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UNION OIL COMPANY OF CA[.IFORNIA
GILDA TO MANDALAY PAGE 1

c.~~. 10" - CORROSION
RUN #1 - JOB #1626
JUNE 30, 1986

LINE MAP MAP WHEEL WHEEL
MARKS STATION DISTANCE COUNT DISTANCE

LAUNCH 70 0
ANODE 960 890
ANODE 1523 563
ANODE 2126 603
ANODE 2730 604
ANODE 3333 603
ANODE 3936 603
ANODE 4539 603
ANODE 5142 603
ANODE 5745 603
ANODE 6349 604
ANODE 6953 604
ANODE 7555 602

C....
ANODE 8159 604
ANODE 8762 603
ANODE 9365 603
ANODE 9969 604
ANODE 10572 603
ANODE 11176 604
ANODE 11779 603
ANODE 12383 604
ANODE 12984 601
ANODE 13590 606
ANODE 14193 603
ANODE: 14796 603
ANODE 15400 604

c.
C-170



UNION OIL COMPANY OF CALIFORNIA
(> GILDA TO MANDALAY PAGE 2

LINE MAP MAP WHEEL WHEEL
MARKS STATION DISTANCE COUNT DISTANCE

ANODE 16003 603
ANODE 16607 604
ANODE 17210 603
ANODE 17813 603
ANODE 18417 604
ANODE 19020 603
ANODE 19624 604
ANODE 20219 595
ANODE 20831 612
ANODE: 21434 603
ANODE 22038 604
ANODE 22640 602
ANODE 23244 604
ANODE 23846 602
ANODE 24449 603
ANODE 25053 604

t. ANODE 25656 603
ANODE 26259 603
ANODE 26863 604
ANODE 27466 603
ANODE 28070 604
ANODE 28674 604
ANODE 29278 604
ANODE 29881 603
ANODE 30484 603
ANODE 31088 604
ANODE 31691 603
ANODE 32295 604

C-171



UNION OIL COMPANY OF CALIFORNIA
(' GILDA TO MANDALAY PAGE 3
\
'<~'.

LINE MAP MAP WHEEL WHEEL
MARKS STATION DISTANCE COUNT DISTANCE

ANODE 32898 603
ANODE 33502 604
ANODE 34105 603
ANODE 34709 604
ANODE 35312 603
ANODE 35916 604
ANODE 36519 603
ANODE 37123 604
ANODE 37727 604
ANODE 38330 603
ANODE 38933 603
ANODE 39537 604
ANODE 40140 603
ANODE 40744 604
ANODE 41347 603
ANODE 41951 604

(,' ANODE 42554 603....

ANODE 43158 604
ANODE 43761 603
ANODE 44365 604
ANODE 44968 603
ANODE 45571 603 .
ANODE 46175 604
ANODE 46778 603
ANODE 47382 604
ANODE 47985 603
ANODE 48589 604
ANODE 49192 603

~"
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-") UNION OIL COMPAny OF CALIFORNIA
GILDA TO MANDALAY PAGE 4

\ ,

LINE MAP MAP WHEEL WHEEL
MARKS STATION DISTANCE COUNT DISTANCE

ANODE 49795 603
ANODE 49836 41
ANODE 50198 362
ANODE 5"0560 362
ANODE 50922 362
ANODE 51284 362
ANODE 51646 362
ANODE 52008 362
ANODE 52370 362
ANODE 52732 362
ANODE 53191 459
TRAP 53424 233

FEET OF LINE =

MILES OF LINE =
53354

10.10

C-173
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APPENDIX VOLUME 2
ITEM A

Pipeline Inspections

Linalog Survey (10/5/87)



\.

\.

LINALOG®

lor

-llNOCAL
dale

OCTOBER 5, 1987 C-174



I,\:. .... _..

\,

6, 10 AND 12 INCH DIAMETER PIPELINES:

z 6" l-1ANDALAY TO PLATFORl'1 GINA

z 10" PLATFORr1 GINA TO HAT,mALAY

z 12" PLATFORf1 GILDA TO f1ANDALAY

JOB # 1855

PREPARED
FOR

UNOCAL PIPELINE COMPANY

BY
ROB HATHAWAY

TUBOSCOPE INC.
HOUSTON LINALOG DIVISION

OCTOBER 5, 1987
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INl'RODUC1' ION

The rollowing three sections of offshore pipeline were
corrosion surveyed by Linalog in August 1987. Since all three
lines Ilave been corrosion surveyed by Linalog in the past,
a comparison is made between the previous survey and the most
recent 1987 corrosion survey in the "COMPARISON" section of
this report.

The length of this section of pipeline is approximately 6.2
miles. Pipe composition is reported as being .280" nominal
wall Grade B ERW.

Two instrumented survey run were required on this section of
pipeline.- Survey run 1 failed due to tool electrical
problems. Survey run 2 was launched on August 28. 1987. The
actual run time was 3 hours 7 minutes, resulting in an
average tool speed of 1.96 miles per hour. No major problems
were reported regarding survey run 2, however, the wrong type
distance measuring wheel was used for this tool. Normally, a
single magnet wheel is used to produce one pulse per one
rotation of the wheel. This constitutes one foot of pipeline.'
In this case. a four magnet wheel w~s used. This produced
four pulses per rotation or four pulses to one foot of
pipeline. All distance measurements should be divided by four
to produce the correct measurement.

This section of pipeline was previously corrosion surveyed by
Linalog in June 1986. Job #1626.

The length of this section of pipeline is approximately 6.2
miles. Pipe composition is reported as being predominantly
.500" nominal wall Grade X-56 ER\-l with .562" nominal wall
pipe at the risers.

One instrumented survey run was launched on August 21. 1987.
The actual run time was 5 hours 9 minutes, resulting in an
average tool speed of 1.2 miles per hour. No major problems
concerning the survey run were reported.

This section of pipeline was previously corrosion surveyed by
Linalog in January 1985, Job #1551.

C-178
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The length of this section of pipeline is approximately 10.2
miles. Pipe composition is reported as being .500" nominal
wall Grade X-42 ERW.

One instrumented survey run was launched on August 26, 1987,
The actual run time was 8 hours 21 minutes, resulting in an
average tool speed of 1.2"miles per hour. No major problems
were reported regarding the survey run;

This section of pipeline was previously corrosion surveyed by
Linalog in January 1985, Job #1551.

Each corrosion survey consisted of passing a self-contained
instrumented pipeline pig, known as the Linalog Tool, through
the pipeline, using pipeline product as its propellant. The
Linalog Tool records magnetic anomalies in and on the body
wall of the pipe.

Each joint of pipe containing at least one anomaly of
significant amplitude has been indicated by a stamped
numerical or letter grade along the top of the survey log,
centered in the joint. These grades have been tabulated by
grade classification, between pipeline reference markers. in
the "TOTALS" section at the end of this report,'

LINALOG/19fJ7
C-179
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LINJ\LOG SURVEY EQUIPMENT

A sizing tool. known as a "Dummy Tool" is run through the
pipeline before running the Linalog Survey Tool. The "Dummy
Tool" is used as a gauge to check the pipeline for any
restrictions which could impede the movement of or damage the
Linalog Survey Tool. The Dummy is similar in appearance to
the Linalog Survey Tool. but contains no instrumentation.

The Linalog Survey Tool is a self-contained unit that is
inserted into. propelled through. and extracted from the
pipeline in the same manner as a conventional cleaning pig.

The various tools used were:

~ 6 inch diameter Type 3 SGL - 7 feet 6 inches in length

...-.

~ 10 inch diameter Type 3 SGL

~ 12 inch diameter Type 3 SGL

9 feet 8 inches in length

9 feet 9 inches in length

\..•...
Each tool is made in five sections which are connected by
l!~iversal joints ("U" Joints). The "U" .ioints allow the
Linalog Tool some degree of flexibility in order to negotiate
bends in the pipeline (See Figure 1).

The first section is the "Drive Section". This section is
supported in the pipeline by scraper cups which provide a
tight seal inside the pipe. This seal allows the pipeline
throughput to propel the inspection tool. A marker detecting
device is us~ally mounted between the cups. The function of
the marl~er de t.ect Lna device is explained in the "LINALOG
SURVE'[ RECORD" section of this report.

The second section is the "[1agnetizer Section" uh Lch
magnetizes the pipe and supports the survey shoes.
This section is supported in the pipeline bv steel brushes at
each end. The brushes also provide a path for the magnetic
lines of flux to enter the pipe wall. The survey shoes

'contain the corrosion survey sensors. The shoes. and the
sensors in them. overlap one another to provide complete 360
de~r~~ coverage of the pipe wall. Information signals from
the survey sensors are recorded on the survey channels.
Surv~y channels are explained later in this report.

C-181
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The third section is the "Distance Measuring Section". It is
centered in the pipeline by scraper cups mounted at each end.
The distance measuring wheel is mounted between the scraper
cups. The function of the distance measuring wheel is
explained later in this report.
The fourth section is the "Battery Sect Lorr'";. The batteries
furnish the electrical power needed to operate the Linalog
Tool. A scraper cup on the rear end supports and centralizes
this section in the pipeline.

The fifth section is the "Recorder Section". The recorder
~ection houses the magnetic tape recorder and the electronic
circuits. The recorder and the electronic circuits process
the data from the various sensors and record it on magnetic
tape. On the 10" and 12" diameter tools, the recorder was
equipped with "Speed Gain Compensation" (SGC) which
automatically adjusts the sensitivity of the electronics to
compensate for tool speed variations within a prescribed
range. The 6" diameter tool does not have the SGC.

The LInalog Tool operates on the flux-Ieal~age principle. A
magnetic field is induced into the ~ipe wall by the
magnetizer section as it moves through the pipeline. This
magnetic field travels with the tool. When an anomaly is
encountered in the pipe wall. the map'neti~ flux is forced out
of the pipe at the anomaly (See Figure 2). This is called
flux:-Ieal~age.The Linalog Tool detects this magnetic
distortion and records a corresponding signal on magnetic
tape. Line pipe usually contains some manufacturing flaws,
so some amount of background signals can be expected.
We can generalize and say that the amplitude of a corrosion
pittin~ signal. generated by the flux-leakage at corrosion
pitting, Is proportional to the depth of the pitting. This is
the basis for the grade classifications used to evaluate the
condition of the pipeline.

After the Linalog Survey Tool is removed from the pipeline,
the magnetic tape which contains the recorded data is removed
from the recorder and placed on the "plavback system". The
playbaCk system converts the recorded data into a temporary
paper graph Imown as the "field log". The field log is then
interpreted by the inspector to confirm that the tool has
performed satisfactorily. If verification digs are to be
made, the field log is used to locate suitable areas. When
the magnetic tape is returned to the Linalog Division Office.
it is played back again to make a permanent paper graph
called the "Linalog Survey Record" or "11aster Log".

C-182

LINALOG/1987 4



)
\ ...

LINALOG SURVEY RECOHD

The Linalog Survey Record, referred to as the "Log", consists
of several channels of information. Refer to Figure 3 for the
6 inch log rorm~t, Finurc 6 for the 10 inch Ion format and
Figure 8 for the 12 inch log format.

The survey channels show the magnetic anomalies encountered
in the pipeline. These anomalies include corrosion, girth
welds, magnets. valves, taps, saddles, anchors, patches,
clamps, and manufacturing irregularities. These anomalies are
detected by sensing coils in the survey shoes.

When the log is interpreted, each joint of pipe in the
pipeline is examined. and a numerical or letter grade is
assigned to those joints which contain anomaly indications of
sufficient amplitude to be classified in one of the ~rading
categories. Refer to the "GRADING SYSTEM" section for more
detailed information.

Examples of anomaly classification and ~rading are shown on
Figures 4 and 5.

Finures 7 and 10 are examples of "Unclassified" anomalies.
See the "Grading System" section for details.

This channel displays the distance measurement the tool
recorded as it traveled through the pipeline as well as the
orientation of the tool at any given point on the log. An
individual mark for each one foot of pipeline length is
displayed. These unit "Wheel Counts" are recorded in
multiples of one, ten. one hundred, and one thousand. An
amplitude differentiated signal is recorded on the log for
each multiple (S~e Figure 11). Each thou3and count is marked
cumulatively throughout the log. S'Notc: Remember- to divide
by four when using the 6 inch diameter log.

The total "t~heel Count" is shown on the log at each pipeline
reference marker (See Figure 9). The length of the pipeline
from the launch to any point of interest (reference marker,
anomaly indication, etc.) is the wheel count at the point of
interest minus the wheel count at the launch. This
calculation is necessary since the distance wheel circuitry
cannot be made to reset to zero at the launch valve (See
Figures 3,6 and 8).

C-183
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The distance channel also indicates whether or not the
Linalog Tool traveled at a uniform speed. Uniform spacing
between wheel counts indicates that a steady speed was
maintained during the survey. Variable spacing between wheel
counts indicates a changing velocity. As the tool speed
decreases. this spacing increases; as the tool speed
increases, this spacing decreases.
The orientation of the tool is also displayed on the distance
channel. The orientation channel records the rotation of the
tool as it moves through the pipeline. The tool is designed
to rotate so that wear on the equipment is uniformly
distributed. Refer to Figure 12.

As the tool rotates, the individual distance pulses steadily
decrease or increase, depending on the direction of tool
rotation, until the tool has completed a 360 degree
revolution. At this time, the distance pulses return to their
preset maximum or minimum height, again depending on the
direction of tool rotntion, to indicate the next revolution.
The top of the pipe is being recorded on the top survey
channel when the orientation signal is at its maximum height.
The bottom survey channel is recording the top of the pipe
when the orientation signal is at its minimum height.

The top of the pipe (12 o'clock position) can be plotted on
the log for each rotation cycle by drawing a diagonal line
starting with the survey channel recording the top of the
pipe at· the beginning of the rotation cycle to the survey
channel recording the top of the pipe at the end of the
rotation cycle. The bottom of the pipe (6 o'clocl~ position)
follows a parallel diagonal path across the log that is
halfway around from the top of the pipe (See Figure 12).

Tht~ approximate o'clock position of the anomaly on the pipe
can be determined from the log in the following manner:

1. Locate the top of the pipe in the joint of pipe
containing the anomaly indication.

2. Assume you are standing on top of the pipe (12
o'clock position) on the joint containing the
anomaly indication and looking downstream toward
the receiving trap. Turn the log viewer so you are
looking downstream toward the receiving trap on the
log.

3. The 3 o'cloc)~ position is to the right of the 12
o'clock position midway between 12 and 6 o'clock.

4. The 9 o'clock position is to the left of the 12
o'clock position midway between 12 and 6 o'clock.

\ ..
5. The other o'clock positions are located in a

similar manner.

LINALOG/1987
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The orientation channel is intended to locate the QU~DR~NT of
the pipe where the anomaly can be found. This channel is not
intended to locate the anomaly as being a specified number of
degrees from the top center position on the pipe.

Figures 11 and 12 are· examples used only to illustrate how to
interpret the distance/orientation channel. These examples
were not taken from the logs discussed in this report.

C-185
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GRADING SYSTEM

The Linalog Tool operates on the flux-leakage principle.
Flux-leaka~e is an indirect method of finding and evaluating
anomalies in pipe. T~is can be understood best by first
defining direct evaluation. Direct evaluation would be to
actually see and measure each anomaly as you would if the
joint of pipe was on a pipe rack. You could then examine both
the inside and outside surfaces. This is not practical in a
pipeline, so we must resort to indirect methods to inspect
it. Flux-leakage is one of these methods. 1\magnetic field is
induced into the pipe. The amount of distortion in the
magnetic field, caused by an anomaly in the pipe, is
detected, measured and evaluated.

Linalog detects anomalies that produce a disturbance in the
magnetic field which bas been induced into the pipe wall by
the inspection tool. These include a wide range of service
related environmental anomalies, manufacturing anomalies, and
anomalies caused during handling, transportation and
construction. They may be external or internal. Some examples
include corrosion pitting, seams, overlaps, slugs, slivers,
scratches, grinding marks, inclusions or laminations that
break the surface, uneven or high trim of the longitudinal
weld seams, mismatched plate edge at the longitudinal weld
seams, gouges, welding marks and some hard spots.

Each joint of pipe is evaluated individually. Consideration
is given to the joints on either side to maintain continuity
and perspective. The grade assigned to the joint of pipe is
the grade that applies to the highest amplitude anomaly
indication in that joint of pipe. Each individual anomaly
indication in the joint of pipe is not gr~ded. Once the grade
for a joint has been determined, that gr'-Jdeis stamped at the
top of the log, centered in the joint as follows:

G.t:.~P_~.!!. is an "Unclassified" anomaly. This grade is'
assigned to anomaly indications which, we believe, are
not associated with significant deterioration of the
pipe wall. They may be caused by manufacturing
irregularities in the pipe which existed before the
pipeline was put into service. Depending upon its
nature, an unclassified anomaly can assume a wide range
of shapes and patterns on the log. ....

LINALOG/1987 8
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C;;.£.t).s:t~ ;!. is assignee!"to anomaly Lnd icn t.Lone which, we
believe, indicate more than 15% but less than 30% body
wall penetration.

gI_~~~~ is assigned to anomaly indications which, we
believe, indicate more than 30% but less than 50% body
wall penetration.

Gra~~ ~ is assigned to anomaly indications which, we
believe, indicate 50% or more body wall penetration.

Grade classifications are not assigned to anomaly indications
which, we believe, indicate 15% or less body wall
penetration.

If there is doubt as to the nature. of an anomaly indicationo
the anomaly will be classified as corrosion.

The number of survey channels that the anomaly indication
appears on indicates approximately how far circumferentially
the actual anomaly extends. For example, an anomaly
indication that appears on half of the survey channels on the
log will extend about halfway around the pipe. "Half-sole"
patches are a good example of this. Likewise, an anomaly
indication that ahows on all the survey channels on the log
will extend completely around the pipe. Girth welds are a
good example. Following this line of reasoning, we would
normally expect a single small area (tor example, 1/2" dia.)
isolated pit on the pipe to show on only one survey channel
on the log. However, it can, and sometimes does, show on two
adjacent survey channels. The explanation is that when the
middle of the detector (shoe) passes over the pit, the
indication will appear on one survey channel on the log.
When the overlapping edge of two adjacent detectors passes'
over the pit, the indication will appear on two adjacent
survey channels. The overlapping of the detectors is
necessary to ensure a complete 360 degree inspection of the
pipeline. Since we cannot control whether the center of one
detector, or the overlapping ed~e of two adjacent detectors.
passes over the pit. we must consider and r~cogni=e this when
interpreting the lo~.

'fhe approximate size of the pitted area, or other anomaly on
the pipe, can be determined by observing:

•)\.

(A),

(B) •

Kidtfl - The number' of survey channels on the log
which contain the anomaly indications~

~~l1£..t~ - The lon~itudinal distance on the log the
group of anomaly indications extend •

LIHALOG/19S7 9
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Many of the mill or manufacturing anomalies, such as seams
and overlaps, slu~s, slivers, circumferential cracks and
scratches, grinding murks, inclusions or laminations that
break the surface, etc., of~en produce a hi~her amplitude
indication on the log than their depth justifies. These
anomalies are sometimes included in the "u" (unclassified
anomaly) classification because their higher amplitude
signals are uniquely different f rom the rWI"lnallow amplitude
signals which are characteristic of pipeline corrosion. Many
of the class "u" indications are internal, so they were not
easily seen by visual inspection when the pipe was made.
These internal defects are difficult to find and evaluate
using ultrasonics and radiography due to the small area and
shallow penetration many of them have. However, these
anomalies disturb the magnetic field in the pipe and Linalog
detects them. Many anomalies of this type introduce two
factors which occur simultaneously to make the anomaly
indication we see on the log. First, there is a disturbance
in the magnetic field. Second, these anomalies sometimes have
a thin edge. projecting into the inside of the pipe, that is
turned up by the drive cups on the tool before the magnetizer
section passes over them. The detector bounces as it travels
over this turned up edge. The detector receives the signal
caused by the bounce at the same time it receives the si~nal .
caused by the disturbance in the magnetic field. These two .
simultaneous signals combine and appear as a single
indication on the log with a much greater amplitude than the
dep t h of the anomaly justifies. This has been confirmed
many times when we were. able to examine the pipe in detail
and compare it to the log.

While debris and foreign material (gravel. welding rods.
etc.) inside the pipeline are not anomalies in the usual
sense, they produce similar indications on the log. The
metallic debris will disturb the flux field and any type of
debris can cause the detector to bounce as it passes over it.
Debris does not have a unique signature and is sometimes
interpreted as corrosion. Confirming this is difficult
because by the time the joint of pipe can be examined. th~
debris has usually been moved by the inspection tool or by
normal pipeline throughput.

There is a tolerance in the grade classification boundaries.
assigned to the anomaly indications on the log.

1. Anomalies are detected by an indirect method. not by
measuring and recording the anomalies themselves,
but by observing their effect on a magnetic field
induced into the pipe.

C-189
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2. Several variables, which cannot be anticipated and
compensated for, affect the signals the Linalog Tool
records. These include Ca) the configuration of
the defect (sharp or sloping edges, width to depth
ratio); (b) variations in the magnetic permeability
of the pipe j Cc) the detector to defect incidence
(whether the defect passes across the middle of the
detector or the overlapping edge of two adjacent
detectors); and Cd) variations in tool speed which
are beyond the capability of the velocity
compensation circuits.

Due to these variables, a tolerance of plus or minus 10%
applies to the boundary line between each corrosion grade
classification. This variation, between the assigned grade
classification and the actual condition of the pipe, is
minimized when the log is compared'to the pipeline before the
log is graded.

Comparing the log to the pipeline improves grading accuracy.
This comparison is made by excavating and examining the
condition of the pipeline at locations where the log shows
significant anomaly indications. The conditions found in the
pipeline are compared with the conditions indicated on the
log. In doing this. actual pits in the pipe are identified on
the log. The measureu pit depth can then be correlated to the
amplitude of the corresponding indication on the log •

.
."
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RESULTS

The Linalog survey showed magnetic anomaly indications in
the pipeline as marked on the survey log. The tabulation
below shows the number of joints of pipe assigned the various
grade clnssificationH.

6" HANDALJ\Y TO PLI\TFORM GINA

TOTAL OF PIPELINE

10" PLI\TFORM GINA TO MANDALAY

TOTAL OF PIPELINE

12" PLI\TFOlm GILD/\ ro MI\NDALAY

!-!

o

2

1-.

161

o

38

2.

o

9.

1

3

o

\ ..
"',", .. TOTAL OF PIPELINE

!-!

31
1

o
~

o
3

o

\

For a complete listing of grades between pipeline reference
markers, refer to the "TOTALS" section at the end of this
report.

GK£tDE !J. indicates "Unclassified" anomal ies.

~~~p~ A indicates anomalies with 15%-30~ body wall
penetration.

G.R/\J:'-E ;? indicates anomalies with 30%-50% bod v \-1a11
penetration.

~R~Q~ ~ indicates anomalies with 50% or ~reater body wall
penetration.
Grade c1assific~tions are not assi~ned to anomaly indications
which. we believe, reflect less than 15% body wall
penetration.

If there is doubt as to the nature of an anomaly indication.
it is classified as corrosion.

LIH/\LOG/1987 12



..•..
COMPARISON

The current 1987 survey grades have been compared with the
previous survey grades below:

SECTION

1987
1986

10 : PLATFORM GIN~ TO ~ANDALAY
1987
1985

1987
1985

o
o

2
2

31
26

1:.

161
90

o
o

38
15

o
o

o
o

1
2

o
o

o
o

...•..

l;.,..,

-
\..

These figures show the composite change in the number of
gradable anomalies recorded in the pipeline during the 1981
corrosion survey by Linalo~, as compared to the most recent
1987 survey. Composite change is affected by sev~~al factors
such as; deterioration of the pipe due to environment and
pipeline products, repairs and replacements made between
surveys, grade reclassification due to corrosion growth or
"Unclassified" category changes, and normal variations that
occur f r-om one survey to the next, .i.e. human factors, tool
variations, etc.

To assist the customer with his comparison, the grades from
the 1981 surveys have been stamped along the bottom of the
survey log, just above the mar-ker-channels. These grades are
enclosed with circles to denote.their previous status and
centered in the joint. Refer to Figure 6.

Keep in mind, this is only an overall comparison of total
grade classifications between surveys. Even if the totals
remain virtually unchanged, this does not mean the pipeline
remained static also. Some anomalies may have been upgraded
in classification and an equal number downgraded or removed
due to repairs. Though changes may have occurred, they will
not be reflected in the totals.

.
."
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Some anomaly indications which were graded on the prev.i.c"ls
corrosion" survey, may not be graded on the current survey due
to such reasons as:

1) The joint of pipe has been repaired or replaced
since the previous survey.

2) Previous indications may have been caused by
debris in the pipeline such as welding rods or
gravei and have since been moved by the
inspection tool or normal product movement.

3) One or more survey shoes on the inspection ~oul
may have been prevented from touching the pipe
wall due to paraffin or other build-up around
the spring loaded shoe assembly. Result: Limited
or no anomaly detection capability.

Z To make the most accurate comparison between the corrosIon
surveys, the current log must be compared to the previous
log. This should be done by a joint to joint comparison in !l
order to see what actually transpired between the surveys.

LINALOG/1987 . 14
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USING 'rHE RECORD

By using the distance channel on the log, desired areas can
be accurately located in the following mfinner:

1. Choose an area of interest on the log.

2. Find the nearest reference marker (Magnet, Valve,
Flange, etc.) and note its location on the log by
using the wheel count from the distance channel.

3. Determine the girth weld closest to the anomaly of
concern (upstream or downstream) and mark the girth
weld location by using the wheel count from the
distance channel.

4. The difference between the ~fereDS_~,~arke~ wheel
count and the girth wel~ wheel count will yield the
distance measurement, in feet, needed for the dig
location of the chosen girth weld. Upon digging. if
the measurement is reasonably close to a girth weld,
you can be confident that the measurement is correct
and that the desired girth weld has been found.

5. Determine the location of the anomaly of concern by
using the wheel cc~nt from the distance channel on ,
the log.

6. The difference between the chosen girth weld wheel
count and the ~~ wheel count will yield the
distance measurement, in feet, needed to uncover the
anomaly.

7. By using the orientation channel on the log, an
approximate o'clock position of the anomaly can be
determined.

Since the log shows the length of each joint of pipe in the
pipeline, measuring an actual Joint of pipe in the ground and
comparing it to the log measurement is a good way to verify
correct location. This applies only if the joint of pipe is
unequal to those on either side.

z N.(n:~.1. When measuring distances. be sure to specify whether
the measurement is to be made upstream or downstream
from spec ified reference marJ~ers. Record as such
for accuracy.

c-197
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CONCLUSION

The corrosion survey revealed magnetic anomalies in each
pipeline as marked on the logs and listed in the "RESULTS"
section. It is not the purpose of Linalog to list the causes
of corrosion or to give repair or replacement advice. Our
sole function is to locate and evaluate probable defects on
the pipeline.

The grading of the :.logis our most knowledgeable assessment
of the condition of the pipeline at the time it was corrosion
surveyed by Linalog. We welcome the opportunity to discuss
with you any detnils of the corrosion survey which are still
unclear, after having read this report.

Each survey was completed with the pipeline in place
delivering the throughput desired. The logs have been
analyzed and graded. A photocopy of the survey logs have been
provided, and the report concerning the corrosion surveys has
been submitted. The corrosion surveys are considered to be
successful and complete.

Thank you for your confidence and trust in TUBOSCOPE INC.
We sincerely hope you will continue to use our services in
the future. :If you wish to make any comments, or if we can be"
of any further assistance to you, please contact our office.

.
."
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FIGURES A~Q EX~~PLF.S

6" MANDALAY TO PLATFORM GINA

Figure 1:

Figure 2:

Figure 3:

Figures 4,5:

6, 10 and 12 Inch Linalog Tool

Flux-Leakage Drawing

6 Inch Log Format / Launch

Anomaly Grading

I

I

I
i

10" PLATFORt-lGINA TO MANDALAY

12" PLATFORM GILDA TO MANDALAY

Figure 6:

Figure 7:

Figure 8:

Figure 9:

Figure 10:

Figure 11:

Figure 12:

10 Inch Log Format / Launch

Unclassified Anomalies

12 Inch Log Format / Launch

Pipeline Reference Markers

Unclassified Anomaly

Distance Channel Example

Orientation Example

LITMLOG/1987
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Linalog Survey 1844 Tennessee Gas Pipeline Co. 30" MP 104-3 t 6.2 to MLV 106-3 Run 1 Nov 29,1986 , Page 1

Distance to Distance froM
Pipeline Map Map \olheel lIheel Nearest f Marker 1987 Upstrear. Grade Tabulation

Feature Station Distance Count Distance UpstreaM Oownstrea= Grade Weld 0' elk Comments U 1 2 3
~.:-

---- -- ---
Launch f 32E.02 0 42 0 0 4220
Grade U Joint 321192 2'30 331 289 289 3931 U Hi 12.00 Possible Wrinkle
Grade 1 Joint 32983 91 422 91 380 3840 1 19 3.00
Grade 1 Joint 36002 3019 3434 3012 3392 B28 1 29 11.00 2 e e

Abv Gn Mark f 3&832 830 4262 828 4220 2640
Grade 3 Joint 37337 50s 4nl 509 509 2131 3 18 6.00
Begin Hvy Iolall 37418 81 4853 8Z 591 2049
ETid Hvy \Jail 37667 249 5104 251 842 1798 0 0 0 1
Magnet f 39451 1784 6902 1798 2640 zs
Begin Hvy Uall 6906 4 4 22 0 " e "
Magnet f 6928 22 26 35
Equation f 39501 39501 6963 35 35 e
Equation t 0 \) 6963 e 0 52
End Hvy J.la11 6991 28 28 24 0 0 0 0

Magnet f 7015 24 52 4588
Gr"ade 2 Joint 7345 330 330 425B 2 29 B.0a Cor n Csng
Begin Casing 7351 6 336 4252
Grade 1 Joint 7375 24 360 4228 1 3 6.00 Cor n Csng
Grade U Joint 7382 7 367 4221 U 3 12.013Possible Test Lead
End Casing 7JB2 0 367 4221

\." Grade 2 Joint 7388 6 .373 4215 2 24 5.00
Grade 2 Joint 8011 623 996 3592 2 8 6.00 3 0
Abv Gn Mark f 4640 11603 3592 4588 5918
6t"ade 1 Joint 4819 . 179 11782 179 179 5739 1 19 7.00
Grade 2 Joint 5383 564 12346 564 743 5175 2 4 6.00
Grade 1 Joint 6254 871 13216 870 1613 43135 1 1 11.130
Grade U Joint 6457 203 13419 203 1816 0\102 U 10 3.00 Possible Wrinkle
Grade 1 Joint 6725 268 13687 268 2084 3834 1 37 2.110
Grade 1 JoiTit n'i!!J 10'14 14690 1003 3087 2831 1 40 6.00
Begin Hvy Wall 8460 731 15421 731 3818 2100
End Hvy "'all 8916 456 158n 456 4274 1644
Grade I Joint 9096 IB0 16057 180 4454 1464 1 7 7.00
Begin Hvy Ila11 9117 21 16078 21 4475 1443
Begin Casing 9152 35 J6113 35 4511'1 1408
ErlC1Hvy lIa11 9155 3 16116 J 4513 1405
ErlC1Casing 9273 118 16234 118 4031 1287
Grade 1 Joint 9412 139 16373 139 4n0 1148 1 18 6.00
Grade 1 Joint 9457 45 16418 45 4815 1103 1 2 6.00
Grade 1 Joint 10403 946 17363 945 5760 158 1 11 6.00 1 S "
Abv 6n Mark f 10561 158 17".21 15B 5918 4396
Grade 1 Joint 10646 85 176'16 85 85 4311 1 2 6.013
Grade 1 Joint 10714 68 17675 69 154 4242 1 3 4.00
Grade 2 Joint 10897 183 17858 183 337 4059 2 2 10.00
Grade U Joint 11156 259 18119 251 598 3798 U 17 6.00

\... Grade 1 Joint 11456 3C0 18420 301 899 :Vt97 I 5 6.110 .."
Grade 2 Joint 12215 759 19182 762 1661 2735 . 2 14 6.113
Grade 2 Joint 12946 731 19916 734 2395 2001 2 27 6.00
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"'1"aIUY :lUI'Vt::y 10"l'l lennessee uas ~lpel1ne lo. 30' MP 104-3 + 6.2 to MLV 106-3 Run 1 Nov 2911986 • Page 2

Distance to Distance frolU
Pipeline Hap Map Uheel Uheel Nearest f Marker 1987 UpstreaAl Grade Tabulation

Feature Station Distance Count Distance UpstreaM Downstream Grade Ueld O'clk Comments U 1 2 3-- ----
Grade 1 Joint 13113 167 20084 168 2563 1833 1 11 6.00
Grade 1 Joint 13690 rsl7 20664 5B0 3143 1253 1 0 6.00
Grade 2 Joint 14080 390 21055 391 3534 862 2 7 5.00
Grade 2 Joint 14'187 7 21062 7 3541 855 2 1 5.00 2 It 5 0

Abv Gn Mark • 14938 851 21917 ass 4396 2826
Gt'ade 1 Joint 15000 62 21979 62 62 2764 1 1 3.00
Grade 1 Joint 15074 74 22052 73 135 2691 1 31 6.00
Begin Casing 15117 43 22095 43 178 26lt8
Grade 1 Joint 15134 17 22112 17 195 2631 17 6.00 Cor n Csng
End casing 15157 23 22135 23 218 26'18
Grade 1 Joint 15671 514 22646 511 729 2097 1 30 8.00
Grade 1 Joint 15701 30 22676 30 759 2067 1 27 5.00
Grade 3 Joint 15793 92 22767 91 850 1976 3 7 6.00
Grade 1 Joint 16008 215 W81 214 1064 1762 1 7 4.00
Grade 1 Joint 16162 154 23134 153 1217 1609 1 25 2.00 0 7 0

Abv Gn Mark • InB0 1618 24743 1609 2B26 . 3221
.Grade 2 Joint 18156 376 25119 376 376 2845 2 5 6.09

Grade 2 Joint 18903 747 25866 747 1123 2098 2 7 6.00 In Urinkle
Grade 1 Joint 19485 582 26449 583 1706 1515 1 0 10.00
Grade 1 Joint 20717 1232 27681 1232 2938 283 1 9 6.00 In Urinkle " 2 2 0

Abv Gn Mark • 21'100 283 27964 283 3221 5243
GradeU Joint 22446 1446 29413 1449 1449 3794 U 15 10.00

\.•. :- Grade 1 Joint . 23684 1238 30654 1241 2690 2553 1 9 6.C0
Grade 1 Joint W81 497 31152 -\98 3188 2055 1 7 6.00
Grade 1 Joint 24691 519 31663 511 3699 154-\ 1 28 5.00
Grade 1 Joint 24812 121 317M 121 382\! 1423 1 7 3.00
Grade 1 Joint 25239 427 32212 428 4248 995 1 30 4.00
Grade 1 Joint 25532 393 32606 394 4642 601 1 16 5.00
Grade 2 Joint 25937 305 32911 305 4941 296 2 22 7.00 Dig Rrea
G,'ade I Joint 25967 30 32941 30 4977 266 1 9 5.00 Dig Rrea.
Grade U Joint 26053 ss 33028 87 5064 179 U 14 12.00 Possible Test lead
Grade 1 Joint 26098 45 33073 45 5109 134 1 25 6.00
Grade 1 Joint 26158 60 33133 60 5169 74 1 11 6.00
Grade 1 Joint 26188 30 33163 30 5199 44 1 22 4.00 2 10 1 0

Abv Gn Mark • 26222 44 33207 44 5243 5890
Grade 1 Joint 26419 187 33394 187 187 rsl03 1 9 6.00
Grade 1 Joint 26631 212 33606 212 399 5491 1 7 5.1l0 In Urinkle
Grade 1 Joint 26721 S0 33696 90 489 5401 1 15 6.0a
Grade 1 Joint 27222 501 34198 5a2 991 4899 1 2 6.09
Grade 1 Joint Z7259 37 34235 37 1028 4862 1 3 6.00
Grade 1 Joint 28m 1192 35428 1193 2221 3669 1 19 6.00
Grade 1 Joint 29025 SH 36002 rsl4 2795 3095 1 12 6.09
Begin Hvy Uall 2S054 29 36031 29 2824 3066
End Hvy Uall 29064 10 360-\1 10 2834 3056
Grade 1 Joint 29205 141 36183 142 2976 2914 1 30 3.0a
Grade U Joint 31976 2771 38956 2773 5749 141 U 14 6.00 Poss Wrinkle 8 9 9

\.- Abv Gn Mark f 32117 141 39097 141 5890 1942 .
Grade 2 Joint 32190 73 39170 7J 73 1869 . 2 10 6.00

C-203



Linalog Survey 1844 Tennessee Gas Pipeline Co. 30' MP 104-3 t 6.2 to MLV 106-3 Run 1 Nov 2<3,19B6 , Page 3

Distance to Distance from
Pipeline Map Map ~heel Wleel Nearest f Marker 1987 UpstreaDl Brade Tabulation
Feature Stat ion Distance Count Distance Upstrea~ Downstrea~ Grade ~eld O'clk Comments U 1 2 3

~.>::.; --- --- -
Bt'ade 3 Joint 32221 31 39201 31 104 1838 3 2 6.00
Begin Hvy ~all 32224 3 39204 3 107 1835
Begin Casing 32225 1 39205 1 108 1834
End Casing 32257 32 39237 32 140 1802
Brade 1 Joint 32303 46 39283 46 186 1756 0 4.00
End Hvy \lall 32369 66 39359 67 253 1689
Gt'ade 1 Joint 33797 1428 49780 1430 1683 259 1 14 6.00
Grade 2 Joint 33812 15 40795 15 1698 244 2 1 6.00
Grade 2 Joint 33842 30 49826 31 1729 213 2 11 6.00 Cor n Csng
Degin Casing 33853 11 40837 11 1740 202
Grade 3 Joint 33873 20 40857 20 1760 182 3 24 10.00 Cor n Csng
End Casing 33897 24 40881 24 1784 158
Grade U Joint 33897 9 40681 0 1784 158 U 3 12.09 Possible Test Lead
Brade 3 Joint 33933 36 40917 36 1820 122 3 30 5:00
Brade 1 Joint 33934 1 40918 1 1821 121 1 9 6.00 3 3 3

Abv Gn Mark f 34055 121 41039 121 1942 5080
Grade 1 Joint 34227 172 41211 172 172 4908 1 26 4.00
Grade 1 Joint 35624 1397 42604 1393 15&5 3515 1 13 6.00
Grade 1 Joint 35749 125 42728 124 1689 3391 1 26 3.00
Grade 1 Joint 35873 124 42852 124 1813 3267 1 23 6.00
Grade 1 Joint 35934 61 42913 61 1874 3206 1 23 12.00
Grade 3 Joint 35955 31 42944 31 1905 3175 3 11 6.00
Grade 3 Joint 36091 126 43069 125 20.10 3050 3 15 6.00

\.' Grade 1 Joint 36554 463 43531 462 2492 2588 1 30 6.00
.:':': GNdel Joint 36646 92 43623 92 2584 2496 1 24 6.00

Brade 1 Joint 36677 31 43654 31 2615 2465 1 3 6.00
Grade 1 Joint 36698 21 43675 21 2636 2~ 1 22 6.00
Grade U Joint 36727 29 43704 29 2fi65 2415 U 26 6.00 In llrinkle
Grade 2 Joint 36849 122 43825 121 2786 2294 2 27 5.00
Grade 2 Joint 36879 39 43855 30 2816 2264 2 0 5.00
Grade 1 Joint 37645 766 44619 764 3580 1500 1 23 4.00
Grade 1 Joint 37824 179 44798 179 3759 1321 1 21 6.00
Trap f 39149 1325 46119 1321 5080 0 11 2 2

Feet of Line 46an ----
Miles of Line 8.73 Total for Pipeline 10 56 17 7

C-204
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6" MANDALA.Y TO GINA

(.
" ..

.-
GRADE CLASSIFICATION

STATION NUMBER U 1 2 3

ROLL NO. 1

0 LAUNCH
32792 TRAP 161 38 1

TOTAL OF PIPELINE 0 161 38 1
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10" PLATFORM GINA TO MANDALAY

STATION NUMBER

ROLL NO.1

GRADE CLASSIFICATION
U 1 2 3

o
32961

LAUNCH
TRAP 2

TOTAL OF PIPELINE

C-219
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12- PLATFORM GILDA TO MANDALAY

( - GRADE CL1\SSIFlCATION
WHEEL COUNT U 1 2 3

ROLL NO. 1
26 LAUNCH

241 FLANGE 1
283 FLANGE

53036 TRAP 30

TOTAL OF PIPELINE 31 0 0
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7) The electrical condition described in (6) causes the
potential values recorded at Rincon to be at or below the
criterion for cathodic protection.

8) A current demand is being imposed on the pipeline anodes near
the.Rincon shoreline and will cause these anodes to become
rlepleted at a faster rate.

RECOMMENDATIONS
1) Install an above ground insulating flange on the 6" water

line inside the Mobil Oil Facility at the location marked in
Figure 1 of Appendix "A". Also install an insulating union
at the location marked in Figure 1 to completely isolate the
6" water line from the Mobil Oil Facility.

~: 2) Excavate the underground insulating flanges located outside
the perimeter of the Union Oil Mandalay Facility. Conduct
additional tests to determine the effectiveness of these
insulating flanges.

3) Install a test station with test leads on each side of the
underground insulating flanges for both the Gina and Gilda
pipelines to provide for future testing of the effectiveness
of the insulating flanges.

4) Conduct a re-survey of the onshore segments of the Mandalay
and Rincon pipeline bundles after the insulating flange
installations and repairs are complete. This will determine
if the potential values are indicative of adequate cathodic
protection.

\v.
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5) Conduct a complete offshore survey of the Mandalay and Rincon
pipeline bundles after repairs are complete. This data would
provide a base line survey for comparison. Comparison of the
data collected over several years will make it possible to
evaluate any changes in the level of cathodic protection and
thus aid in the planning of necessary corrosion control
measures.

C-225
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REPORT

INTRODUCTION
This report describes the work performed and the results

obtained during a corrosion survey of the product and water
pipelines located in the Santa Barbara Channel, California for
Union Oil Company. This survey was performed by Harco
Corporation on January 12-14, 1984. The survey was performed
using the Harco Offshore Computerized Potential Log (CPL™)
Survey Method developed specifically for obtaining continuous
pipe-to-electrolyte potential measurements on offshore pipelines.
The equipment and procedures used in this survey are discussed in
the section of the report entitled "Test Procedures·.

DESCRIPTION OF PIPELINES SURVEYED
The pipelines under consideration in this report are as

follows:
A. Three (3) parallel pipelines from Platform Gilda (O.C.S.

P-~2l6, Block 373) to Shore at Mandalay.

The three (3) pipelines in this bundle are 6",
l~·, and 12" in diameter. They are approximately S2,~ee
feet in length and were laid in August, 1981. They are
coated with a Pritec type corrosion coating. In
addition to the corrosion coating, an outer concrete
weight coat (approx. 1" thick) exists on the gas
pipeline and the shore approach sections of the water

01
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and oil pipelines. Cathodic protection for these

,'. "

B.

pipelines is supplied by cast-on zinc anode bracelets.
The anode sizes, net weights, and spacings are as
follows:

GILDA PIPELINES
SPACING

ANODE SIZE NET. WT. (Zn) (I JOINTS)
12" Offshore 2" x 22" 475 lbs. 21
12" Surf Zone 1-1/2" x 16-3/4" 28e lbs. 13

1"" Offshore 1-1/2" x 18-1/2" 26" lbs. 15
1~" Surf Zone 3-1/2" x 4-1/4" 16e lbs. 9

fi" Offshore 2" x 2e" 2M; lbs. 23
6" Surf Zone 1-1/2" x 11-1/4" 1""2 lbs. 9

All pipeline risers a~e electrically continuous
with Platform Gilda as indicated by the data presented in
Table 3 of Appendix "AOI•

Two (2) parallel pipelines from Platform Gina (O.C.S. P-
e2~2, Block 3Se) to Shore at Mandalay.

The two (2) pipelines in this bundle are 601 and
Ie" in diameter. They·are approximately 31,90e feet in
length and were laid in August, 1981. These pipelines
are coated with a Pritec type corrosion coating in
conjunction with an outer concrete weight coat on the
shore approach sections. Cathodic protection for these
pipelines is supplied by cast-on zinc anode bracelets.
The anode sizes, net weights, and spacings are as
follows:

5
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c-, GINA PIPELINES
SPACING

J..NODESIZE NET WT. (Zn) (t JOINTS)
1n" Offshore 2" x 21" 395 1bs. 22
Hi" Surf Zona 1-1/2" x 11-1/2" 160 lbs. 9

6" Offshore 2" x 20" 246 lbs. 23
6" Surf Zone 1-1/2" x 11-1/4" 102 lbs. 9

All pipeline risers are electrically continuous
with Platform Gina as indicated by the data presented in
Table 3 of Appendix "A".

C. Three (3) parallel pipelines from Platform B (O.C.S. P-
~241) to Platform C (O.C.S. P-0241).

The three (3) pipelines in this bundle are 6",
12", and 12" in diameter. They are approximately 2,650
feet in length and were laid in June, 1968. They are
coated with X-TRU coat with no outer concrete weight
coat. Cathodic protection for these pipelines is
supplied by the impressed current systems located on
Platforms Band C. The operating outputs of the
rectifiers located on these platforms are listed in
Table 1 of Appendix "A".

All pipeline risers are electrically continuous
with both Platforms Band C as indicated by the data
presented in Table 3 of Appendix "A".

Ii
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D. Three (3) parallel pipelines from Platform B (O.C.S. P-
~241) to Shore at Rincon.

The three (3) pipelines in this bundle are 6·,
12", and 12" in diame~er. They are approximately 62,0~~
feet in length and were laid'in June, 1968. They are
coated with a Somastic type corrosion coating (app rox,

3/4" thick) with no outer concrete weight coat.
Cathodic protection for these pipelines is supplied by a
combination of impressed current systems located on
Platforms A and B, and sacrificial anodes installed on
the length of the pipelines from Station No. 4~7+5e to
shore. The approximate locations of the sacrificial
anode stations are as follows:

ANODE WATER STATION ANODE
STATION DEPTH (FT. ) NUMBER SPACING (FT.)

1 18~ 4A7+5e 21,941 (from
Platform B)

2 175 354+93 5,26~
3 150 3"1+4" 5,35"
4 135 249+7" 5,17~
5 115 194+AA 5,57"
n 95 138+30 5,57"
7 65 R5+28 5,302
8 5a 46+4" 3,888
9 25 24+7" 2,170

Anode Stations 1-8 consist of three (3) 45~ lb. zinc
anodes. Anode Station No.9 consists of three (3) 35a

rectifiers located on Platforms A and B are listed in
Table 1 of Appendix "A".

.-.
\.;.,.J

lb. Galvalum anodes. The operating outputs of the

7
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All pipeline risers are electrically continuous
with Platform B as indicated by the data presented in
Table 3 of Appendix wAw.

TEST PROCEDURES
The survey was performed using the Harco Offshore CPL™

Survey Method which is designed to produce continuous pipe-to-
electrolyte potential profiles along the entire length of a
submerged pipeline.

The standard CPL™ survey is conducted by making a test
connection to the pipeline at an accessible location, such as a
r i s era tan 0 f fs h0 rep 1 atfor m 0 rat a'non sh0 ret est s tat ion. . A

.~) saturated silver/silver chloride (Ag/AgCI) reference electrode is
\..,;

towed above the pipeline while maintaining the test connection to
the pipe by spooling out a light gauge insulated wire (Litewire™)
from a boat moving at approximately six (6) knots. The pipe-to-
electrolyte potential is measured and recorded onboard using a
Hewlett Packard data acquisition system. This system consists of
a multi-channel data logger, a microcomputer equipped with
appropriate interfaces, and a strip chart recorder. During the
survey, the potential is displayed on the video control terminal
of the computer and plotted versus real time using the strip chart
recorder.

The microcomputer serves as both a controller/processor for
the data logger and as a data storage device with an internal

I
~/'"' ..' magnetic tape drive. The computer is programmed to collect

8
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,
(, potential measurements at a rate of two per second, which at a

speed of six (6) knots provides potential measurements at
approximately 5.~ foot intervals along the pipeline. A distance
marker is embedded into the data stream at prespecified
intervals, generally l~~~ feet. These distance markers are
later correlated with ship position coordinates to generate
accurate downline distance measurements for the potential
profiles.

The pipelines were tracked using the Motorola Mini-Ranger
positioning system in conjunction with the coordinates used to
produce as-built drawings of the pipelines. The accuracy of this
system is +/-3 meters under ideal field conditions.

During the course of this work six (6) survey runs were
'(, . made. These runs are listed iri Table 2 of Appendix ·A·. In

addition to the potential profiles for the offshore pipelines,
potential values were measured at the platforms and risers. This
data is presented in Table 3 of Appendix ·A". Potential values
were also measured onshore at both the Rincon and Mandalay sites.
This data is presented in Table 4 of Appendix "A".

RESULTS AND ANALYSIS
The pipe-to-electrolyte potential profiles recorded on the

pipelines are shown in Figures 1-4 of Appendix "8". Examination
of these profiles shows that all potential values recorded are at
or more negative than -8~~ millivolts with respect to a saturated

~::" silver/silver chloride (Ag/AgCl) reference electrode. These

9
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{.. potential values satisfy the criterion for cathodic pro tee t 10n
(-8~~ mV Ag/AgCl) as designated by the National Association of
Corrosion Engineers' Standard RP-'Hi-75, "Control of Corrosion on
Offshore Steel Pipelines".

The pipe-to-electrolyte potential measurements recorded on
the onshore portions of the pipelines are presented in Table 4 of
Appendix "An. Examination of this data shows that all the
potential values except the potential values recorded on the blue
and red lead wires at the test station near the railroad crossing
at Rincon do not meet the criterion for cathodic protection (-B5~
mV Cu/CuS04) as designated by the National Association of
Corrosion Engineers· Standard RP-'H-69 (1976 Revision), nControl
of External Corrosion on Underground or Submerged Metallic Piping

1..._ Systems· •
The pipe-to-electrolyte potential profile recorded on the

6", UP' and 12" pipelines from Platform Gilda to shore at
Mandalay is shown in Figure 1 of Appendix "B". Since the three
(3) pipelines are electrically continuous with each othero the
potential values presented in Figure 1 represent the average
potential level occuring on each pipeline.

..,.

-

Examination of Figure 1 shows a relatively flat potential
profile between -8Se millivolts and -825 millivolts silver/silver
chloride (Ag/AgCI). The overall lower potential level \'!hi~h is
observed near the shoreline could be due to the electrical
conditions which exist between the pipeline bundle ~nd the
Mandalay Facility. This phenomenon will be discussed in further
detail in the analysis of the data from the Gina pipelineso

Ie
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The increase in the potential level adjacent to Platform
Gilda is attributed to the effect of increased electrolyte IR
drop on the potential measurement near the platform. This effect
causes a more negative potential value to be measured when the
reference electrode is within the current gradient field of the
platform anodes. The effect of the electrolyte IR drop
associated with the platform anodes decreases or increases
exponentially as the reference electrode moves away from or
towa rd the source of current. The magni tude of the electrolyte
IR drop depends on several conditions, such as the size and type
of platform anodes, and the electrical conditions which exist
between the riser and the platform jacket.

In general the potential profile is indicative of uniform
current distribution, howeve~, the potential ·level is expected to
be higher for pipelines of this age.

The pipe-to-electrolyte potential profile recorded on the 6"
and 10" pipelines from Platform Gina to shore at Mandalay is
shown in Figure 2 of Appendix "Bft

• As previously discussed,
since the two (2) pipelines are electrically continuous with each
other, the potential values presented in Figure 2 represent the
average potential le~el occuring on each pipeline.

Examination of Figure 2 shows a relatively flat potential
profile at approximately -850 millivolts silver/silver chloride
(Ag/AgCI) •

The characteristic increase in the potential values near
Platform Gina is present. This phenomenon, as previously

11
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discussed, is attributed to the effect of electrolyte IR drop on
(
\ the potential measurement in the area adjacent to the platform.

Further examination of Figure 2 shows that the potential
values steadily increase from a downline distance of 16,~eA feet
to the end of the run at 27,825 feet. This phenomenon could be
due to differences in anode spacing and/or the electrical
conditions which exist between the pipeline bundle and the
Mandala y Faci 1 ity.

The potential measurements recorded on both the Gina and
Gilda pipelines (ref. Table 4, Appendix "A") indicate that the
underground insulating flanges located outside the perimeter of
the Mandalay Facility are not directly shorted. It does appear
however that the underground insulator on the Gina water line

~.

exhibits some type of high resistance shorted condition. This
phenomenon is evidenced by the relative magnitude of the
potential measurements recorded on either side of the insulating
flange (-589 mV. and -5155 mV., respectively). This phenomenon
could also be occuring to a lesser degree on the Gilda water line
as evidenced by the potential measurements recorded on either
side of its insulating flange, (-747 mV. and -563 roVo,

respectively).
Under these condi tions both pipeline bundles are partially

electrically continuous with the unprotected metallic piping and
structures associated with the Mandalay Facility. This condition
will place a current demand on the pipeline anode bracelets and
can cause overall potential levels to be lower. This additional

\.,. current demand will also cause the affected bracelet anodes to

12
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-
become depleted at a f es t e r rate. Th e e f fe c t ive met a 11 ic
resistance of the two (2) pipeline bundles also contributes to
the overall electrical condition which exists between the
pipeline bundles themselves and the Mandalay Facility. This
could account for the increase in the potential level observed on
the Gina pipeline bundle near the end of the survey run and the
lower potential level observed near the end of the survey run on
the Gilda pipeline bundle.

In general the potential profile recorded on the Gina
pipeline bundle is indicative of uniform current distribution,
however, the potential level is expected to be higher for
pipelines of this age.

The pipe-to-electrolyte potential profile recorded on the
.\..'~" 0", 12", and 12" pipel ines from Platfo rm B to PIa tform C is shown

in Figure 3 of Appendix "B". Since the three (3) pipelines are
electrically continuous with each other, the potential values
presented in Figure 3 represent the average potential level
occuring on each pipeline.

Examination of Figure 3 shows that current "off" potential
values ·are more negative than -89~ millivolts silver/silver
chloride (Ag/AgCl), and that current "on" potential values are
more negative than -910 millivolts silver/silver chloride
(Ag/AgCI) •

Further examination of Figure 3 shows the characteristic
increase in both the current -on- and -off- potential values near
the platforms. This phenomenon is again attributed to the effect
of electrolyte IR drop on the potential measurement in the areas

13
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adjacent to the platforms. This effect is more pronounced at
~: Platform B than at Platform C due to the fact that the impressed

current system on Platform C was turned off during the survey
run. This was done in order to record true IR free potential
values.

The overall current distribution is higher on the sections
of the pipelines adjacent to the platforms, and the profile in
general is indicative of good coating quality and a properly
functioning cathodic protection system.

The pipe-to-electrolyte potential profile recorded on the
6", 12", and 12" pipelines from Platform B to shore at Rincon is
shown in Figure 4 of Appendix "B". The three (3) pipelines are
electrically continuous with each other, therefore the potential
values presented in Figure 4 re~resent the average potential
level occuring on each pipeline.

Examination of Figure 4 shows several anomalies. The
characteristic increase in both current "on" and "off" potential
values near Platform B is observed. This is again due to the
effect of electrolyte IR associated with the impressed current
system on Platform B.

It is also observed in Figure 4 that after three (3) current
"off" cycles of the impressed current system, the current does
not return to the ·on" mode. This was due to a malfunction in
the ind ividua 1 recti fier c ircui t breakers.· The survey was
continued with the rectifier ·off" until the problem was
discovered and the circuit breakers reset at approximately 2~,4C~
feet downline from Platform B. During this time the pipelines

14
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had suffered some degree of depolarization. Run IS was
terminated at 30,605 feet downline from Platform B·due to a
severed negative lead wire connection. Run t~ was.a continuation
of the survey run from Platform B to shore and was started after
sufficient time had elapsed. The pipelines had therefore re-
polarized which accounts for the anomaly in the potential level
observed at 30,n05 feet. The instant current "off" potential
values between l0,~A~ feet and 3e,6~5 feet downline from Platform
B are expected to be on the order of -825 millivolts
silver/silver chloride (Ag/AgCI).

The anomalies in the potential level observed when passing
Platform A and the Hillhouse platform are due to the effect of
elect ro Iyte IR drop on the po ten t ial measu rem en t when en te r in'g

"<. . and leaving the current gradient fields associated with these
platforms. Even though the impressed current systems on these
platforms were turned off to provide for true IR potential
measuremen~s, the increased potential level of these platforms as
compared to the pipelines does create a significant electric
field. It is also indicated that supplemental cathodic
protection would be provided by the impressed current systems
l~cated on Platform A and the Hillhouse platform. These
platforms are electrically continuous wi th the pipeline bundle
from Platform B to shore through other pipeline/power cable
systems.

Another anomaly observed in Figure 4 is the increase in the
potential level which occurs at the Pacific Interstate Pipeline
Company (PAC Interstate) pipeline crossing at a downline distance

15
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of approximately 18,350 feet. It appears that supplemental

\..

current is being picked up at this location due to an electrical
interference problem which exists between Platform Henry and the
PAC Interstate pipeline. Another possible explanation of the
observed increase in the potential level is the effect of
electrolyte IR drop on the potential measurement associated with
the impressed current system located on Platform Henry. In
either case this anomaly is not considered significant with
respect to the effectiveness of the Union Oil Company cathodic
protection systems. A schematic diagram showing the layout of
the various pipelines and platforms in this area is presented in
Figure 2 of Appendix "A".

The last anomaly observed in Figure 4 is the increased
potential level which occurs from a downline distance of 53,000
feet to the end of the survey run (approx. 1,150 feet from the
shoreline at Rincon). This is due to differences in anode alloy
type and/or anode spacing.

The pipe-to-electrolyte potential measurements recorded on
the onshore portions of these pipelines indicates that an
electrical continuity condition exists between the Union Oil
Company pipeline bundle and the unprotected Mobil Oil Facili tyo
This phenomenon occurs due to the lack of an insulating flange on
the 6" water line. This condition will place a current demand on
the offshore pipeline anode stations adjacent to the shoreline
and can cause potential values to be below the criterion for
protection.

16
,.._?1~



\.

)-~...

. .-J\. ... :

A P PEN 0 I X

C-239

II A II

....



,
I

I \
"

- ~ __.--J __. ~~_,_~I

'I

INSULATING UNION

WATER DRAIN

I;, ===:=:=: ;-'-=:::=.-:._.- '---"'-'-
I ! _ .._-._-- -' ----
I :

I . --.---- ..- ,..-..-.----..:--~.~-_.._,_._ .I : ~...-~ __ .,_L - • •

il:i 1 _
'-- .::=-.. DRA IN INTO SUMP

·0 • • ••• ". 0•• __

.•. .- .....
i'll;h,
'1'.1

I,· ·1:II. I

Il!r

~

~!!ilI.

"\ t ~~~=_.
INSTALL INSULATINGFLANG

FIG. 1

HAReo CORPORATION
Corrosion Engineering Division

CLEVELANO • ATLANTA' CHICAGO
HOUSTON • lOS ANGELES • NEWARK

DRAWN BY: HHH

DATE: 4-25- 84

DWG. NO.

UNION OIL CO.
WATER PIPING LAYOUT
IN HOBILE OIL PLANT

RINCON AREA



Z--t--

:

r-?41

enw
Z
H
-l
W
0...
H
0...

N~
WOa::I::JUl
t!)lJ...
HlJ...u.0

u,
o
~
<ta:.
f.!)
<t
H
Cl

: 

r-?41 

en 
w 
z 
H 
_j 
w 
0... 
H 
a.. 

N~ 
wo 
a::C 
:J(/) 
t!)Ll... 
HLI... 
u_O 

LL 
0 

~ 
<t a:. 
(.!) 

<t 
H 
Cl 



-

TABLE 1
- LOCATIONS AND OPERATING OUTPUTS OF RECTIFIERS

PLATFORM A (O.C.S. P-~241)

RECTIFIER #1 22~ Amps @ 14.75 Volts D.C.
RECTIFIER #2 175 Amps @ 15.~e Volts D.C ..
RECTIFIER 13 26~ Amps @ 14.~fl Volts D.Ca
RECTIFIER #4 265 Amps @ 14.25 Volts D.C~
RECTIFIER #5 97 Amps @ 8.75 Volts D.C.
RECTIFIER #6 BACK-UP RECTIFIER

PLATFORM B (O.C.S. P-0241 )
RECTIFIER #1 1ge Amps @ 17.0~ Volts D.C.
RECTIFIER i2 13~ Amps @ 17.rw Volts D.C.
RECTIFIER #3 19~ Amps @ 9.0fl Volts D.C.
RECTIFIER #4 140 Amps @ 18. 'HlVolts D.C.
RECTIFIER #5 lIe Amps @ 15.'HJ Volts D.C.
RECTIFIER #6 170 Amps @ 14.IHl Volts D.C.

PLATFORM C (O.C.S. P-~241)
\ ... RECTIFIER #1 26~ Amps @. l~.e~ Volts D.C.

RECTIFIER #2 BACK-UP RECTIFIER
RECTIFIER #3 215 Amps @ 12.~0 Volts D.C.
RECTIFIER ~4 125 Amps @ 14.50 Volts D.C.
RECTIFIER #5 14~ Amps @ 12.25 Volts D.C.
RECTIFIER #6 280 Amps @ 11.50 Volts D.C •

.-
\.
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Run #1

Run 12

Run 13

Run !4

Run 15

Run If;

TABLE 2
. SURVEY RUNS

fl", I"", end 12" Pipeline Bundle From Platform Gilda
(o.C.S. P-~2111, Block 373) Toward Shore At
Mandalay.
Date: 1/12/84

0", 1~", and 12" pi pel ine Bundl e From End of Run f 1 to
Shore At Mandalay. Date: 1/12/84

6" and l~" Pipeline Bundle From Platform Gina (O.C.S.
p-e2e2, Block 353) To Shore At Mandalay.
Date: 1/12/84

6", 12", and 12" Pipeline Bundle From Platform B
(O.C.S. P-0241) To Platform C (o.C.S~ P-~241).
Date: 1/13/84

11", 12", and 12" Pipeline Bundle From P1atformB
(O.C.S. P-A241) Toward Shore At Rincon.
Date: 1/13/84

·6", 12", and 12" Pipeline Bundle From End Of Run IS To
Shore At Rincon.
Date: 1/13/84
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TABLE 3

OFFSHORE STRUCTURE-TO-ELECTROLYTE POTENTIAL MEASUREMENTS

STRUCTURE POTENTIAL VS. Ag/AgCI .COMMENTS

PLATFORM A (O.C.S. P-0241)
6" Water Riser
12" Oil Riser
12" Gas Riser

PLATFORM B (O.C.S. P-A24l)

6" Water Riser to Platform C
12" Oil Riser to Platform C
12" Gas Riser to Platform C

"ON"

-115.4 mV.
-1155 mV.
-1154 mV
-1154 mV

-1108 mV.(*)
-1111 mv , (**)
-r ics mV.
-ll~B mV.
-lIAB mV.

"OFF"

-IlIA mV.

-lA67 mv, (*)
-11378 mV. (**)

All Risers Electri-
cally Continuous
With Platform.

(*) Potential Values
Taken On Platform B
At Risers To plat-
form C Location.

(**) Potential Values
Taken on Platform B
At Risers To Rincon
Location.

All Risers Electi-
cally Continuous
With Platform.

PLATFORM C (O.C.S. P-0241) -1178 mV. -1124 mV.
6" Water Riser -1180 mV. ---------
12" Oil Riser -1178 mV. ---------
12" Gas Riset: -117B mV. ---------

All Risers Electri-
cally Continuous
With Platform.



('

STRUCTURE

Ir:

POTENTIAL VS. Ag/AgC1 COMMENTS

,.---.. r
I

I -

PLATFORM GINA (O.C.S. P-~2@2) -95tl mY. "'11 Risers E1ectri-
flIt Water Riser -956 mY. cally Continuous
1A" Oil Riser -95~ mY. Wi th Platform.

PL"'TFORM GILDA (O.C.S. P-A21fi) -992 mY. "'11 Risers Electri-
6" Water Riser -992 mY. cally Continuous
10" oil Riser -992 mY. Wi th Platform.
12" Gas Riser -992 mY.



HA~CO CO~PDn~TIOH
Cc""c.,on Engln&.I"'ng Olv,.,on

TABLE 4

SHEET rJo • .!-orl.-

S T R U C T U R E - T 0 - SOl L
POT E N T I A L SUR V E Y D A T A

DATE: .1~14-84

STRUCTURE(S) SURVEYED: SHORE SECTIONS OF GILDA AND GINA OFFSHORE PIPELINES
O'n'NER:_U_N_I_O_N_O_I_L_C_O_M_P_A_N_Y_O_F_C_A_L_I_F_O_RN_I_A _
LOCATION: MANDALAY FACILITY
SURVEYED BY: S. mLFSCN/M" M:COR1IO<

READING POTENTIAL
NUMBER TEST LOCATION (MILLIVOLTS)

- TEST STATION IN UNION FACILITY -
(SEASIDE OF UNDERGROUND INSULATOR)

1 GINA WATER LINE -589 mv. Cu/Cu O.
cu/ce:

...
2 GINA OIL LINE -817 mV. O.. . ...

.

3 GILDA OIL LINE . -828 roV• cu/cu: O·
cu/eu

...
;.~~:'~ 4 GILDA GAS LINE ~ ~ -811 mV. O.

- -a

5 GILDA WATER LINE -747 mV. 'Cu/Cu OA

_ 'T'F.~'T' "'""\'T'T()N TN .~.~~n l"ACILITY -
('P:lI.r~T.T'T'V ~TnF. ()'P nousn INSUL r1,TOR)

6 GINA WATER LINE -565 roV. Cu/Cu ~0.4 r--.

7 GINA OIL LINE -562 roV. Cu/Cu ~OA

8 GILDA OIL LINE -562 mV. CU/Cu ~O ..•
9 GILDA GAS LINE -563 mV. CU/Cu 50..•

10 GILDA WATER LINE -563 roV• eu/cu 50 ..•

..

.

.0 •

.
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HhRCO CO~FOh,l.TION
Cor-"'oa Ion E nQln •.• "''''Q Dlv •• ion

TABLE 4 - CONT.

S T Rue T U R E - T 0 - SOl L
POT E N T I A L SUR V E Y D A T A

STRUCTURE(S) SURVEYED: SHORE SECTIONS OF UNION ABC OFFSHORE PIPELINES
OWNER: UNION OIL COMPANY OF CALIFORNIA
LOCATION: MOBIL OIL FACILITY (RINCON)'I RINCON SHORELINE
SURVEY ED 13Y: S. W:>LFSON/M. M:OJR1IO< DA TE: __ 1_-_1_4-_8_4 _

READING POTENTIAL ,
NUMBER TEST LOCAT ION (MILLIVOLTS) I

- MOBIL OIL'FACILITY (RINCON)

(UNION SIDE OF INSULATOR)
-

1 12" OIL LINE -756 mv. Cu/Cu 0 •

?
. .

1?" ~A~ T.TNJ:' -785 rov. Cu/Cu ~O.
'"2

.
(MI IK I I c:: T n'P. nJ:' TN~ULATOR'

-'

3 12" OIL LINE -685 mv , Cu/Cu 30A

4 12" GAS LINE -699 rov. Cu/Cu 30,1

* NO INSULATING FLANGE BETWEEN
UNISN WATER LINE & MOBIL

\, ., PLANT PIPING •

5 6" WATER LINE -737 roV. Cu/C\: SO,,-

(LINES EXITING MOBIL FACILITY)

6 12" OIL LINE -683 roV. Cu/C' SO,,-
7 12" GAS LINE :'687 roV. Cu/C' SOA

i. - TEST STATION NEAR RAILROAD TRACK (TS 1) I- I

* LEAD WIRES NOT MARKED AT T.S. I
.' I

8 BLUE WIRE -851 roV. cu/e SO,,- ;,

'I

9
I

RED WT'QJ:' -851 rov. Cu/C SOA i

In l:l.T.2H"U' WTRE -793 roV. Cu/C SQ . \
,... "'''"7 .. -:

>'••. -



HJ.RCO CORPlJJ1t.TIOH
COr"r"OIl"on Engin •• ring Olv, ••ion

TABLE 4 - CONT.

S T R U C T U R E - T 0 - SOl L
POT E N 11 A L SUR V E Y DATA

STRUCTURE(S) SURVEYED: SHORE SECTIONS OF UNION ABC OFFSHORE PIPELINES
OWNER: UNION OIL COMPANY OF CALIFORNIA
LOCATION: MOBIL OIL FACILITY (RINCON) / RINCON SHORELINE
SURVEYED BY: S. OOLFSCN/M. M:;CX)IW:C< DATE: 1-14-84-----------------

READING POTENTIAL
NUMBER TEST LOCATION (MILLIVOLTS)

12 CASING VENT' -573 roV. CU/CU so',
- TEST STATION BETWEEN OLD & NEW HIGH 'AY (TS 2) -

..

13 6II WATER LINE -651 mV. CU/CU )OA

14 1211 GAS LINE . -709 mV. CU/CU )0 A

15 1211 OIL LINE . -710 mV . CU/CU ~OA

\.
~.

- - RINCON SHORELINE -
* "'t:'I"''I\ 'T'T"n:' ';CTION AT TS 2..

1 ~ h" WA • f.{ T.TNR -719 mv, Aq/Ac C1
17 1 ? It ~~c:: T.TNP. -779 mV. Aq/Ac C1
lR 1 ?" nTT. T.Tl\lP -779 mV • Aa/Ac C1

.

.• .

f'
: ,.

.
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FIGURE 1 RUN' 1

?
RUN' 2:

N FIGURE 2 RUN' 3:.t::-
'.0

FIGURE 3 RUN' 4:

FIGURE 4 RUN' 5:

RUN' 6;

UNION OIL COMPANY
APPENDIX B

POTENTIAL PROFILES
6-~10·J AND 12- PIPELINE BUNDLE FROM PLATFORM GILDA (O.C.S. P-0216,BLOCK 373)
TOWARD SHORE AT MANDALAY.
6-110~, AND 12- PIPELINE BUNDLE FROM END OF RUN' 1 TO SHORE AT MANDALAY.
6· AND .10· PIPELINE BUNDLE FROM 'PLATFORM GINA (O.C.5. P-0202,BLOCK 350)
TO SHORE AT MANDALAY.
6·~12·, AND 12- PIPELINE BUNDLE FROM PLATFORM B (D.C.S. P-0241)
TO PLATFORM C (D.C.S. P-0241).
6-,12·~ AND 12- PIPELINE BUNDLE FROM PLATFORM B (O.C.S. P-0241) TOWARD SHOAE
AT RINCON.
6-,12·, AND 12- PIPELINE BUNDLE FROM END OF RUN' 5 TO SHORE AT RINCON.

...,

RUNS' 1,2,3
RUNS' 4,5,6

DATE: 1/12/84
DATE: 1/13/B4
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I. INTRODUCTION

During February, 1989, Corrpro Companies, Inc., performed a close interval
potential survey using the towed fish/trailing wire method on approximately 16
miles of subsea pipeline for UNOCAL Corporation. In addition, approximately
1400 feet of pipeline was surveyed onshore from the Mandalay Station wall to
the water's edge. The survey was conducted on the pipeline bundles from
Platforms Gina and Gilda to shore at Mandalay Station ncar Oxnard, California.

The survey was performed by Corrpro Companies, under direct contract to
UNOCAL Corporation of Ventura, California. Electronic positioning services
were provided by Land and SC:lSurvey of Ventura, California. The survey vessel
was provided by International Diving Services of Port Hueneme, California,
under contract to Corrpro Companies, Inc.

.-
\.

II. SUMMARY

Corrpro Companies, Inc., performed a close interval potential survey on
approximately 16 miles of submarine pipeline and approximately 1400 feet of
buried pipeline near Oxnard, California. The lines surveyed extended from
Platforms Gina and Gilda to shore at Mandalay Beach.

Computerized close interval potential surveys are used extensively to determine
the level of cathodic protection on pipelines. The principal purpose of the
survey was to evaluate the effectiveness of the cathodic protection system in
mitigating corrosion.

The offshore portion of the survey utilized the towed fish/trailing wire method.
Onshore, a similar technique was used to record the data. Examination of the
survey results indicate that all potential values recorded on the subsea portion of
the pipelines were more negative than -800 mV to AglAgCl in accordance with

1
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III.

the accepted criterion for cathodic protection. Potential values recorded
onshore were more negative than -850 mY to Cu/CuS04' except on the 6" Gilda
to Mandalay water return pipeline, immediately adjacent to the Mandalay
Station wall, where potential values decreased to ncar -750 mV to Cu/CuS04'

DESCRIPTION OF PIPELINES

A. Gilda tQ Mandalay
The 6", 10" and 12" pipelines from Platform Gilda to Mandalay Station
near Oxnard, California are approximately 9.89 miles in length and were
installed in 1982. The pipelines are reportedly equipped with a Pri-Tek
corrosion control coating. The pipelines receive cathodic protection
frorn east-on zinc anode bracelets. These are spaced at uniform intervals
from Platform Gilda to Mandalay Station except in the nearshore area
where anode spacing is decreased significantly. The - pipelines are
electrically shorted to the Platform Gilda jacket, which is equipped with a

galvanic cathodic protection system consisting of weld-on type aluminum
alloy anodes. The 10" and 12" pipelines arc electrically isolated from
onshore piping at insulating flanges at Mandalay Beach. The 6" pipeline

is electrically insulated at an above ground insulated flange at Mandalay

Station.

B. Gina to Mandalay
The 6" and 10" pipelines from Platform Gina to Mandalay Station are

approximately 6.04 miles in length and were installed in 1982. The

pipelines are reportedly equipped with a Pri-Tek corrosion control
coating, The pipelines receive cathodic protection current from east-on
zinc bracelet anodes spaced along their lengths. Anode spacing is
significantly less in the nearshore zone. The lines are electrically shorted .
to Platform Gina and are isolated at insulated flanges at Mandalay
Beach. The 6" pipeline is isolated at aboveground in Mandalay Station.

Platform Gina is equipped with a galvanic cathodic protection system.

2
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IV. SURVEY METHOD

A Offshore Section
The survey was performed using the trailing wire/towed fish survey
method which has been used extensively to determine the level of
cathodic protection of subsea pipelines.

The survey was performed by first establishing an electrical connection to
the pipeline at the platform riser with a clip-on connector or pipe clamp.
As the survey vessel proceeded downline, an insulated light gauge wire
maintained the electrical connection to the platform while a sllver/silver
chloride electrode, housed in a V-fin towed vehicle, was towed above the
pipeline. The survey vessel moved at approximately four (4) to five (5)
knots along the pipeline. The structure-to-electrolyte potential was
continuously monitored and recorded on board the survey vessel.

The silver/silver chloride reference electrodes were deployed using a two
foot, Endeco V-fin, which is designed to serve as a depressor, allowing
the electrodes to be towed near the sea floor with a minimum Iayback
from the survey vessel. The AglAgCI electrodes are attached to a 10
meter weighted line below the V-fin while being towed. This prevents
electrical interference associated with metallic parts of the V-fin and
allows the electrodes to be towed near the sea floor without damage to
the V-fin. During the survey, two Ag/AgCI reference electrodes were
towed from the V-fln, The lower of the two electrodes was the primary
survey electrode, while the upper (placed approximately 3 meters above
the primary) electrode was the backup electrode. The backup electrode
was also used as a standard for comparison during the survey. The
AglAgCl reference electrodes used were of the permanent saturated
electrolyte type and were manufactured by G.M.C., Inc. The electrodes
have a stability of ±5 millivolts with a 3 micro-ampere load.

:3
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Downline markers (navtixes) were stored in the potential data stream at
approximately 100 meter intervals. To guide the survey vessel, each
pipeline's "as built" coordinates were used in conjunction with a
Motorola Miniranger electronic positioning system. The survey vessel
operator monitored the positioning system readout and continuously
updated the vessel's heading to insure that the vessel was over the .
pipeline.

The data acquisition system consisted of an Ornnidata Polycorder and a
Zenith laptop computer. The structure-to-electrolyte potential was
measured by the Polycorder and electronically transferred to the
computer. The Polycorder is a handheld, microprocessor controlled,
high resistance voltmeter with an analog to digital converter. The
computer's CRT continuously displayed the potential measurements and
stored them on magnetic media. Potentials were stored at a rate of
approximately one per second. At a survey speed of five ~ots, potentials
are recorded at approximately 1.5 foot intervals.

The riser-to-electrolyte potentials were measured with a Beckman
HDllO multimeter referenced to a silver/silver chloride (AglAgCI)
reference electrode.

B. Onshore Section
The onshore section of the survey was conducted from the Mandalay
Station Wall to the water's edge. Electrical contact was made to the 6"
water return lines with a light disposable wire. The wire was spooled
from an electronic distance measuring device carried by the survey
operator. As the operator walked over the line, continuous contact to
the soil was maintained by alternately planting two copper/copper
sulphate reference electrodes, attached to poles, in the soil. As the wire
was spooled out, potential measurements were recorded at 30 .inch
Intervals by a battery powered Ornnidata Polycorder datalogger carried
by the operator. The voltage measurements were triggered by the

4
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distance measuring device at the specified interval. Features were

entered into the data stream at the correct location using the keyboard of
the Polycorder. The pipeline was located with an inductive pipe locator
to ensure that all measurements were recorded directly over the pipeline.
A Beckman HDllO multimeter was used to record supplemental
readings and verify the Polycorder. The data was then electronically
transferred to an IBM-PC computer for processing.

RESULTS AND ANALYSIS

Potential profiles for all survey runs are presented in Appendix "A".

Review of the potential profiles for the offshore segments of pipelines surveyed,
indicates that all potential values exceed the -800 mV to AglAg.CI criterion as
established by the National Association of Corrosion Engineers' Standard RP-
06-75, "Corrosion Control of Offshore Steel Pipelines".

Study of the potential profiles for the onshore line segments show potential

values in excess of -850 mY to Cu/CuSO 4' except on the Gilda to Mandalay
pipelines at the Mandalay Station wall, where potential values decrease
dramatically within ten feet of the wall.

A more detailed analysis of the survey results is presented below:

A 6". 10" and 12" Pipelines - Gilda to Shore

Examination of the potential profile for the offshore segment of the
pipeline bundle shows potential values ncar -850 mV to AglAgCI at the
surf zone (Station 24+70), gradually decreasing to approximately -820 mY

near Station 290+00, remaining level at -820 mV to Station 450+00, then
increasing gradually to -870 mV at Platform Gilda. An anomaly at
Station 334+00 is due to a temporary discontinuity in the measurement
circuity, and is not indicative of a true change in pipeline potential at that
location.

5
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Study of the onshore survey potential profile indicates a sharp dip in
potential at the Mandalay Station Wall. Potential values from the dunes
to the water's edge are between -950 and 1000 mV to Cu/CuS04 (940
mV to Ag/AgCI at the water's edge). Due to rough surf conditions, no
data was collected in the surf zone.

. .
The discrepancy in potential at the surf zone, between survey runs
performed with connections at opposite ends of the pipeline, is due to
metallic IR drop. This IR drop error is caused by a net current flow
between Gilda and Mandalay Station toward shore, This causes potential
values recorded with a connection at shore to be more negative than true
IR drop free potentials. Likewise, potential values recorded with a
connection at Gilda are more positive than true IR drop free potential
values. The true potential values are between the two "parallel"
potential profiles if the onshore profile was extended offshore, parallel to
Gilda to shore profile. In this case, it appears that the onshore and
nearshore anodes are providing current to the offshore segment of the
pipeline bundle. The returning current causes the profile to be more
negative than an IR drop free profile.

At the Platform Gilda end of the pipeline bundle, it appears that the
platform cathodic protection system is providing minimal current to the
pipeline bundle. This is evidenced by the significant decrease in potential

.recorded as the survey proceeded away from the platform. Potential
values increase near shore due to the effect of decreasing spacing
between anodes.

6
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B. 6" and 10" Pipeline - PlatfQrm Gina tQ MandLllay StatiQn
Study of the potential profile indicates potential levels at -8?0 mV near
shore decreasing gradually to a low of approximately -810 mY near
Station 186+00, increasing gradually to -860 mV at Station 300+00, then
increasing steeply to -970 mV at the riser. Note that high frequency
spikes recorded near Platform Gina are' due to an external noise source
and do not represent true changes in cathodic protection level. .

The onshore profile shows potential values near -1050 mY to Cu/CuS04
(-990 mY to AglAgCl) from the water's edge to the top of the dunes then
decreasing steeply to near -900 mV at the Mandalay Station Wall.

Both the onshore and offshore profiles are similar in shape and potential
level to those from the Gilda to Mandalay pipeline bundle. The potential
levels recorded in the onshore and offshore profile indicate a net metallic
current flow toward shore similar in magnitude to that for the Gilda to
Mandalay pipelines. As noted earlier, the' true potential levels are
between the levels shown in the onshore and offshore profiles, if the
onshore profile was extended.

)

v. CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the close interval potential survey, the following
conclusions arc drawn:

1. The pipelines are receiving cathodic protection in accordance with the
-800 mV to AglAgCI criterion along their entire nearshore and offshore
lengths.

2. Onshore potential values on both of the 6" water return pipelines from
Gina and Gilda are significantly depressed at the Mandalay Station wall.
This condition may be due to coating damage caused by elevated
temperatures on these pipelines or to unknown causes.

7
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.'"'...• 3. Potential values on the onshore and nearshore sections of both the Gina
and Gilda pipeline bundles are significantly higher than potentials
recorded further offshore, due to the effects of increased anode density
(decreased spacing) in these areas. This is also causing potentials
recorded with the test connection onshore to be somewhat higher than
true IR drop free potentials.

4. AIl pipelines are electrically shorted to their respective platform jackets
at the risers.

Based on the these conclusions, the following recommendations are offered:

1. Further investigate the 6" water return pipelines at the Mandalay Station
wall to determine the cause of depressed potential values at that location.

.: 2. When convenient, take direct contact pipe-to-water potential
measurements on both pipeline bundles at a minimum of one location
along their submerged lengths. Ideally, these locations should be on
sections of line exhibiting the lowest potential values.

/
\

3. Monitor riser-to-water potentials on an annual basis to assure that
potential values arc maintained at or near present values. Any significant
decrease in riser potential should be investigated.

4. Perform a complete close interval potential survey on the pipelines in
approximately three (3) years. Comparison of potential profiles collected
over the lifetime of the pipeline provides valuable information for
prediction of system life, as well as for design of future cathodic
protection systems.

8
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CITY OF OXNARD
ENVIRONMENTAL CHECKLIST FORM

INITIAL STUDY
Pipeline Replacement Component

I. Project Description
A. Permit Number Modification to Special Use Permit No. 806
B. Applicant Unocal Oil and Gas Division
C.Address and Phone Number of Applicant P.O. Box 6176,-------------

Ventura, CA 93003 (805) 656-7600

E. Project Description
The proposed pipeline replacement component of the project is intended
to repair the 6-5/8 inch return water line from the Mandalay facility
to Platform Gina. Subsequently, the pipeline will be converted from
water return service to produced gas transport service to facilitate
evaluating the exploratory well (H-14) and provide for long-term field
development. This initial study evaluates the first component of the
project which is the return water line replacement.
The 6-5/8 inch pipeline has not been in service since October 1988
when a leak was discovered near the Mandalay facility. The repair,
which will be completed prior to converting the line to gas transport
service, will replace 3,000 feet of the pipeline. This segment will
extend from a point 700 feet above the Mean High Tide Line (MHTL)
by the Mandalay facility to a point 2,300 feet from the MHTL seaward
toward Platform Gina. Excavation, installation and restoration
activities required for the pipeline repair are described on pages
12-24 of Exhibit A (Unocal Project Description). .
The repair involves the following steps: locate the pipeline in
reference to the beach and ocean floor (completed), cut the pipe at
the offshore tie-in point, pressure test the pipeline to 900 psi from
the cut point to Platform Gina, weld together the 2,300 feet of
offshore replacement pipe on the beach, and pull the replacement pipe
to the offshore tie-in point and perform the tie-in.

1
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The final step will be to weld the additional 700' of pipe to connect
from the Mandalay Facility to the point where the offshore pipeline
terminates at the MHTL. Thus, there will be all new pipe from the
Mandalay facility to the tie-in point offshore. The beach work will
be conducted with conventional equipment within an area initially
evaluated in EIR 78-19. The pipe will be pulled through the 10"
conduit that runs underneath the sand dune to prevent any alteration
of the dune area.
The onshore section will be buried mechanically with conventional
equipment. The remaining line will be buried by the forces of gravity
and hydraulic action. It is projected to attain burial to the same
depth as the current pipeline (four feet) in a short period of time.
Hydraulic jetting will be limited to areas near shore in which the
surf zone energy is not suffi cient to bury the 1ine ,"

Upon completion, Unocal and the contractor will be responsible for
removal of the construction area fencing and for clean up of all

.material. Subsequently, any disturbed areas shall be regraded,
recontoured, and revegetated to conform to original conditions.
The estimated time required for the repair of the pipeline will be
three (3) weeks once work begins. In November 1988 the City of Oxnard
authorized use of the staging area and activities associated with the
pipeline repair. The findings and conditions of this approval which
are included in the City of Oxnard1s letter of November 18, 1988 and
the original conditions of Resolution 6218 approving Special Use
Permit No. 806 are attached as Exhibit B. Since the repair was
delayed and is now being presented in conjunction with the change of
use from a return water line to a produced gas line, the repair phase
is being evaluated in the context of the project as a whole. Approvals
granted by the City of Oxnard apply only to the portion of the
pipeline within the Oxnard city limits and the construction staging
area. Seaward of the MHTL, the pipeline replacement is under the
jurisdiction of the State Lands Commission. The Coastal Commission has
overlapping jurisdiction related to the entire pipeline replacement
project area.

II. Environmental Impacts
Yes Maybe No

A. Earth. Will proposal result in:
l. Unstable earth conditions or in

changes in geological substructures? X

2. Disruptions, displacements, compaction
or overcovering of the soil? X

3. Change in topography or ground surface
relief features? X

"--. ~See Appendix A, SLC October 18 letter of comment number 1 and Unocal .
October 24 letter of response number 1.

2



4. The destruction, covering or
modification of any unique geological
or physical features?

5. Any increase in wind or water erosion
of soils, either on or off the site?

6. Changes in deposition or erosion of
beach sands, or changes in situation,
deposition or erosion which may modify
the channel of a river or stream or
the bed of the ocean or any bay, inlet
or lake?

7. Exposure of people or property to
geological hazards such as earthquakes,
landslides, mudslides, ground failure,
or similar hazards?

x

x

x

x
Documentation: A(2,6) Disruption, displacements, or overcovering of the bottom
surface may occur as a result of exposing certain sections of the installed
pipeline, cutting through the pipeline, and tying in a new segment of pipeline.
The envi ronmental consequences of construction of both offshore and onshore
pipelines are evaluated in ErR 78-19, pages 4.1-2 through 4.1-7. Alteration of
onshore and sea floor topography is determined to be insignificant due to the
minor and temporary nature of the disturbance. The onshore marshalling and
fabrication area will be regraded and revegetated.
A study conducted by the University of California titled Evaluation of the
Potential for Self-Burial of the Pro osed Unocal Gina Pi e ine Ma 1989 on
file in the City of Oxnard Planning Division, provides an engineering eva uation
of the mechanisms contributing to the pipeline1s tendency for self-burial when
acted upon by wave and current forces specific to the Mandalay area. Both
actual history and related studies support the conclusion that the internally
corroded pipeline will remain in place and that abandoning the pipeline in place
after the replacement section is tied in is desirable to minimize the
di~turbance of the sea floor. Please see Exhibit A, Unocal Project Description,
pages 33-36, which contains a summary memorandum (June 26, 1989) and the
conclusions of the evaluation study (May 1989).~J~

Mitigation: Any known or potential impacts will be mitigated to a level of
insignificance by implementing the intent and requirements of the City of
Oxnard's letter of authorization extending the applicability of Coastal
Development Permit No. 85-5 dated November 18, 1988; the conditions included in
Coastal Development Permit No. 85-5; Resolution 6218 approving Special Use
Permit No. 806, plus related attachments that are cited within each of these
documents (see Exhibit B).

~See Appendix A, SLC October 18 letter of comment number 2 and Unocal
October 24 letter of response number 2.

-jtJSee Appendix A, SLC October 18 letter of comment number 3 and UnocalOctober 24 letter of response number 3.
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B. Air. Will the proposal result in:
1. Substantial air emissions or

deterioration of ambient air quality?
2. The creation of objectionable odors?
3. Alteration of air movement, moisture,

or temperature, or any change in
climate, either locally or regionally?

Yes Maybe No

x
X

X

\,.

Documentation: Air pollutant emissions from onshore and offshore sources would
occur as a result of the pipeline repair project. Construction emissions would
be of short duration. Emission sources would include worker transportation
(automobile and boat), supply boats and trucks, electric power generation, and
various types of portable and stationary diesel and natural gas powered
equipment. Please see Exhibit 0 for additional supporting information.
B(2)
Odor will occur only in the event of accidental release of gas from the pipeline
which could only occur if there is catastrophic failure of the H S Processing
Detection and Shutdown System. The Risk Assessment Study (Exhibit E) indicates
that the possibility of such a failure is extremely remote and if a worst case
accident were to occur the affected area would be limited to a 1,320 foot radius
of the Mandalay Onshore Processing Facility. There are no residences within
this distance. The closest residences are approximately 3,000 feet to the south.
B(I) and (3)
The potential impacts on air quality are discussed in the analysis in EIR 78-19
Section 4.2. In addition, Unocal has submitted a report entitled "Emission Data
for Platform Gina Pipeline Repair and Conversion Project", prepared By
EnerSource Engineering, February 1990 (included herein as Exhibit D). The report
was acceptable to the Ventura County APCD and is included as part of Exhibit D.
Construction related emissions for the entire project duration of approximately
2 weeks are 420 lbsROC and 5197 lbs NOx. This level of emissions is well below
the APCD threshold of significance of 13.7 tons per year df either reactive
organic compounds (ROC) or oxides of nitrogen (NOx). Offshore generated
emissions and impacts onshore are minor and of low significance (see Table 1.3
in Exhibit D). In addition the report identifies offsets available as further
mitigation. At Mandalay, net reductions in emissions have been achieved as a
result of on-going fuel conservation efforts. Also, the development of new
sources of natural gas represents a positive contribution to local air quality.
Mttigation: The ErR recommended mitigation measures which were incorporated
into the conditions of Resolution 6218 approving Special Use Permit 806
(#27 C 1-5) are applicable to the repair project.

4
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Documentation: There are no activities involved in the pipeline repair project
which would have an impact on the items in Sections C 1-4 and 6-9. See Unocal
Project Description and ErR 78-19 Sections 3.0 and 4.0.
C(5)
ErR 78-19 Section 4.3.1.1.2 contains discussion of the effect of the entire
Platform Gina pipeline installation on turbidity as follows:

liTheact of pulling the pipelines offshore would cause some disturbances
and suspension of bottom sediments. Effects could persist slightly past
the 3 week period of pipeline installation. The turbid plume could extend
several to many tens of feet up or downcoast (depending on bottom sediment
type, local current advection and wave mixing). However, the impact is
considered to be of negligible significance in relation to natural
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turbidity in the area generated periodically by the Santa Clara River
outflow to the ocean or by dredging activity at Channel Islands Harbor, the
Ventura Mari na or Port Hueneme. II

The above conclusions pertain' to approximately 814,000 feet of pipeline routes
analyzed for Platform Gina and Platform Gilda. The current project involves
replacement of only 2,300 feet offshore. Therefore, the project has
substantially less impact on water turbidity than that evaluated in the original
EIR.
Section 4.3.1.1.2 of EIR 78-19 evaluates excavation activities and the effect on
turbidity as follows:

IIExcavation activities would cause a temporary increase in nearshore
turbidity and a minor redistribution of the sediments. The nearshore zone
is a high energy environment where sediments are subject to natural
movement and redistribution by active longshore transport processes.
Therefore the impacts associated with the pipeline and power cable are not
expected to.be a significant contri bution to the effects of naturally
occurring processes within the nearshore zone. The affected areas would be
impacted to a far greater extent by storm wave action and dumping of dredge
spoil from bypassing operations at harbor entrances in the general area.1I

Because the project wi11 be conducted in the high enerqy zone descr-ibed above
and to a substantially lesser extent than the origirial pipeline installation,
the project will have only temporary and negligible effects on turbidity. .

<. Mitigation: none required

D. Plant Life. Will the proposal result in:
1. Change in the diversity of species, or

number of any species of plants
(including trees, shrubs, grass, crops
and aquatic plants)?

2. Reduction of the numbers of any unique,
rare, or endangered species of plants?

3. Introduction of new species of plants
into an area, or in a barrier to the
normal replenishment of existing
species?

4. Reduction in acreage of any
agricultural crop?

Yes Maybe No

x

x

x

x
Documentation: EIR 78-19 pages 4.5-1 through 4.5-3 provides discussion of
impacts on the fabrication and marshalling area which adequately covers any
potential onshore impacts from the repair project.
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Mitigation: Conditions set forth in the November 18, 1988 letter of
authorization from the City of Oxnard and Special Use Per~it 806 which
include the EIR recommended mitigation measures, shall apply and are
attached as Exhibit B. .

Yes Maybe No
E. An irna1 Life • Will the proposal result in:

l. Change in the diversity of species, or
numbers of any species of animals,
(birds, land animals including reptiles,
fish and shellfish, benthic organisms
or insects? X

2. Reduction of the numbers of any unique,
rare or endangered species of animals? X-
. -

3. Introduction of new species of animals
into an area, or result in a barrier to
the migration or movement of animals? X

4. Deterioration to existing fish or
wildlife habitat? X

Documentation: E (1-3) EIR 78-19 pages 4.4-1 through 4.4-6. Impacts on the
marine biota that could potentially occur during installation of the offshore
pipelines and power cable from Platform Gina would result from: disturbance and
displacement of sedimentary substrate and associated biota during jetting,
burial, and emplacement of the pipelines and cable; and, discharge of
hydrostatic test water.
This would be an insignificant impact because of the paucity of the fauna found
at the site, the small area disturbed (0.003 percent of the sandy beach habitat
within the region), the brief duration of the disturbance, and the presence
nearby of similar biotas for recolonization which should begin shortly after
completion of construction operations.
The EIR also evaluated the distribution of hard bottom habitat and kelp beds.
The area of the pipeline location is composed of unconsolidated sediments and
not hard bottom habitats or kelp beds. A review of the area was conducted in
November 1988 to update that information and to determine if any kelp beds or
hard bottom habitat had been established in the area. None were found and the
research is documented in correspondence on file in the Planning Division.
Mitigation: Condition 34 of Resolution 6218 approving Special" Use Permit 806,
restricts onshore and offshore pipeline placement activities to occur only
between September and February in order to avoid interference with the Grunion
migration activities.

7
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F. Noise. Will the proposal result in:
1. Increase in existing noise levels?
2. Exposure of people to severe noise

levels?

Yes Maybe

x

No

x

(

Documentation: EIR 78-19 pages 4.2-37 to 4.2-39 provides a thorough analysis
of noise impacts which adequately covers the potential noise impacts from the
pipeline repair activities.
Mitigation: Condition 27d of Resolution 6218 provides mitigation of noise
generated from pipeline pulling activities.

G. .light and Glare. Will the proposal produce
new light or glare? X

Documentation: On shore construction activities are conducted only during
daylight hours per City of Oxnard Building and Safety Division requirements.
The offshore pipeline pull and tie-in will take place over one 24-36 hour
period. Please see page 21 of the Unocal Project Description attached as
Exhibit A for a description of the pipeline pull operation.
Mitigation: none required

H. land Use. Will the proposal result in a
substantial alteration of the present or
planned use of an area? X

(

Documentation: The repair project will temporarily alter the land use of a
limited area from the beach to the fabrication and marshalling area (See Unocal
Project Description attached as Exhibit A). This short term use will occur over
a three week period.
Mitigation: Complete restoration to original condition is required by
conditions of approval included in the November 18, 1988 letter of authorization
from the City of Oxnard.

8



Yes Maybe No
I. Natural Resources. Will the proposal result in:

1. Increase in the rate of use of any
natural resources?

2. Substantial depletion of any
nonrenewable natural resources?

x

x
Documentation: Short term use of fuel for construction equipment and pipeline
pulling equipment. Please see discussion under Section N. Energy and the
energy balance analysis in EIR 78-19 Section 4.10.3 pages 4.10-11 though
4.10-16.
Mitigation: none required

\.

J. Population. Will the proposal alter the
location, distribution, density, or growth
rate of the human population of an area?

Documentation: ErR 78-19 Section 4.7 pages 4.7-1 through 4.7-87
Mitigation: none required

K. Housing. Will the proposal affect:
1. Existing housing, or create a demand

for additional housing?

2. Existing low-moderate income or
elderly housing opportunities, or
create a demand for additional housing
assistance?

Documentation: EIR 78-19 Section 4.7 pages 4.7-1 through 4.7-87
Mitigation: none required .

x

x

x

L. Transportation/Circulation. Will the
proposal result in:
1. Generation of substantial additional

vehicular movement?
2. Effects on existing parking facilities

or demand for new parking?
3. Substantial impact upon existing

transportation systems?

9
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Yes . Maybe No
4. Alterations to present patterns of

\ circulation or movement of people
and/or goods? X

5. Alterations to waterborne, rail or
air traffic? X

6. Increase in traffic hazards to motor
vehicles, bicyclists or pedestrians? X

L(1-4)
Documentati on: Additional vehicular activity wi 11 occur as a part of the three
week repair project. Any potential impact will be short-term in duration. All
access will be from West Fifth Street. Both Fifth Street and Harbor Boulevard
are designated truck routes (see description of vehicular activity and sketch of
staging area pages 5-7 of Exhibit B and see Exhi bit A, Unoca 1 Project
Description).
Mitigation: Truck routing and delivery schedule shall be submitted to the
Community Development Director and Public Works Traffic Engineer for approval.
The plan and schedule shall be designed to minimize impact on residents and
City streets.

\.,.

\.

L(5)
Documentation: The replacement of 3,000 feet of the pipeline will be within 1/2
mile of the Mandalay Beach. Of the 3,000 foot section, only 2,300 feet will
actually be offshore with the remaining pipe replacement confined to the beach.
Since the repair work will be in close proximity to the beach and in-route
boating traffic tends to stay further off shore to avoid shoaling and surf,
the increased navigational hazard of the project will be small. Unocal will
follow normal navigational safety practices and exercise standard courtesy to
other boating traffic.
Unocal will be conducting diving, welding and pipe pulling operations for about
three weeks when the project commences. Since only about 1 week of this work
will actually be offshore, the risk to navigational traffic will be minimal due
to .the short project duration.
As the project begins, Unocal will spend 3 to 4 days in a small area 2,300 feet
from the MHTL along the pipeline route. 'Work will then be conducted on the
beach for about 2 weeks to weld the pipe together. After welding is completed
the pipe will be pulled to the 2,300 foot mark from the MHTL and installed.
This will require another 3 to 4 days.
This project will require 3 vessels, a 100-150 foot diving support vessel, a
smaller 50-75 foot anchor setting vessel, and a smaller crew transport vessel.
The diving support and anchor setting vessel will be on site for the offshore
work while the crew transport vessel will transport 8-12 personnel per shift, 3
times per day to and from the site. The anchor setting vessel will be available
to warn navigational traffic of any possible hazards in the area during the
project, while the diving support vessel will be directly over the small work
area.
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Mitigat ion: The followi ng measures recommended by the U.S. Coast Guard for
Navigation Safety shall be implemented. Prior to beginning the in-water portion
of the project, the Eleventh Coast Guard District Aids to Navigation Office will
be notified of the dates of the operation and the names and radio call signs of
the vessels which will be working in the area. Additionally, the Aids to
Navigation Office will be notified of the radio frequency which mariners can use
to contact the vessels working in the area.
L(6)
Documentation: The area of the project has occasional pedestrian traffic. The
time that a trench is open will be minimized, and the trench area will be
barricaded with warning lights at night.
Unocal will provide a 24 hour guard for purposes of informing the public,
security of the area, and prevention of unauthorized access to the construction
area. The guard will be at the Fifth Street access during operating times and
will be at the job site the remainder of the time. The guard will be present
from the project start up' to completion and will be equipped with a 4 wheel
drive vehicle and radio communications.
Mitigation: none required

Yes Maybe No

\ .....

M. Public Services. Will the proposal have
an effect upon, or result in a need for
new or altered governmental services in
any of the following areas:
1. Fire protection?
2. Police protection?
3. Schools?
4. Parks or other recreational facilities?
5. Maintenance of public facilities,

including roads?
6. Other governmental services?

Documentation: ErR 78-19 Pages 4.7-1 through 4.7-87
Mitigation: none required

11
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N. Energy. Will the proposal result in:
1. Use of substantial amounts of fuel

or energy?
2. Substantial increase in demand upon

existing sources of energy, or require
the development of new sources of
energy?

Yes Maybe No

x

x
Documentation: ErR 78-19 pages 4.10-11 through 4.10-12 provides a discussion of
the energy balance analysis conducted for the entire lifetime of the project and
concludes that approximately 33.3 units of energy would be produced for every
unit consumed. The additional energy utilized to repair the pipeline over a
three week period which would result from use of diesel fuel powered equipment
(trucks, boats) would not be of sufficient quantity to affect the,calculated
balance.
Mitigation: none required

Yes Maybe No
o. Utilities. Will the proposal result in a

need for new systems, or substantial
alterations to the following utilities?

(
\.':",.'

\, "

1. Power or natural gas?
2. Communications systems?
3. Water?
4. Sewer or septic tanks?
5. Storm water drainage?
6. Solid waste disposal?

Documentation: EIR 78-19 Pages 4.7-1 through 4.7-87
Mitigation: none required
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Yes Maybe No
,r P. RISK/HUMAN HEALTH
(

1. Risk or Upset. Will the proposal result in:\,', .

a. A risk of an explosion or the release
of hazardous substances (including
but not limited to, oil, pesticides,
chemicals or radiation) in the event
of an accident or upset conditions? X

b. Possible interference with an
emergency response plan or an
emergency evacuation plan? X

2. Human Health. Will the proposal result in:
a. Creation of any health hazard or

potential health hazard (excluding
mental health)? X

b. Exposure of people to potential health
hazards? X

Exhibit E includes the document titled Risk Assessment Study, Platform Gina Gas
Product ion and Pipeline, Manda lay Onshore Receivi n9 ,.prepared by EnerSource
Engineering, November 21, 1989. The report specifically addresses the risk
assessment and design of the pipeline, gas processing, H2S detection,
monitoring, shutdown, and alarm systems at both Platform Gina and Mandalay. This
study is discussed further in the Initial Study Component 2 -Conversion to
Produced Gas.~ .
Related to the pipeline repair project which is the subject of this Initial
Study, the Risk Assessment Study evaluated the design of the current pipeline,
the proposed replacement pipeline and minor piping changes needed at the
Mandalay facility. Design drawings and proposed conceptual changes were reviewed
for conformance to applicable codes and local industry standards. Where
critical systems were proposed which tied into existing production process or
safety systems, the existi ng systems were reviewed for compatibil ity with
current codes and practices and no serious design deficiencies were found in the
proposed designs.**
In addition to the information in the risk assessment study, the Unoca1 Project
Description (Exhibit A) contains a complete 'list of all equipment, methods,
facilities and items to be used during the project provided by the contractor
(Hood Corporation). The following surrmarizes the inspection. and testing
procedures. **.,.
*See Appendix A, SlC October 18 letter of comment number 6 and Unoca1

October 24 letter of response number 6 .
.~~See Appendix A, SlC October 18 letter of comment number Sand Unoca1

October 24 letter of response number 5.
~ttSee Appendix A, SlC October 18 letter of comment number 4 and Unoca1

October 24 letter of response number 4.
13
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All welds will be made in accordance with Unocal's welding procedure and will be
radiographically inspected. The standard for acceptability shall be API
Standard 1104 "Standard for Welding Pipelines and Related Facj lt t ies'", as
directed by Title 49 CFR Part 192 (gas pipelines) of the Minimum Federal Safety
Standards. All welders will be certified for this standard before work on the
project commences.
Once the pipeline tie-ins are made, a pressure test will be conducted. This
test will be conducted at 900 psi and will test the entire pipeline from the
Mandalay facility to Platform Gina. The test will be held for a minimum of 4
hours and witnessed by the Minerals Management Service and a Unocal
representa tive.
Prior to covering the pipe, the location of the line will be surveyed for the
permanent records. The installation contractor will provide the surveyor with
assistance as required for both the onshore and offshore sections of the survey.
Before covering the pipeline and during the pipeline pull, the replacement pipe
will be inspected for coating flaws. All flaws will be repaired before the
pull operation continues, or before the pipe is buried. Repairs will be
performed in accordance with the pipeline coating manufacturer's
recormlendations.
Mitigation: none required

Yes Maybe No
Q. Aesthetics. Will the proposal result in

the obstruction of any scenic vista or view
open to the public, or will the proposal
result in the creation of an aesthetically
offensive site open to the public? x

Documentation: At the construction staging area there will' be a temporary
disruption in the aesthetics of the area by the presence of construction
equipment (3 weeks). The area will be completely restored at project
comp letion.
Mitigation: Comply with conditions of the November 18, 1988 letter of
authorization from the City of Oxnard and Special Use Permit No. 806 which
includes the mitigation measures recommended in the EIR.
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R. Recreation. Will the proposal result in
an impact upon the quality or quantity of
existing recreational opportunities?

Yes Maybe No

x
Documentation: The disruption of use of a limited portion of the beach and
dune area is short term (3 weeks). The area will be completely restored at
project completion.
Mitigation: Comply with conditions of November 18, 1988 letter of authorization
from the City of Oxnard and Special Use Permit No. 806 which includes mitigation
measures recommended in the EIR.

s. Cultural Resources.

c.

1. Will the proposal result in the
alteration of or the destruction of a
pre-historic or historic archaeological
site?

2. Will the proposal result in adverse
physical or aesthetic effects to a pre-
historic or historic building,
structure, or object?

3. Does the proposal have the potential to
cause a physical change which would
affect unique ethnic cultural values?

4. Will the proposal restrict existing
religious or sacred uses within the
potential impact area?

x

x .

x

x
Documentation: It is not anticipated that the proposed pipeline conversion
project would have any impact on cultural resources. The route of the pipeline
in unchanged and no cultural resources were identified for the route' in the EIR.
EIR 78-19 Section 4.8.2.1.2 states:

"No adverse impacts on such potential sites are expected to occur as a
result of pipeline and power cable construction activities. This was due
to the fact that literature analysis and evaluation of marine geophysical
survey records revealed no evidence of features indicative of former
environments favorable for aboriginal habitation within the zone of
potential impact for the Platform Gina Offshore Mandalay pipeline corridor.
Furthermore, the area in which pipeline and power cable construction
activities would occur would involve; (1) the surf zone where the pipeline
would be buried below the depth of scour (i.e. where sediments above the
depth of burial would be in a zone of active sediment movement where no
intact aboriginal sites would be expected to occur; below this zone, it is
expected that marine sediments would be encountered where aboriginal sites
are not expected to occur); and, (2) the area beyond the surf zone, where
aboriginal resources would be expected to occur at a greater sediment depth
than could be affected by a pipeline or power cable laid on the surface of
the sea floor or by vessel anchors."
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/- Since the original EIR 78-19 study is for the entire 84,000 feet of pipeline
routes and the current repair will extend only 2,300 feet offshore, it is
concluded that no adverse impacts will occur to cultural resources. As a
further measure to ensure no impact, the EIR required that when the Gina, Gilda
and Mandalay operations are complete and the platforms removed the pipelines
would not be removed. Consistent with this requirement, the current offshore
pipeline to be repaired/replaced will be purged and left in place. Liquids used
to purge the pipeline will be cleaned at Mandalay and then sent via the return
water line to Platform Gilda for disposal either by i.njection or in a manner
consistent with the approved NPDES permit.
Mitigation: The project must comply with mitigation measures of EIR 78-19 as
stated in Resolution 6218 approving Special Use Permit 806 No. (Condition 27g).
No additional mitigation is required for the proposed project.

Yes Maybe No
III. Mandatory Findings of Significance.

A. Does the project have the potential
to degrade the quality of the environ-
ment, substantially reduce the habitat
of a fish or wildlife species, cause a
fish or wildlife to population to drop
below self sustaining levels, threaten
to eliminate a plant or animal community,
reduce the number or restrict the range
of a rare or endangered plant or animal
or eliminate important examples of the
major periods of California history
or prehi story? x

B. Does the project have the potential to
create short-term impact, to the
disadvantage of long-term environmental
goals? (A short-term impact on the
environment is one which occurs in a
relatively brief, gefinitive period of .
time while long-term impacts will endure
well into the future.) X

C. Does the project have impacts which are
individually limited, but cumulatively

.~ considerable? (A project may impact
on two or more separate resources where
the impact on each resource is relatively
small, but where the effect of the total
of those impacts on the environment is
significant). X

D. Does the project have environmental
effects which will cause substantial
adverse effects on human beings, either
directly or indirectly? X ..
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IV. Determination
(To be completed by the Lead Agency)

On the basis of this initial evaluation:
The proposed project WILL NOT have a significant effect
on the environment. A NEGATIVE DECLARATION will be prepared. X
The proposed project COULD have a significant effect on the
the environment; however, there will not be a significant
effect because the mitigation measures described on a attached
MITIGATED NEGATIVE DECLARATION will be incorporated into the
project. A MITIGATED NEGATIVE DECLARATION WILL BE PREPARED
I find the proposed project MAY have a significant effect on
the environment, specifically on the impacts identified below,
and an ENVIRONMENTAL IMPACT REPORT is required.

Prepared By:

For:

REV. 4/28/90 MGW
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APPENDIX VOLUME 3

Initial Study Component 2
Conversion to Produced Gas



(

CITY OF OXNARD
ENVIRONMENTAL CHECKLIST FORM

INITIAL STUDY
Pipeline Conversion Component

I. Project Description
A. Permit Number Modification to Special Use Permit No. 806
B. Applicant Unocal Oil and Gas Division
C. Address and Phone Number of Applicant _P._0_._B_o_x_6_17_6_, _

Ventura, CA 93003 (805) 656-7600

E. Project Description
The purpose of the project is to repair and then convert the 6 5/8
pipeline from return water service to produced gas transport service
to facilitate evaluating the final exploratory well and provide for
long term field development. Once conversion is complete, more
extensive testing will be conducted to determine the size and extent
of the gas reserves underlying OCS leases P-0202 and P-0203. This
Initial Study evaluates the Pipeline conversion component of the
proposal.
The stages of the project required to test and evaluate the
exploratory well (H-14) will include the installation of gas
processing equipment on Platform Gina, conversion of the 6 5/8 inch
pipeline to gas transport service, and the modification of piping at
the Mandalay facility.
Unocal has provided a project description which is included as Exhibit
A in the Initial Study. Section I of the project description
identifies current development plans; Section II explains the repair
of the pipeline and its conversion to gas transport service; and
Section III identifies the equipment changes necessary on Platform
Gina and at the Mandalay facility to provide for gas transport and
sale.
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In addition, a risk assessment study has been completed for the project and is
included as Exhibit E. The study includes a review of the following:

\
~'.. a Overall project design.

\.

a Hydrogen sulfide monitoring and shutdown system and the probability ·of
H2S gas leaving the platform and being released to the atmosphere.

a Comparison of the proposed design to industry standards, MMS
standards, DOT pipeline standards, and other standards where
applicable.

The current exploratory well, H-14, was drilled from Platform Gina in the last
half of 1988 and is currently completed in the Sespe zone. The tested Sespe gas
does not contain any hydrogen sulfide and conforms to all gas sales
specifications required by Southern California Gas Company.
The Monterey zone is potentially productive in well H-14, and it is planned to
complete and test this zone. The zone may be a sour gas (hydrogen sulfide) zone,
in which case all gas will be sweetened offshore prior to either temporary
flaring or transportation through the pipelines to shore for long term testing
or gas sales.
No gas will be sent through either the existing or proposed converted pipeline
to the Mandalay facility until sweetened offshore to conform to the gas sales
specification of 0.3 grains per 100 standard cubic feet or 4 ppm, which is more
stringent than the OSHA-PEL standard of 20 ppm. Exhibit A contains the full
text of the Unocal Project Description.
There are several methods available for treating the gas to remove hydrogen
sulfide (H S). Unocal proposes offshore treatment, including use of both
chemical s~venging and treatment plant technologies, to prevent the shipment of
sour gas to onshore facilities. Continuous monitors will be located on.Platform
Gina and at the Mandalay facility. They will be designed to activate an alarm
should a treating system upset occur that results in a hydrogen sulfide
concentration of 2 ppm in the gas stream. The monitors will activate shutdown
of the gas producing well or wells should the hydrogen sulfide concentration
reach 4 ppm. Explanation of gas processing is provided in Section III of
Unocal's Project Description included herein as Exhibit A.
In order to process the gas produced from Platform Gina , equipment wi11 be
installed on Platform Gina and some piping modifications will be made at the
Mandalay facility. The proposed processing method is to install the necessary
equipment to separate and treat gas on Platform Gina once the pipeline repair is
complete. The initial equipment installed will include a gross separator, two
oatch sweeteners, a flare scrubber, a hydrogen sulfide line monitor, and a final
gas scrubber. The batch sweeteners will each be capable of treating a gas
volume of 3.0 MM SCF/day and sweetening from a hydrogen sulfide level of
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2,000 ppm to less than 4 ppm. The associated liquid production will be handled
by an existing shipping tank with two triplex pumps, each of which is capable of
pumping 2,000 barrels of liquid per day. This liquid will be shipped to
Mandalay through the lO~3/4 inch pipeline. Flow schedules for all the equipment
can be found in the Unocal Project Description attached as (Exhibit A).
As the production phase proceeds to full field development, additional
facilities and equipment will be needed. This could include the installation of
additional deck space along the south side of Platform Gina to allow for some of
the equipment. The additional equipment could include a standard production and
test header system, a test separator, a gas dehydration unit, a permanent
sweetening plant, and gas compressors. The actual equipment needed would be
based on future well test results and detailed reservoir evaluation. Any
proposed changes to the platform, wells, or pipelines located in Federal waters
would have to be approved by the Minerals Management Service.
As part of both the temporary and permanent installation of facilities on
Platform Gina, a redundant H2S monitoring, detection, shutdown, and alarm system
will be installed to monitor the H?S concentration in the gas before it enters
the gas pipeline leaving PlatforrrrGina. This will provide two separate
verifications of the H?S concentration before the gas leaves the platform. This
will insure excessive A?S gas does not leave the platform via the pipeline. The
gas will be monitored one more time before sales, transfer is made at the
Southern California Gas Company facility located at Mandalay. The reliability
of this system has been evaluated in the Risk Assessment Study (Exhibit E).
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II. Environmental Impacts

Yes Maybe No
A. Earth. Will proposal result in:

l. Unstable earth conditions or in
changes in geological substructures? X

2. Disruptions, displacements, compaction
or overcovering of the soil? X

3. Change in topography or ground surface
relief features? X

4. The destruction, covering or
modification of any unique geological
or physical features? X

5. Any increase in wind or water erosion
of soils, either on or off the site? X

6. Changes in deposition or erosion of
beach sands, or changes in situation,

"-.
deposition or erosion which may modify
the channel of a river or stream or
the bed of the ocean or any bay, inlet
or lake? X

7. Exposure of people or property to
geological hazards such as earthquakes,
landslides, mudslides, ground failure,
or similar hazards? X

Documentation: EIR 78-19 Pages 4.1-1 through 4.1-21
Mitigation: none required

B. Air Quality. Will the proposal result in:
l. Substantial air emissions or

deterioration of ambient air quality? X-~

2. The creation of objectionable odors? X

3. Alteration of air movement, moisture,
or temperature, or any change in
climate, either locally or regionally? X

'"

."
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No

and H S2

Documentation: 8(1,3) EIR 78-19 Pages 4.2 through 4.2-59
B(2) In the event of a leak of H?S below 150 ppm concentration, an odor similar
to rotten eggs may be detected ny human receptors. See page 43 of Exhibit A,
Unocal Project Description Platform Gilda Contingency Plan. Odor will occur only
in the event of accidental release of gas from the pipeline. It is projected
that an accidental release would occur only in the event of a catastrophe. The
Risk Assessment Study (Exhibit E) indicates that the possibility of such a
failure as extremely remote and projects that if a worst case accident were to
occur, the affected area would be limited to a 1,320 foot radius of the Mandalay
Onshore Processing Facility. There are no residences within this area.
Mitigation: B(1,3) none required.
B(2) see discussion of H?S monitoring and shut down equipment
contingency plan under Section P of this Initial Study.

Yes Maybe
C. Water. Will the proposal result in:

1. Changes in currents, or the course of
direction of water movements, in either
marine or fresh waters?

2. Changes in absorption rates, drainage
patterns, or the rate and amount of
surface runoff

3. Alterations to the course or flow of
flood waters?

x

x

x

4. Change in the amount of surface water
in any water body? X- -

5. Discharge into surface waters, or in
any alteration of surface water
quality, including but not limited to
temperature, dissolved oxygen or
turbidity? X- -

6. Alteration of the direction or rate of
flow of ground waters? X

7. Change in the quantity of ground waters,
either through direct additions or with-
drawals, or through interception of an
acquifer by cuts or excavations? X

8. Substantial reduction in the amount of
water ot~erwise available for public
water supplies? X- -

\
\,.> .
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Yes Maybe No
9. Exposure of people or property to water---

related hazards such as flooding ortidal waves? X
Documentation: Project Description. There are no activities involved in the
process of changing the use from water return service to produced gas transport
service and installing additional equipment on Platform Gina which would result
in an impact on water.
Mitigation: none required

D. Plant Life. Will the proposal result in:
1. Change in the diversity of species, or

number of any species of plants
(including trees, shrubs, grass, crops
and aquatic plants)?

2. Reduction of the numbers of any unique,
rare, or endangered species of plants?

3. Introduction of new species of plants
into an area, or in a barrier to the
normal replenishment of existing
species?

4. Reduction in acreage of any
agricultural crop?

X

X

X

x
Documentation: Project Description. There are no activities involved in the
process of changing the use from water return service to produced gas transport
service and installing additional equipment on Platform Gina which would result
in an impact on plant life.
Mitigation: none required

E. Animal Life. Will the proposal result in:

\.....

1. Change in the diversity of species, or
numbers of any species of animals,
(birds, land animals including reptiles,
fish and shellfish, benthic organisms
or insects?

2. Reduction of the numbers of any unique,
rare or endangered species of animals?

3. Introduction of new species of animals
into an area, or result in a barrier to
the migration or movement of animals?

23
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4. Deterioration to eXisting fish or
life habitat? x

Documentation: Project Description. There are no activities involv0d in the
process of changing the use from water return service to produced gas transport
service and installing additional equipment on Platform Gina which would result
in an impact on animal life.
Mitigation: none required

F. Noise. Will the proposal result in:
1. Increase in existing noise levels?
2. Exposure of people to severe noise

levels?

x

x
Documentation: 'Project Description. There are no activities involved in the
process of changing the use from water return service to produced gas transport
service and installing additional equipment on Platform Gina which would result
in changing noise levels.
Mitigation: none required

( Yes Maybe No
G. Light and Glare. Will the proposal produce

new light or glare? X

Documentation: Project Description and EIR 78-19 pages 4.7-1 through 4.7~87.
No additional lighting is planned to be installed on the platform in connectio~
with this project. Flaring of natural gas will only be necessary during times
of mechanical equipment breakdown, processing upsets, or processing system
startup and shutdown. Flaring during these instances is permitted subject to
Minerals Management Service regulations.
To reduce the impact of glare and emissions, Unocal has installed a Marda'iY'
flare burner. This type of burner improves mixing for more complete combustion
and also provides reduced illumination from flaring. Luminosity will be reduced
by one third and the flame length will be reduced nearly one half that of a
standard pipe flare.
Mitigation: none required

(,
'..: ..:
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(, H. Land Use. Will the proposal result in a
substantial alteration of the present or
planned use of an area?

Yes Maybe No

x
Documentation: Project description. There are no activities involved in the
process of changing the use from water return service to produced gas transport
service and installing additional equipment on Platform Gina which would result
in an impact on land use.
Mitigation: none required

I. Natural Resources. Will the proposal result in:
1. Increase in the rate of use of any

natural resources?
.2. Substantial depletion of any

nonrenewable natural resources? x

x

Documentation: EIR 78-19 Pages 1-9 through 4.1-14 provides discussion of
depletion of non-renewable mineral resources.
Mitigation: none required

J. Population. Will the proposal alter the
location, distribution, density, or growth
rate of the human population of an area? x

Documentation: Project Description and EIR 78-19 Pages 4.7-1 through 4.7-87.
There are no activities involved in changing the use from a water return line to
produced gas transport service or in installing additional equipment on Platform
Gina which would have an impact on population.
Mitigation: none required

Yes Maybe No

\..

K. Housing. Will the proposal affect:
1. Existing housing, or create a demand

for additional housing?
2. Existing low-moderate income or

elderly housing opportunities, or
create a demand for additional housing
assistance?

25
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( Documentation: Project Description and EIR 78-19 Pages· 4.7-1 through 4.7-87.
'<,: There are no activities involved in changing the use from a water return line to

produced gas transport service or in installing additional equip~ent on Platform
Gina which would have an impact on population.
Mitigation: none required

Yes Maybe No
L. Transportation/Circulation. Will the

proposal resu1t ;n:
1. Generation of substantial additional

vehicular movement? X

2. Effects on eXisting parking facilities
or demand for new parking? X

3. Substantial impact upon existing
transportation systems? X

4. Alterations to present patterns of
circulation or movement of people
and/or goods? X

5. Alterations to waterborne, rail or
air traffic? X

e- 6. Increase in traffic hazards tc motor,.
vehicles, bicyclists or pedestrians? X

Documentation: Project Description and EIR 78-19 Pages 4.7-1 through 4.7-87.
L.(5). The installation of additional equipment on Platform Gina may increase
tempor-ar-t ly the number of crew and supply boat trips and may temporarily
interfere with commercial and recreational vessel movements in the area.
Mitigation: Measures recommended by the U.S. Coast Guard for Navigation Safety
shall be implemented.

Yes Maybe No
M. Public Services. Will the proposal have

an effect upon, or result in a need for
new or altered governmental services in
any of the following areas:
1. Fire protection?
2. Police protection?
3. School s?
4. Parks or other recreational facilities?
5. Maintenance of public facilities,

including roads?
26
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Documentation: Project Description and EIR 78-19 pp 4.7-1 through 4.7-87.
There are no activities involved in the process of changing the use from water
return 1ine to produced gas transport service and insta 11ing additiona1
equipment on Platform Gina which would have an effect upon or result in the need
for new or altered governmental services.

( 6. Other governmental services? x

Mitigation: none required
Yes Maybe No

N. Energy. Will the proposal result in:
1. Use of substantial amounts of fuel

or energy?
2. Substantial increase in demand upon

existing sources of energy, or require
the development of new sources of
energy?

x

x
Documentation: EIR 78-19 pages 4.10-11 through 4.10-12 (Provides discussion of
energy use and an Energy Balance Analysis). The amount of fuel required for
equipment and supply transport for the conversion project is a minimal
incremental addition to the original amounts estimated and will be offset
substantially by the future production of natural gas.
Mitigation: none required

O. Utilities. Will the proposal result in a
need for new systems, or substantial
alterations to the following utilities?
L Power or natural gas?
2. Corrmunications systems?
3. Water?
4. Sewer or septic tanks?
5. Storm water drainage?
6. Solid waste disposal?

x
X

X

X

X

X

\.

Documentation: EIR 78-19 Pages 4.7-1 through 4.7-87. Project Description.
There are no activities involved in the process of changing the use of the water
return line to produced gas transport service or in installing additional
equipment on Platform Gina that would result in the need for new utilities
systems or alterations thereto.
Mitigation: none required
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P. RISK/HUMAN HEALTH. Will the proposal result in:
1. Creation of any health hazard or

potential health hazard (excluding
mental health)? x

(..

\ ..

2. Exposure of people to potential health
hazards? X

3. A risk of an explosion or the release
of hazardous substances (including
but not limited to, oil, pesticides,
chemicals or radiation) in the event
of an accident or upset condition? X

4. Possible interference with an
emergency response plan or an
emergency evacuation plan? X

Documentation: P(l,2) EIR 78-19 pages 3.5-1 through 3.5-13 and 4.9-1 through
4.9-29 provide an analysis of risk over the lifetime of the original project
which included produced gas piped from Platform Gilda which is felt to be
directly applicable to Platform Gina characteristics. There is always a
possibility that a leak will develop in the produced gas line going to the H?S
scrubber equipment or from the equipment to the atmosphere. Also there is a
possibility that excess amounts of H S may enter the pipeline from Platform
Gina and travel to the Mandalay facilfty. In response to this possibility, the
applicant has proposed to install redundant H:;Smonitoring and system shutdown
equipment on Platform Gina and at the Mandala facility. Itis intended that if
certain pre-determined thresholds of H?S are exceeded at established monitoring
points, the well will be shut down and~he pipeline closed at both ends. Please
see Exhibit A, Unocal Project Description for a description of the redundant
monitoring/detecti on/shut down/alarm systems. To further veri fy these systems,
the applicant, at the City's request, engaged a qualified Risk Assessment
Engineering firm to conduct a verification review of the proposed and
alternative systems designs related to the monitoring/ detection/shut down/alarm
functions (Exhibit E).
As a conclusion to the review, no serious design deficiencies were found in the
proposed system design. It was also concluded that the proposed project is safe
with chance of accidental release of gas near Mandalay containing greater than 4
ppm hydrogen sulfide estimated to be 2.7 in 1,000,000. Expressed another way,
this is the equivalent of an accidental release of H,S greater than 4ppm of once
in 1,014 years. In the remote chance that an accideITtal release of gas should
occur, it was determined that the radius of dangerous exposure would be 1,320
feet, based upon accidental full flow release of gas containing 7,000 ppm H?,S
which is 3-1/2 times greater than the worst case gas expected to .be producea.
Since the nearest residences are located nearly 3000 feet to the south, or over
2-1/4 times the dangerous exposure radius, it is felt that there would not be
any significant impact to residents in the surrounding area.~

~See Appendix A. SLC October 18 letter of comment number 6 and Unocal
October 24 letter of response number 6.
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( P(4) Since H S is a potentially lethal gas, this characteristic has to be taken
into account ~hen developing and implementing emergency response and evacuation
plans.
In response, Unoca 1 has prepared an emergency response and evacuati on plan
for on-site personnel taking into account aspects of H2S for Platform Gina and
Platform Gilda and the Mandalay separation facility. See Exhibit A, Unocal
Project Description, pages 37 - 58 which contain the Contingency Plan for
Platform Gina and Platform Gilda.
Mitigation: Comply with provisions of Emergency Response - Evacuation Plan

Q. Aesthetics. Will the proposal result in
the obstruction of any scenic vista or view
open to the public, or will the proposal
result in the creation of an aesthetically
offensive site open to the public? x

Documentation: Project Description. There are no activities involved in the
process of changing the use from water return service to produced gas transport
service and installing additional equipment on Platform Gina which would result
in an impact on aesthetics.
Mitigation: none required

R. . Recreation. Will the proposal result in
an impact upon the quality or quantity of
existing recreational opportunities? x

Documentation: Project Description. There are no activities involved in the
process of changing the use from water return service to produced gas transport
service and installing additional equipment on the Platform Gina which would .
result in an impact on recreation.
Mitigation: none required

S. Cultural Resources.
1. Will the proposal result in the

alteration of or the destruction of a
pre-historic or historic archaeological
site?

2. Will the proposal result in adverse
physical or aesthetic effects to a pre-
historic or historic building,
structure, or object?

3. Does the proposal have the potential to
cause a physical change which would
affect unique ethnic cultural values?

29
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4. Will the proposal restrict existing
religious or sacred uses within the
potential impact area?

Yes Maybe No

x
Documentation: Project Description. There are no activities involved in the
process of changing the use from water return service to produced gas transport
service and installing additional equipment on the Platform Gina which would
result in an impact on cultural resources.
Mitigation: none required
III Mandatory Findings of Significance.

A. Does the project have the potential
to degrade the quality of the environ-
ment, substantially reduce the habitat
of a fish or wildlife species, cause a
fish or wildlife to population to drop
below self sustaining levels, threaten
to eliminate a plant or animal community,
reduce the number or restrict the range
of a rare or endangered plant or animal
or eliminate important examples of the
major periods of California history

\., , '

or prehistory?
B. Does the project have the potential to

create short-term impact, to the
disadvantage of long-term environmental
goals? (A short-term impact on the
environment is one which occurs in a
relatively brief, definitive period of
time while long-term impacts will endure
well into the future.)

C. Does the project have impacts which are
individually limited, but cumulatively
considerable? (A project may impact
on two or more separate resources where
the impact on each resource is relatively
small, but where the effect of the total
of those impacts on the environment is

-~ significant).
D. Does the project have environmental

effects which will cause substantial
adverse effects on human beings, either
directly or indirectly?

x

x

x

x
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". IV. Determination

(To be completed by the Lead Agency)
On the basis of this initial evaluation:
The proposed project WILL NOT have a significant effect
on the environment. A NEGATIVE DECLARATION will be prepared. X
The proposed project COULD have a significant effect on the
the environment; however, there will not be a significant
effect because the mitigation measures described on a attached
MITIGATED NEGATIVE DECLARATION will be incorporated into the
project. A MITIGATED NEGATIVE DECLARATION WILL BE PREPARED
I find the proposed project MAY have a significant effect on
the environment, specifically on the impacts identified below,
and an ENVIRONMENTAL IMPACT REPORT is required.

Prepared By:

REV. 4/28/90 MGW
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APPENDIX VOLUME 3

Comments Received on May 1990 Draft Initial Study
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Comments and Responses

letter of Comment from the United States Department of the Interior,
Minerals Management Service, June 20, 1990
letter of Response from Unocal to Minerals Management Service
letter of Comment from the State of California, State Lands
Commission, June 18, 1990
letter of Response from Unocal to the State Lands Commission
letter of Comment from the California Coastal Commission, June 14,
1990
letter of Response from Unocal to the California Coastal Commission
letter from the United States Coast Guard, May 22, 1990 indicating no
further comment
letter from the Offi ce of Planni ng and Research, June 13, 1990
indicating no comments received
letter from the California Regional Water Quality Control Board, los
Angeles Region, May 30, 1990 indicating no comment
letter from the State of California Department of Transportation, June
14, 1990 indicating no comment



United States Department of the Interior
;...t1NERALS MANAGE:VfENT SERVICE

PACIFIC OCS REGION
1340 WEST SIXTH STREET

LOS A:"iGELES. CALIFORNIA ~OtlJ7

•rm- -PRI>E •• _
AJItE'JlXA _

._ III
_ III

In RC'P'y Rdn To'
'4MS-M.,1 SlOP 7200

Mr. Ralph J. Steele
City of Oxnard
Community Development Department
305 W. Third Street
Oxnard, CA 93030

'; II.; ') 0 )QQO' .. ~ v . ""o,J

:;, ;',' Of= OXNARD
• !·.• ·7'J DEVElCPMEN"

Re: Platform Gina Gas Production

Dear Mr. Steele:
Thank you for the opportunity to review and comment on the May 1990 Final
Draft Initial Study for Platform Gina Proposed Return Water Line Replacement
and Conver.sion to Produced Gas. It is apparent from the document that the
City of Oxnard has performed a careful and thorough review of the onshore.
components of the project. We do have some comments pertaining to the airquality analysis:

Corrrnent #
1. (1) Page 5, Section 2, Construction Related Emissions: It is not stated

whether the construction and the drilling and testing of wells is
expected to cause an increase in support vessel visits to the platform.
If this is the case, estimates of the increase in emissions should be
presented.

2. (2) Page 9, Table 2.5 and Table 2.6: The "Lb/1000 Gal" 'after the reactivity
figure should be deleted.

3. (3) Page 14, 1st paragraph, 2nd sentence: The sentence is incomplete. The
word "either" implies that there is another possible means of
distribution besides the Southern California Gas Company.

4. (4) Page 14, Section 3.2, Preliminary Modeling: While MMS does not have any
specific requirements for modeling emissions resulting from modification
of existing facilities not on Lease Sale 73 or 80 leases, the air quality
analysis would have been enhanced by using a model that incorporates
coastal fumigation and/or applying a model that accounts.for overwater
dispersion. The California Air Resources Board Coastal Fumigation Model
(CCFM) is a simple screening model that calculates maximum onshore
concentrations during fumigation conditions. Application of the MMS
Offshore & Coastal Dispersion (OCD) model for selected wind and stability
categories would be more appropriate than using either the PTPLU2 or
ISCST'models as the former simulates overwater and coastal dispersion.

,
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5.
6.
7

2

(5) Page 15, 1st full paragraph, 8th line: It is unclear how default values
for wind speed are used in the PTPLU2 and ISCST models.

(6) Page 16, 1st full paragraph, loth line: It should be noted that the
results in Table 3.5 do not account for limited mixing as described.

(7) Page 17, Table 3.2: The factor for calculating S02 emissions for the
flare is applied incorrectly. This factor is 950 x percent sulfur in
fuel. Furthermore, since the sulfur content is presented in terms of
H2S, and the emission factor is for S02, an additional multiplication
factor of 1.88 should be applied (the ratio of the molecular weights).
Therefore, for gas with an H2S content of 2,000 ppm, the correct S02
emission factor should be 0.2 x 950 x 1.88 = 357.2 lb/MMscf.
Since the assumed NO emission factor of 51.5 lb/MMscf is based on
measured emissions, tather than emissions factors commonly used by.the
regulatory agencies, MMS would like to review the documentation on that
emission-factor.

8. (8) Page 19, Table 3.4: The wind speeds assumed under stability categories C
and D are unrealistically high.

The Minerals Management Service is in the process of reviewing the Development
and Production Plan revision, the pipeline permit change application, and
other related applications filed by Unocal Corporation. As we progress
through our environmental and technical reviews of the 'project components in
Federal waters, we will keep you and other involved agencies informed of their
status.
If you have any questions, please call Mr. Ed lee at (213) 894-5114.

Sincerely,

~

,. /.'".' . -r---. ..f.. ~~2J.~~jIr homas W. D~naway /)
VI Regional Supervisor

Office of Field Operations
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Unocal Oil & Gas Division
Unocal Corporation
2323 Knoll Dnve. P.O. Box 6176
Ventura. cantorma 93006
Telephone (80S) 656·7600

UNOCAL~~~

August 9, 1990
Westem Region

Mr. Thomas W. Dunaway
Minerals Management Service
1340 West Sixth Street
Los Angeles, CA 90017

RE: Platform Gina/Mandalay Facility
Offshore/Ventura County r Calif.
Pipeline Gas Production

Dear Mr. Dunaway:

Unocal is proposing to repair the existing Platform Gina water line
and convert it to gas service. By letter dated June 18, 1990, the
U.S. Department of the Interior - Minerals ManagE'~ent Service
(USDI-MMS) commented on the May 1990 Final Draft Initial Study for
Platform Gina Proposed Return Water Line Replacement and Conversion
to Produced Gas. The comments pertained to the air quality
analysis section of the report. The responses to the specific
comments of the USDI-MMS are provided below:

1. Comment On Boat Traffic: Page 5, section 2, Construction
Related Emissions.

Estimated increases in emissions due to an increase of
boat traffic were calculated only for work crews stationed
immediately offshore and did not include additional
transport to the platforms as pointed out by the reviewer.
Boat traffic to the platforms to support facility
construction is estimated to increase by an additional
ten (10) boat trips during the project. Boat traffic for
the regular platform crew will not increase during the
project. The revised total emissions for the project with
the additional ten (10) boat trips are given below:
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TABLE 1
Construction Emissions, Total for Project, Lbs

Gal. TOC ROC NOx_ . TSP S02 CO

Total 11,384 473 420 5,197 371 344 2,656
Emissions
Additional 3,000 113 101 1,406 100 94 305
Boat Trips

Revised Total 14,384 586 521 6,603 471 438 2,961
Emissions

2. Comment: Page 9, Table 2.5 and Table 2.6.

Comment noted and correction(s) made.
3. Comment: Page 14, 1st paragraph, 2nd sentence.

Comment noted and correction (s) made. There is some
consideration towards construction of a direct tie-in to
the Southern California Edison power station located at
Mandalay. It is therefore conceivable that gas from
Platform Gina could then be directed to either the main
distribution system or to the possible tie-in at the
Mandalay.

4. Comment On the Selection of an Air Dispersion Model:
Page 14, Section 3.2, Preliminary Modeling.

The OCD model was considered for the air quality analysis
and it is agreed that the OCD model would have been more
appropriate since it models the surface boundary layer
structure using a modified algorithm to account for the
behavior of plumes over water. However, the purpose of
this air quality analysis was to provide preliminary
screening results and not a refined modeling evaluation,
and the use of the OCD model requires on-site wind
turbulence measurements which were not available for this
study. As such, the PTPLU2 and ISCST models were selected
for the analysis expecting they would provide the best
screening assessment possible from the information
available.

concerning fumigation modeling, California Air Resources
Board (CARB) - Technical Support Division - Air Quality
Modeling Section was contacted and it was discovered that
the over-water coastal fumigation version of PTFUM
(referred to as PTFUM-OW) was not available in runable
format for IBM PCs (FORTRAN source code only). CARB staff
recommended examining the possibility of using the EPA

2
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SCREEN model which includes a shoreline fumigation option.
However, it was discovered that the shoreline fumigation
option of the EPA.SCREEN modeling program considers land-
based sources only and cannot estimate fumigation
concentration for sources located offshore. Nevertheless,
based on a review of the procedures and technical
description of the SCREEN model (EPA User's Guide for
screening Procedures for Estimating the Air Quality Impact
of stationarv Sources, 1988, pp. 4-31f., A-39f. [EPA-
450/4-88-010]), it was determined that the method used for
coaatia.L. fumigation calculations of land-based sources
could be adapted for estimating offshore sources.

The calculations used in SCREEN are based on the 1987 EPA
study, Analysis and Evaluation. of Statistical Coastal
Fumigation Models (EPA-450/4-87-002) which recommends the
worst-case meteorological conditions of P-stability and
2.5 meter per second wind speed for coastal fumigation
screening. Based on the results of coastal air studies,
inland· distances can be estimated at which the aloft
stable plume intercepts· the thermal internal boundary
layer (TIBL) thereby causing the fumigation phenomenon.
Then using Turner's equation for calculating fumigation
concentrations (Turner, Workbook of Atmospheric Dispersion
Estimates, 1970, p. 35), the maximum ground-level
concentration resulting from fumigation can be estimated.
Qneassumption made in adapting this method to sources
located offshore is that the stack height (a parameter
needed to determine inland interception distance). can be
approximated as equal to the plume height by the time the
plume reaches the shoreline. A value for the stack height
must be assumed in order to estimate the distance inland
at which the plume intercepts the TIBL and fumigation
occurs.

The results of the calculations indicate an estimated
maximum concentration of 2.91 micrograms N02 per cubic
meter (.0015 ppm N02) occurring at an inland distance of
350 meters, or 7.35 kilometers from the offshore platform
(See Attachment 1 for calculation). This estimated
concentration for coastal fumigation is greater than the
earlier predicted maximum concentration at shoreline
distance obtained by the PTPLU2 and ISCST modeling
(1.182 micrograms N02 per cubic meter). Therefore the
coastal fumigation concentration should be used in
assessing shoreline impact of well-testing operations on
Platform Gina. These conditions are not expected to last
more than two (2) days for any single well-testing
operation.

3
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5. Comment: Page ~5, 1st full paragraph, 8th line.
PTPLU2 uses a specified number of default combinations of
stability categories and wind speed' to analyze for
occurrences of maximum concentrations .(e.g., stability C
and ~, 3, 5, etc. m/s wind speeds) •. The ISCST model can
reproduce the PTPLU2 default combinations via discrete
hour-long periods (e.g., hour ~ is 'stability C, 1 m/s;
hour 2 is stability C, 3 mis, etc.). In the report, the
term "default values" in reference to wind speed means
that the same range of wind speeds covered by PTPLU2
"default" stability-windspeed combinations is also
utilized during the ISCST runs.

6. Comment: Page 16, 1st paragraph, lOth line.
Comment noted and correction(s) made.

7. Comment: Page 17, Table 3.2.

Comment noted and correction (s) made. The study from
which the flare emission factor of NOx was derived is the
1982 EPA Flare Efficiencv study (EPA-600/2-83-052) (See
Attachment 2 for documentation) .

8. Comment: Page 19, Table 3.4.

These high wind speeds (16.74 and 23.57 mz s) were reported'
by the PTPLU2 program only because maximum concentrations
happen to occur·at these values. Lower windspeeds were
also tested by the PTPLU2 program but did.not give results
higher than the ones obtained at these high windspeeds.
The reviewer is correct in describing these. values as
'unrealistically high'.

Very truly yours,

UNION OIL COMPANY OF CALIFORNIA

William W. Weldon
Landman

WWW:ka
Attachments
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ATIACffi.,'!ENT 1
CALCUIATIONS FOR COASTAL FTThIIGATION

BY OFFSHORE STATIONARY SOURCES



CALCULATION OF l\1A."TIl\'IUM: CONCENTRATION
FRO~I COASTAL FillrITGATION.• OFFSHORE SOURCE

( (Reference: EPA 1988 User's Guide for Screening Procedures for Estimating the Air
Quality Impact of Stationary Sources, Pp. 4.31f., A39f. [EPA-450/4-88-010])

(1) The SCREEN dispersion model was run using the source parameters of Platform
Gina - well testing conditions for NOx and the meteorological conditions: stability
F, 2.5 meters per second windspeed (see the enclosed computer results).

(2) Plume height (he) was obtained from the results of the SCREEN run. At
shoreline distance, 7000 meters,

he = 109 meters

and

a = 198 my
az= 44.8 m

(3) Calculation of the inland distance (x) at which the thermal internal boundary layer
(TIEL) height (h-) intersects with the plume centerline (he) was accomplished
using Table 4-5 of EPA 1988 and assuming that stack height (h.) is. equivalent to
he (see narrative discussion). The value for inland distance at which fumigation
occurs was determined to be:

x = 350 meters

(4) As a double check on the downwind distance, x, this value was substituted into the
TIEL coastal height equation,

hi = A (x)~

where,

equation A.15 in EPA 1988

"

A = 6 m2

x = inland distance to point of coastal fumigation

to see if the TIBL height corresponds with the predicted plume height calculated
by SCREEN (he = 109 m). Substituting x = 350 meters into t.he equation,

hT = 6 (350)Yl
= 112 m

1-1 Noon S""..At! 0
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This value corresponds relatively close to the calculated plume height of
109 meters.

(5) Calculation of maximum ground-level concentration for NOx from fumigation is
accomplished by Turner's fumigation equation:

Where, Q 0.811 gls=
u = 2.5 m/s

he = h + ~hs

= 29.93 + 79 = 109 m

and,

I _ [ 2 (~h)2]~az - az+-3.5
= 50 m

\,

Then,

X _ 0.811
1-

i2rr (2.5)(199 + 109)(109 + 2(50))
8

= 2.912 X 10-6 g 1m3

1-2 NOO7152A.l!O
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EnerSource Engineering
Coastal Fumigation Calculation
July 20, 1990'

Converting to ppm units,

ppm = 2.9121:10-6(1000)(~

= .0015 ppm N02

The California Ambient Air Quality Standard for NOz is 0.25 ppm, I-hour average,

1-3 NOO71 s-'..A. 150



1 EPA SCREEN - VERSION 1.1 (DATED 88300)
IBH-PC VERSION (1.01)
(C) COPYRIGHT 1989, TRINITY CONSULTANTS, INC.

NSC1501D PLATFORM GINA FLARE EHISSIONS - F, 2_5 m/s

SIMPLE TERRAIN INPUTS:
SOURCE TYPE = FLARE
EMISSION RATE (GIS) = .8110
FLARE STAC~ HEIGHT (H) = 29.93
TOT HEAT RLS (CALIS) = •7347E+07
RECEPTOR HEIGHT (1'1) = .00
10PT (1=URB,2=RUR) = 2
EFF RELEASE HEIGHT (H) = 38.66
BUILDING HEIGHT (1'1) = .00
HIN HORIZ BLDG 011'1(H) = .00
MAX HORIZ BLDG DIM (H) • .00

BUOY. FLUX = 121.81 M**4/S**3; MOH. FLUX = 74.28 H**4/S**2.

**. STABILITY CLASS 6 ONLY ***
••• 10-HETER ~INO SPEED OF 2.5 MIS ONLY ***
•••••••••••••••••••••••••• **••*•••
**. SCREEN AUTOMATED DISTANCES ***...-..••...••--..-..•.••.•.•.•..•.
*** TERRAIN HEIGHT OF 0_ M ABOVE STAC~ BASE USED FOR FOLLOVING DISTANCES ***

-DIST CONC U10H UST~ MIX HT PLUME SIGMA SIGHA
(H) (UG/H**3) STAB (HIS) (HIS) (H) HT (1'1) Y (H) Z (1'1)DUASH--._-_ ..-.
100. .0000 a .0 .0 .0 .0 .0 .0
200. •182BE-08 6 2.5 5.3 5000.0 109.0 16.6 15.3 NO
300. .4616E-04 6 2.5 5.3 5000.0 109.0 22.3 20.1 NO
400. •1897E-03 6 2.5 5.3 5000.0 109.0 24.9 21.3 NO
500. .3041E-03 6 2.5 5.3 5000.0 109.0 26.9 21.8 NO
600. .4925e-03 6 2.5 5.3 5000.0 109.0 29.2 22.3 NO
700. .7967E-03 6 2.5 5.3 5000.0 109.0 31.6 22.9 NO
800. •1187E-02 6 2.5 5.3 5000.0 109.0 34.2 23.4 NO
900. •1737E-02 6 2.5 5.3 5000.0 109.0 36.8 23.9 NO

1000. .2495E-02 6' 2.5 5.3 5000.0 109.0 39.4 24.5 NO
1100. .3405E-02 6 2.5 5.3 5000.0 109.0 42.1 25.0 NO
1200. .4563e-02 6 2.5 5.3 5000.0 109.0 44.8 25.5 NO
1300. .600ge-02 6 2.5 5.3 5000.0 109.0 47.5 26.0 NO
1400. .7784e-02 6 2.5 5.3 5000.0 109.0 50.2 26.5 NO
1500. .9928E-02 6 2.5 5.3 5000.0 109.0 53.0 27.0 NO
1600. .1248e-01 6 2.5 5.3 5000.0 109.0 55.7 27.5 NO
1700. .1547E-01 6 2.5 5.3 5000.0 109.0 58.5 28.0 NO
1800. .1893E-01 6 2.5 5.3 5000.0 109.0 61.3 28.5 NO
1900. .2288e-01 6 2.5 5.3 5000.0 109.0 64.0 29.0 NO
2000. .2735e-01 6 2.5 5.3 5000.0 109.0 66.8 29.5 NO
2100. .3144e-01 6 2.5 5.3 5000.0 109.0 69.5 29.9 NO
2200. .3585e-01 6 2.5 5.3 5000.0 109.0 72.3 30.4 NO
2300. .4058e-01 6 2.5 5.3 5000.0 109.0 75.0 30.8 NO
2400. .4561e-01 6 2.5 5.3 5000.0 109.0 77.8 31.2 NO
2500. .5094e-01 6 2.5 5.3 5000.0 109.0 80.5 31.6 NO
2600. .5655E-01 6 2.5 5.3 5000.0 109.0 83.2 32.0 NO
2700. .6243E-01 6 2.5 5.3 5000.0 109.0 86.0 32.4 NO
2800. .6857e-01 6 2.5 5.3 5000.0 109.0 88.7 32.8 NO
2900. .7495E-01 6 2.5 5.3 5000.0 109.0 91.4 33.2 NO
3000. .8155e-01 6 2.5 5.3 5000.0 109.0 94.1 33.6 NO
3500. .1092 6 2.5 5.3 5000.0 109.0 107.5 35.3 NO
4000. .1378 6 2.5 5.3 5000.0 109.0 120.9 36.8 NO
4500. .1661 6 2.5 5.3 5000.0 109.0 134.0 38.3 NO
5000. .1935 6 2.5 5.3 5000.0 109.0 147.0 39.7 NO
5500. .2194 6 2.5 5.3 5000.0 109.0 160.0 41.0 NO
6000. .2435 6 2.5 5.3 5000.0 109.0 172.8 42.3 NO
6500. .2658 6 2.5 5.3 5000.0 109.0 185.4 43.6 NO
7000. .2861 6 2.5 5.3 5000.0 109.0 198.0 44.8 NO
7500. .3005 6 2.5 5.3 5000.0 109.0 210.5 45.8 .'.I/O
8000. .3132 6 2.5 5.3 5000.0 109.0 222.9 46.8 I/O
8500. .324' 6 2.5 5.3 5000.0 109.0 235.2 47.8 I/O
9000. .3342 6 2.5 5.3 5000.0 109.0 247.4 48.7 I/O



9500.
10000.
15000.

.3427

.3500

.3797

6
6
6

2.5
2.5
2.5

5.3 5000.0
5.3 5000.0
5.3 5000.0

109.0
109.0
109.0

259.6
271.6
388.9

49.7
50.5
S8.4

NO
NO
NO

.'

MAXIMUM I-HR CONCENTRATION AT OR BEYOND 100. H:
14999. .3798 6 2.5 S.3 SOOO.O 109.0 388.9

DUASH: MEANS NO CALC MADE (CONC = 0.0)
DUASH=NO MEANS NO BUILDING DOUWUASH USED
DUASH=HS MEANS HUBER-SNYDER DOUNUASH USED
DUASH=SS MEANS SCHULMAN-SCIRE DOUNUASH USED
DUASH=NA MEANS DOUlIUASH NOT APPLICABLE, X<3*LB

••••••••••••• ** ••• *-----------_ ..
*** SCREEN DISCRETE DISTANCES **-............... _ .

58.4 NO

••• TERRAIN HEIGHT OF O. H ABOVE STAC( BASE USED FOR FOLLOUING DISTANCES 0#0

DIST
(M)

CONC
(UG/M**3) STAB

U10H UST( HIX HT
(HIS) (MIS) (H)

PLUME
HT (H)

SIQ4A
Y (M)

SICMA
Z (H) OUASH

7000. .2861 6 2.5 5.3 5000_0 109.0 198.0 44.8 NO

DUASH= MEANS NO CALC HADE (CONC = 0.0)
DUASH=NO MEANS NO BUILDING DOUNUASH USED
OUASH=HS MEANS HUBER-SNYDER OOUNUASH USED
DUASH=SS MEANS SCHULMAN-SCIRE DOUNUASH USED
DUASH=NA MEANS DOUWUASH NOT APPLICABLE, X<3*LB

•.••••••.•.•••••••••• **•••••••.•••••.•••..••••
*** SUMMARY OF SCREEN MOOEL RESULTS ••-••••••••••••••••••••••••••••••••••••••••

CALCULATION
PROCEDURE

MAX CONC
(UG/M**3)

DIST TO TERRAIN
MAX eM) HT (M)

SIMPLE TERRAIN •3798 14999. O•

\ ..

.............................................. _-_ ..
ow REMEMBER TO INCLUDE BAc(GROUND CONCENTRATIONS .*•••••••••••••••••••••••••••••••••••••••••••••••••••

RUN ENDED ON 90/07/18 AT "12:47:S7
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1sa35 ?ark Ten ?la~
SuIte 115, Houston, Texas 7iC84 USA
"4l (7i3) 492-2252 fax: (713) 492-2399(-

".

KALDAIR INCORPORA1\TED
FlIE COpy

Feb~ary 5, 1990
".

Unccal
P,O. Box 61i6
Ven~~ra, Ca 9~006"

Dear }f...r",cui ver:

y--
\.A._
KALDAIR

c..

I~ is, at best, difficul~ to r:teas~~~e,~h7 e~issicns frc~ an coen~'~~e ~'a-a t·- Any a~·~~-- a~ en~C_o6~n= the fla~e (-Q~'{-:d.--.... .- - _.... ••• ..•••..c;;;.•• la-t_ -.. ~.~ 'to- ~ • ._ ••.••••• _ •.• ~
~er ac~'.lr~tepiume tasti~g)-greatly( c~anges.the COmbus~ion
c~a:acte:istics of any flare. I~ i~:h~~Pcss~ble to place a probe
at avery pessible location and get -:.\oo •• e exac~ plume sa::tple.
Due to the "inherent diffic..:lties in"'.measurir.q the er::issionsfrer.'1
an open tlare, very lit~le i~fo~a~:~en is available. wnlle new
technologies are being developed teJ measu~g the full spectr-.:nof
emissiens (using light detec~ion a~~~ rang~ngdevices) they are
no~ cu==ently available fer use en ~~ar7s. Our only reference
fcr ac:epted.calculated ~evels ot er~;ss~cns.ar2 in the.EPA
~la:e Efficiency Study of 1982. Ob~v_ously they could not

'cendu~t tas~ing for e~ery type of f~a=e.
I~ re!eranc~ to the type of combus~~en achieved by the Co~nda
:la:es and MOx fo~ation, we feel t~e Coanda flares should
out-perfor.:the flares used in the ~PA st~dy. ~he reasons fer
this are as follows:
Basically, all of·our flares produd~ ha,gas rich fla~e. The
fla~a fron our Coanda type flares fz ~ghly turbulent. The gas
passes through the lower po~ion ot t~e ~lame at high velec{~v
(low resonance time). The upper po:t~cn of the flame is c=~~~d
by the high t~r~ulence, r2ci=culat~~n, and air ant=ai~r.'1ent.·-
These eeeueancea tend ·to lead to lo·~erNC~ for:taticn.
Al~~ough .~~an~icipate.·~lower NOx .~cduc:ion, we stat2 the
p==duc~~on rate as es~i~ated by the ~PA o~ approxi~atelv
0.049·lb~/1~BTU. -

A __ ~~"c.'c:._J~ =
L



hesitate to
Don Boling 0=(

l.

. .
!~ you =::'aq'~i=~fu=~her assistance, please do net
contact cur office c~ your local r;?resentat~ve,
Nor~hpoint Indust~ies.

:

aE/b:
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Y.===~--
KAlPAIR
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15835 Park Ten Place
SuIte 115, Houston, Texas 77084 USA
"J.l'(713)492-2262 Fax: (713) 492-2399

July 17, 1990
Environmental Management
405 S. state College Blvd. # 21i
Brea, CA 92621

Attn: Scott Nikaido
Ref: P-361

Unocal - Gina Platform
Dear Mr. Nikaido,

~ - ..

~'-
KALDAIR

C'\ .•;....

The following is in response to our reques"=f6r technical
assistance pertaining to the Unocal - Gina Platform.
In the 1982 EPA study, a wide variety ~ studies were
conducted. Because no testing was conducted on the Raldai~
Coanda flares, we must pick tests which most closely simulate
our flares. We have not used the air assist flares because the
flame produced by the low velocity air flare, does not comparB
to the highly turbulent, high velocity Coanda flare flarn~. Th~
Coanda flare flames are most Closely likened to the high 8team
rate, steam flares. While the C6anda flares do not inject eteam
to cool the flame, the turbulence created does ensure a constant
supply of cool'air. These are test numbers 7, 5, 17, 50 and
56. The highest value is 0.48 Ibs/m1BTU.
In our estimate, we used a conservative rate of 0.49 Ibs/l1MBTU.
And, as stated in our letter, we" anticipate the actual NO~t
!~rmation will be less.
Hopefully this information will assist you in your evaluation.
If you have any questions, please call.

BB/ki

,
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Z'd
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TA8LE 6. FLA~E no~ RESULTS

110" cal· kO,I
Tnt COllc~tr It 1011 ContfllCl'ltlon HH1 ;l'l'\\ 10"
It~. (PPM,,1 (PPIIYI (!C'IJ06 !llJ)

1 J.09 7.US; 0.068
Z 1.111 4,719 O.~]J...
J 1.~. 1,496 O.O;~l;s • 1.35 ',616 0.046 I

~ a 1.45 S,tOO O.il~(.. -.- 7 1.02 S.;" 0.043
~ '" ~~ :.(;1 1,O~( 0.04(,I ...~ = &7 J.17 If/A 'tI/A-... .g. ·...-17 Leo 1.(99 c.c«

." -~o O.~Q ',no 0.018Co -... -lao !6 e.ss ~,l,o 0.C'9..- 61 1.~1 6.m O,O~J.... 5S 0 •.18 1.012 0.e'90(
I

l 51 Z ••~8 6, 94~ 0,060
u .•. 11 J.~~ 5.;69 0.109.•. con u ss. r.u,.. ~.'13 0.0'0'.... ..- " . .c: 60 - .- 0.19 -~~6SS 0.0'70~ 51 C.!.l - 3.341 O.ill!

• 16 1.01 c.OS9 0.071...
as ~4 . s.~ 7.115 0.10~
~ ZJ 5.g0 8. 45~ O.:O! '.•. 51 0.68 t.sn O.CAe

!~ 7.83 5,141 0.075
;, - 26 5.J4 6.210 0.13Z••• c

65 1.'0 ••!l! 0.075u .. '" -flO ,c

~ f.,g 2S 8.16 6,075 0.208- E'-' 31 4.u2 ',56& . O.lJ6...
'::I 66 0.97 1.432 0.062u- 29 1.06 2,179 O.OlS.:: :r ••••• c: 64 1.14 J,lS; O.O!".. .. ~.. 61 0.60 l,016 0,030 .c !g• ~3 1.57 ',lS' O.O!8.. ......
0( JJ 0.14 l,SS7 O.~l
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STATE OF CALIFORNIA GEORGE OF.UKMEJIAN. Go.ernor
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STATE LANDS COMMISSION
lEO T. McCARTHY. Lieutenant Governor

GRAY DAVIS, Controller
JESSE R. HUFF. Director of Finance

EXECUTIVE OFFICE
, 807· , 3th Street
Sacramento. CA 95814

CHARLES WARREN
Executive Officer

] une 18, 1990

Mr. Ralph Steele
City of Oxnard
305 West 3rd Street
Oxnard, California 93030

!Ur.: ') 1 1900
• I ; 1 '..J _ \.J\

Dear Ralph:

Unocal expects the replacement pipeline to bury itself by gravity and natural
hydraulic action of ocean movement as did the original water line.

The staff of the State Lands Commission has reviewed the "Draft Initial Study for
Platform Gina Proposed Return Line Replacement and Conversion to Produced Gas," dated
May 1990. In general, we found it to be fairly comprehensive and thorough .. We would,
however, like to offer the following comments: .

Initial StudY Component 1 • Return \-Vater Line Replacement:
COl11l1ent #

p.2.
1.

c...

We question whether the lighter gas filled line will bury itself in' a manner
similar to the original water filled line. Therefore, we recommend that
Unocal's Project Description be amended to provide for monitoring the
position of the line and agree that if it has not buried itself to the required
depth within 2·years, Unocal will take positive measures, such as jetting, to
achieve proper burial.

2. p.3. Unocal proposes to leave the old corroded pipeline in place for its 2,700 ft.
length along the seafloor and across the beach after construction of the new
line.

\Ve are concerned that this line could become exposed at some time in the
future and pose a hazard to public safety. Therefore, Unocal should amend
its Project Description to provide, as mitigation, for the complete removal of
the old pipeline to its offshore connection point.

\.
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Mr. Ralph Steele
June 18, 1990
Page 2

Initial Study Component 2 • Conversion to Produced Gas:
~..

3.

4.

5.

6.

7.

p.lO.

p.13.

p.14.

p.3.

p.ll.

The bottom paragraph states that a diving support vessel, an anchor setting
vessel and a crew transport vessel will be used in the project. The Project
Description should specify what vessel will be used for pipe pulling.

Section P. RISK/HUMA.!'J' HEALTH of the Environmental Checklist is
checked to indicate no potential adverse impacts. Since there is the possibility
of pipeline rupture in shallow water, nearshore, or on the beach, combined
with a failure of the gas sweetening systems on the platform, the "Maybe" or
"Yes" columns should be checked and the potential public safety and human
health concerns evaluated.

The Initial Study states that the pipeline pressure tests will be witnessed by
MMS and Unocal. The State Lands Commission should also be included.
Mr. Pete Johnson, Chief Petroleum Engineer in our Long Beach office, should
be given reasonable advanced notice of when these tests are scheduled. He
may be contacted at (213) 590-5229. Also, information relative to the design
and operating pressures of the pipeline should be included in the Initial Study.

The Initial Study acknowledges that if and as the gas production phase
proceeds to full field development, additional facilities and equipment will be
necessary, and that actual equipment needed would be based on future well
test results and detailed reservoir evaluation. It states that any changes to the
platform, wells of pipelines would have to be approved by the Minerals
Management Service.

All safety systems on the platform which govern the transportation of gas
through State waters should be examined under CEQA and submitted also to
the staff of the Commission for its review.

As is the case in Component 1 of the Initial Study, Section P. RISK/HUMAN
HEAL 11-1 of the Environmental Checklist is checked to indicate no potential
adverse impacts. Since there is the possibility of pipeline rupture in shallow
water, nearshore, or on the beach, combined with a failure of the gas
sweetening systems on the platform, the "Maybe" or "Yes" columns should be
checked and the potential public safety and human health concerns evaluated.
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Mr. Ralph Steele
June 18, 1990
Page 3

We appreciate the opportunity to review the draft Initial Study and look forward to
working with you to answer any questions you may have. Since Dan Gorfain will be on
vacation from June 25 to July 20, please contact me directly, if necessary, at (916) 322-7827,
Debbie Townsend at (916) 322-7803, or Pete Johnson at (213) 590-5229.

Sincerely,

\," .~r
J'i~lfr G.. ~

\ .....••

DwiGk E. SA1'1DERS, Chief
Division of Research

and Planning

DES:maa
cc: Dr. Gordon Snow, State Projects Coordinator, The Resources Agency

Office of Planning and Research
Debbie Townsend
Pete Johnson
Daniel Gorfain
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Unocal Oil & Gas Division
Unocal Corporanon
2323 Knoll Dnve. P.O. Box 6176
Ventura. California 93006
Telephone (80S) 656·7600

UNOCAL1~i

August 10, 1990
Weslern Region

Mr. Dwight E. Sanders
State Lands Commission
1807 13th Street
Sacramento, CA 95814

RE: PLATFORM GINA/MANDALAY
Offshore/Ventura County, CA
Pipeline Conversion & Repair

Dear Mr. Sanders:

By letter dated June 18, 1990 the State Lands Commission commented
on the city of Oxnard's Initial study. The subject of this letter
is to address the Commission's comments.

Initial Study Component 1 - Return Water Line Replacement

1. (P.2) Union oil is confident the line will self bury. The
subject line is made of steel 6-5/8" in diameter with 1" of
concrete coating and weighs 44.33 lbs per foot dry. Please
refer to page 71 of the Burial Study 0 for additional
information.

Union would prefer not to amend its Project Description as we
would have to re-submit to all other agencies. Please be 0

advised that under the terms of our lease Union is already
required to monitor the pipeline. Should the pipeline have
failed to reach two feet of burial at the end of two years
Union will bury the line with hydraulic jetting to between t~."o
to four feet below the sand bottom.

/0
\

2. (P.3) Union will remove the old line to the MLLW water line.
This will result in the remaining 2300' to be abandoned in
place.

Union believes the removal of this entire replacement section
of the line could have adverse affects on turbidity, fish



,
\

propagation and recreation.

The abandoned line will not become exposed and corroded for
several reasons:
A. The abandoned line will remain full of water and is

subject to conditions of burial equal to or greater than
the gas line described in the burial study.

B. During the original pipeline pull of the 6-5/8i9 \vater and
10-5/8" oil pipeline, the 6-5/8" water line was secured
to the 10-5/8" oil pipeline. positive buoyancy was
attached to both lines during the pull. 'l'tJhenthe
buoyancy was removed the lines were left secured to each
other. Thus the 6-5/8" line remains secured to the 10"
line which is in place.

C. The abandoned line will be protected cathodically
preventing corrosion. The subject line will retain the
original anodes and be protected further by the 10-5/8"
line to which it is secured, creating electrical
continuity. Since continuity will exist the line will
be protected cathodically. Should problems develop they
will be detected by the cathodic protection surveys that
are done annually at Mandalay and every 5 years for the
entire line. Should additional protection be required
for the replacement 6-5/8" line or the existing 10~5/8"
in the future this protection will also protect the
abandoned 6-5/8".

D. The line is currently buried and has continued t~ show
more burial throughout it I s life of almost 10 years.
The Side Scan sonar surveys have consistently shown an
increase in burial.

Reasons Unocal wishes not to remove the line:

A. Minimize environmental disturbance.
be supported by an environmental
Department of Fish & Game. A copy of
be forwarded. to the Commission.

This position will
biologist and the
their comments will

B. Minimize project time and inconvenience to the public.
Pipe removal would require restricting access to the
affected portion of the water and bench while removal
work is conducted.

C. Since line is secured to the 10-5/8" oil line, removal
of this line presents some risk to the 10-5/8" oil
pipeline.

2
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D. Due to the high turbulence of the surf zone it will be
logistically very difficult' to remove this pipe. The
excavation will fill as fast as it is opened. with the
pipe secured to the 10-5/8" line, it cannot simply be
pulled out.

3. (P.10) A vessel has not been selected at this time due to the
unknown completion date of the permitting process.

4. (P.13) The potential of those two occurrences is remote. We
refer you to page 1 and pages 29-57 of the Risk Assessment
study for further detail. Union's consultant has indicated
she will amend the check list to indicate "maybe" and will add
an explanatory note to the text of the Initial Study to
reference subsequent documentation.

5. (P.14) Pete Johnson has been contacted personally by Union and
will be notified of the pressure test.
The design and operating pressures for the pipeline are
included in the Initial Study under Union's Project
Description. section II.2.0 (pg. 15) through II.2.6 (pg. 17)
describes line design. The design pressure of 1440 PSI and
the operating pressure of 500 PSI can be found on page 15 of
the Project Description.

Initial Study Component 2 - Conversion to Produced Gas
(P.3) The safety systems on the platform that govern the
transportation of the gas through State Waters will all be in
place at the completion of this proj ect. The changes
anticipated in the future are in the process themselves, L, e. ,
a permanent -sweetening plant, gas compression, etc • These
changes will not modify the safety systems on the platform
which govern the transportation of gas through State Waters.
A special study related to systems was completed for the
proposed pipeline conversion project and it is included in
the initial study as Exhibit "E.

7. (P.1l) The potential of those two occurrences is remote. We
would refer you to the Risk Assessment Study for further
detail. Same response as Item #4.

Very truly yours,

::J;tL0Mz:r lJ.:iL
William W. Weldon
Landman

WWW:ka
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STATE OF CALIFORNIA-THE RESOURCES AGENCY

CALIFORNIA COASTAL COMMISSION
6JI HOWARD STREET. ~TH FLOOR
SAN FRANCISCO. C... 94105.J97J
I~ 151 54J.aS5S

Heoring Impoired/TOO /4151 896·1825

June 14, 1990

Mr. Ralph J. Steele
City of Oxnard
Community Development Department
305 W. Third Street
Oxnard, CA 93030

Dear Mr. Steele:
Corrment #

GEORGE OEUKMEJIAN. Go.~mo,

. ill!-; 1 1990

CITY OF OXNARD
:r.1MUNITY OEVELOPMEW

l...

1.

2.

3.

Thank you for this opportunity to comment on the City of Oxnard's Draft
Initial Study for Platform Gina Proposed Return Water Line ReDlace~and
Conversion to Produced Gas. We appreciate the work done by the City of Oxnard
and Unocal since the Preliminary Draft was published last fall. However, as
we stated in our October 30, 1989, comment letter on the Preliminary Draft,
the Commission has found that it is very important to look at a project in its
entirety. Permitting agencies need a complete project description and data on
the effects of proposed activities in federal and state waters, on the
platform, at pipeline landfall, and in the Mandalay facility. It is unclear
exactly what aspects of the project this Draft Initial Study.(DIS) covers.
SCOPE OF PROJECT .
The document states "The first initial study ~v~luates the first component of
the project which is the return water line replacement" and-later says "...the
repair phase is being evaluated in the context of the project as a whole."
The second Initial 'Study states: "As the production phase proceeds to full
field development, additional facilities and equipment will be needed. This
could include the installation of additional deck space along the south side
of Platform Gina to allow for some of the equipment." Page 28 of Exhibit A
refers to "Permanent Hydrogen Sulfide Sweetening Facilities" which will be
needed. It must be made very clear what is and what is not included in this
project proposal. Those items that 2!:!l included in the present proposal must
be throughly covered in the environmental document.
City of Oxnard Resolution No. 6218 states that "no significant unavoidable
adverse impacts are expected to occur within the jurisdiction of the City of
Oxnard.'1 Is this current Initial Study limiting itself to determining impacts
only in the jurisdiction of the City?
Page 14 of Exhibit A states that "[I]f the pressure test from the tie-in out
to Platform Gina is not successful, the cause will be determined, necessary
repairs will be made accordingly, and the pressure test will be repeated."
Does this mean that some (or much) of the line from 2,300' out to the platform
may be replaced? As part of this project? The document should so specify.
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4a.

4b.

4c.

-2-

LANDFALL AND ONSHORE INFORMATION
There is not enough information as to what is the present state of the onshore
area. It is stated that disturbed areas shall be "revegetated" to conform to
original conditions. The reader is not informed as to what type of vegetation
is presently there. Some detailed maps of the onshore area, showing existing
flora and public access areas for instance, are necessary jn order to nroop-e1y
analyze the project impacts. (The hand-drawn map attached to the Unocal
letter of 10/28/88 is the most useful one in the document, but is obviously
not adequate to analyze environmental, safety, and public access issues.) ~
muth of the pipeline onshore will NOT be in the 10" conduit? It is unclear
from the document what effect the project wi IJ have on public access - and
what public access currently is available and used. The reader is told that a
worst case accident would affect an area limited to a 1,320 foot radius of the
Mandalay Onshore Processing Facility. One can not tell from the text or man:.
whether there is existing public access or public roads included within that
radius. The document does state that there are pedestrians within this radius
at times. There is no mention of a Emergency Response - Evacuation P1an~
these pedestrians. Such a plan is essential for public safet~.
Page 4 of Resolution No. 6218 discusses lighting, stating that the project
should not "... direct light onto the adjacent park area." This is the first,
and only, time in the document that a park is mentioned. Is there a park. or

4d. is "parking area" what is meant?

4e.

4f.

Exhibit A, Pg. 20, discusses "prevention of unauthorized access to ,the
beach." Because the project site ha5 not been ~dequately described, we do· not
know if this is a public beach .•:..:If so,.what.is."unauthorizedaccess'!?
The second page of the first Initial Study (It would be hel.pful if pages were
numbered.), in a paragraph dealing with the offshore pipeline, states that
"The onshore section will be buried mechanically with conventional
equjpment." What sections of the onshore line? Is the author referring to the
offshore section?
OFFSHORE TRANSPORTATION
OCS P-0202 and P-0203 are near~r in the Santa 8arbara Channel Vessel Traffic.

5. Lanes. Such a location makes it essential that workboats associated with
future construction on Platform Gina use a marshalling or waiting area away
from the vessel lanes or any approaches to ports or marine terminals.
The Initial Study L. Transportation/Circulation 5. describes mitigation as
notifying the Coast Guard of the dates of the operation and the names and
radio call signs of the vessels working in the area, along with the radio
frequency which mariners can use to contact these vessels. What is to b@ dOOG
with this information? We believe that it should not only be published in the
L~al Notice to Mariners, but in the advisory newsletter published by Se~
Grant for the fishermen in southern California. The second Initial Study
simply states, in response to L.S, "Measures recommended by the U.S. Coast
Guard for Navigation Safety shall be implemented.M What measures?



6a.

6b.

6c.

6d.

6e.

6f.

6g.

-3-
SYSTEMS SAFETY ANALYSIS
The second Initial Study states that "...the applicant has proposed to install
redundant H2S monitoring and system shutdown equipment on Platform Gina and
at the Mandalay facility." will there be redundant monitoring, alarm, and
shutdown systems at the Mandalay facility? We would agree that this is an
excellent idea, just as we believe the plan to have redundant systems on the
platform is essential for the safety of the project.
"The project was deemed to meet or exceed CEQA Guidelines for Environmental
Protection." (Pg. 10) How? By whom? Exhibit A, Pg. 25, states that the
equipment installed on Platform Gina will conform with provisions of CEQA.
Please explain.
One of the "Premises for Basic Analysis and Design" states that the two levels
of protection that should be provided by the safety system should be
functionally different types of safety devices for a wider spectrum of
coverage. "Two identical devices would have the same characteristics and
might have the same inherent weaknesses." (Pg. 12) On page 27, it is stated
that the redundant H2S systems are the same. Please explain.
"For the purpose of this analysis •.i t is ,assumed the conc entr-a t tcn of H2S ..
wi 11 be approximate 1y 2,..000ppm; ~t Lt!lec:~,.eJJhe~~~ ~,,(g9'0(13q~)[n.Is tl;l.eamoonLo.f.
H2S expected to be encd'Hntere:d~alJXlb;d;sgd-:;OI1:resun~:~IiQ.rgrt~ea14~stir}gdoE;i0f1~~l!:'~;-
well? Might 2000 ppm be low?'_·.,~;l?_;';;c;,c ~::.~ .::. >=__~~G':'_?:.~ .. ' .._-- ':"---.,,'

Page 17 states that the ba tche:§~!!e-;t-en~fcSt~si1-}d)~ Ql3:~a~!~c9,fs~~~Et~~;[} i-89,,!theg~ s:~;:C'0]e 'J r
from a level of 2.000 ppm to fi:-d~v~11p,fe~ppm::,:i,\s~~~; =tysteiJL;;!~ld~s=Tgn'~-~rr;1:o~s :~-2- s'/st'
sound alarms at 2 ppm,fwouldn<',td:-heY1;5we~tenthe aas 'to,2-.ppm'-ios,tead~Qf·4"·, --, '~~y.
ppm, at which point the system·c.lo,?~s",!(jo,!"n?::·;·.':~:..:o'; ,:'>:~:. ": ..;:-?" ...----..---- ... ---

On page 50, there is a discussion of the rOLH concentration level zone, in
which 50% of the population are assumed to die and liThe remaining 50 percent
of the population exposed within this zone was assumed to be seriously
injured. The population beyond the IDLH concentration level may suffer minor
but not irreversible health effects; therefore they were not considered·in the
risk analysis." If 50% die in the "fatality zonell then it would seem that 25%
(or 37% or 9%) may die in the area next to this zone. It does not therefore
seem correct to state. as is done on page 54. that "the only area which
hydrogen sulfide would adversely affect the public would be within the
envelope 1,320 feet downwind." Please explain .

.The Risk Assessment Study seems to be quite preliminary in terms of design
review. ("As much of the design for the proposed gas sweetening system is not
complete at this time. a complete safety analysis could not be performed."
(Pg. 12) "At this time. the final design has not been completed." (Pg.14)
"The actual equipment to be used will be based upon future test well test
re-sults and a detailed reservoir analysis." (Pg. 17) liAs the piping and
electrical design for the Platform Gina gas tie-in is not completed. this
could not be reviewed at this time." (Pg. 25) "Because the P&IDs for this
project are still preliminary. such a detailed review would not be appropriate
at this stage." (Pg. 32)) Yet it determines that the proposed project "is
very safe" (Pg. 1), and several sections conclude "no problems were
identified" or "no problems have occurred or are expected" or "no problems
have been reported" (Pg. 22) or "The survey report was reviewed for
deficiencies, and none were found." (Pg. 23)
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7.

8.

9.

-4-

OTHER COMMENTS
The document does not cover specifics of the effects of anchoring the barge on
fishing grounds, if any. Please discuss.
There has been concern over entangling of grey whales in anchor lines from
pipelaying barges. Please discuss thts possible impact to migrating grey
whales.
The State Lands Commission pointed out in its 10/23/89 comments that Initial
Study C. Water 5., in reference to turbidity, should be answered "yes".
Despite the explanation in the current Initial Study, it appears that the
answer should still be "yes". While the turbidity may be less than that
caused by the Santa Clara River outflow or by dredging activity at nearby
harbors, it is still turbidity.
Again, we wish to express our appreciation for the efforts by the City of
Oxnard and Unocal in attempting to meet the concerns expressed in comments on
the Preliminary Draft Initial Study. With the cooperation of responsible
federal and state agencies, we believe the review and permitting process for
the Platform Gina conversion project should proceed in a timely fashion. The
Coastal Commission staff will work closely with all the responsible agenc'ies
to make the process work as smoothly as possible.

\.

Sincerely,;' 2 I"I' , •

, \ !J •
/;fkJ u:,f~ la~~

() IJSuzanne Roga n
Energy Analyst
cc:SLC

MMS
Santa Barbara District, CCC

3514N

,/



Hugh H. Herndon
Oistnct Land Manager

Unocal North American
Oil & Gas Division
Unocal Corporation
2323 Knoll Drive. P.O. Box 6176
Ventura, California 93006
Telephone (805) 650-4505

UNOCAL1~

August 11, 1990

Mrs. Suzanne Rogalin
California Coastal Commission
631 Howard Street, Fourth Floor
San Francisco, CA 94105-3973

RE:

Dear Mrs. Rogalin:

PLATFORM GINA/MANDALAY' FACILITY
Offshore/Ventura CQllD~Y, CA
Pipeline Conversion

Reference is made to.the Gaclj:.f:..Et~~:i~.9.9qPY:.9-{ ·:9.9mJ~1~sj,91'L::1.G:.it~~·Cq~1;~,d,i (>J';;

June 14, 1990>'~· Union .has-::.ad:d~,as~.~gOYou~.~"Go~ents·(~n;:(.~l}.~..81~ai§eJ1.D~·' cc.
sequence as in your letter.' . .

1) The Draft Initial Study is intended to review the impacts
associated with the pipeline replacement and pipeline use
conversion aspects of the project. In addition it
includes information pertaining to risk and hazards
associated with the transport of gas from Platform Gina
and Platform Gilda to the Mandalay Separation Facility.
This evaluation covers the effects of proposed activities
in Federal and State waters, on the platform, at pipeline
landfall, and in the Mandalay Facility.

This Initial study does not evaluate additional
facili ties and equipment such as the installation of deck
space, or the permanent hydrogen sulfide sweetening
facilities which may be needed in the futurec

2) The city of Oxnard prepared the Initial study with the
assistance and cooperation of other responsible and
interested agencies. The Initial Study does evaluate the
effects of the proposed activities in Federal and State
waters, on the Platform, at the pipeline landfall and at
the Mandalay Facility. This initial study has concluded
in a negative declaration.
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(
3) The intent of the comments were that Unocal as a prudent

operator will take the measures necessary to obtain
quality assurance of the repairs. Unocal accepts its role
in this project to obtain pipeline integrity and will take
such measures.

The last internal survey of the pipeline was conducted in
August 1987 prior to removing the line from service in
october of 1988. A subsequent survey cannot be conducted
until the line is repaired. It is possible that
additional pipe past the 2,300' offshore point may need
to be replaced, but it is considered very unlikely. The
survey data indicates the repair described in the project
description is the most prudent means to insure pipeline
integrity and minimize environmental concerns as well as
the length of the project.

4) a) Attached you will find photographs showing existing
rural and public accessareas.A.rural park exists.
adj acent to the facility' and rrhaa cpub.licr~access as.c~has .
shown. The city of Oxnard~dea.lt'IWitnitheseLsaues ~b.y-alt·v!it:
letter dated November 1a/19_88(is.·a=d;:o:p~<:~f..;:whtQl\'i:S188 ,:-,_.~..
enclosed. ~. -: !?~. . ~

b)

(
The segment of t::·.orrshojre: pip~14n:e cf:romthe:MLLW2 b.9i:celine
the 10" conduit will' be.::budid an..~c;:ha:i1ii::al.J.y:and1.:-·,f:si'ECi me c
approximately 500 feet lO}~9.~i:-::,:_-::'?ly~.::'~:~,._. -,-,r;.· ." .

c) There is no plan due to remoteness of the occurrence
cited in the Risk assessment "Platform Gina Gas
Production and Pipeline Mandalay Onshore Receiving"
page 1 at, 2.7 x 10-6 per year. One could be adapted
if desired.

d) Please see the exhibits to 4.a.

e) Union oil will prohibit, access in and to the staging
and repair area during construction which will be
three weeks in duration. This has also been addressed
by the City of Oxnard's letter, November 18, 1988.

f) The line will be buried from the Mandalay wall to the
MLLW. This information is addressed on page 14 of the
prospect description.

5) In their letter of January 19, 1990, the U.s. Coast Guard
stated the following requirement:

"Prior to the beginning the in-water portion of the
project, I request that you notify the Eleventh Coast
Guard District Aids to Navigation Office of the dates of

2
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the operation and the names and radio call signs of the
vessels which'will be working in the area. Additionally,
the Aids to Navigation Office should be notified of the
radio frequency which mariners can use to contact your
vessels. All of this information will be used to notify
the Southern California mariners of the project and its
potential impact on vessel navigation."
Following their review of the subsequent initial study,
the u.S. Coast Guard stated in a letter of May 22, 1990
that their concern in the area of impacts to waterborne
transportation had been fully identified and adequately
addressed.

6) Systems Safety Analysis

a) No, there will not be redundant monitors at Mandalay.
The risk assessment, page 43 shows the failure tree
of the monitor. With two on the platform and one at
the facility, there is no reason to install additional
monitors. For reference, redundant monitors including
detection, alarm and shutdown equipment are installed
on Platform Gina.

b) Incorrect statement should be deleted.

c) We agree that there appears to be an apparent
incongruity with regards to the use of two identical
moni tors for providing redundant detection of Hydrogen
Sulfide (H2S) gas. However, the market selection of
monitors for this type of application is limited.
The Del-Mar monitors are an industry standard, and it
was determined that there were no other monitors
available which were as reliable and that would
provide the desired benefits. Hence, the Del-Mar
moni tors were selected for use as both the primary and
back-up H2S detectors. Also, the fault tree analysis
starting on page 42 indicates that a sequence of four
events must occur simultaneously (see page 43, Fig.
2) for the gas to leave the platform by monitor
failure. This chance is 4 x 10-11 per year. Note
that this figure is based upon the occurrence of an
upset condition that would not otherwise trigger a..
shutdown via other safety instrumentation, _such as ~
high pressure switches or high leve·i:"i•.:L::The:fault.tree .;
analysis has indicated that the cha'tlc:e'iof:_-fa-ilureis.<
so remote that the addition of subsequent monitors
(two on the platform and one at the facility) would
provide no additional benefit.

3



Page 3,

\.....

d) Yes, only one well has been tested. It is possible
hydrogen sulfide concentration could be higher.
Should the hydrogen sulfide concentration be higher
than estimated, Union will still sweeten the gas to
pipeline quality before transport from Pla·t.formGina.
The gas transported to shore will be pipeline quality
regardless of the hydrogen sulfide concentration. It
should be noted that the Risk Assessment used a 7,000
PPM case for analysis to model a worst case scenario.

e) An error has been made in this statement. The gas
leaving the batch sweeteners will be lower in
conc~ntration than 2 PPM and usually between 0 and 1
PPM. The system will be designed as described to
alarm at 2 PPM and shut down at 4 PPM.

f) Comment Regarding IDLH Concentration:
Paragraph 6:
While it is true the fatality rate does not go from
50% to 0% at one particular point, the number of
fatalities will go from 0% at 1,320 feet downwind to
100% at the source of release. In the zone, from the
point of release to 1,320 feet downwind, 50% of those
present are assumed to be seriously injured. This is
a very conservative estimate and it is certainly
unlikely that at least some of the people 1,319 feet
downwind could not evacuate the necessary one foot
defined by OSHA/NIOSH to a safer zone. However, in
this Risk Analysis it was assumed they could not.

The immediately dangerous to life and health (IDLH)
levels are prescribed by OSHA/NIOSH. Concentrations
of hydrogen sulfide at these levels, if one escapes
this zone within 30 minutes, do not .produce
irreversible health effects.
The 1,320 feet downwind figure is based on the vapor
cloud dispersion model. At this point, the
concentration of hydrogen sulfide was at the IDLH.
A person at this point has 30 minutes to take a few
steps to evacuate the area and avoid irreversible
health effects.

Perhaps another approach to this point is that a total
release would only affect people within a certain
envelope (see Page 52). A total release offshore
could not affect people at all if they were over a
certain distance away from the platform. The hazard
is from a release at Mandalay and for the first
1,320 feet of the pipeline offshore. The gas is

4
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7)

moni tored with a redundant system before it leaves the
platform. Both monitors must fail at the same time
the process fails in order to ship sour gas to shore.
This still does not present a problem unless there is
a simultaneous accident at the shore facility. As
noted in Figures 2 and 3, this probability is
2,700,000 to 1.

g) Comment Reqardinq Preliminary Nature of Report:
Page 3, Paragraph 7:
In determining the relative safety of the proposed
project, Unocal 'sproposed design was compared to
other gas sweetening systems which have been
constructed and are now in operation. This included
systems which are currently operating on offshore
platforms, including one which is operated by Unocal.
It was noted that the proposed process to be used for
gas sweetening is an industry standard. Unocal has
also indicated that the detail design of the gas
sweetening system will also follow API 14C and
API RP 2G, and applicableMMS standards, which will
provide for a pre-determined level of protection.
Unocal has indicated the final design drawings will
be reviewed for compliance with these standards when
they are completed. Unocal has also indicated a
S.A.F.E. (Safety Analysis Function Evaluation) chart
review of the proposed gas sweetening system will be
prepared for MMS review; this will help to assure a
safe design.

The commercial fishing activit. s which occur in the area
can be identified in Append.:......:"A" of "A Manual for
Geophysical Operations in Fishing Areas of South/Central
California". This report and Union's conversation with
Dr. craig Fusaro of Joint Oil/Fisheries Offices indicates
the potential of gill netting and,trapping in the general
area. Union would refer you to the Seasons Peak Activity
Chart, of the subject manual, for detailed time periods.
It is important to note that Union's repair will be in
less than 30 feet of water and no more than 1,500 feet
from the MLLW, therefore limiting the amount of
interference with fishing activity.

The Coast Guard has stated that upon Union's notification
of the dates of operating they will notify Southern
California mariners of the proj ect and its impact on
vessel navigation. Also, Union's anchor mooring vessel
will be on site to warn any potential traffic.

5
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8) It is important to note that this project at the deepest
level only takes place in 30' of water and will be for a
minimal time period of less than three weeks. Union has
contacted Mr. Peter Howorth of Howorth & Associa'tes and
who is a Director of the Marine Mammal Center in Santa
Barbara for comments on the grey whale. Mr. Howorth
states that near shore migrations take place from February
- April. He says temporary disruption could be possible
on occasion however he believes there will be no
significant long term negative impact on grey whale
migration based on his observations made to date 0 Most
of these mammals migrate much further offshore.

9) You are correct that turbidity will be caused, however,
it will be negligible.

Very truly yours,

0~/VIJ.U~
william W. Weldon
Landman

WWW:ka

6



/ ., ., 

-7 
I 

I 

\ ......... , 

~ -··-····- ... 

! SO. CAL. EDISON ., 

/ ...... '""' ........ . 

Z;)O" 5 "'Q. L s I A c • 
. ·• .. / 

·u1 .. ,,,, , .. 

i 

I 
; Ii i 4 

i 
I I 
) I 

I 
I 

, .. , .... , 

llA.f!OOll 

POWER 

..... 

. -...... ~ l.. v I? 

I 

\ ...... , 

STATION 

···-...... 

,, 

UNOCAL 

Si'.ETCil SHOWiNG PROPOSED 
PfPt:: SfAGiNG 8 rtElOitlG AREA 

A:'.10 MANDALAY fACIUTllE:S 

·•<t•H;RA. cou"lY 
oc IOIJ[R 1no 

CAL If:"""' 
5C .:u.E o'• lOv· 

4.,.a,..t1C tea, I ,...._ - ---· -- ··- ... 0 "aJ •lO n,1 ~l•l Jo•) •.l.J .. _._, 

1 
·. 

•nHS 1 "'"'re accru •S cuu ..... u 
• ,,, , .. ,, ... ,. I.I'() ... ..t. ... 

i 



(

c.

See Volume #1, Item C, for Environmental Assessment and

Beach Vegetation Study for proposed Platform Gina Plpellns

Replacement. Mandalay Beach, Ventura County, Ca.



u.s. Department iii""!'ot Transportation ..<.'
II ~

United States :~.'
Coast Guard

COmmander
Eleventh Coast Guard District

Union Bank Bldg
400 Oceangate
Long Beach, CA
90822-5399
Staff Symbol: (m)
(213) 499-5330
16475/0175

,.

\ ..

\.

Mr. Ralph J. Steele
Ci ty of Oxnard
Community Development Department
305 W. Third Street
Oxnard, CA 93030
Dear Mr. Steele,
Thank you for the opportunity to review the Final Draft Initial Study for the
Platform Gina Return Water Line Replacement and Conversion Project.
As discussed in our comments on the preliminary draft, the Coast Guard1s
primary interest in this project involves impacts to waterborne
transportation. Our concern in this area has been fully identified and
adequately addressed in the final draft and its accompanying environmental
analysis. As a consequence, we have no objection to the issuance of a
Negative Declaration.
If you have any questions about this issue, please feel free to contact· me at
the number shown above.

Sincerely,

N. S. PORTER
Commander, U.S. Coast Guard
Chief, Marine Safety Pltlnning and
Administration Branch
By direction of the O'istt"ictCommander

RECEIVED
') - 1090MAY •.•;),J

CITY OF OXNARD
''JMMUNI-:-Y DEVELOPMENT
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STATE OF CAlIFORNIA-QFFICE OF THE GOvERNOR

OFFICE OF PLANNING AND RESEARCH
1400 TENTH STREET

. SACRAMENTO, CA 9~814

June 13, 1990

Ralph Steele
City of Oxnard
305 W. Third Street
Oxnard, CA 93030

GEORGE OEUKMEJIAN, Governor

r.'<.~.

Subject: Platform Gina Proposed Return Water Line Replacement, SCH# 90010478

Dear Mr. Steele:

The State Clearinghouse submitted the above named envircr4nental documen~ to
selec~ed state agencies for review. The review period is closed and none of
the state agencies have comments. This letter acknowledges that you have
complied with the State Clearinghouse review requirements for draft
environmentai documents, pursuant to the Cali=o~ia Environmental Quality Act.

Please call Maney Mitchell at (916) 445-0613 it you have any questions
regarding the enviror~ental review process. wnen contacting the Clearinghouse
in this matter. please use the eight-digit State Clearinghouse number so that
we may respond promptly.

Sincerely,

David C. Munenkamp
Deputy Director. Pe~t Assistance

/
I

RECEIVED
,JUN 1 5 199a

....
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STATE OF CALIFORNIA

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD-
lOS ANGELES REGION
101 CENTRE PLAZA DRIVE

MONTEREY PARK. CALIFORNIA 917S4-21S6
(213) 266-7S00

GEORGE OEUKMEJIAN. Go~rnor

May 30, 1990

Ralph Steele
City of Oxnard
305 W. Third street
Oxnard, CA 93030

File: 700.513

(

DRAFT INITIAL STUDY - REPLACE 3,000 FEET OF RETURN WASTEWATER LINE
AT BEACH, PLATFORM GINA. SCH#90010478: CITY OF OXNARD

We have reviewed the subj ect document regarding the proposed
project, and have the following comments:

Based on the information provided, we recommend the following:

j2Q We have no further comments at this time.

D The proposed project should address the attached
comments.

Thank you for this opportunity to review your document. If you have
any questions, please contact Eugene C. Ramstedt at (213) 266-7553 .

JOHN L. LEWIS, Unit Chief
Technical Support Unit

..•

-,..
cc: Garrett Ashley, State Clearinghouse

(07-13-89)
\

RECEIVED
Juri 0 5 1990

CITY OF OXNARD
''IMMUNITY DEVELOPMENT

,
.'.



Slale of California

Memorandum

Business, Transportation and Housing Agency

To
Mr. Barnara Ceran
state Clearinghouse
1400 Tenth Street, Room 121
Sacramento, Ca. 95814

Gary McSweeney - District 7
DEPARTMENT OF TRANSPORTATION

Date: June 14, 1990
File

IGR/CEQA
City of Oxnard
NEGDEC; Water
Line Replacement

and Conversion to
Produced Gas
Vic.VEN-1-R19.62

(

Suo,.;'C! Project Review Comments

SCH No. 90010478

Caltrans has-reviewed the above-referenced document. Based on the
information recieved we find no apparent impact on the operation
of the State transportation system.
If you have any questions regarding this response, please call
Wilford Melton at (213)620-6160.

Original signed by
Gary McSweeney
IGR/CEQA Coordinator
Transportation Planning and
Analysis Branch

cc: Mr. Ralph Steele
city of Oxnard

JUN 2 ~ 1990

CITY OF OXN.-'RD
""~4MUNliY DEVELOPMEW
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EXHIBIT A

UNOCAL OIL AND GAS DIVISION

Platform Gina To The Mandalay Facility

6-5/811 Pipeline Repair And Conversion

Revision 1

December) 1989

Prepared by: Unocal Oil & Gas Division

P.O. Box 6176

Ventura. California 93003

805/656-7600



January 29, 1990

Outline of Unocal project description for "Platform Gina
Pipeline Line Repair and Conversion Project".

I. Platform Gina

A. Located 6 miles SW of Oxnard

B. OCS P-0202

C. Existing platform on production since 1982

D. Pipeline length is 6.2 miles between Gina and Mandalay

E. New facilities are consistent with approved EIR 78-19
concerning original installation of Gilda, Gina, and
Mandalay

II. Monterey Development

A. 4 exploratory wells have been drilled

1. Exploration completed with well H-14 in 1988

2. Development beginning with pipeline repair and
conversion

B. Gas zone with H2S present

1. H2S to be processed on Gina
a) state-of-the-art redundant

MonitoringjDetectionjAlarmjShutdown system
for H2S

2. Risk assessment study has determined project is
very safe and represents a minimal risk to public
health or the environment.

a) 2.7 in 1,000,000 annual chance of a release of
4 ppm H2S concentration near Mandalay

Page 1



III. Pipeline Repair
A. 3,000' of 32,000'+ route for 6-5/811 pipeline

1. 2,300' offshore (Mean High Tide Line (MHTL) to
2,300/)

2. 700/ onshore (Mandalay facility to MHTL)
B. Limited Excavation

1. 40/ in length and 4/ in depth of excavation at
offshore tie-in location

2. other excavation above mean low tide line (MLTL)
3. No sand dune excavation
4. Self-Burial Study and EIR 78-19

a) Minimal turbidity
b) No hard bottom habitats or kelp beds in area

C. 3 week project duration

Page 2



IV. Platform Gina Modifications
A. H2S Monitors

1. Ambient air monitors (installed)
2. 2 state-of-the-art pipeline monitors to prevent H2S

gas from leaving the platform
a) Redundant monitoring
b) . Redundant detection
c). Redundant alarm
d) Redundant shutdown

B. Separation Equipment
C. H2S Removal

1. Temporary Sweeteners (initial)
2. Permanent Plant (design from initial production

information)
D. Water Dehydration (either Gina or Mandalay)
E. Electric Driven Gas Compression (may be required)
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UNOCAL OIL AND GAS DIVISION,

Platform Gina To The Mandalay Facility
6-5/8" Pipeline Repair And Conversion
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December 8, 1989

INTRODUCTION

Unocal initiated this project, Platform Gina To The Mandalay
Facility 6-5/8" Pipeline Repair And Conversion in late 1988.
After completion of the design of the project a project
description was prepared in March of 1989. This preliminary
project description was provided to the City of Oxnard for review
and comment in order to address as many public agency concerns as
possible prior to formal submission to all the juristictional
agencies.

During the period between submittal of the preliminary project
description and the present the city conducted an extensive review
of the project. This review has resulted in the city issuing
studies of the project and soliciting comments from the other
juristictional agencies. Unocal has completed other studies and
background work to more fully describe the project.

At this time Unocal has published a second project description
entitled "Platform Gina To The Mandalay Facility 6-5/8" Pipeline
Repair And conversion project--Revision I" dated December 1989.
This document incorporates the new studies, is an expansion of the
description to address certain areas, and provides other
information assembled since the original description. This
revision is designed to provide an updated and complete
description of the project as the project undergoes the formal
review process by the jurisdictional agencies.

At this time Unocal would like to thank the City of Oxnard for the
work to date on Unocal's behalf and the ongoing coorperation.
Unocal also would like to stress it's intent to work closely and
cooperatively with all responsble agencies with this and other
projectS"•
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_ pROJECT DESCRIPTION: OVERVIEW

Platform Gina is located 6 miles southwest of Oxnard, California
within OCS P-0202 in federal waters. Platform Gina is in 95 feet
of water and has been on production in the Hueneme zone since
1982. The existing wells are produced by electric submersible
pump systems to the Mandalay onshore processing facility, located
in the city of Oxnard, through a 10-3/4 inch pipeline. There are
15 total well slots on Platform Gina, 6 oil producing wells, 5
water injection wells, 1 exploratory well (H-14), and 3 unused
slots.

oil and water separation and treating are conducted at the
Mandalay facility. The produced water was returned to Platform
Gina through a 6-5/8 inch pipeline for disposal. The 10-3/4 inch
and the 6-5/8 inch pipelines are the only pipelines between
Platform Gina and the Mandalay facility. The 6-5/8 inch pipeline
has not been in service since October, 1988 when a leak was
detected in the pipeline near the Mandalay facility.

L

The final exploratory well, H-14, is now being tested in the Sespe
zone in an effort to determine the size and extent of reserves
which underlie both OCS P-0202 and the adjacent tract OCS P-0203.
It is proposed to repair and then convert the 6-5/8 inch pipeline
from Platform Gina to the Mandalay facility from water return
service to gas sales service to evaluate the final exploratory
well, and provide for long term field development.

The phases of the project required to develop exploratory well
(H-14) will include the installation of gas processing equipment
on Platform Gina, conversion of the 6-5/8 inch pipeline to gas
sales service, and the modification of piping at the Mandalay
facility. All phases of the project will be consistent with the
highest industry standards with regard to engineering, safety, and
environmental concerns. The project is consistent with the
requirements of CFR 49 section 190-195 (Department of
Transportation Regulations), CFR 30 (Department of Interior and
Minerals Management Service Orders governing offshore platforms),
and provisions of CEQA (California Enviromental Quality Act).
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since the change in service of the 6-5/8 inch pipeline is the main
deviation from current permits and operating plans, this is the
phase of the project which will be explained in detail in the
remainder of this project description. EIR 78-19 provides
background consistent with using the platform to produce, process
and transport gas to shore via the pipeline. The 6-5/811 pipeline
was originally described as a water pipeline although it was
designed to standards to accomodate the conversion to gas service.
Another purpose of this project description is to summarize the
possibilities of development known at this time and explain the
options which will be pursued prior to long term field
development.

The project description will be divided into three separate
sections. Section I will identify current development plans,
section II will explain the repair of the pipeline and its
conversion to gas sales service, and Section III will identify the
equipment changes necessary on Platform Gina and at the Mandalay
facility to provide for gas sales.

To provide background for the project and support the original EIR
78-19 a risk assessment study has been completed to quantify the
risks associated with the project. The risk assessment study has
reviewed the following:

1. The overall project design.

)

2. The hydrogen sulfide (H2S) monitoring and shutdown system and
the probability of H2S gas leaving the platform and being
released to the atmosphere posing a public concern.

3. Comparison of design to industry standards, MMS standards,
DOT pipeline standards, and other standards where applicable.

4. Any other project areas that represent significant risk.

The folIowing page provides some historical highlights of the
Hueneme Field and Platform Gina to date, for general information.

Page .J
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PT. HUENEME UNIT
Des P-0202 & P-0203

BRIEF SUMMARY

• Unit Operator: Unocal

• UnocaJ's Working Interest: 100%

• Federal Government Royalty: 16.66%

• Surface Acreage: 2824 acres P-0202

5760 acres P-0203

• Water Depth: 95' at Platform Gina

HISTORY/HIGHLIGHTS

• Federal Lease Aquired in 1968

• 11 Exploratory Wells from 1969 to 1981

• 6 on OCS P-0202 and 5 on OCS P-0203

• 6 Production and 5 Injection 'Neils on Gina

• Exploratory Wells P-0203 #5 and #6 drilled in 1985

• Exploratory Wells P-0203 H-13 and H-14 drilled in 1988

• Cumulative Production 6.36 MMSTB of Oil and 1.65 BCF of Gas to
January, 1989

Page 8



SECTION I

I.l.O CURRENT PEVELOPMENT PLbNS

It is known that gas reserves underlie Platform Gina in oes tracts
P-0202 and P-0203 in the Sespe and Monterey zones. The size and
extent of these reserves will be determined by development
drilling and prodcution testing. The first well drilled to
explore the Monterey zone gas was drilled in 1985 from a mobile
drilling rig. This well, OCS P-0203 # 5, was plugged after
testing, but provided data that warranted further exploration. A
second well OCS P-0203 # 6 was also drilled in 1985.

Two wells were drilled in 1988 from Platform Gina. The first
well, H-13, was drilled and tested in the Monterey zone but has
been plugged and abandoned as a dry hole. The second well, H-14,
is currently completed in and is testing the Sespe zone that
underlies the Monterey zone. The Monterey zone in well H-14 is
potentially productive, based on analysis of information gained
during the drilling process. .

I.1.1 CURRENT EXPLORATORY WELL - H-14 (Drilled in 1988)

)

)

The current exploratory well, H-14, was drilled from Platform Gina
in the last half of 1988 and is currently completed in the Sespe
zone. Some drill stem and production testing have been done. The
tested Sespe gas does not contain any hydrogen sulfide and

'.conforms to all gas sales specification required by Southern
California Gas Company. The H-14 gas analysis and gas sales
specifications can be found in Appendix A.

oil and gas has been tested from the H-14 well by producing
directly into the 10-3/4 inch pipeline and using the separation
and treating equipment at the Mandalay facility. The well is
producing currently with a submersible pump from the Sespe zone.
This is the method used for the Hueneme zone wells which are
currently produced.

The Monterey zone is potentially productive in well H-14, and it
is planned to complete and test this zone when the testing of the
current zone is complete. The Monterey zone is possibly a sour
gas (hydrogen sulfide (H2S» zone. If this is the case, all gas
will be sweetened offshore prior to either flaring for short term
testing or transportation through either of the pipelines to shore
for long term testing or gas sales. Hydrogen sulfide (H2S) gas
will not be transported to the Mandalay facility through either
pipeline. In section III a further explanation of the gas
processing equipment will be provided.
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The basis for determination that the Monterey zone gas may contain
hydrogen sulfide is the gas analysis from drill stem test 2A of
well OCS P-0203 #6, which again was drilled in 1985. Of several
drill stem tests conducted on this well, only test 2A encountered
hydrogen sulfide, which was present at a level of 2,000 ppm. The
gas analysis of this drill stem test is also found in Appendix A.
All drill stem tests on wells H-13 and H-14 performed to date have
not encountered sour gas.

I.l.2 RESERVOIR QEVELOPMENT
Although it is difficult to determine the exact development size
of gas reserves under Platform Gina in OCS tracts P-0202 and
P-0203 until further drilling and testing are completed, some
assumptions have been made and will be presented. Current
drilling and geologic boundaries have determined that the gas
reservoir could require eight wells for full development.
The major reservoir to be developed is the Monterey zone. CUrrent
information about the reservoir indicates potential reserves of 33
billion cubic feet, producing at a maximum 18 MMSCF/Day rate after
all the wells are on production. A twelve year life is estima~ed,
and project timing is based upon drilling the second developement
well in 1990, three additional wells in 1991, and the final three
wells in 1992.

I.1.3 HYDROGEN SULFIDE TREATING
The exact concentration of hydrogen sulfide which the Monterey
zone will have is not known currently. Based on experience in the
Santa Barbara Channel and results obtained in pertinent drill stem
tests, it is assumed that the gas will be similar to gas
encountered in well OCS P-0203 #6. This is the closest Monterey
zone well to Platform Gina which has encountered sour gas.
Regardless of the concentration of the hydrogen sulfide in the
produced gas, the gas will not be sent to the Mandalay facility
until it is sweetened offshore to conform to the gas sales
specification. The gas sales specification is 0.3 grains per 100
standard cubic feet or 4 ppm (the gas sales contract and its
specifications are in Appendix A). The sales specification is
more stringent than the OSHA-PEL standard of 20 ppm, and the
American Conference of Governmental Industrial Hygienists (ACGIH)
standard of 10 ppm. Additional detail on these standards is
located in Appendix A.
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There are several methods available for treating the gas to remove
the hydrogen sulfide (H S). These methods range from chemical
scavenging with a variefy of chemicals to large scale treatment
plants. Unocal has experience in the production and treating of
sour gas produced from both onshore and offshore reservoirs. This
experience includes offshore treatment to prevent the shipment of
sour gas to onshore facilities, and also includes use of both
chemical scavenging and treatment plant technologies. Further
explanation of gas processing will be provided in Section III.
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SECTION II
II.1.0 6-5/8 INCH PIPELINE REPbIR- DESCRIPTION
This section of the project description summarizes the repair of
the 6-5/8 inch pipeline between the Mandalay facility and Platform
Gina. This repair will be completed prior to converting the line
to gas service, and will replace 3,000 feet of the pipeline from
the Mandalay Facility wall (about 600 feet above the Mean High
Tide Line (MHTL) landward towards the Mandalay facility), to a
point 2,300 feet from the MHTL seaward toward Platform Gina.
'Excavation, installation, and restoration required for the
pipeline repair will be explained in the following sections of
this project description. The time required for the repair of the
pipeline will be 3 weeks once work begins.

II.1.1 OVERVIEH OF PIPELINE
The subject pipeline is a 6-5/8 inch line 32,576 feet in length
between the Mandalay treating facility in Oxnard, California and
Platform Gina within OCS P-0202. The 6~5/8inch pipeline runs
from the Mandalay facility southwest beneath the sand dunes that
are northeast from the .beach. Beneath the sand dune the line is
inside a 10 inch protective conduit .. Once the line ~eaves the
conduit, a long radius bend turns the pipeline to 14 west.of
south and from this point the line proceeds directly towards
P1atform Gina. The as-built pipeline drawings can be found in
Appendix B.
The pipeline was installed in September of 1981 and was pressure
tested to 2190 psi for 25 hours. originally, pipeline burial was
performed by na~ural surf conditions in the surf zone. Subsequent
surveys have shown that the line has remained buried since
installation in the surf zone.
The pipeline has been in service carrying produced water to
Platform Gina for offshore disposal since 1982. In 1985, a 650
foot portion of the pipeline was replaced from the Mandalay
facility seaward towards the surf zone. This replacement was from
the wall of the Mandalay facility to the MHTL (see 1985 Repair,
as-built drawing in Appendix B).
original documentation for the pipeline such as EIR 78-19 and the
pipeline design conducted by PMB Engineering (in Appendix A) refer

_~ the 6-5/8 inch pipeline as a "water pipeline". The pipeline was
built to the same standards as the adjacent 10-3/4 .inch oil
pipeline and the three Gilda pipelines of which one of which is a
gas pipeline. The proposed change to gas service is consistent
with the original design.
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The condition of the pipeline has been surveyed annually since the
original installation. This is done by alternating a Side=Scan
Sonar survey and a Linalog survey each year. The Side-Scan Sonar
survey is an external survey and verifies pipeline burial and
external damage; the Linalog survey determines internal and
external damage of the pipeline, but does not delineate bu~ial
conditions. The' results of these surveys are presented in
Appendix C. The survey results are reviewed by the Minerals
Management Service annually.

II.l.2 PIPELINE REPbIR PROCEDURE
The first step of the pipeline repair, which has been completed,
was to locate the pipeline in reference to the beach and ocean
floor in the area of the repair. All surveys conducted of ~he
line since it was installed have shown that the pipeline is buried
in the repair area. It was also necessary to determine the depth
of cover to obtain data on the required excavation and offshore
tie-in. A drawing was made to show the pipeline route, contour
of the beach and ocean floor, the depth of pipeline coverc and the
proposed onshore and offshore tie-in points (see Appendi~c Be
drawing 7). The pipeline has 4 feet of sand coverage throughout
the repair area.
The second stage of the repair will be to cut the pipe at the
offshore tie-in point, which is 2,300 feet from the MHTLo Once
the pipe is cut, a small section will be removed for inspection
purposes and to allow room for the tie-in. A subsea connec'tor and
a pipe flange with a blind flange attached will be installed.
After this second step in the repair operation, the pipeline from
this point to Platform Gina will be pressure tested to 900 psi.
This test will ensure integrity of the subsea connector and the
remaining pipeline toward Platform Gina. Once the test is
successful the project will proceed to step three. If thG
pressure test is not successful, the cause will be determined,
necessary repairs will be made accordingly, and the pressure test
will be repeated.
Step three will to weld together 2,700 feet of the replacement
pipe on the beach. This will be performed in accordance B:t~h the
procedure detailed later in this repair plan. The City of O~,nard
has approved the welding of the pipe on the beach and an
encroachment permit was approved for beach access.
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The fourth step of the pipeline repair procedure will be to pull
the replacement pipe to the offshore tie-in point and perform the
tie-in. Once the pipe is pulled to this point, it will be flange
connected to the existing pipeline from Platform Gina using the
fittings installed in step two. This will leave 400 feet of
replacement pipe on the beach which will be run in the right of
way and at the same level as the existing pipeline.
The final step will be to weld the additional 300' of pipe to'get
from the Mandalay Facility to the point where the offshore pull of
the pipe terminates. The beach work will be conducted with
conventional equipment. The pipe will be pulled through the 10"
conduit that runs underneath the sand dune to prevent any
alteration of the dune area.
The surf zone and offshore burial will be accomplished by
conventional equipement as far as practical. Hydraulic jetting
will be limited t~areas in which the surf zone energy is not
sufficient to bury··the line. The remaining line will bury itself
by the natural wave energy. This is described in detail in the
"Evaluation of the Potential for Self-Burial of the Proposed
Unocal Gina Pipeline" study completed by the University of
California, Berkeley in May of 1989. The pipe will obtain burial
to the same depth as the current line (4 feet) in a short period
of time induced by the natural surf conditions. The onshore
section will be buried mechanically with conventional equipment.
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II.2.0 PIPELINE DESCRIPTION AND DESIGN
The original pipeline installation was designed in accordance with
standards found in Title 49 CFR Part 192 from the Code of the u.s.
Department of Transportation Regulations, and the Minerals
Management Service O.C.S. Order #9. These are the standards which
apply to the transmission of gas through pipelines. The 1985
repair was conducted to these standards and the proposed repair
and conversion plan is designed to meet these same standards.
The new pipeline will be identical in size to the original
pipeline: minor coating differences will be described below. The
original pipeline design was done using engineering analysis
methods by a consultant, PMB Systems Engineering, and this
detailed information is contained in Appendix D. This study
addressed sea currents, pipeline cathodic protection, pipeline
coatings, and other pertinent design information. Any deviations
from thi~ study are explained in the next section •

II.2.1 MATERIAL SPECIFICATION
Pipe:
Schedule:
Weight:
Grade:
SMYS:
Design Pressure:
Operating Pressure:
Maximum Operating
Pressure:
External Coating:
Field Joint Material:
Length:
Concrete Coating:
Concrete Weight:
Corrosion Anodes:
Anode Material:
Anode type:

6-5/8" o. D. Seamless
(original was ERW)
SCH 40 (.280" wall thickness)
18.97 pounds per foot
A106 grade B
35,000 psi
1440 psi
500 psi
600 psi
X-Tru coat polypropylene
(original was Pritec)
Thermofit WPC wraparound sleeves
3,000 feet
1.00 inch
(original was 1.75 inch)
25.36 pounds per foot
300 feet apart
Sea-alloy 150
(original was Galvalum III)
1/2 shell bracelet

.~

This material to complete the line repair has been obtained and
the purchase orders, pipe inspection data, and other information
for the material can be found in Appendix D •
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II.2.2 EXTERNAL COATINGS
The polypropylene coating was chosen because it will provide
suitable protection for the pipeline and it was readily available
at the time the pipe was obtained. A letter from the Uno cal
Science and Technology Division is provided as a supporting
recommendation for this choice of coating (see Appendix 0).

II.2.3 CATHODIC PROTECTION

The original pipeline cathodic protection system was designed for
a 20 year life. This original design is in Appendix D in the PMB
Systems Engineering report of May 1981. The original design
called for 88 pounds of anode per 1,000 feet of pipeline, and the
repair plan will result in 190 pounds of anode per 1,000 feet of
pipeline.
The line has been surveyed twice since its original installation
for cathodic protection. The first by Harco Corporation in
January, 1984 indicated the only problem to be a short across an
insulating flange located at the Mandalay facility, which was
corrected. The Unocal Science and Technology Division now tests
the performance of all such flanges annually to verify their
proper operation. The second survey was conducted by Corrpro in
February, 1989 and the results of that survey indicate that
adequate cathodic protection is being given to the 6-5/8 inch
pipeline. The complete survey results are in Appendix C. '

II.2.4 CONCRETE COATING

The difference in the concrete coating thickness of the
replacement pipe has been addressed in a burial study conducted by
the Ocean Engineering Oepartmant at the University of California:
at Berkeley. This study, Evaluation of the Potential for Self=

'Burial af the Proposed Unocal Gina Pipeline, May 1989 is provided
under separate cover.

Page 17



II.2.5 SPECIFIC GRAVITY O::'__?IPELINE

The following table summarizes the net buoyancy of the replacement
pipe section of the 6-5/8 inch pipeline:

SURF ZONE
W/CONCRETE

OFFSHORE
W/CONCRETE

Pipeline
Empty

Pipeline
Full

Negative
Buoyancy
Obs/ft)

43.06

55.83

Specific
Gravity
(water=l)

2.36

2.51

Negative
Buoyancy
(lbs/ft)

18.49

31.26

Specific
Gravity
(water=l)

2.09

2.22

i .\ ..",-.'

\,

II.2.6 CONNECTING SPOOL PIECE

One connecting spool piece will be required to perform the repair
of the 6-5/8 inch pipeline. This connecting spool will be located
at the offshore tie-in point, 2,300 feet from the MHTL.
The connecting spool piece will join the replacement pipe to the
existing line, using standard pipe flange connections. The spool
is necessary to provide the needed fit between the existing and
replacement pipe sections. The actual length and configuration of
the connecting spool piece will be determined after the
replacement pipe pull using actual field measurements.
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II.3.0 PROJECT CONSTRAINTS

All construction projects of this type are cbnducted in a
professional manner, stressing safety and environmental protection
equally with other measures of job performance. Unocal realizes
that the range of the project includes public areas, and the
guidelines listed below will be strictly enforced during the
construction period.
1. All vehicular access will be from Fifth Street in the City of

Oxnard. This will require grading a small portion of sand
entering the beach and the installation of a temporary gate.
A guard will be posted during the construction period in
order to protect and inform the public. Once the project is
complete, removal of all equipment from the beach will be
done as soon as possible. The beach and access area will be
regraded to its original level.

2. The pipe staging and welding area will be north of the
original pipeline, towards the Edison outfall canal.

\".,
1

3. When equipment is on the beach, vehicular traffic will be
kept to a minimum. Equipment will be left on the site
whenever possible rather than removed and returned to the
site. Crew transport in and out of the facility will involve
crews walking over the sand dune adjacent to the project
area, east of the Mandalay Facility. This foot traffic
through the sand dune area will be minimized and will be
rest~icted to a designated area.

4. The sand dune area is strictly off limits except for the
designated area. A temporary fence will be constructed
between the sand dune and the job site to prevent any
unauthorized vehicles or personnel from entering the area.
This fence will be removed upon project completion.-

5. Good housekeeping policies will be strictly enforced. Unocal
and the contractor will exercise diligence to conduct all
operations ina manner that will prevent pollution, and will
comply with all applicable laws, ordinances, rules,
regulations, leases, or provisions regarding all forms of
pollution. No garbage, trash, waste, or other pollutants
will be discarded or discharged on the beach or in the Santa
Barbara Channel. Unocal and the contractor will be
responsible for all trash, surplus tools, and other equipment
removal during the project.

'.

)

6. The area of the project has occasional pedestrian traffic.
The time that a trench is open will be minimized, and the
trench area will be barricaded with warning lights and .a
guard at night.
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7. Unocal will provide a 24 hour guard for purposes of informing
the public, security of the area, and prevention of
unauthorized access to the beach. The guard will be at the
Fifth Street access during operating times and will be at the
job site the remainder of the time. The guard will be
present from the project start up to completion and will be
equipped with a 4 wheel drive vehicle and radio
communications.

c,

\,

')

)

II.3.1 GENERAL PRQJECT REQUIREMENTS

The contractor (Hood corporation) has provided Unocal a complete
list of all equipment, methods, facilities and items to be used
during the project (See Appendix E).
The contractor will be required to transport the pipe and material
from the access area at Fifth street to the job site and will
provide suitable equipment for this work. At completion of the
project, Unocal and the contractor will be responsible for removal
of all unneeded material from the job site to appropriate storage
yards.
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II.4. a INSPECTION AND TESTING REQUIREMENTS ' .

All welds will be made in accordance with Unocal's·welding
procedure (see Appendix E) and will be radiographically inspected~
The standard for acceptability shall be API Standard 1104
"Standard for Welding Pipelines and Related Facilities", as
directed by Title 49 CFR Part 192 (gas pipelines) of the Minimum
Federal Safety Standards. All welders will be certified to this
standard before work on the project commences.
Once the pipeline tie-ins are made, a pressure test will be
conducted. This test will be conducted at 900 psi and will tesi:.
the entire pipeline from the Mandalay facility to Platform Gina.
The test will be held for a minimum of 4 hours and witnessed by
the Minerals Management Service and a Unocal representative.
Prior to covering the pipe, the location of the line will be
surveyed for the permanent records. The installation contractor
will provide the surveyor with assistance as required for both the
onshore and offshore sections of the survey.
Before covering the pipeline and during the pipeline pull, the
replacement pipe will be inspected for coating flaws. All flaws
will be repaired before the pull operation continues, or before
the pipe is buried. Repairs will be performed in.accordance with
the pipeline coating manufacturer's recommendations.
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II.5.0 PIPE WELDING AND PULLING REQUIREMENTS
The replacement pipe will be welded according to Unocal's welding
procedure (Appendix E) and will be welded in the onshore staging
area in a series of three to six side-by-side strings. The first
joint of pipe will have a 6 inch flange installed, which will
connect the replacement pipe to the subsea connector at the
offshore tie-in location.
Replacement pipe sections with cathodic protection anodes will be
installed approximately 300 feet apart. The first anode equipped
section will be the first.full pipe section of the pull.
Each weld joint on the pipe will be equipped with protective
sleeves installed according to manufacturer's specifications.
Before and during the pulling operations, efforts will be made to
insure that the external coatings are not damaged. Additionally,
the replacement pipe coatings and anodes will be inspected and
repaired,·if needed, both prior to and during pulling operations.
The pulling of the pipe will be conducted in a manner which will
not compromise the external coatings nor overstress the pipe or
its concrete coating.

II.5.l TIE-IN PROCEDURE

The offshorp tie-in location will be 2,300 feet from the Mean High
Tide Line (MHTL). After excavating small holes for accessq the
pipeline will be cut at the tie-in point and again some 40 feet
landward. The resulting 40 foot section of pipe will be removed,
providing room for the replacement pipe to be connected to the
existing pipeline.
The subsea connector and a pipe flange with a blind flange
attached will be installed by divers. An underwater habitat will
then be installed at the tie-in point so that a dry welding
environment can be obtained. After the habitat is installed it
will be filled with an inert gas and the subsea connector will be
welded with a pipeline quality seal weld.
The pipeline will then be pressure tested to 900 psi between
Platform Gina and the tie-in point. This test will ensure
integrity of the subsea connector and the remaining pipeline.
Once the pressure test is complete, the replacement pipe Qft the
beach can be made up in accordance with the previously ou~lined
procedures (sections II.3.D through II.5.0) •
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II.6.0 MATERIAL PROVIDED BY UNOCAL

~. 3,000 feet of 6-5/8 inch diameter schedule 40 pipe,
externally and concrete coated.

2. 9 pipe sections equipped with cathodic protection anodes.
3. Protective sleeves.
4. six - 6 inch nominal 600 series RTJ weld neck flanges with

rings, studs, and nuts (only 4 should be required).
5. Two - 6 inch nominal 600 series blind flanges (for testing

purposes and pipeline pull).
6. Two - 6 inch 10 diameter sweep bends (none should be

requ~red).
7. Fencing for the sand dune area (work will be done prior to

project start after permits are approved).

II.6.1 MhTERIAL PROVIDED BY CONTRACTOR

All equipment and consumables necessary for project completion not
provided by Unocal will be provided by the contractor. These
include, but are not limited to, welding materials, excavation
equipment, buoys for line buoyancy, marker buoys for post'line
replacement survey, fittings for pressure testing, and coating
repair material. '
The contractor will provide equipment designed to minimize the
total equipment needed to complete the project. Equipment which
can serve dual roles will be used whenever possible.
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II.7.0 POST LINE REPAIR REQUTREMENTS
Once the project is completed, Unocal and the contractor will be
responsible for removal of the fence between "the sand dune and the
beach area, and for the clean up of all material that remains on
the beach. All equipment utilized for the project will be removed
from the beach promptly upon project completion.
The beach sand will be graded to the same contour as before the
project commenced. Removal of the gate at the access area, and
the regrading of this area, will be completed by the contractor.

The pedestrian walk area in the sand dune area will be the
responsibility of Unocal and the contractor. Any areas disturbed
will be recontoured and revegetated. Watering of this area will
be done until the vegetation is properly established.
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SECTION III

III.l.O PLATFORM GINA AND THE MANDALAY FACILITY EQUIPMENT

(

In order to process the gas produced from Platform Gina, equipment
will be installed on Platform Gina and some piping modifications
will be made at the Mandalay facility. The current processing
method has been to produce the current exploratory well (H-14)
through to the Mandalay facility using the 10-3/4 inch oil
pipeline, with gas separation and treating performed onshore as
previously mentioned. The H-14 well is currently on production in
the Sespe zone with a submersible pump producing the oil and
associated gas.
The proposed processing method is to install the necessary
equipment to separate and treat gas on Platform Gina once the
pipeline repair is complete. All modifications performed or
equipment installed at the Mandalay facility or on Platform Gina
will be designed, installed, and operated in accordance with all
applicable standards regarding safety and environmental concerns,
The equipment installed on Platform Gina will conform to the
highest industry standards and Title 30 CFR Part 250,of the
Department of Interior regulations governing'offshore platformsp

and provisions of CEQA (California Environmental Quality Act).
All equipment modifications at the Mandalay facility will be"
permitted with the city of Oxnard before they are installed.

III.l.l CURRENT STATUS OF FACILITIES

)

Before the drilling of wells H-13 and H-14 took place from
Platform Gina in 1988, three projects were completed to facilitate
testing and potential new field development. One project was the
structural modification of the platform drilling deck to allow for
higher hook loads during the drilling operations. Higher hook
loads a~e the result of the greater measured well depths to reach
the prospective Monterey zone areas. This work will allow
drilling the remaining 3 slots on Platform Gina, and additional
slots can be added in the future as needed, with other structural
modifications.
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A second project was to construct a 23 foot by 40 foot production
deck ex~ension on the west side of the platform to provide room
for tes~ equipment and a temporary flare stack was installed to
test the wells. The deck extension space was utilized for the
temporary well testing equipment and will also be available for
some of the permanent facilities. The temporary test equipment
consis~ed of a test separator, 2 temporary sweeteners, and a flare
scrubber. The flow schematic is in Appendix F. The 2 temporary
sweeteners were not used as the gas encountered during the H-13
and H-14 drill stem tests of the Sespe zone has been sweet. The
Monterey zone gas from well H-l4 is expected to be sour, but has
not yec been tested.
The thi=d project which took place was to install a complete
ambien~ hydrogen sulfide monitoring system on Platform Gina as a
safety precaution. This system consists of eight monitors at
various locations around the platform to monitor the air for
hydrogen sulfide (H S). This system has been wired into the
platfo~'s control !ogic system to effect complete platform
shutdown should a dangerous level of hydrogen sulfide (H S) be
encountered. In addition, a hydrogen sulfide contingency plan was
developed for Platform Gina. The deck layout plan for the ambient
air hydrogen sulfide monitors is included with the Fire and Safety
Equipment Arrangement Drawing in Appendix F. The H2S contingency
plan is on file at the platform and at the Minerals Management
Service. Both of these measures are industry safety standards and
conforn to 30 CFR Part 250 of the Department of Interior
regulacions for offsilore platforms.
Wells H-13 and H-14 were drilled after completion of the three
projec~s described above. Well H-13 was a dry hole, and only
limited drill stem testing was conducted. H-14 was drill stem and
produc~ion tested in the Sespe interval, with production testing
performed by blending the production directly into the 10-3/4 inch
pipeline with the current Hueneme zone production. Existing
equipment at the Mandalay facility separated, treated, and
prepare~the gas for sale. The sale of the tested gas and
production of H-14 is ongoing because the gas does not contain any
hydrogen sulfide (H2S). The flow schematics for this testing
equipment used prior to installation of the submersible pump are
presented in Appendix F.
A current project underway to provide for future well testing and
permanent processing of the production at Gina is a permanent
flaring system. This system will be designed for a maximum
throughput of 18 MMSCFD rate and will be complete by the end of
1989. This flare boom system will provide a flare scrubber, seal
drum, smokeless burner design, and a flame extinguishing system.
This system will conform to regulations 30 CFR 250 and to API 521,
governing offshore flaring installations. A schematic diagram of
the system is in Appendix F.
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( III.2.1 MONTEREY PRODUCTION FACILITIES
In order to produce the prospective Monterey inter~al in well H-14
once the pipeline is repaired, a separation system and treating
system will be installed on Platform Gina. The flow schematics
for this equipment are presented in Appendix F. Initially,
temporary equipment will be used to provide flexibility for the
test volumes and hydrogen sulfide (H2S) concentrations of the gas.
As development with additional wells takes place, permanent
facilities will be designed and installed.

III.2.2 TEMPORARY HYPROGEN SULFIDE SWEETENING FACILITIES

(

The initial equipment installed will include a gross separator,
two batch sweeteners, two hydrogen sulfide line monitor, and a
final gas scrubber. The batch sweeteners will each be capable of
treating a gas volume of 3.0 MMSCFjDay and sweetening from a
hydrogen sulfide level of 2,000 ppm to less than 4 ppm. The
associated liquid production will be handled by an existing
shipping tank with two triplex pumps, each of which are capable of
2,000 barrels of liquid per day. This liquid will be shipped to
Mandalay through the 10-3/4 inch pipeline.
Initially, this equipment will be utilized for only the current
well H-14. All gas will be sweetened to the pipeline
specification for hydrogen sulfide before it enters the 6-5/8 inch
pipeline. The hydrogen sulfide pipeline monitors will verify that
the gas is under the 4 ppm specification before the gas enters the
pipeline. If a hydrogen sulfide level exceeding the 4 ppm
specification is obtained, the monitors will automatically shut
down the producing well or wells and the pipeline shutdo~n valve
will be closed. Southern California Gas Company has a monitor as
well at the Mandalay Facility-on the sales gas meter. The flow
schematics of all the equipment can be found in Appendix F.
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III.2.3 PERMANENT HYDROGEN SULFIpE SWEETENING FACILIT:
As the production phase proceeds to full field developme
additional facilities and equipment will be needed. This could
include the installation of additional deck space along the south
side of Platform Gina to allow for some of the equipment. The
additional equipment could include a standard production and test
header system, a test separator, a gas dehydration unit, a
permanent sweetening plant, and gas compressors. The actual
equipment needed would be based on future well test results and
detailed reservoir evaluation.
III.3.D HYDROGEN SULFIDE REDUNPANT MONITORING, DETECTIQNL

SHUTDOWN, AND ALARM SYSTEM

I

\.

)

As part of the temporary and permanent installation of facilities
on Platform Gina to produce the hydrogen sulfide gas a redundant
H2S monitoring, detection, shutdown, and alarm system will be
installed to monitor the H2S concentration in the gas before it
enters the gas pipeline leaving Platform Gina. This will provide
two separate verifications of the H2S concentration before the gas
leaves the platform. This will insure H2S gas does not leave the
platform via the pipeline.
The redundant monitoring, detection, shutdown, and alarm system
for the H S'in the gas stream at Platform Gina will ce .: ..' . .
accomPlis~ed'bY'-3!sepa:rate--His -monitors~· "Tnese 'monttors:··t-j.tll--be2:
at Gina, and the.Jrd monitor will be the Southern California Gas
Company monitor at Mandalay. The redundancy of the monitoring is
that the gas from Gina will be verified for H2S concentratiDD 2
times before it leaves Platform Gina and one more time before
sales are made at the Southern California Gas Company meter at
Mandalay. This system is considered by Unocal to be more than
adaquate to insure that H2S gas does not leave either platformQ
The relibility of this system has been more fully discussed in the
risk assessment study prepared entitled "Platform Gina Gas
Production And Pipeline Mandalay Onshore Receiving" dated November
21, 1989-.
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<:» The monitors operate by being sensitive to hydrogen sulfide and
sensing the rate of lead formation on a lead acetate coated paper
by use of a photo-cell and a light source. This type of monitor
has proven to be reliable and is extensively used in the industry
by gas transmission companies like Southern California Gas
company. The continuous monitors are designed to activate an
alarm should a treating system upset occur that results in a
hydrogen sulfide concentration of 2 ppm in the gas stream. The
continuous monitors will activate shutdown of the gas producing
well or wells should the hydrogen sulfide concentration reach 4
ppm. The alarm and shutdown features are fully automatic, and the
monitors themselves are regularly calibrated, with the results
reviewed by the Minerals Management Service.
With regard to the timing of the H2S monitor installations at
Gina, the new H S monitors at Gina will be installed ~~ior to the
initiation of gis sales from Gina via the 6-5/8" pipeline and
after the permit is obtained.

00 The following pages show a table of the H S monitors and a
simplified schematic of the locations of the monitors for Platform
Gina. This will identify the function of each monitor in detail.
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H2S RedundantlMonitoring/Detection/Shutdown/hlarm Svstems

Platform Gina Proposed Monitor-Monitor A
1. Monitor: Gas stream on Gina
2. Detection: H2S content
3. Shutdown: 4 ppm H2S
4. Alarm: 2 ppm H2S
5. Install: During the facility

installation at Gina and
before sales commence.

Proposed Monitor-Monitor B (Redundant Monitor)
1. Monitor: Gas stream on Gina downstream

of monitor A

) 2. Detection: H2S content ,

3. Shutdown: 4 ppm H2S
4. Alarm: 2 ppm H2S
5. Install: During the facility

installation at Gina and
before sales commence.

Additional Redundancy: Gas is monitored in the same manner by the
Southern California Gas Company (monitor C)
monitor at the sales meter at the Mandalay
Facility.
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\ Mandalay Facility Current Monitor-Monitor C

1. Monitor: Gas stream of Gilda
(currently) and Gina (when
sales begin) at gas sales
meter

2. Detection: H2S content
3. Shutdown: 4 ppm H2S
4. Alarm: 2 ppm H2S
5. Owner: Southern California Gas

Company
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Memorandum

UNOCAL(W

June 26, 1989

TO:
FROM:

Rt;' •...

Bill Weldon
Chris Culver ae
Abandonment of 6-5/8" Gina Pipeline Section

\"

To confirm and support the conv~rsation of the questioxt 9f
how the 2700' section of pipeline should be abandoned revieB has
been conducted of the surv-eys:::and"st.ud.i.e s conducted on the
6-5/8" pipeline between Pla~tor~i~i..IlCljand Handalay. ,'Abandon...ment
of the pipeline in place,:ci;st:a.Qc~p"1;:,g);~l.,e:~.du,eto.::theheavy speci,fic
weight of the-.pipeline,'the..gw-C!vef.cUtl,I¢eI)t.climate,and the local
geology of the Mandalay~eac.1}:7~rea.t"",History~and study, oft,h~
pipeline, support that the abandoned line will remain in place. A
secondary intent of abandoning the pipeline in place is to
minimize the disturbance of the seafloor. If desired, the pipeline
section cut and abandoned can be attached to the 10" pipeline
adjacent to it, jetted deeper and sand bagged, or anchored in
place in some other manner, but this is not deemed necessary to
keep the line in place.

A study conducted by the University of California titledo'
Evaluat~on Of The Potential For Self-Burial Of The Proposed Unocal
Gina 'Pipeline is" specific ,to the 6-5/8" pipeline in the Mandalay
location. This study is dated Hay 1989 and was conducted by
leading authorities on the subject. This study"is an enginee~ing
evaluation of the mechanisms behind the pipelines tendency fQ~
self-burial when acted upon by the natural forces specific to the
Mandalay area. The conclusion of the study page 71 and 72 is
attached for reference. Since the abandoned section of pipel.in.e
will be in the same condition as the pipeline modeled in the study
the same conclusions will be applicable.

Page 33 .,.



-,

Basically the study indicates that if the pipeline should be .
acteq on by a storm condition which should remove the cover on'the
pipeline, the line will be acted upon by self-burial mechanisms.
Since the pipeline has a greater density than the supporting media
in the area burial will occur. The geology of the area indicates
that the area is composed of unconsolidated sediments. The
original pipeline design more fully describes the geology of the
area in Appendix D of the Project Description.

Additional information in Appendix C of the Pipeline
Description will support the self-burial of the pipeline. In this
appendix are the Side Scan Sonar studies that show the pipeline to
have been buried in the area of interest since original
installation.

" An additional piece of information a~ to the depth the line
is currently buried can be found in the drawing appendix of, the
Project Description, Appendix B, Drawing 7. This drawing shows
the points offshore where the line was physically located by
jetting the sand and locating the pipe. 'Thesepoints .are
delineated by the small circles on the line representing the
pipeline. Each of these locations has shown~the line to have at
least 4 feet of sand cover currently.' The-onshore .deptho,f,the,
line was determined using a pipeline."locator and t.he. '3:ine"was:.not"""
physically located. The'onshore depths are also indicated by ,
circles on the pipeline in Drawing 7.

If there are any further questions regarding the abandonment
of the 2700'section or other assistance is needed regarding the
project please contact me.

CC: Greg Leyendecker

Page 34



I
51
I

~

•
~

C,...
;!.
~

~

I-'

I
I
~

m

For the study area of Mandalay Beach, sidescan sonar

studies of the previous pipeline between.·Gina platform and

the Mandalay Beach Po~er station by Pelagos Corp. (Jan. 1984;

Jan. 1986, Nov. 1986, and August 1988) and Intersea Research

Corp. (Dec. 1982) indicated 99%burial of the pipeline along

~ts entire length especially in the 3000 foot zone in

question. The surveys bet~een 1984 and 1988 indicated an

extension of the burial length of 1000 feet near platform

Gina ~hile the pcver cable laid at the same time showed

complete burial for 6200 feet in the similar area. At no

time ~ere unsupported spans identified .

These field observations --tend· to' confirm the ranges of

self-burial,ct~pths and rates projected for the-Gina Pipel-ine.- .-- - _.

Conclusions:

The pipeline under study has a high potential for rapid

self-burial from the MLLW line to 3000 feet offshore. The

self-bu'rial of the. pipeline is due in part to the heavy

specific ~eight of the 'pipeline, the wave-current climate,

and the local geology and sedimentology of the Mandalay Beach

area. Offshore migration of sediment sho~s a steadily

increasing bed level in the area. Therefore, the depth of
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burial expected over the next one to ten years is bet~een 2
and 4 feet. Eventual breakout of the pipeline is unlikely
since there is an annual increase in bed level elevation.

...
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Memorandum

July 18, 1989

To: Bill Weldon
From: Chris Culver
Subject: Equipment Description of 6-5/8" Pipeline Project

This letter is to provide further information as to the
estimated total vehicle trips per day and the suggested truck
route of the equipment used for the pipeline repair project
as requested in the letter to you from the City of Oxnard-
dated July 6, 1989.

First of all it is anticipated there 'will be six loads
of equipment and 3 or 4·loads:qf:·~,p:ipe·;tha"twill be ,~
transported to the site at ,-tl)e!:"s.tart:con;Lthe,iproje'ct~::-;This
equipment will remain on the pro:jeon.J.si.te"Auring,the·rent;.'ire
project. This heavy truck ~tra:Lfic'['wi:ll:('e'x~-'tT:the;XlO.'1:':Freeway,.
at Victoria, .travel south onVictor.ia";-'to~GonzalezT west on '
Gonzalez·to 'Harbor, south on Harbor to 'Fifth, and west 'on
Fifth one block to the temporary access at the west terminus
of Fifth street at the beach. Trucks may also stay south on'
Victoria to Fifth, and then west on Fifth to the west
terminus of the street. These 'are the two routes which will
be used. After the project is complete there will be six
loads of equipment to leave the site reversing these routes".
The equipment to be used has been described in the Hood '
letter dated November 14, ~989 and appears in Appendix E of
the Project Description (a copy is also attached). The pipe
will only be transported one way.

In addition to this equipment some miscellaneous lighter
equipment will be needed. This equipment will be a 2 ton
truck or smaller and is described below by typer number of
trips required, and when the trips are required:

\
".

Type
Backhoe, small
4WD pickup
X-ray truck
Pressure test

truck

rOA" 1·0COlIAEY 1-151 PAI~ lEO I~ USA

Number of Trips
2
8
l'
1
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Start and end

various
middle
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Daily project requirements will include 2 to 3
automobiles for Unocal supervising personnel, 1 automobile
for a Hood Corporation supervising personnel, 3 to 4
automobile or pickup trucks for transport of Hood Corporation
pipeline welding crew. Each of these vehicles will be parked
at the Mandalay Facility in the area south of the facility
outside the fence. Host of these vehicles will make only one
trip in and one trip out per day however a couple vehicles
may make more trips.

Two trips to the Fifth street access area will be made
for the security guards to switch out and the security guard
will have a 4WD vehicle which could be at the Fifth street
access or at the welding area. This 4WD vehicle will be in
the area during the entire project.
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<XN'rINGENC'f PUN FOR H2S and 502

The following plan is prepared to estaDlish procedures for safe operations on
Platform Gina while producing and handling fluids containing Hydrogen Sulfide
and Sulfur Dioxide. All personnel should be acquainted with this plan,
whether they are regular employees, contract service personnel or visitors.

This plan deals with hydrogen sulfide, since the only likely presence of
sulfur dioxide,would come froln burning of gas'with fractional conCentrations
of hydrogen sulfide. To avoid problems'With:s02,any intentional b~~ning of
formtion gas will be done lrom trie top 'of"a 'f1a're'boom'. In the event of an
unintentional fire, there will "be'mo:re"iinp;;r"tantt':problems'than:'sulfur.dio'xide,
to contend with, 'and all peCsonnelwill/"for ~obvfoos.reasons , wo:r·kup:;ind-af .i, (

;. ,

of the fire source in an effort to contain and extinguish it.
-,

I GENERAL

H2S is a poisonous gas. The degree of danger depends upon the concentrations
in the air breathed. It should be remembered that changes in atmospheric
conditions, wind, composi.cton of a gas, etc." can' quickly increase the
concentration many times. Poor ventilation in enclosed spaces or buildings
where gas my be leaking can cause the accumulation of dangerous
concentrations of H2S. H2S is colorless and 18% heavier than air and tends to

.,.
accumulate close to the floor or ground in depressions, inside of firewalls,
in manifold pits, in Surrp5, and above the roofs of floating roo~ tanks below ,
the up~r rim of the tank sides, or other unventilated and protected areas.
It is also possible if H2S is present, combustible gases could be ~resent.
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I I roxIe EFE'EcrS & PHYSIOLCGICAL RESPC<'lSE

The serious and acute effects of hydrogen sulfide oc~~r in the higher ranges
of concentrations: 500 or more ppm. Breathing in this atrrosphere results very
quickly in unconsciousness and stoppage of respiration. If this occurs,
artificial respiration will be required (in a fresh air area) within a very
few minutes to preserve life. If respiration is restored promptly, no serious
after-effects are expected from such an exposure. This points out the

\

absolute necessity of having at least two people present where hydrogen
sulfide is a possible contaminant.

Toxic Effects of H2S

c.

COncentration
in PPM

0.1

'-:::::. ,. .."". ::. '". . ..

require detection below this level.

::,'::~::-:;:.' _.-w- ,. ....~._.~ __ . _

10 Threehold Limit Value (TLV) recommend maximum safe level for
8-hour exposure.

20 CUrrent OSHA ·ceilinga concentration.
Respiratory irritation after long exposures.
Possible eye irritation.

50 current maximum allowable by CSHA up to 10 .minutes per day if
no ot~er exposure exists. Respiratory protective equipment
required at higher lev~ls.

100 coughing, loss of sense of smell, serious respiratory
irritation if exposure is prolonged.

500 OnconSClousness within 2 minutes.

1000

Respiratory failure within 15 minutes.
Immediately hazardous to life.
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page Three
"

Effects from exposures to ccncentrations in the range of 50 to 450 Pfffi are
irritation of mucous membranes, eyes, and tha respiratory tract. Although
hydrogen sulfide can be detected by smell in concentrations of less tl~n 1
ppm, exposure to 100 ppm for two to fifteen minutes and much shorter exposures
at higher ccncentrations will deaden the olfactory nerves to the extent that
hydrogen sulfide cannot 00 smelled at any concencrat tcn,

These effects are sufficiently unccmfortable (coughing, eye burn, theoat
irritation)~hat personnel f~niliar with the physiological response can
recognize t~e symptoms and teirove·::thelns'~Hves'~·ft6iilthe' area 'of contaminat ion,
The maximum concentration iif:whfcn5~in"em:pIoyee!:shcidld::work5for Ca petted 'of'
eight hours, a day without.re~pir-at6r:YSpfotedtitln.rTs'·l:lO'ppri l"(CSHA;' Rules<and:' )s }Co p!

Regulations: Fepe'?~l Registec-::10118.i72J< ?(-~'-;'[c.1 ,~r-r),,:~.
\-./-

III PERSCt-lNELSAFET'f

.- 'i:~

\

There will be sensors with alarms placed in potential areas of H2S release and
on purge and ventilation intakes. In the event of H2S rel~asa, the sensor~
will activate a'visible alarm on its meter and an, audible alarm when the
concentration reaches 10 ppm. At 20 ppm, a visible alarm (flashing red light)
in addition to the audible alarm will be activated. Personnel not actively
involved in controlling the situation shall proceed to a safe briefing area
when a H2S level of 20 ppm+ is detected in their: working area.
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Page Four

Work s escape SCBA' s will be available at various places on the platfcibfiifo&:

personnel engaged in control of an "H2S release. Locations of these un.:i.tsi1nd

their respective stored air systems may be found at the end of section I};
'.entitled 'EQUIPMENT LIST'.

self-contained, pressure-demand breathing apparatus are available for memDf;l:'S
of the working cxe« and supervisors so that an unexpected contamination of:

dangerous quantities of hydrogen sulfide can be corrected and placed under
control by the cr&.l in complete safety.

These units will be equ.ipped with 30-minute cylinders. Fifteen minute; U1X

masks are available to equip non-essential and transient personnel and
visitors to protect themselves vhi.L leaving the premises. The esca~c{lp;:5uJ.{~~
are ~ to be used foe enteringH2S-eontaminated areas; they are supplied Eor
escape fUr poses only.

Resuscitators with mas~, oxygen bottle and spare oxygen bottle will be located
in the drilling office and production control coom.

·~There will also be one movable blower on the platform of sufficient size to
enable the crews to create their own breeze and up-wind areas in the event of
H2S release during a dead calm.
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Ropes with safety harnesses to retrieve incapacitated personne l from
contaminated areas, and a Stokes litter or equivalent, wili be available ror
use on the platform.

Portable hydrogen sulfide detectors will be placed on board and distributed to
areas where it may become necessary to determine the ambient concentrations of
hydrogen sulfide at any time. In the event of an alarm from any source 1/ men
wear inq self-contained breathing equiplrent will work in teams m~nitarj.ng the-
hazardous areas with portable hydrogen sulfide detectors, and only when the
monitoring equipment indicates safe levels of this gas may personnel-re1nove
breathing apparatus, or personel without breathing apparatus, move·into these
areas once again.

IV TRAININ::i

A training program for all working personnel and supervisors will be
conducted. Regular operating personnel will receive annual refresher

\

instruction. First-time visitors/worke~s will receive training immediately
u?On their arrival to Platform Gina. This program will assure that all
workers will be familiar with the location and use of available equipment and
understand the physiological effects of hydrogen ~ulfide. They will also be
informed of the safety and alarm features on the platform and will be
instructed in procedures that 1l1UStbe taken in the event of an el~rgencY'.
This instruction will include the proper use of personnel safety equipment,
the use of mechanical ventilation equi~nent, the location of briefing areas,
identification of evacuation routes, and will also include the rapid
instruction of outsiders (who could be present in an ewcrgency) in the use of
the breathing equiplnent for their protection. Instruction will also include
familiarization with station Bills and Unocal's beard and contact l~s policy.
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Page Six

All paesonnel in the woeking crew will be trained in 'basic first aid. Weekly·
H2S drills will be conducted during training sessions and drills, emphasis
will be placed upon rescue and first aid foe H2S victims. Tha working ceew
will be trained in the use of the first aid equip~nt on board.

V OPERATING PROCEDURE:

Essential operating personnel are defined as the Production Forel~np M.O.
ills, M.O. i2's, M.O. i3's and others as designated by the supervisor.

All other company and contractor personnel and visitors are defined as
nonessential for the purpose of conteolling an H2S release.

In the event of an H2S alarm, the following procedures will be followed:.
WHEN ANY SENSOR READS 10 PPM H2S:
--There will be an audible alarm - WHOOP
--All personnel continue your normal wock or activity, but be alert.
NOTE: This is a very low concentration of H2S in which a parson.can

safely work for 8 hours.
--r:uring an H2S alarm, all Hot Work throughout the platform should

be stopped.
--All srrcking (which is normally confined to safe areas) .should be

stopped. Only when the Return to Wack signal is given Cdn c~t Work or
smoking be resumed (only in designated areas).

--Return to Work will be explained in more detail on the following page.

The production supeevisor will direct efforts to determine the source of the
alarm and corretive actions required.
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IF THE PR03LEM GETS WCRSE, WHEN THE SENSOR READS 20 PPM H2S:

--The audible alarm will start again and there will also b~ a
FLASHING RED LIGHT.

--Essential personnel will take instructions from the production supervisor
regarding the steps to be taken to guarantee safety and deal with the
problem.

--All Hot \~rk and smoking shall immediately cease until further notice •
. '

--Nonessential per:sonnel immediately go to the saf~ briefing area on the
12' level.

--Remain in that area until you are given one of.the following instructions:

-Return to work - because it has been decermi.ned by
the Production Foreman or the H2S specialist that it
is safe to do so.

--Prepare to be evacuated from the Platfor~, because the
H2S concentration has increased to the 10 minute allowable
of 50 ppm.

NOI'E: 20 P?T1 is also a low H2S concentration, in which a person can safely
work for a number of hours without any danger to his health, although there
may be some discomfor t .

Page 47



(

t,..

Page Eight

ExtreIre Danger (over 20 pf:XnH2S)

Cperational danger signs (8' x 4 ') indication -DANGER HYoo.CCEN SULFIDE H2S-

will be displayed on each side of the platform, and a number of warning flags
shall be hoisted in a manner visible to any water craft or airccaft that may
be in the area.

VI EVACUl\TICcl PLAN

If it appears the concencrat ico will spread to working or living areas, all
non-essenc iaf personne l will evacuate the facility. Radio comamtcat ion shall
be used to ale~t helicopter and water craft in the immediate vicini~y of the
condition, and agencies listed in Section X.

'1\.'0 briefing areas have been designated. They are located at the
HELIPORT
12 FCOT LEVEL

If there is a steady breeze, the upwind area shall be the safe briefing area
at any time. If there is no wind blowing, the movable blower will be
available to establish an upwind briefing a~ea where necessary.

Under normal conditions, each o~rating crew should undergo a hydrogen sulfide
drill each week, in conjunction with other drills required in offShore
operations. Drills should acquaint f)ersonnel with the problem or putting on a
self-contained breathing a!?paratus or an escape capsule, the use of movable
blowers and the best a!?!?roachesto their briefing areas, and how to abandon
platform stations. Records of attendance will be maintained aboard the
platform. ".
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Page Nine

At a fixed tine each day, one member of the crew •..•.i11 check the alarm systierns

to see that they are functoning.

The evacuation of personnel will follow the procedures set forth in the Coast
GUard Station Bill.

When the level reaches 50 ppn H2S in the working or living areas, all
nonessential personn~l will be evacuated as soon as possible, and all worl~ing
people will put self-contained breathing apparatus on and move to the u~~ind
briefing area for instructions. The movabl.e blower will be started, if

required to establish an ample area of safety upwind of the source. Men with
self-contained breathing apparatus on and functioning will survey the var i.ous

working areas with H2S detectors and report; to the man in charge of conditions
throughout the platform. The man in charge will then make the decision
whether to set the crew to immediate corrective action with self-contained
breathing apparatus on and functioning, or to evacuate as soon as ,possible.
The Production Supervisor will be contacted to assist with calling for oucs'ide

assistance, corrective action or platform evacuation.

ALL PERSCNNEL lfOU<ING IN H2S WILL USE 'mE BUDDY ~STEM •

.,.
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Page Ten

VI I FIRST AID

In "case a man is overcome, SWNOOn the nearest help, put on self-contained
breat~ing equiprent, then il'lVTIediatelyg~t the victim into the fresh air and
proceed as follows:

A. Apply mouth-to-mouth artificial respiration, without interruption,
until the resuscitator is available. Use the resuscitator until
normal breathing is restored. Symptoms may pass off rapidly:
however, keep the victim ••.•.arm, even during artificial respiratiol1o

B. sumron a doctor: as soon as pcsstb le ,
C. Summon transl?Ortation if required by doctor. When the oatient has

recovered and can be safely moved, he mJstbe sent to the hospital
and never allowed to stand until released by the doctor.

The man in charge of the working crew shall be in ful~ charge
of safety precautions and shall direct operations nec~ssa,y to
the safety and health of all people on the platfor:m.

VIII RESPONSIBILITIES OF PERSONNEL

The person.in charge of production operations at any time will also supervise
th~ action to be taken in an H2S emergency. An H2S consultant will be on
board Platform Gina 2 days/week. The consultant will maintain all H2S-celat~d
equipment, ensure its function and testing, su~rvise proper use sessions and
train any new ~rsonnel on board the platform. The production operator should
be fully acquainted with detector o~cation and ~ prepared to be. one of the.
front-line men in putting on his selt-cont~ined breathing apparatus and
testing the atmosphere at points directed by the Supervisor. (can't)
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One man shall also be designated in ~ach cre~ to take ovec th~ Supervisoc!~
position imnediately, if the Supervisor should becoma Lncapac icated by
hydr0gen sulfide inhalation.

IX BEARDS AND CCt-lTACTLENSES
EFFECTIVE, JANUARY' 1, 1988, ALL PERSQ;-lNELBOARDING PLATFORM GINA
MUST Nor HAVE BEARDS ffi FACIAL HAIR THAT WOOLD nrl'ERFEltEWITH FACE-H.)l,£!.<
SEALING.

Essent.ial operating personnel (defined in Sec V) are not allowed to wear
contact lenses ~hile on duty.

These requirements are necessary foc you, ~ho may await evacuation or.
who may be asked to stay on the Platform and deal t.-Jitha problem that

"
requires the use of fresh air bc~athing equipment.

X AGENCY' NarIFICATIat
The following agency shall be immediately notified if hydcogen sulfide
concentrations reach 10 ppm or above:

MINERALS MANAGEMENT SERVICE (call one)

\.

First
second

Third
Fourth

Bill Kohut .
C. Dennis Rdu
Rishi 'lYagi
Tom Dunaway

Oefice 805/648-5131 - Home
Office 805/648-5131 - Home
Office 805/648-5131
Office 213/688-2846 - Home
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XI. H2S CONSULTANT DUTIES & RESPONSIBILITIES Q~'PLATFORM GINA

The duties listed below are not intended to cover all situations which may
occur on the platform. It is intended as a basic quideline for H2S
operations. The consultant will be under the direct supervision of the
Unocal's Production For~nan and will, as much as physically possible, comply
with the requests of the production Foreman.

Weekly:
1. Check SCBA equipment for cleanliness, full preassure, and proper

location.

2. Repair, refill, and relocate equipment as necessary.

J. Drill Gina hands in proper use of H2S safety equiprrent.

4. Test H2S alarm system by gasing a sensor setting off lights
and audible alarms.

5. Send to appropr i.ace office a <sample or breathing air from compressor
for analyzation (post weekly Air Certificate).

6. calibrate H2S rronitor system and log results in Tester's log book,

Monthly:
1. Full function check of all H2S safety equipment on ooard platform and

log in Testers Log.
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XII APPE..'ffiIX

A. LISrI~ OF MEDICAL PE..qsOONELAND FACIU'!'IES

HOSPITAL

\

comrani ty l"ElOOrial Hospi tal
of san Buenaventura

2800 Loma Vista Road
Ventura, california

St. John's Hospital
333 North ·F- Street
Oxnard, california

Ventura Medical Group
".3003 Lorna Vista Road

Ventura, california
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Page Fourteen

AMBULANCE

Couctesy-Ventura
3110 Lana Vista Road
Ventura, california

Oxnard Ambulance service
321 south ·c· Street
Oxnacd, california

FIRE DEPARTMENrS

Ventura city
Oxnard Cicy

-,
POUCE DEPARTMENTS

Highway patrol
Ventura County .Sheriff

OXnard Police

Ventura
Oxnard

Hueneme
Page 54

(805) 643-5496

(80S) 486-6333

(80S) 643-6121
(80S) 483-2211

ZEnith 12000
('605) 648-3311

(805) 486~1663

(805) 642-8538
(805) 487-5511

(805) 488-4615
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u. s. Q)AST GUARD (Channel Islands)

HELICOPTERS

.Aspen

'.

ERA

-,

Page 55

(805) 985-9822

(805) 985-5416

(805) 922-1424
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U, S. COASl'GUARD (ChaMel Islands)

HELICOPl'ERS

Aspen
-,

ERA

-,

Page 55

(805) 985-9822

(80S) 985-5416

(805) 922-1424

.
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B. ~IN::; STANDARDS

(see illustration)

..
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Page Eighteen

c. PLATFORM GINA

H2S EQUIPMENT LIST .

ITEM i QUANl'IT'f '. DISCRIPTI~/LOC.ATICtl
1 1 Eight bottle cascade complete

with dual regulators
2 7 5 man manifolds located at North

and south boat landings 3 sub
d~ck, well room, production
area, quarters mezanrune

3 1 8 channel ambient H2S monitor
with sensors located on sub
deck, well room (2), production
area, purge air intake, crew
quarters

4 20 50 foot breathing air hoses

(.
complete with stainless coupling
and dust caps

5 12 6 foot breathing air hoses
complete with stainless
couplings and dust caps ..

6 1 Hand held portable H2S de~ector
7 4 High visability warning flags·
8 12 Model 502 work line/escape ft'esh

air breathing units

NOtE: This inventory will be augmented with additional equipm~ent
whenever necessary due to plac.form activity l~vel,
(construction, work-overs, ~tc).

Page 58



APPENDIX VOLUME 3

Exhibit B

City of Oxnard letter of November 18, 1988 granting approval of pipeline replacement and
staging area pursuant to Coastal Development Permit No. 85-5 and Resolution 6218
approving Special Use Permit No. 806
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CITY OF

nard
COMMUNITY DEVELOPMENT DEPARTMENT· 305 W. THIRD ST. • OXNARD, CA 93030 • (805) 984-4657

" IIOiARO J. MACe/O. DIRECTOR

November 18, 1988

Mr. J. S. Attebery
California District land Manager
Union Oil Company of California
2323 Knoll Drive
Post Office Box 6176
Ventura, California 93006

Dear Mr. Attebery:

Subject: Proposed Replacement of Leaking Return Water line to Platform Gina -
Coastal Development Permit No. 85-5

After reviewing the description of the problem ~ecti~n of pipeline (letter from:J. A. Cronk, October 21, attached) and the proposed repair project (letter from
C.R. Culver, October 28, attached), steps were taken to formally notify the
Coastal Commission (letter of November 4, attached) of our findings and·
recommendations concerning the proposed pipeline repair. Having received no
objections from the Coastal Commission as of this date and being cognizant of
the difficulty of scheduling repairs now that winter storms have commenced it
has been determined that:

1. The proposed repair proj ect can be cons i dered as a cant inuat ion '. of the
repair project authorized in Coastal Development Permit No. 85-5 since_
there would not be any deviation from the previously approved pipeline'
route. // '.

"

2. The proposed repair project wi 11 not have any s i gnifi cant ; mpacts on the
coastal environment because the construction activity can be limited to the
dry sand area on the ocean side of the sand dune and:wi1l be for a brief
period of time (e.g., two weeks), and any disturbance of the dry or: wet
sand area can" be readily corrected. "

Continuation of the repair work originally authorized under Coastal Development
.,.. Permi t No. 85-5 may be cont i nued as descri bed in your company ' s 1etter of

October 28, including the attached map subject to provisions and conditions as
fo 11ows:

1. The intent of all app l icab le- provisions of Special Use Permit No. 806 ~~'d
Coastal Development No. 85-5 shall be met.
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2. The boundaries of the access route along the dry sand portion of Mandalay'
'.' Beach from the westerly terminus of West Fifth Street shall be flagged to

.. '.:.' avo id encroaching on the sand dunes •
• I .•. ' :..••

..;.;.::) ..':3. ~Th~ .. b~~ndari es 'of the constructi on area shall be fl agged to prevent
". '..;:?- encroaching on the sand dunes.

• ••••• I' ' .••
I ••. • • t .••'.;0 • ~• : • ••

~ ". s., .

.:i..·.:;.::.:,~::'.·.\:·~. A guard shdalld ~e mabintained at ftheh westerly e~d of F~f~h Street to di rect
....: . traffic an a Vlse each users 0 t e constructl0n actlvlty ..

. .':

5. Immediately after the construction activity is completed and the new return
water line is tested and deemed satisfactory all areas of disturbance shall
be cleaned and returned to their original condition.

6. The Public Works Department shall be contacted to determine whether or not
an encroachment permi tis needed to move equ i pment and supp 1; es over- the
westerly terminus of Fifth Street. ..

7. Any damage to publ ic or private property stemming from the repai r. project'
shall be repaired at the sole expense of Union to the reasonable
satisfaction of the property owner.

8. Union is solely responsible for obtaining any permits or approvals . needed
from other governmental agencies.

9. The hours of operation of the proposed repair are not restricted. HoWever,
if complaints are received from adjacent residents the hours may be
restricted •

...' .. "., '

10. The Planning Division shall be notified when all the repair work has been
completed and the site restored to its original condition. Jn the event ..
that the site is not restored to its original condition within 30 days
after completion of the work or December 31, 1988, whichever i.s Tater ,
Union will pay the City of Oxnard to restore the site to its 'original
condition according to contracting procurement procedures currently in
effect as would be applied in a reasonable manner. ~

11. If during the pipeline repair project a condition(s) .i s discovered that is
hazardous to surrounding residents or passersby, the work shall be stopped
and all appropriate measures taken expeditiously to protect life .and safety.

.... In the event this type of situation occurs the Oxnard Fire Department and
Police Department shall be notified by phone by calling 911 and a written
report of the situation and corrective actions taken provided within 24
hours to the Fire Chief.

.• I .',., ... .,
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Mr. J. S. Attebery
November 18, 1988
Page 3

12. A copy of this approval shall be maintained at the construction supervisors
location on the site and another copy shall be maintained within the
control room of the Mandalay Separation Facility. Please ~ig~ below
indicating your acceptance, without reservation, of these cOl1d1tia~s of
approval.

M~tthew G. )line~ar
C~r

MGW:RJS :nr

cc: Building and Safety
Fire Department
Police Department
Public Works Department
County of Ventura
Coastal Commission
State Lands Commission
Depa~tment of the Army, Corps. of Engineers

Accepted and~greed to this 19th day of November, 1988.

. .. .
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Unoeal all & Gas DivIsion
Unocal Corporation
271 Markel Street
Port Hueneme. California 93041

UNOCAL~
October 21, 1988

Southern California Olslrlet

Mr. Ralph Steele
Community Planning Department
City of Oxnard
305 W. 3rd. street
Oxnard, ca. 93030

Mr. Steele:
Unocal wishes to advise the City that a 6" water pipeline running from
Platform Gina to our Mandalay onshore facility did not pass a recent .
hydrotest. A leak was located on OCtober 20, approximately 150 ft nffshore,
in four feet of water. The line is buried an additional 4 feet at the
location. The line was removed rrom service prior to the hydrotest, and
remains so.
Onoca1 will contact the california-coastal conmi.sstcn and State Lands
Commission regarding this matter. OUr management is currently evaluating
repair/replacement of this section of pipelir.~•
We respectfully request information from the City of OXnard regarding permits
that may be required for the repair. I may be reached at 986-3876 if
queat i.oris arise. Thank you for your" assistance.

Very t~ yours,

£(f~
on A. Cronk

Field Superintendent
JAC:ls
PHJC0357

RECEj,VED:
OCT 2 t, 1988

Cl rv OF OXNARtJ
'~~!UNI;Y DEVELOP'
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" , Unocal Oil & Gas Division
Unocal Corporation
1003 Main Street
Santa Paula, California ,93060
Telepnone (80S) 525·6672

UNOCAL~

October 28, 1988

Ralph J. Steele
city of Oxnard

The 6 5/8 inch pipeline which carries produced wate~
from the Mandalay Facility, on Harbor Blvd, to Platform Gina
is in need of repair and the line has been removed from
service. The water pipeline is critic~l to our operation ao
our only other means for produced water' disposal is through~a
similar pipeline to Platform Gilda. Our production operation
can be jeopardized and this repair is of an emergency nature.
It is desireable to commence this repair project as soon as
possible. We are in the process of obtaining the pipe to
complete the work and would like to begin repairs as soon ao
the material arrives, which is estimated to be in about two .
to three weeks. It is anticipated that the project can be
completed in two weeks from the time work commmences assuming
good weather conditions.

It will be necessary to replace 2700 feet of 6 5/8 inch
pipeline between Mandalay and the platform. The portion of
pipe to be replaced is from about 400 feet above the ordinary
high water mark toward the Mandalay facility to 2300 feet'
from the ordinary high water mark toward the platform. The
plan as outlined below has been selected to effectively
repair the pipeline and at the same time minimize
environmental concerns. The plan will require the minimum
amount 2f time to complete the project, minimize beach
disturbance and will not require sand:~ disturbance.

The first phase of the project will require a:staging
and onshore fabrication area. Please refer to the attached
sketch for the detail of the area. The area required for this
will be on the beach from the Mandalay facility to the EdiBon
canal outfall to the north. This area will be utilized for a

'~eriod of one week to prepare pipe and one week to aid the
remainder of the project. All equipment will access the beach
from the south using Fifth Street. The equipment required
will be a pipe transport vehicle, a fork lift type vehicle,
an x-ray truck, and three wetding rigs. This will allow the
pipe to be welded together and prepared for movement to the
replacement area to the south.

.
,"
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The second phase· of the project will be to survey the
pipeline from Mandalay to the endpoint of the replacement
section. This will enable locating the oil pipeline, power
cable, and water pipeline to insure proper location and
expedite completion of the tie-in when the replacement pipe
is moved to the replacemant area. A small vessel with dive~~
will be used for this survey. Once the survey is complete. ~n
offshore diving support vessel can begin exposing the current
pipeline at the offshore tie-in point, anchor the vessel
properly to pull the replacement pipe in place, and prepare
for the pull of the pipe. This will be done concurrently with .
the onshore phase (phase one) and will require a vessel
of£shore as well as a survey crew on the beach and is
estimated to take one week. This offshore work will not.
require additional vehicular beach traffic.

The third phase of the project will be to move the pipe
from the onshore location to the beach, pull the pipe to the
offshore tie in point, make the underwater tie--in, and make
the onshore tie-in. This phase of the project will require a
backhoe to dig the onshore tie-in point, a-welding rig, a
support vehicle with tools, an x-ray vehicle, pressure
testing. equipment, and a tractor to recontour the sand. Il.10t.
all this equipment will be required at the ~ time. The
time required for this portion of the project is about 1
week, depending on weather conditions.

The "project will be complete at this point in an overall
time of two weeks. All vehicular access to this area will be
from west end of Fifth street. This·program is designed ~.
minimize disturbance to the environment as well as time
required to complete the-project. - -- - --

cc: J. Grimes
J. Cronk
R. Hoover

Chris R. Culve!'
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CITY OF
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.
COMMUNITY DEVELOPMENT DEPARTMENT • 305 W, THIRD ST, • OXNARD, CA 93030 • (80S) 98404657

IUCHARD I. MAccro. OII(CTOR

October 3, 1985

Mr.,Michael T. Bridges
Uniun Oil Company
2323 Knoll Drive
P.O. Box 6176
Ventura, CA 93006
Dear Mr. Bridges:
Re: Development Review Permit No. 85-5
The City of Oxnard Planning Division staff has reviewed your application. for
Development Review Permit No. 85-5.
The purpose of the project is to replace approximately 600 ft. (linear distance)
of two 6.625 inch return water lines between your company's separation facility
at Mandalay Beach and the mean hig;, tide line--the lines return produced water
to Platforms Gina and Gilda.
Prior to "~PPt'ovingyour company s request , findings were made as follows:

1. The proposed use is one permitted within the subject sub-zone
~and complies with all of the applicable provisions of this Chapter;

2. The proposed use would not impair the integrity an~ character of
the sub-zone in which it would be located;

3. The subject site would be physically suitable for the land use being
proposed and the proposed use \'/i11protect and maintain coastal ."
resources incl~ding environmentally sensitive areas\.adjacent to theproject site; and

4. The proposed use would be consistent with all policies of the Oxnard'Coastal Land Use Plan,
Based upon the above findings, Development Review Permit No, 85-5 is herebyapproved subject to the following conditions:

1. The intent of all conditions set forth in Resolution NO,: 6218, approving
Special Use Permit No, 806 to permit an onshore treating facility,
associated pipelines. and a pipe fabrication area shall be met, For
reference, emphasis should be placed on the requirements set forth in

I

,,'
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COMMUNITY DEVELOPMENT DEPARTMENT· 305 W. THIRD ST. • OXNARD, CA 93030. (80S) 984-4657

October 3, 1985

Mr. Michael T. Bridges
Uniun Oil Company
2323 Knoll Drive
P.O. Box 6176
Ventura, CA 93006
Dear Mr. Bridges:
Re: Development Review Permit No. 85-5
The City of Oxnard Planning Division staff has reviewed your application ..for
Development Review Permit No. 85-5.
The purpose of the project is to replace approximately 600 ft. (linear distance)
of two 6.625 inch return water lines between your company's separation facility
at Mandalay Beach and the mean high tide line--the lines return produced water
to Platforms Gina and Gilda.
Prior to"~pproving your company1s request, findings were made as follows:

1. The proposed use is one permitted within the subject sub-zone
~and complies with all of the applicable provjsions of this Chapter;

2. The proposed use would not impair the integrity an9 character of
the sub-zone in which it would be located;

3. The subject site would be physically suitable for the land use being
proposed and the proposed use will protect and maintain coastal "'
resources including environmentally sensitive area~,adjacent to the
project site; and

4. The proposed use would be consistent with all policies of the Oxnard",Coastal Land Use Plan.

,.'
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Development Review Permit No. 85-5
October 3, 1985
Page 2

condi tions numbers 27 lie" (i.':1troductoryparagraph) I, 3 p and 5; !~g"
1,2 (deleted), 3,4, and 5; and 34; and 36 (the report previously
prepared by Intersea Research may be utilized for the intended purpose,
if upgraded and approved by both the Parks and Community Development
Oirectors) . ,~

2. Alternative number 6 (Bore Casing through Dune, conventionally replace
remaining sections of pipelines) as described in the Engineering Study.
and Report--Mandalay Facility.- 6 in. Water Return Pipeli~es (July 1985)~
is approved.

,3. A copy qf this De,velopment Review Permit and Resolution No. '6218 must
be posted at the construction site or on an interior wall of the control
room at the Mandalay Separation Facility. .

.'

Building permits and authorizations for any improvements requiring approval by
the Building Division must be pursued separately. Should you have any questions
regarding this permit, please call Ralph J. Steele-Planner of this office at
(805) 984-4657. -

,
\

~
RJS :mcl .

cc: Coastal Commission
Enclosure

Very truly yo rs
- .f) 17;/~;,..

Richard l !j'g~jo·. D;-re~~~rt...,"
Community O~opment Depa~tment. .

,
.'.
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RESOLUTION NO. 6218

A RESOLUTION OF THE PLANNING COMMISSION OF THE CITY
OF OXNARD APPROVING SPECIAL USE PERMIT NO. 806,
APPLIED FOR BY UNION OIL COMPANY OF CALIFORNIA, TO
PERMIT AN ONSHORE TREATING FACILITY, ASSOCIATED
PIPELINES, AND A PIPE FABRICATION AREA, SUBJECT TO
CERTAIN CONDITIONS.

WHEREAS, the Planning Commission of the City of Oxnard has considered
an application for an onshore treating facility, associated
pipelines, and a pipe fabricating area, filed by Union Oil
Company, in accordance with Section 34-146 through 34-157.1 of
the Oxnard City Code; and

WHEREAS, the Planning Commission, having previously considered the
Environmental Impact Report (E-78-19) prepared .for the
project, has found it adequate; and

WHEREAS, the Commission finds that, after due study, deli~eration anq
public hearing, the following circums~ances exist:
1. The proposed use is in conformance with the General Plan,.

Local Coas~al Plan (including Policy 40, which provides
that the facility may be located in the least
environmentaly damaging site of the three alternative
sites evaluated in the EIR), and other adopted standar~s'
of the City of Oxnard.

2. Applicable m~tigation measures that are recommended in " "
Section 5 of the.ErR have been attached to this permit to
reduce the potential for adverse impacts during
construction and operat~on. Therefore, no significant
unavoidable adverse impacts are expected to occur within
the jurisdiction of the City of Oxnard.

3. The proposed use will not adversely "affect or ~e
materially detrimental to the adjacent uses, buildings or
structures or to the public health, safety or general
welfare. "

4. The site for the proposed use is adequate in size and
shape to accommodate the yards, walls, fences, parking and
loading facilities, landscaping and other items as
required.

5. The site for the proposed use will be served by streets
and highways adequate in width and structure to carry the
kind and quantity of traffic such use will gener~te.

~ .-
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6. The site for the proposed use will be provided with
adequate sewerage, water, fire protection and storm
drainage facilities.

NOW, THEREFORE, BE IT RESOLVED that the Planning Commission of the City
of Oxnard hereby approves said special use permit, subject to
the following conditions. The decision of the Planning
Commission is final unless appealed in accordance with the
provisions of Section 34-155 of the Oxnard City Code.

GENERAL CONDITIONS
1. The special use permit is granted for the land as

described in the application, shown as Exhibit "A"
(Tentative Parcel Map), and includin~ Exhibits "B"
(Proposed Lease Parcel), "C" (Plot Plan), "0"
(Elevat:ions),"E" (Si/Sning),and "F" (Hat er-La ls Board),
and shall not be transferable from one property to
another.

2. The special use permit shall become null"and void within
twelve months from the date of its issuance; unless the-
proposed development or use has been dflIgent ly pursued.'
The issuance of a grading, foundation, or bUl~ding permit

'To.1:"structural construction shall be the minimum·
n~'quir'ementfor evidence of diligent pursuit.

3. The special use permit is granted subject to the approval
of a zone change application.

4. The special use permit shall be granted subject to the
approval of a tentative and final parcel map 'and
recordation of said map. Building permits shall b~
issued only after map recordation. All conditions of the
required parcel map shall be complied with pr i or to
occupancy of the use applied fcr in this permit.

5. Ani covenants," conditions and restrictions shall be
subject to the review and approval of the.City Attorney
and the Planning Director.

6. All conditions of this special use permi t shall be
complied with prior to the approval of occupancy, unless
occupancy is approved by the Planning Director or
Planning Commission.

.
. '
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'"

7. As a condition of approval of this permit, the developer
agrees to defend, at his sole expense, any action brought
against the City based upon approval or use of this
permit or, in the alternative, to relinquish this permit.
The developer shall reimburse the City for any court
costs and attorney's fees which the City may be required
to pay as a result of any such action. The City may, at
its sole discretion, participate in the defense of any
such action, but such participation shall not relieve the
permittee of the obligations under this condition.
Commencement of construction of operations under this
permit shall be deemed to be acceptance by the developer
of all the conditions of this permit. '

(
•••.,1.·

8. As a condition pr~cedent to any building permit being
issued by the City, the developer shall file for, or
cause to be filed. an annexation of the subject 1.8 acre,
parcel to the Cal Leguas Municipal Water District and the
Metropoli tan Water District. . . ".'

9. The location of buildings and structures shall conform,
substantially to the plot plan submitted" labeled Exhibi.t
"C", except as amended at the time of approval. '

1o. The elevations of all buildings shall be substantially In
conformance with the elevation plan submitted as part of
Exhibit "0", except as amended at the time of approval.

11. The final des ign of build t ng s and masonry walls,
including materials aridcolors, shown in Exhib its "DJI,
"E" and "F", is subject .tothe approval of the Planning
Director.

12. Any minor changes or minor increase in the extent of use
or size of structures may be approved by the ?lanning

'Director, but any substantial change or increase will
require the filing and apprqva1 of a major modification
or an amended special use permit by the Planning
Commission. Any request for minor modif:ca~ion shall ~e
made to the Planning Director in writing and shall be.
accompanied by three copies of any plans reflecting ~he
requested modification. Any subsequent modification of
the development plans initially approved by the Planning
Commission shall be designed to minimize impacts on the
visual resources of the area. (tC?, 015)
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7. As a condition of approval of this permit, the developer
agrees to defend, at his sole expense, any action brought
against the City based upon approval or use of this
permit or, in the alternative, to relinquish this permit.
The developer shall reimburse the City for any court
costs and attorney's fees \oIhichthe City may be f'equired
to pay as a result of any such action. The City may, at
its sole discretion, participate in the defen3~ of any
such action, but such participation shall not reli~ve the
permittee of the obligations under this condition.
Commencement of construction of operations under this
permit shall be deemed to be acceptance by the developer
of all the conditions of this permit. '

8. As a condition pr~cedent to any building permit being
issued by the City, the developer shall f1::· for, or
cause to be filed. an annexation of the subject 1.8 acre.
parcel to the Calle~uas Municipal Water District and the
Metropolitan Water District.

9. The location of buildings and structures shall conform.
substantially to the plot plan submitted, labeled Exhibit
"C", except as amended at the time of.approval.

\.., ..
10. The elevations of all buildings shall be substantially in

conformance with the elevation plan submitted as part o r
Exhibit "0", except as amended at the time of approval.

11. The final design of buildings and masonry walls,
including materials aridcolors, shown in Exhibits "OJ!,
"E" and "F", is subject .tothe approval of the PIannfng
Director.

12. Any minor ohanges or minor increase in the extent of use
or size of structures may be approved by the ?lnnning

.Director, but any substantial change or increa38 will
require ~he filing and apprqval of a major modificntion
or an amended special use permit by the Planning
Commission. Any request for minor modification shall ~e
made to the Planning Director in writing and 5h31l be.
accompanied by three copies of any plans reflecting the
requested modification. Any subsequent modificatIon of
the development plans initially approved by the Planning
Commission shall be designed to minimize impacts on the
visual resources of the area. (tC?, 015)
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UTILITIES
13. No exterior refuse storage or pick-up facilities are

permitted.
14. On-site and adjacent offsite utility service shall be

installed underground in accordance with adopted City
Council Ordinance and Policies.

PARKING AND ACCESS
15. Offstreet parking, includin~ number of spaces, stall

size, paving, stripi~g, location and access, shall comply
with Sections 34-5 and 34-6 cf the Oxnard City Code.

SIGNS AND APPURTENANT STRUCTURES
16. Building signs corresponding to Exhibit "E" may be.

approved by the Planning Department. Sign area, size and
location shall be in accordance with si~n re~ulation3' of."
the M-2 zone, as established by the Oxnard City Code.
The applicant shall submit; color scheme information with. .";-0

any request for change of copy. . ~
17. On-site lighting, if provided·, shall, be shielded' from

abutting proper~ies so as to produce no nui~ance or
annoyance. No lighting shall be of the type o~ in a
location such that it constitutes a hazard to vehicular
traffic, either on private property or on abutting
streets. The spacing and height of the standards and
luminars shall be such that a maximum of seven faot
candles and a minimum of one foot candle of illumination
are obtained on all vehicle access ways and ~arking
areas. The height of light standards shall not exceed'
twenty feet above the finished interior base pad
elevation. To prevent damage from automooiles, standards
shall be mounted on reinforced concrete pedestals or
otherwise protected. Lighting elements shall be placed
in such a manner as not to direct light cnto the adjacent
park 'area.

18. All open storage of materials shall be located as shown
in Exhibit "C". Open storage areas shall be screened frem
adjacent properties and streets by construction of a
wall, fencing or screening. All fence or wall materials
shall match major design and materials elements of the
main structure.
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UTILITIES
13. No exterior refuse storage or pick-up facilities are

permitted.
14. On-site and adjacent offsite utility service shall be

installed underground in accordance with adopted City
Council Ordinance and Policies.

PARKING AND ACCESS
15. Offstreet parking, includin~ number of spaces, stall

size, paving, stripi~g, location and access, shall comply
with Sections 34-5 and 34-6 of the Oxnard City Code.

SIGNS AND APPURTENANT STRUCTURES
16. Building signs correspondin~ to Exhibit "En may be.

approved by the Planning Department. Sign area, size.and
location shall be in accordance with si~n re~ulations of'
the H-2 zone, as established by the Oxnard City Code.
The applicant shall submit color scheme information with.
any request for change of copy.

17. Cn-site lighting, if provided, shall. be shielded from
abuttingproper~ies so as to produce no nui~anci or
annoyance. No lighting shall be of the type or in a
location such that it constitutes a hazard to vehicular
traffic, either on private property or on abutting
streets. The spacing and height of the standards and
luminars shall be such that a maximum of seven f~ot
candles and a minimum of one foot candle of illumination
are obtained on all vehicle access ways and ~arking
areas. The height of light standards shall not exceed
twenty feet above the finished interior base pad
elevation. To prevent damage from automooiles, standards
shall be mounted on reinforced concrete pedestals or
otherwise protected. Lighting elements shall be placed
in such a manner as not to direct light cnto the adjacent
park ar-ea. .

18. All open storage of materials shall be located as 3hown
in Exhibit "C". Open storage areas shall be screened f'rom
adjacent properties and streets by construction of a
wall, fencing or screening. All fence or wall materials
shall match major design and materials elements of the
main structure.
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FIRE SAFETY CONDITIONS
19. Onsite and/or boundary water mains, fire hydrants, and

services shall be designed and installed to Fire
Department and Water Service Division specifications.

20. Adequate fire protection, as determined by the Fire
Chief, shall be available prior to the issuance of any
building permit. The developer, prior to the start of
construction, shall present a plan to the Fire Chief
designed to insure the integrity of providing both fire
equipment access and water for fire combat operations to
all areas of captioned property. Such plan shall meet
the approval of th~ Fire Chief. All vehicle' access
driveways will be 25 feet in width, and will be striped
and signed to Fire Lane Standards.

21. A comprehensive plan pertaining to the treatment facility
and associated pipelines within the City for fire
suppression, prevenetcn of explosion, and prevenc i cn-tof'".
the escape of hazaraous gases (i.e., hydrogen sulfide,
etc.) shall be submitted to and approved by the rire
Chief prior to starting construction of either the
treatment facility or pipeline. A comprehensive plan of
the onsite fire suppression system shall be designed by a
qualified fire prevention engineering firm or engineer.•.

22. No burning of combustible refuse on the subject property
is permitted.•

23. A permi t shall be obtained from the Oxnard F i r.e
Department for the handling, storage and use of all
flammable, combustible and hazardous materials. .

2ij. All flammable liquid installations shall be in
conformance wi th Standard No. 30 I ;'Flammable and
Combustible Liquids Cade", 1979 edition, of the National
Fire Protection Association. .

25. Three ·copiesof prints showing the proposed,equipment and
material delivery routes shall be approved, and a moving
permit issued by the City Traffic Engineer,'prior to any'
equipment or material deliveries to the site. The
developer shall be responsible for the design and
construction of any improvements necessary for the safe
and orderly movement of traffic. .
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'.

26. Oil transmission pipelines will not be allowed to be
suspended or in any other way connected to the existing
brackets now supporting the City water main on the west
side of the Harbor Boulevard bridge at the Edison Canal
bridge. The developer shall use alternate means, such as
the east side or underside of the bridge. Alternate·
plans shall be subject to and have prior approval of the
Public Works Director.

27. Conditions 27a through 27g are based upon mitigating
measures recommended in E-78-19. The numbers in
parentheses refer to sections in Volume I of E~89-19.
The conditions are as follows:

(

a.

b.

Mitigation of Potential Effects of Geologic and
Hydrologic ?he~cmena (5.1.1)
A qualified engineer, licensed in the State of .
California, shall review all project elements,:.
(treatment facility and pipeline) proposed for '..
installation, construction, and operation wlthin the
City for aaequacy of their design r~lated
to: maximum creditable earthquake ground motion,
liquefaction potential, differential settlement, and
erosion. The certification must be .submi t.t ed to the ."
Department of Building and Safety for review pr ior ito
the issuance or a grading or building permit.
Mitigatiqn of Potential Effects on Soil and ~ater
(5.1.2)

1•

'.

2.

Wherever disturbance of agricultur~l or
productive soils is necessary, they should be
stockpiled and replaced in a manner such that
resulting profiles are as similar as is
practicable to those wnich existed prior to the
disturbance.
Consumptive use of fresh water during hydrostatic
testir.g c·fonshore pipelines should be minimized
by testin~ the pipelines in sectionsp if
practicable.

c. Mitigation of P~tential Effects on Air Quality (5.2)
1. Water sprays should be used during construction

to minimize fugitive dust.



Page 7
Resolution No. 6218I

I'.

\."

'.

d.

e.

2. The applicant ghall cert:fy that the burners
specified for installation on the heater treaters
are designed to reduce NO emissions to the
lowest level practical, and are acceptable to the
Ventura County Air Pollution Control District
(APCD).

3. Total hydrocarbon (THC) emissions 'from all
vessels shall be controlled by usin~ a vapor
recovery and compression system that is not
vented to the ambient air.

4. The applicant shall develop, maintain! and
implement a pro~ram of regular maintenance and
inspection of all valves, flan~es, and pump and
ccm~ressor seals to reduce THe emiss~?ns to a
level t~a~ is acceptaole to tha Ventura County
APeD.

5. The applicant shall ccmo Ly ;.;ithall ccnd it ions'-
and permlts issuea by tne Vencura County AFGD.

Mitigation of Ambient Nof se Levels (3.2.2)

Offshore pipeline~pulling acti~ities should be
initiated at 7:00 a.m. early in the week, so chat'tug
and bar;e operations will bt further from shore
durin~ the first and subsequent nights and the
weekend.
Mitigation of ?otential Effects on Terrestrial
Biology (5.5)
Revegetation associated ~.•.ith r-es t or at Lon of sur-r'ac e
conditions after construction activities at the
offshore pipeline marshalling and fabri:oticn areas

~and along the onshore pipeline systems, as well as
the onshore treating facility after project
termination, 3hall be dictated by the type and nature
of the adjacent vegetation as ~ollows:
1. Fore-dunes and dune 3crub habitat should be

revegetated with native species or introduced
dune stabilizers presently dominating many areas,
or left without vegetation on flat str3nd used
intensively for recreation. '

\< .'
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c.

"

2. Agricultural and urban habitat should be
revegetated with the appropriate crops or
landscape species.

3. Ruderal habitat should be revegetated with annual
or perennial grass or other appropriate cover. '.

4. Riparian habitat in the vicinity of the Santa
Clara River should be allowed to revegetate
naturally.

5. For projects where a revegetation plan and/or
habitat restoration plan has been required, the
area crossed by the pipeline shall be resurveyed
one year ar't er the completion of construction to
determine the effectiveness of the ~l~~" fhis
survey shall continue, on an annual ~asis. to
~onitor progress in returnin~ the si:e to'~
preconstruction conditions until the City has,
determined that the ve~etation l'"estora~io~ is'
complete.

6. Heroicides shall not be used durin~ ?ipeL~~e
ccnstruction. The sidecasting of· 50;11 ::a'y be ~.,..~.'
restricted. where the Ci t y deems'necessary,o by""''.
removal of excess soil to an approved ourio'i ng
site ar'ter the excavation has been backfilled and
compacted. The City may require that. the
treqches be filled by replacing the soil horizons
in sequence.

f. Mitigation of Potential Effects on Surrcundin~ ~and
Uses (5.6)

\.,

1•

".

2.

Detour Lane r-ecommencatIona .J.l.::JtcaIn ':'able :5. tJ-:
of E-78- i9 are subject to the review z.id approval
of the Public Works Director before
implementation.
Toe olccx ..•.all surr-ocno ing the ':reati::1fuCl:ity
shall be :eige, or a color thnt is ~:~pa:ible:
with the natur-al surroundin;s. The '.•all .snailbe
regularly maintained to remove graffitti and
repair the effects of vandalism. No ornamental
landscapin~ should be introduced on the exterior
of the wall, as it would highlight the facili:y
against the natural color of the surrounding
dunes.
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g. Mitigation of Potential ~ffects on Cultu,al ~esources
(5.B)

"

1. Avoidance is the preferred mitigation in all
cases where a proposed project element would
intrude on the known location of a cultural
resource.

2. A qualified archaeologist shall be present to
monitor all subsurface work during treatment
facility and onshore pipeline construction.

3. Should any object of potential cultural
signi:icance be enco~~tered during const,uction
of oI:~hore and onshore facilities. a qualifi~d
cultural resour-ces consultant should e'!=3:'uate!;he
find and recommena any further mitigation
measures neeaea to the ?lannin~ Director. Upon.
receipt of this recommenaation. the ?lannin~
Director may require that suo3uriacewor~ be:
s'toppea in tne affectea area until a miti~ation
plan is prepared that is acceptable to the City.

4. Any buried sites disco'vered' during on'snor e
construction should be excavated: by'ea' qual i {led
archaeologist, using professlonally acce~~ed
mechods and techniques, in accordance with.an
acceptable research design. During such site
exc~vation, a qualified representative of the
local descendants of the Churnash Indians ~hould
be employed to assist in the study, ensure proper
handling of cultural materials, and ensure proper
curation or reburial of finds of reli;ious
importance or sacred illeaning.

5. Access t~ ~er~anent facili~ies constructicn areas
and the offshore pipeline f3bricaticn/mar3hall:~g

,area near the SCE Mandalay Generating Staticn
should be strictly controlled dering construction
and operation to avoid encroac~~ent on the basket
material ::iitelocated to t~e southeasr..

i
\.

28. Conditions 28a through 23d are b~sed upon policy
recommendations included within the ~dooted Cit'! of
Oxnard Local Coastal Plan (LCP). The numbers l~
parentheses refer t~ policy section3 in the LC?
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a. Any person developing property within the 100-year
flood. line shall agree to indemnify, and hold the
City harmless, from any liability or damnges
resulting from the construction of his development.
( 18)

b. Because it is not possible to route pipelines around
coastal resource areas (extending from the mean high
tide line to Harbor Boulevard and designated as
habitat, recreational and possibly subsequent
archaeological areas), they shall be permitted to
cross the areas with the following conditions: (33)

(
\, .. "

2.

..

In case of 3 break, pipeline segments, exceot for
natural gas pipelines, shall be isolated by
automatic shut-off valves or with othe~ 3afety
techniques approved by the City, Depar~~ent of
Transportation (DOT), or other appropriate
agency. An automatic shuco ff v a Lv e wi 11 o e,
required at the point where the DOT Dipeline'~
intersects the Harbor Boulevara ri~nt-oI-way. If
the City determines it is necessary, the valves
may be located at intervals less tnan the maxim~~
required by the DOT.
Any routing of pipelines, other 'than natural 3as
pipelines, through resources areas shall be
designed to minimize the impacts of a spill,
should it occur, by considering spill volumes,
durations, and trajectories. Plans for
appropriate measures for cl~an-up shall be
submitted with the franchise applications ·.for' all
pipeline project proposals. ~lis shall include a
risk management plan, including oil 3pill
prevention measures and concin~ency plans, ~h1ch
shall be developed and pl~C2d on fl1~ ~ith ~he
Public Works, Fire and Police DapQrtments •

3. All alarm ma lf'un c t Lc n sys t ana for pipeline
pressure d~ops, breaks, ~tc., 3h~11be ~uper~i~ed
twenty-four hours a day.

4. Certification shall be presented to the Oxnnrd
Fire Department yearly by an outside, widely
recognized testing agency. This certificate will
attest to the condition of nIl lines. valves,
storage containers and pressure ~ystems.

.
."
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"

5. The port:~ns of the oil and gas pipeli~~ systems
that are within the City shall be designed,
installed, and operated in accordance with DOT
standards, as if the pipelines were under the
jurisdiction of the DOT.

c.

i
\.

"

c. Oil processing and shipping faciliti~3 shall be
consolidated to the maximum extent feasible, ~s
determined by the City. Union Oil shall make space
or treatment capacity available to other companies if
it is technically feasible to do so after taking into
account Union 011's short and long term needs for the
facility. (U2)

d. Pipeli~es :nall be used to tranSDort all ~etroleum
produces crcocceo i.nthe CitY 1:3 ':~3stal :cno..to ocher
areas f:r :·:.::-:.h~r pr oe es s i ng • ~Aizt:':":~ ~lpelines
shall be useo , including mul.tr-conoanv use, 'There'fer.
possible. i. ~ 3)

29. Upon completlon or proauction, tr.eOil 3na ~as s~Daraticn .
facility area ~~ail be restorea to a state =ccroxi~atin;
its criginal conalt~on, with respect to tocc~rapny and
vegetation.

30. Sanitary wastes ~enerated during the onznore treat~ent
facility construction, operation and power cable ~nd
pipeline installation will be ~ollected in portable
chemical toilets. At regular intervals, .the contents

.~hall be ~mptied and trucked to ~n approved offsite
disposal facility by a licensed contractor, and di3posea
of by methods approved by local regulatory agenci~~.

31. Any agreement entered into betveen Union Oil Company anc
the County of ':;=:1~uraral.at.eo to trio use of zr acc ess cc
the subject pl'"o;J~rtjshall be auc j-sc t to ;·~'li~~. an c
approval by the Oxnard City Council. ~nior. ~hall r~quest

" a review of any agreements in effect at the ti:ne thi:::
permit is issued :/ithin th1r':1d3YS cf the.ec::r.:= ot" ;"ir:31
approval and, '~ubsequently, t~irty ~=ys pric:- ~: ch=n~i~;
any existing agre~ment or enterinq i~:o a :1~W agre~=e~t.

32. The pipeline Cab rtcat Lon shown in ::::hibit "Slf anc 0311
access routes must be restored to conditions ~xi3ti;.g
before the distur~ance (or better) ~fter ccnstructi~n of
the pip~line c::ndl~ying of th~ pi~~ll:1~~ ~nd c3bles ~re
compl~ted.

"

'.



(
"

(

'."

Page 12
Resolution No. 6218

33. Permanent surface access to the t~eatmen~ facility :3 t~
be provided oy an easement that is contiguous with and
parallels the southerly boundary of the generating
facility and shall cross the area indicated on Exhibit
"A" (tentative parcel map) as Drill Site No.1, unless
this is proven infeasible to the satisfaction of the
Planning and Public Works Directors and an accept-able
alternative is ~resented for their approval. ~o
departure from the concept of contiguity is per~it~ed
without review and report by the Recreation Director and
approval by the Planning Commission.

34. The applicant shall follow the recommendation of the
California C-epart:::entof Fish and Game (E-78-~g, "ol ,
III, 2. 22-i), rhich .states: "lJnshore and :Jf:-shore
pipeline and power caDle placemen~ 3c~iv:~le~ r~~3~:
onlyj be concuc t ec from Seotemoer cnrougn ;'-ebruary,·;
This conscrucc icn "L.imin~lirnitacicn enai l be reflectea ::1.
any ~anchi3e a~re~rnent reques~ea oV tr.eapolicznc of :~e
City and aaherea co unless the ~9ccmmenca~lch ~v sha··
Department oi ~isn and Game is mod::ied by 3 ~ri:ten
report ana approvea oy the Planning Director.

35. The 1.8 acr-e t reatment facili:y de3i~n pad eLe vat icn
shall be aesi~ned to provide flood prooring ircm = iOO-
year level of ~ave runup.

36. The interrelationships of the sana dune system, b e aca
aggradation. and degradation, ana ~he facility, shall be
evaluated oy a qualified consultant. The findings,
conclusions, and recommendations shall be taken into
account during the development of the final.~e~~gn
specifications for the treatment f~cility before the
final specif:caticns are submitted to the 3uil~i~; a~d
Safety Department; for review anc o;Jp:-:}':al.:~ pia:; f:,
restru~tur:~g ~~d :-s'/egetati:1; -:~:!~and C~~1E:S to t.::= . ;e~t.
of the facility after completion of :cnstruction sh311 ~e
submitted to the ?arks Director ~~r review ~nd :pproval
prior to the Eui~~in~ and Safety Cepar:menc :;sui~G J
buildi~g per~ic f~r the 1.3 acre t~~at~~nt f3cili~~.

37. A plan for- pe~t~eter and i~:er~~l :..:::cu.i:y .-:~.J.!.: .:~
developed and ~ubmitted to the ?oli~e Depart~ent fer
review and appr~val prior to obtaining ~n electri~~l
permit frem the =uilding and Safety ~partment.
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Resolution No. 6218
PASSED AND AOOPTED by the Planning Commission of the City of Cxnard cn

this 18th of December, 1980, by the following vote:

(,

,
/,

ArnST:

AYES:

NOES:
ABSENT:

-,

Commissioners: Dr~ssler, Duff, Flores I Stoll,
O'Connell

Commissioners: None
Commissioners: Lopez

"

".

.."



APPENDIX VOLUME 3

Exhibit C

Original Project Description evaluated in EIR/EA 78-19



o

o

(
\.

t:.,

EXHIBIT C

Original Project Description Evaluated in EIR/EA 78-19

The following summarizes the original project description and
identifies sections and pages of EIR 78-19 where fuller elaboration is
found. The proposed project may be compared to the original proj(~ct
to determine what aspects of the proposed project, if any, may raise
new significant impacts, not previously evaluated. .

In the original project Union Oil Company of California proposed to
develop Outer Continental Shelf oil and gas leases OCS P-0202, oes
P-0203 and P-0216 in the eastern Santa Barbara Channel, offshore
California. The major elements of the project were:

o Two offshore drilling and production platforms, named Gina and
Gilda, located approximately 4.5 miles (7.2 km) west-southwest of
Port Hueneme and 10 miles (16 km) west of Oxnard, Ca11fonria9
respectively.

o Two offshore pipeline systems (one for each platform) to convey
produced crude oil/water/natural gas to an on-shore tl'l~atiflg'
facility, and to return produced water to the platforms for
injection.

An on-shore treating faci 1ity whi ch' woul d separate the produced
water and natural gas from the crude oil.

An on-shore pipeline system which would convey the product crude
oil and product natural gas to existing oil and gas distribution
systems within the Oxnard/Ventura area.

The on-shore treating facility is located on a 1.8 acre parcel of la~d
located immediately south of and adjacent to the existing Southern
California Edison Company (SCE) Mandalay Generating Station in Oxnard,

The City of Oxnard had required that unton' s project and the thi"ee
primary alternative configurations be addressed at an equivalent level
of detail in the ·EIR/EA. In addition, the U.S. Geological Sor1fey
required that Platform "Gina and Platform Gilda portions qf thepn1Ject
be addressed separately. For these reasons, the project deser-t ption
was organized to facilitate an understanding of the individual pro.iect
elements (platforms. offshore pipel i nes, on-shore treati ng fac'i"l ity ~
and on-shore pipelines).

Project Facilities
Platforms

Platform Gina consisted of a six pile steel structure designed fat 'the
foll owing:

\
~.,

o Drill the required production and injection wells. test and
measure the produced fluids and pump them to shore.



o Inject produced water and or cleaned treated seawater into the
producing formations for reservoir pressure maintenance.

Platform Gilda consists of a 12 leg template type steel structure
desig~ed for the following:

~-,

o

o

o

o

o

o
o

o

o

o

Drill the required production and injection wells to develop the
Repetto formation.
Drill test wells to evaluate the quantities and properties of
natural gas and oil within the Monterey formation.
Drill the required production and injection wells to develop the
Monterey formation if commercially feasible production rates are
indicated by the test drilling program.
Separate the produced natural gas from the produced crude oil and
wa ter.
Test, measure and transport the produced crude oil, wa.ter and
natur~l gas on-shore.
Separate the water from the produced fluids if required.
Measure and inject produced water in to the producing format tons".
if required.
Remove hydrogen sulfide (H2S) present in produced natural gas
from the Monterey Formation if required.
Measure and inject natural gas produced from the Monterey
Formation.
Produce the injected gas after liquid production is depleted.

Differences Between Facilities
The major differences between the two facilities are:
o
o

o

Platform Gilda is physically larger than Platform Gina.
Natural gas would be separated from the produced fluids on
P1a.tform Gi1cfa. This separation would not occur on Platform
Gina.
Platform Gilda may have facilities to accomplish the following
tasks:

separate the water from the produced fluids if required as a
result of the increased water content of the produced fluid
during the project lifetime.
remove the H2S that may be present in the' natura 1 gas
produced from the Monterey Formation.
inject the treated natural gas back into the .Monterey
Formation.
produce the injected gas after liquid production is
depleted.

,
.'>
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On-shore Pipelines
The following on-shore pipe lines were listed as required for the
proposed project:
Group 1:
o one oil/water/natural gas mixture pipeline from Platform Gina.
o one return water pipeline to Platform Gina.
o one oil/water mixture pipeline from Platform Gilda.
o one natural gas pipeline from Platform Gilda.
o one return water pipeline to Platform Gilda.

o one product natural gas pipeline from the Mandalay Facility tn a
Southern California Gas Company line.

Dri 11ing
This section describes the drilling program and procedure for both.
Platforms Gina and Gilda.
Platform Gina-- Union planned to recover hydrocarbon fluids from the
Hueneme.sand (of the Miocene Rincon Formation) and the Oligocene Sespe
Formation. Drilling procedures would be in accordance with all
applicable requirements, including the.code of Federal Regulations and
OCS Orders 2,5, and 6. Union was required to submit final detailed.
plans to the U.S. Geological Survey for approval prior to commencing
drilling operations.
Platform Gilda-- Union planned to recover hydrocarbon fluids from the
Pliocene Repetto and the Miocene Monterey formations. Hydrocarbon
accumulations in these two formations would be recovered through
separate drilling programs. Section 3.4.1.2.1 of the EIR describes
the Drilling Procedures for the Repetto Formation •

.Drill.ing Procedures for the Monterey Formation are described in EIR
Sections 3.4.1.2.2. Fractured zones within the Monterey Formation on
lease OCS P-0216 have yielded measurable qualities ot hydrocarbon
fluids during 1imited testing. Since currently avail able data was
limited, no significant determination of reservoir characteristics and
performance had been made. For this reason, further test drilling
from Platform Gilda would be required to evaluate and 'optimize
development of this formation. Test drilling of the Monterey
Formation would be performed as an extension of the Repetto Formation
production well drilling program. The same work force, equipment,
support facilities, and drilling procedures would be used as for the
Repetto formation drilling. (EIR page 3.4-8)
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Production
Platform GinaThe analysis of production on Platform Gina was based the following
general characteristics: Union proposed to develop oil and gas from
the Hueneme sand and Sespe Formation underlying leases OCS P-0202 and
P-0203 using six production and six injection wells drilled from
Platform Gina and assumed production of 15.50 of API crude oil with a
gas: oil ratio of approximately 200 standard cubic feet per barrel
(SCF/bb1). (page 3.5-1)
Platform Gilda
Union proposed to develop oil and gas from the Repetto Formation and,
potentially, the Monterey Formation underlying lease oes P-0216.
The combined oil, gas and water production rates from both Platforms
Gina and Gilda are shown on EIR Figure 3.5-3. Peak oil recovery rates
from the Monterey Formation were estimated in the EIR by union to be
approximately 8,000 bb1/day (2,280 m3/day) with a gas: oil ratio of
approx tnate'ly 1,000SCF/bbl. Ultimate oil and natural gas recovery
estimates from the Monterey Formation had not been made. (EIR p .3-5-8) ..
Under the section describing process flow for Platform Gilda a
description of the crude oil/water/natural gas fluid from the Monterey
formation is included. This would be treated in a separate gas
separation unit. (EIR Appendix A Figure A-12)
The natural gas produced at the platform would be dehydrated and then
sent to the on-shore treating facility. The qas would flow from the
various well annuli and from the test separator, gross separator, and
shipping tank. The collected gas would then be compressed and
dehydrated. The gas treatment woul d be accompl ished using a .gas
scrubber and a refrigeration-type dehydration unit. The processed gas
would then be transmitted to the on-shore facility. Additional
processing of the produced natural gas wou1 d be required. if
hydrogen sulfide (H2S) is present. Tests of Monterey Formation
natural gas from an adjacent oes lease show H2S concentrations varying
from 0 to 3,OOOppmc. If present, H2S would be removed using the
Stretford process. This process produces a high purity elemental
sulfur .product•. Sulfur produced on Platform Gilda would be
transported to shore by boat for sale. A process flow qiagram of the
Stretford process is shown in.EIR Appendix A, Figure 1-13.
The major difference between the process flow on Platform Gilda and
that on Platform Gina is the natural gas separation on Platform
Gilda. The natural gas is not separated on Platform Gina because its
presence greatly reduces the fluid viscosity and, therefore, greatly
reduces the power required to pump the Gina fluid to the on-shore site.
The produced fluid at Platform Gilda has lower viscosity than the
Platform Gina fluid and therefore requires less pumping pressure. The
separated natural gas and-resulting oil/water stream would flow.to the
on-shore treating facility in separate pipelines from Platform Gilda.

,
.'.



Safety procedures and practices

The text under EIR Section 3.6 describes the safety procedures and
practices for process control, direct protection, hydrogen sulfide
exposure, oil spills,. navigation aids, blowout prevention, and
personnel safety. Under process control, in addition to the va lves
sensors, alarms and shutdown equipment listed, Platform Gilda would be
equipped with an emergency vent systen consisting of a gas scrubber.
and vent stack.

Blowout prevention systems for both platforms include:

1. An hydraulic actuating system that provides sufficient accumulator
capacity to repeatedly operate the blowout preventors.

2. Side outlets to provide for ki.ll and choke lines.

3. Choke and kill lines, a choke manifold, and a fill-up line.

4. A top kelly cock installed below the swivel, and another at tile
bottom of kelly that can be run through the blowout preventors.

5. An inside blowout preventor and a full opening drill string
safety valve in the open position, which would be maintained on
the rig floor at all times while drilling is being conducted.

The Union H2S Contingency Plan provides for the safety of personnel
who may be exposed to harmful concentrati ens of thi s gas. The key
elements of this plan are similar in nature to those described for oil
spills. Response procedures are described and personnel are trained
in the proper use of protective equipment. This plan also has been
reviewed by the USGS for adequacy and completeness. Other regional
and local plans would supplement this one as in the case of an oil
spi 11.

The attached Initial Study includes the full text of the proposed
pipeline conversion project and its Appendices as Exhibit A.
Exhibit B to the Initial Study is the Approval of Minor Modification
to Special Use Permit 806 and Resolution 6218 approving SUP 806 which
contains the conditions which implement the mitigation measures of
EIR 78-19. Exhibit.C to the Initial Study provides copies of the:
pages from the EIR which are referenced in the Initial' Study. The
discussion attached to the Initial Study reviews. the impacts
associated with the original project, their applicability of that
evaluation and related mitigation measures to the proposed pipeline
conversion project, and provides further technical analysis of any
aspects of the proposal not covered by EIR/EA 78-19. .
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Safety procedures and practices

The text under EIR Section 3.6 describes the safety procedures and
practices for process control, direct protection, hydrogen sulfide
exposure, oil spills,. navigation aids, blowout prevention, and
personnel safety. Under process control, in addition to the valves
sensors, alarms and shutdown equipment listed, Platform Gilda would be
equi pped with an emergency vent sys tem consisting of a gas scrubber.
and vent stack.

Blowout prevention systems for both platforms include:

1. An hydraulic actuating system that provides sufficient accumulator
capacity to repeatedly operate the blowout preventors.

2. Side outlets to provide for kt.l I and choke lines.

3. Choke and kill lines, a choke manifold, and a fill-up line.

4. A top kelly cock installed below the swivel, and another at the
bottom of kelly that can be run through the blowout preventors.

5. An inside blowout preventor and a full opening drill string
safety valve in the open position, which would be maintained on
the rig floor at all times while drilling is being conducted.

The Union H2S Contingency Plan provides for the safety of personnel,
who may be exposed to harmful concentrati ons of thi s gas. The key
elements of this plan are similar in nature to those described for oil
spills. Response procedures are described and personnel are trained
in the proper use of protective equipment. This plan also has been
reviewed by the USGS for adequacy and completeness. Other regional
and local plans would supplement this one as in the case of an, oil
spi ll.

The attached Initial Study includes the full text of the proposed
pipeline conversion project and its Appendices as Exhibit A.
Exhibit B to the Initial Study is the Approval of Minor Modificatio~
to Special Use Permit 806 and Resolution 6218 approving SUP 806 which
contains the conditions which implement .the mitigation measures of
EIR 78-19. Exhibit ,C to the Initial Study provides copies of the
pages from the EIR which are referenced in the Initial' Study. The
discussion attached to the Initial Study reviews. the impacts
associ a ted wi th the ori gi na 1 project, thei r app 1i cabi 1ity of that
evaluation and related mitigation measures to the proposed pipeline
conversion project, and provides further technical analysis of any
aspects of the proposal not covered by EIR/EA 78-19.
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Exhibit D

Emission Data for Platform Gina Pipeline Repair and Conversion Project, February 1990

Letter of April 9, 1990 from the Ventura County Air Pollution Control District concerning
the proposed project
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Emission Data

for

Platform Gina

Pipeline Repair and Conversion Project

Prepared By:

EnerSource Engineering
17280 Newhope St., Ste. 20

. Fountain Valley, CA 92708

February 28, 1990

..&. Revised July 20, 1990 per MMS Comments
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1. INTRODUCTION AND SYNOPSIS

UNOCAL is proposing to repair the existing Platform Gina water line and convert it
to gas service. A complete description of this project may be found in the published
project description entitled Platform Gina to the Mandalay Facility 6-5/8" Pipeline
Repair And Conversion Project--Revision 1, dated December 1989. This report was
prepared in response to specific comments received from Mr. Chuck Thomas,
Ventura County APCD, in his memorandum of October 16, 1989.

Specific responses to comments are as follows,

Comment 1, Construction-Related Emissions:

Section 2 of this report, entitled "Construction Related Emissions" addresses
estimated construction related emissions. In addition, a copy of EIR 78~19has been
forwarded separately as requested. Section 4.2 of the EIR contains the requested
atmospheric air quality information .

.
Comment 2, Air Emissions:

As requested, the EIR has been supplied to substantlate Item 8.1 of the subject initial
study.

Comment 2, Odor:

Odor will occur only in the event of accidental release of gas from pipeline. This can
occur only if there is a catastrophic failure of the H2S Processing Detection and
Shutdown System. Please see next comment response.

Comment 2, Failure of H2S Processing. Detection, and Shutdown Sy~tem:

Union has contracted with an outside consultant to prepare a risk assessment study
addressing catastrophic failure of the proposed Hydrogen Sulfide Processing,

. Detection, and Shutdown System. This report shows the possibility of such a failure
is extremely remote and does not pose a threat. A copy of this report has been
forwarded separately for your review. The report shows that if a worst-case accident
were to occur, the affected area would be limited to a 1j320 foot radius of the
Mandalay Onshore Processing Facility, within which there are no public residences.

Comment 3, Onshore Impacts Associated with Processing of Gas on Platform Gina:

Gas which is produced on Platform Gina is essentially "sales ready.vand no further
processing will need to take place onshore before transmission into the Southern
California Gas Company Pipeline/Distribution System. Offshore generated emissions
and impacts to onshore are summarized in Section 3 of this report, entitled "Onshore
Impacts Associated With This Project."

1
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Synopsis:

For clarity, this report is segregated into three areas:

1) Estimated construction related emissions associated with the project
2) Estimated onshore impacts resulting from the project
3) Potential offsets available to support project

1.1 Construction Related Emissions

Construction-related emission sources for this project were identified and daily
and total emissions were calculated. Emission factors used were based upon
those published by the Ventura County APCD.

The following table summarizes the total construction related emission impacts:

TABLE 1.1
Total Construction Emissions, Lbs

TOC ROC NOx T5P 502 CO

Total 473 420 5,197 371 344 2,656·
Construction
Emissions

These construction emission figures represent the "one-time" total emissions·
directly generated as a result of the construction. The emissions would be
generated over the construction time table period, expected to take
approximately 2 weeks. Daily emission estimates for the various equipment
items expected to be used may be found in Section 2..

1.2 Onshore Impacts

The development of offshore gas sources will result in increased flaring aboard
Platform Gina. Flaring will be done at. low rates during normal production
periods and higher rates during well testing. In order to ascertain the emissions
impact onshore, computer dispersion modeling was performed for the expected
flare emission. It was found that the onshore impact resulting from normal
production operations was very small, and thus it was modeled. Flaring.
emissions were then examined during periods of higher flow rates expected
during well testing. Well testing is expected to occur for a maximum of two
days for each new well that is to be developed. The expected days of well
testing for the next 3 years is as follows:

2
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TABLE 1.2
Number Days of Well Testing

1990 1991 1992

Days 4 6 6

The onshore average incremental pollution increase, during the few days each
year that well testing is occurring, was calculated and found to be only:

-
TABLE 1.3

24 Hour Average Incremental Pollutant Concentration at Shore,
Jlgjm3

Toe ROC NOx TSP S02 CO
24 Hour 0.0532 0.0256 0.472 0.0276 0.0176 0.322

A complete discussion of the emission factors used in this model are in Section
3.

1.3 Potential Offsets

Should mitigation of either the short term construction-related emissions or
operating/well testing flaring emissions be required, UNOCAL has offsets
available to help support this project. At Mandalay, an on-going fuel
conservation effort has identified several areas of improvement, all which will
soon come on-line, which will provide the following net reduction in emissions:

TABLE 1.4
Annual Emissions Reduction Available, At Mandalay,

From Fuel Conservation (Lbs)

Toe ROC NOy TSP SO? CO
Fuel Saved 372 248 4,636 139 29.2 927

(127MCF/D)

In addition, the introduction of new sources of natural gas, such as is what is
proposed aboard Platform Gina, represents a viable and positive contribution
to local air quality. When compared to alternative fuels, such as fuel oil, natural

3
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gas burns cleaner, resulting in less errussions. For example, if the gas
produced aboard Platform Gina were to be utilized by the Mandalay SeE
electrical power generation station, in lieu of fuel oil, the following net reduction
in air emissions would be realized:

TABLE 1.51

Annual Emissions Reduction Available at the Mandalay
Generating Station,

Using Gas From Platform Gina In Lieu of Fuel Oil No. 6
(Lbs)

Toe ROC TSP S02 CO
Emissions, 28,722 26,422 27,105 427,147 8,687 .

Lb/Day

1Table based upon Ventura County APCD emission factors for power plants (see Section 4). NOx
emission factor is not published for this classification.

4
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2. CONSTRUCTION RELATED EMISSIONS

A potential construction-related air emission analysis was performed by evaluating
the offshore emissions related to the repair of the Gina pipeline. .Emission sources
for the project include a working vessel (Equipment Group 1), three (3) transportation
vessels (Equipment Group 2),a generator set (Equipment Group 3); and an onshore
spread (Equipment Group 4). Emission sources are diesel or gas powered, and the
emissions last from a few minutes to 24 hours, depending upon their function.
Based upon estimates of equipment usage and fuel consumption at various stages
of the project (provided by International Diving Services and Hood Corporation), daily
emissions and total emissions for the project were calculated using emission factors
published by the Ventura County APCD.

2.1 Description of Emission Sources

. Emission sources for this project were identified and are arranged into the
following groups for ease of tabulation:

1) Equipment Group 1 - Offshore Working Vessel and Equipment
2) Equipment Group 2 - Offshore Transportation Vessels
3) Equipment Group 3 - Generators
4) Equipment Group 4 - Onshore Construction Equipment

2.1.1 Equipment Group 1, Offshore Working Vessel and Equipment

Equipment Group 1 represents a working pipe-lay vessel, which will be
involved in most of the work. It will be anchored offshore for most of
the project. During this time, there will be no emissions from the marine
gear; movement is accomplished by means of anchor cables and winch.

5
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TABLE 2.1
Equipment Group 1, Offshore Working Vessel and

Equipment

Make/Model Rated Rated HP Driving
RPM

Cat 398 TA 950 850 Marine Gear
. . ...

Cat 398 TA 950 850 Marine Gear

GM V671 1800 180 RS-90 Winch

GM V671 1800 180 RS-90 Winch

GM V671 1800 180 RS-SO Winch

GM V653 1800 180 40 T Crane

GM 671 1200 135 Jet Pump

GM 671 1200 135 Air Camp.
;";.;.:-::::;:::-:.;.;.;.". .... ' ..... -.,.;.; ..; ...:::{gr:·:::~::~690.:

2.1.2 Equipment Group 2, Offshore Transportation Vessel

Equipment Group 2 represents three (3) transportation vessels which .
would be used for this project, and consists of the following emission
sources:

TABLE 2.2
Equipment Group 2, Offshore Transportation Vessel

Make/Model Rated Rated HP Driving
RPM

Cat 343 TA 1650 350 Marine Gear

Cat 343 TA 1650 350 Marine Gear

Cat 343 TA 1650 350 Marine Gear

Cat 343 TA 1650 350 Marine Gear

Cat 343 TA 1650 350 Marine Gear

Cat 343 TA 1650 350 Marine Gear

0:·;·~·:.::;::~:·:;:~2i60-;..::~:..
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2.1.3 Equipment Group 3, Generators

Equipment Group 3 consists of two generators, as follows:

TABLE 2.3
Equipment Group 3, Generator Sets

Make/Model Rated Rated HP Driving
RPM

GM 671

GM 671

1200

1200

135 60 kW Gen

135 60 kW Gen

{\>:.....

l
\.
'.

2.1.4 Equipment Group 4, Onshore Construction Equipment

Equipment Group 4 consists of shore-side equipment which will be used
in construction. Both gasoline and diesel engines are present.

7
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TABLE 2.4
Equipment Group 4, Onshore Equipment

Make/Model Horsepower GP02 Driving

CAT 561 105 40 Side 800m

CAT 561 105 40 Side 800m

JD 450 70 . 18 Dozer

JD 710 105 27 Backhoe

Welding Rig 60 83 Welding Machine

Welding Rig 60 83 Welding Machine

3 Ton Crew Truck 210 403 --
Equipment Van 210 403 --

2.2 Emission Factors

The following emission factors were used in calculations .: The factors are from
the Ventura County APCD internal combustion table, sub-category 1 =
industrial, sub-category 2 = diesel, sub-category 3 = recipicating, SCC Code
= 2-02-001-02. These factors were found to be conservative and in excess of
published engine manufacturer's guidelines.

2Figures corrected for estimated hours of operation.

3Gasoline fueled.

8



TABLE 2.5
Emission Factors (Diesel)

Reactivity 0.884

TOC 37.5 Lb/1000 Gal

NO),' 469.0 Lb/1000 Gal

TSP 33.5 Lb/1000 Gal

SO? 31.2 Lb/1000 Gal

CO 102.0 Lb/1000 Gal

Similarly, the following factors were used for gasoline powered equlpment, The
factors are from the Ventura County APeD internal combustion table,
subcategory 1 = industrial, subcategory 2 = gasoline, subcategory 3 =
recipicating, sce Code = 2-02-003-01.

TABLE 2.6
Emission Factors (Gasoline)

Reactivity .908

TOC 161.0 Lb/1000 Gal

NO),' 102.0 Lb/1000 Gal

TSP 6.47 Lb/1000 Gal

SO? 5.31 Lb/1000 Gal

CO 3990.0 Lb/1000 Gal

2.3 Construction Emissions

The following tables were created to show emissions for each phase of the
construction. The gallons per day figures were based upon discussions with
contractors and run-time estimates for the various pieces of equipment.

9



TABLE 2.7
Construction Emissions,

Offshore Mobilization (1 Day Working) Emissions, Lbs/Day

GPO Rx Toe ROC NO TSP SO CO

Equip Group 1 1200

Equip Group 2 900

.6~ii~;:T6t~(.5::•··•.•.•/~l1.bd.·

0.884

0.884

45.00

33.75

39.78 ·562.8 40.20

29.85 422.10 30.15
\985:.··.· ..70:·:· ....

37.44 122.40

28.08 91.80

TABLE 2.8
Construction Emissions,

Jetting .Spread (2 Days Working) Emissions, Lbs/Day

GPO Rx Toe ROC NO TSP SO CO
1-

Working 300 0.884 11.25 69.95 140.70 10.05 9.36 30.60
Equip Group 1

l, Working 300 0.884 11.25 69.95' 140.70 10.05 9.36 30.60
Equip Group 2

Working Gen 225 0.884 8.44 7.46 105.53 7.54 7.02 22.95
Set

Standby Equip 200
Group 1

Standby Equip . 150
Group 2

Standby Gen 255
Set

D~ily·.tot~f:··.:::.:.:':'·:,,:,••,;··::,:·j:406,.;: .••
~'iD~Y·f6t~·I·:··!···i:.'.·:'j·;::···;··,·?a86:···":.'.

0.884

0.884

0.884

7.50

5.63

8.44

10

6.63 93.80

4.97 70.35

.7.46 105.53

6.70

5.03

7.54

6.24 20.40

4.68. 15.30

7.02 22.95



·' TABLE 2.9( Construction Emissions,
Working Spread (2 Days Working) Emissions, LbsJDay

GPO Rx Toe ROC NOy TSP SO~ eo
Working 300 0.884 11.25 9.95 140.70 10.05 9.36 30.60
Equip Group 1

Working 900 0.884 33.75 29.85 422.10 30.15 28.08 91.80
Equip Group 2

Working Gen 225 0.884 8.44 7.46 105.53 7.54 7.02 22.95
Set

Standby Equip 225 0.884 8.44 7.46 105.53 7.54 7.02 22.95
Group 1 .
Standby Equip 150 0.884 5.63 4.97 70.35 5.03 4.68 15.30
Group 2

Standby Gen 225 0.884 7.46 7.46 105.53 7.54 7.02 22.95
Set

(
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TABLE 2.10
Construction Emissions,

Tie-In Spread (2 Days Working) Emissions, Lbs /Day

GPO Rx Toe ROC NOx TSP so? CO

Working 500 0.884 18.75 16.58 234.50 16.75 15.60 51 .00
Equip Group 1

Working 900 0.884 33.75 29.85 422.10 30.15 28.08 91.80
Equip Group 2

Working Gen 225 0.884 8.44 7.46 105.53 7.54 7.02 22.95
Set

Standby Equip 225 0.884 8.44 7.46 105.53 7.54 7.02 22.95
Group 1

Standby Equip 200 0.884 7.50 6.63 93.80 6.70 6.24 20.40
Group 2

Standby Gen 225 0.884 8.44 7.46 105.53 7.54 7.02 22.95
Set

.·6~iIVT6t§r·••·/·:}.:.. ·i.i.~~75:··::;.:Ii';· ... "·····: :::-;'66·:·:1;11··· ..;· }\1 \.I .... if 1b67:r':' ·{b: ·./·;..171.···'·;:.·:. i23~f":(

2~'Day
...;.... >'";.

455O·;.!! ...... ......: .
213:4 :?\J:/.' ••·152·.·.·, ••·· .: ::::··Totar·.::.: :i:i·:? :'})\··.?XS. ,'172: <:.I::lL.··/::::".::.'·,

.:.:, ........
464'}'\:':' ::<:c((" ...: .::.. ".

TABLE 2.11
Construction Emissions,

. Onshore Spread (4 Days Working) Emissions, Lbs/Day
GPO Rx Toe ROC NO TSP SO Co

0.51 383.04

3.90 12.754.19

0.62

4.15 58.63

14.03 9.79

4.69

15.46

::.:;:;:::::2cLj·s:r:::':::::1:a::1S:·:. : '.:::.:6:83~2··.":.· ···:.'::::4~81·:.. ·.:::·.:I:.::?:#~41.::: "'39'5:ii:::::::~
·:·;:·::·.·.;:8d:~d···.;:· '.::i.::j!:.7~:::7:2'·::'·:· .:.:.}~1~:::~§:·:··;,.:.:·.:.···j:j1':9.;24:'\ ·::··jj:·;;·d:.Z;64:::.. :.··5:83':2::·;·I •.::.:j

.884

.908

Equip Group 4125
(Diesel)

Equip Group 4 96
(Gasoline)

···p·~ji~PT8t~I;·J:j.·i:·;·I,:I·::::j·;:.:·;, :·j:.::·::.'I::jj:[·:2~1...·':.;j:·,.

,i4:.;p·ciy:).r~~~'~.·:.·::I:j·j::·:.:·:•.•:.··:.:·i.I::·jlj::·8~:4·::i:·.··::

I"
\•...
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2.4 Summary of Total Construction Emissions

The overall total construction emissions for the project are thus summarized as
follows:

/,
\.

TABLE 2.12
Construction Emissions, Total for Project, Lbs

Gal Toe Roe Nay TSP SO? co

Total Emissions 14,384 586 521 6,603 471 438 2,961

13



3. ON-SHORE IMPACTS ASSOCIATED WITH THE PROJECT

The potential on-shore impacts resulting from the proposed project would occur
primarily as a direct result of flaring aboard Platform Gina. After gas is processed
aboard Platform Gina, it is ready for direct transfer to the Southern California Gas
Company distribution system. However, there is some consideration of a direct tie-in
to the Southern California Edison power station at Mandalay, in which case gas from
the platform may be directed either to the main distribution system or the Mandalay
power station. After being shipped to shore, it will pass through the Mandalay facility
with no further processing. There are no new emission sources associated with this
project at the Mandalay facility.

Aboard Platform Gina, the equipment used to produce, process, and ship the gas
will be all electric. All drilling will be (as is currently) performed by an all-electric
drilling rig. The number of personnel and transportation requirements will remain the
same. Thus, there will be no new sources of emissions directly related to these
operations. However, there will be some residual waste or "tail-gas" generated by
the gas sweetening process, and this gas will be burned using a flare. In addition,".
the flare will also be used to dispose of gas generated by well testing operations and
by upset process conditions.

( .
•...•,.'.

3.1 Determination of Emission Rates

The projected flow rates for Platform Gina under normal operations and during
well-testing operations are summarized in Table 3.1. The emission factors used
to calculate the concentration of products from the combustion of flare gas are
listed in Table 3.2. Since the emission factors for every product of the
combustion were not available from Kaldair (the manufacturer of the Coanda
flare nozzle to be used on Platform Gina)· conservative emission factors for
TOC, ROC, TSP, NOx' S02, and CO were taken from published tables 'of the
Ventura County Air Pollution Control District (VAPCD) and California Air
Resources Board (CARB).

A high and low estimate of emission rates were determined by using the
highest and lowest values of the derived emission factors, respectively (see
Table 3.3).

3.2 Preliminary Modeling of Air Quality Impacts from Flare Emissions

To facilitate the evaluation of potential air quality impacts from Platform Gina
operations, a preliminary air dispersion modeling study was undertaken using
the emission data developed above. In order to estimate the air dispersion
behavior of an open flare, parameters were needed which would allow the flare
to be modeled as a stack emission. Since the plume rise of the flare is
dominated by the heat induced buoyancy effect resulting from the combustion
of gas (with a heat value of 1050 Btu per cubic feet), the value for stack

14



\ 0.

(

i

\..

diameter was determined by calculating the net heat released and solving for
stack diameter using the Buoyancy Flux Equation (see Attachment 1). Ambient
air temperature was set at 2930 Kelvin and exit gas velocity at 10 meters per
second.

Two established computer models, PTPLU2 and ISeST, were utilized in this
investigation to provide a preliminary survey of the expected impact from flare
emissions during conditions of expected highest release (i.e. during well-testing
operations). The study used the emission rates provided in Table 3.3 and
employed estimated values for stack diameter, stack velocity, and exiting
temperature of the gas derived on Attachment 1. The rural diffusion coefficients
(Pasquill;.Gifford) and the options for stack tip downwash and buoyancy
induced dispersion were used in both models. Defaultvalues for wind speed
and the wind profile exponent were used to coincide with the stability cateqorles
of Pasquill. The possibility of limited mixing conditions at the stable-unstable, .
interface was considered by setting the mixing height at 5,000 meters and then
doubling the concentrations that occur under stability classes A through D.

The PTPLU2 run gave a maximum concentration under stability class e (Table
3.4). The IseST model was run under the stability classes B, e,and 0 with
seven discrete receptor points (see Attachments 2 and 3, respectively). Tile
concentrations at a receptor point approximately seven (7) kilometers from the
source are provided and represent the distance from Platform Gina to the
nearest shoreline. The maximum projected concentration of, NOx at the
shoreline receptor point was 1.182 micrograms per cubic meter (see Table 3.5),
and the maximum ISeST one-hour average concentrations for all relevant flare.
emissions is summarized in Table 3.6.

Since both the PTPLU2 and ISCST models only ..derive t-hour average
concentrations, we also calculated less conservative a-hour, a-hour, and 24- .
hour average concentrations from the modeling results based on standard.
multiplying factors recommended by the EPA (see Table 3.7).4 . '

4U. S.:Environmental Protection Agency. Guidelines for Air Quality Maintenance Planning and Analysis.
Volume 10 (revised), October 1977. .

15
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TABLE 3.1
Projected Gas Flare Rates· Platform Gina

1990 1991 1992

Normal 30 Mcf/d 100 Mcf/d 180 Mcf/d
operattons"

Well - Testing6 3,000 mcf/d for 4 3,000 Mcf/d for 6 3,000 Mcf/d for 6
days days days

Total Rate 22.98 MMcf/yr 54.50 MMcf/yr 83.70 MMcf/yr

SOuring normal operations, flare rate Is estimated as 1% of production rate.

60uring well testing, the entire flow from a single well is assumed to be flared during the test period.
. Production flow tests are assumed to last up to two (2) days per well test, and only one well is assumed .

to be tested at any given time.

16
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TABLE 3.2
EMISSION FACTORS FOR COMBUSTION OF NATURALGAS (lbs/MMcf)

(Nota- Factors Believed to Best Represent the Conditions on Platform Gina are Marked with an Asterisk)

Source _SubCategory Reactivity TOC NOx
TSP S02 CO

From VAPCD: 7

see # 1-02-006-01 > 100 MM Btu/hr 0.824 1.70 550 3.00 0.60 40
sce # 1-02-006-02 10· 100 MM Btu/hr 0.483* 5.80* 140 3.00* 0.60 35*
see # 1-02-006-03 < 100 MM Btu/hr 0.663 8.00 100 3.00 0.60 35
sec # 1-02-007-01 Process Gas 0.924 3.00 140 3.00 357*6 35

From CARB:9

sec # 3-10-002-05 Gas Flare" 5.60

Kaldalr Inc.: eOANOA-Type Flare" 51.5*

UNOCAL Quarterly Report: Selected VAPCO Factors - 5.8 140 3.00 0.60 35

7Ventura AIr Pollution Control DistrIct Emission Factors and Calculation Procedures (July 1985). page 3-2. Ext. Combustion Boiler, Industrial,
Natural Gas.

BCalculated as 950 x percent sulfur In fuel (assumed 2.000 ppm H2S) per Ventura Air Pollution Control District Emission Factors and Calculation
Procedures (July 1985).

.
9Californla Air Resources Board. Personal conversation with Ventura Air. Pollution Control District.

'OEmlsslons from a Natural Gas Production Flare

11NOxemissIon factor developed from measured emIssions of a representative natural gas flare. Personal correspondence Kaldalr, Inc.



TABLE 3.3
PROJECTED EMISSION RATES DURING NORMAL OPERATIONS AND WELL-TESTING OPERATIONS ON PLATFORM GINA

Conditions

(A) Normal Platform Operations:" lbs/hr 0.0073 0.0035 0.064 0.0038 0.451 0.044

(8) Well-Testing Operatlons:"

• Highest Estimate 14 lbs/hr 1.00 0.924 68.75 0.375 44.74 5.00

• Lowest Estimate 15 lbs/hr 0.213 0.103 6.44 0.375 14.10 2.50

• Most Probable Estimate 16 Ibs/hr 0.725 0.350 6.44 0.375 44.74 4.38
g/s 0.0915 0.0442 0.8114 0.0473 5.66 0.552

12Flareemissions from Platform Gina under normal operating conditions are assumed to be one (1) percent of the 1990 production flow rate (see
Table 3.1).

13Well-testlng conditions assumes an unabated emission of natural gas at 3,000 Mef/d.

14Calculated using the highest documented emission factors provIded in Table 3.2.

15Calculated using the lowest documented emissions factors provided in Table 3.2.

16Calculate? using emission factors which are believed to best represent the conditions on Platform Gina (see Table 3.2).



TABLE 3.4
PTPLU MAXIMUM CONCENTRATION (X) OF NO,t

x u Air
Maximum ug/m3 18 Wind (m/s) Stability Distance (km)

3.82 3.24 A 0.584

3.38 5.40 B 0.789

4.44 16.74 C 0.600

3.60 23.57 0 0.957

2.26 2.94 E 6.03

1.70 3.66 F 10.66

\.

17Uses the most probable emission rates for NOx (see Table 3.3).

1BStability Class C gives highest 1 Hr. avg. concentrations. Concentrations are doubled to account for
'. . limited mixing conditions (see narrative discussion).

19



TABLE 3.5
(.> ISCST MAXIMUM CONCENTRATION (X) OF NOX19.20.21

X u Air (x,y)
Maximum Wind Stability Distance Location
(pgjm3)20 (mjS) (km)

3.212 15 0 1.41 1,1

2.200 7 0 2.83 2,2

1.702 7 0 4.24 3,3

1.414 5 0 5.66 4,4

1.182 3 0 7.07 5,5

1.030 3 0 8.49 6,6

0.942 3 D 9.90 7,7

\.

\..

19Usesthe most probable emission rates for NOx (see Table 3.3).

20Stability Class 0 gives highest concentration at all receptor points. Concentrations are doubled to
account for limited mixing conditions (see narrative discussion).

21Nearest distance from Platform Gina to shore is approximately 7.2 km (4.5 miles).

20



TABLE 3.6
CALCULATED ISCST MAXIMUM ONE-HOUR AVERAGE INCREMENTAL POLLUTANT CONCENTRATIONS

DURING WELL-TESTING OPERATIONS AT SHORE22.23

(Maximum 1-Hour Average Concentrations at Shore J.Lg/m3)

Modeling Conditions TOC ROC NOx TSP S02 CO

Highest Emission Rates 1.836 0.1218 12.62 0.0688 8.23 0.9180
Lowest Emission Rates 0.0390 0.0322 1.182 0.0688 2.59 0.4580
Most Probable Emission Rates 0.1330 0.0642 1.182 0.0688 8.23 0.804

TABLE 3.7
ESTIMATION OF 3-, 8-, AND 24-HOUR AVERAGE INCREMENTAL POLLUTANT CONCENTRATIONS AT SHORE (J.l9/m)

Averaging Period TOC ROC NOx TSP S02 CO

1-hour 0.1330 0.0642 1.182 0.0688 8.23 0.804
a-hour" 0.1198 0.0578 1.064 0.0620 7.40 0.724
a-hour" 0.0932 0.0450 0.828 0.0482 5.75 0.562

24-hour26 0.0532 0.0256 0.472 0.0276 3.30 0.322

22At7.07 Km from platform (shoreline), with a wind speed of 5 meters per second and stability Class D.

23Concentratlonsare doubled to account for limited mixing conditions (see narrative discussion).

243-hourPeak-to-Mean Factor = 0.9

25a-hour Peak-to-MeanFactor = 0.7

2624-hourPeak-to-MeanFactor = 0.4



4. POTENTIAL OFFSETS AVAILABLE

Should it become necessary to offset emissions related to this project, there are
potential offsets at the Mandalay onshore facility which could be used. Also, it is
possible that an offset would be available from the Southern California Edison Electric
Company. These potential offsets are described as follows:

4.1 Potential Mandalay Offsets

During 1989 there were five test projects conducted at the Mandalay facility to
identify ways to reduce fuel gas usage and emissions at the facility. These
projects could provide a considerable emissions offset to the pipeline repair
project. In order to quantify the potential emissions savings, the projects were
subjected to extensive in-place testing and evaluation between May and
December 1989. The long-term testing was requested in order to optimize heat
settings and throughput rates on various pieces of equipment. The projects
are identified as follows: .

\ ..

Fuel and Emissions Reduction Project

Installation of 3rd Heat Exchanger

Insulation of Hot Oil Piping Upstream
of All 3 Heat Exchangers

Insulation of Hot Emulsion Piping
Downstream of All 3 Heat Exchangers

Installation of Additional Heat
Exchange Plates in 3rd Heat Exchanger

Revision of FWKO Internals to Reduce
Heater Treater Requirements

Date Testing Started

May 1989

July 1989

August 1989

October 1989

December 1989

Since the projects all had some effect on the reduction in fuel gas, below is
provided the fuel gas and throughput volumes prior to May, the numbers after
May to December, and the numbers to date for 1990. The 1990 numbers
reflect the fuel gas usage expected to occur with all five emission-reduction
projects on-line. It is also important to consider that throughput volume
increased during the period of these projects. A comparison with throughput
factored in has resulted in a 36.1 % reduction in fuel gas usage. If throughput
were held constant, current usage would be 247 MCFJD compared to 386
MCFJD prior for a reduction of 139 MCFJD.

22
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TABLE 4.1
Fuel Conservation Savings

Fuel Percentage
Average Volume Divide Reduction

Fuel Thru By by byDate (MCF/D) (BbIfD) Volume
MCF MCFfVol

Jan-May 386 18,865 .0205
1989

May-Dec 289 20,956 .0138 25.0% 32.7%
1989

Jan-Feb 259 19,735 .0131 32.9% 36.1%
1990

Based upon test results, there is available a net reduction of 127 MCF/D in
terms of fuel gas. Assuming that all of this gas is consumed in gas-fired
equipment (such as heater treaters); this translates into a net reduction of
emissions as follows: .

TABLE 4.2
Annual Emission Reduction at Mandalay27

Due to Fuel Conservation (LbsjDay)

Fuel
Saved

(MCF1D) TOC ROC NOx TSP 50? CO

127 372 248 4,636 139 29.2 927

4.2 Potential SCE Offsets

The introduction of new sources of natural gas fuel, such as is proposed
aboard Platform Gina, representsa viable and positive contribution to local air
quality emissions. When compared to alternatefuels. such as fuel oil, natural
gas burns cleaner, resultingin less emissions. For example, it is quite possible
that the natural gas produced by PlatformGinawill be consumed in lieu of fuel

27Emission factors based upon Ventura County Air Pollution Control District factors for draft fired
equipment

23



oil by the existing Southern California Edison electrical power station, located
at Mandalay (either through the existing Southern California Gas Company
connection or through a dedicated connection). Natural gas is much preferred
by the operations of this plant, as it burns cleaner. However, there is the
possibility of curtailments (due to limited supply) from the Southern California
Gas Company, which would force the burning of alternate fuel sources, such
as fuel oil.

The energy equivalent of 4.5 MMSCF/D natural gas is approximately 4,725
MMBTU/D (based upon 1050 BTU/SCF). This is equivalent to 255,405 Ibs of
NO.6 fuel oil (based upon 18,500 BTU/LB) or 31,925 gallons of No.6 fuel oil
(based upon a specific density of 8 Ibs/gallon). The following tables
demonstrate the possible emissions reduction which would be available should
the gas from Platform Gina be used in lieu of fuel oil at the Edison Power Plant.
The emission factors used in the development of this table are from the Ventura
County APCD table of emission factors.

TABLE 4.3
VAPCD Emission Factors28

Fuel Oil VS. Natural Gas

Source scc s Reactivity TOe TSP SO? CO Rate

Natural 1-01-006-01 0.440 2.50 8.83 0.83 15.00 Per/MMCF
Gas

Fuel #6 1-01-004-01 1.000 2.62 3.57 36.75 2.86 Per/Mgal

2Brable based upon Ventura County Air Pollution Control District emission factors for electric power
plants. NOx emission factor Is not published for this classification.
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'. TABLE 4.4
Emission Rate Comgarison

Fuel Oil vs. Natural Gas 9, lbs/Day

Emission
Source ROC TOe T5P 502 CO Rate-

Natural 4.95 11.25 39.74 3.735 67.5 lbs/d
Gas

Fuel #6 83.64 83.64 114.0 1,174 91.3 lbs/d

Annual 28,722 26,422 27,105 427,147 8,687 Ibs/d
Savings

29Assumes no emission abatement equipment
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ATTACHMENT 1

SUPPLEMENTAL DATA AND CALCULATIONS FOR MODELING
PLATFORM GINA FLARE EMISSIONS DURING WELL-TESTING OPERATIONS'

Given the following conditions:

Gas Flow Rate (0):

Stack Height (h):

Emission Factor:
ObsjMMcf)

where;

o = 3,000 Mcfjd or 0.125MMcfjhr

h = 98.2 ft or 29.9 m

NOx S02 CO2 TOC TSP
51.5 1.90 35 5.8 3.0

• Emission factors were taken from Table 2;

• The emission factor for S02 was calculated as follows:

and;

=
=

950 x (% sulfur content) (mW, S02';' mW, H2S)
9S0 x (2,000 x 10~ x 102

) (64.;. 34)
357.2 IbsjMMcf

• The NOx emission factor was supplied by Kaldair, Inc. (0.49 IbsjMMbtu.)

Assume the following values:

Ambient Temperature (fa):

Exiting Gas Temperature (fo): To

Exiting Stack Velocity (v): v = 10 mjs

Then calculate the Heat Released by Combustion (OH);2

OH = (0.125 MMcfjhr)(1,OSO MMbtujMMcf)(O.BO)

= 105 MMbtujhr

'The values derived were used to run the impact modeling studies for emissions from flaring during
well-testing conditions offshore (see Attachments 2 and 3).

2Assumes 99.9% methane and 2,000 ppm H2S; with 20% heat loss to radiation and heating.
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Supplemental Modeling Data
Platform Gina Emissions During Well Testing Operations
Page 2

Determine the Stack Diameter using the Buoyancy Flux Equation;

where; Volumetric Flow Rate 5 010)' and

v; 3.7 X 1O-5(QH)

(3.7 x 155 m3cal)(105 MMBW/hr)(252 cal-nr/a.soo MMBtu-sec)
122.75 m3/s

and; where

Stack Diameter 5 (d):

d ( (4 Ve)/1tV )ls

= 1.98 m

Attachment 1



ATTACHMENT2

PTPLU - SCREENING OF NOx FLARE EMISSIONS FROM GINA PLATFORM
(RUN - February 15, 1990)

PTPLU-2.0 (DATED 86196)
AN AIR QUALITY DISPERSION MODEL IN
SECTION 3. NON-GUIDELINE MODELS.
IN UNAMAP (VERSION 6) JUL 86
SOURCE: FILE 21 ON UNAMAP MAGNETIC TAPE FROM NTIS.
IBH-PC VERSION 1.20
(C) COPYRIGHT 1986, TRINITY CONSULTANTS, INC.
SERIAL NUMBER ·0 SOLD TO TRINITY CONSULTANTS, INC.
RUN BEGAN ON 02-15-90 AT 13:32:46

»>INPUT PARAMETERS«<
••• TITLE··· FLARE UPSET H=29.9

......-..

···OPTIONS··· ···METEOROLOGY···
IF = 1, USE OPTION AMBIENT AIR TEMPERATURE = 293.00 (K)
IF = 0, IGNORE OPTION MIXING HEIGHT = 5000.00 (M)
IOPT(1) = 0 (GRAD PLUME RISE) ANEMOMETER HEIGHT = 10.00 (M)
IOPT(2) = 1 (STACK DOYNYASH)' YIND PROFILE EXPONENTS = A: .07, B: .07, C: .10
IOPT(3) = 1 (BUOY. INDUCED DISP.) 0: .15; E: .35, F: .55
IDFLT = 1 (1 = USE DEFAULT, 0 = NOT USE DEFAULT)
MUOR = 2 (1 = URBAN, 2 = RURAL)
···RECEPTOR HEIGHT··· = .00 (H)

···SOURCE···
EMISSION RATE =
STACK HEIGHT =
EXIT TEMP. =
EXIT VELOCITY =
STACK DIAM. =

.81 (G/SEC)
29.93 (M)

1000.00 (K)
10.00 (M/SEC)

1.98 (M)

VOLUMETRIC FLOY = 30.79 (M**3/SEC)
»>CALCULATEO PARAMETERS«<

BUOYANCY FLUX PARAMETER = 67.95 (M··4/SEC··3)

FLARE UPSET H=29.9
····YINDS CONSTANT YITH HEIGHT····

STABILITY YIND SPEED MAX CONC DIST OF MAX PLUME HT
(M/SEC) (UG/CU M) (KM) (M)

1 .50 .79 1.355 1003.1(2)
1 .80 1.07 1.081 638.1(2)
1 1.00 1.20 .973 516.5(2)
1 1.50 1.46 .809 354.3(2)
1 2.00 1.64 .713 273.2(2)
1 2.50 1.77 .649 224.6(2)
1 3.GO L67 .601 '92,'1

····STACK TOP YINDS (EXTRAPOLATED FROM 10.0 METERS)····
YIND SPEED MAX CONe OIST OF MAX PLUME HT

(M/SEC) . (UG/CU M) (KM) (M)
.54 .84 1.305 931.2(2)
.86 1.11 1.042 593.2(2)

1.08 1.25 .939 480.5(2)
1.62 1.51 .782 330.3(2)
2.16 1.69 .690 255.2(2)
2.10 i.81 .626 2'O.2(2)
3.24 '.91 .594 13G.1



PTPLU - Screening of NOx Flare Emissions from Gina Platform
Run: February 15,1990
Page 2

Attachment 2

****YINDS CONSTANT YITH HEIGHT****
STABILITY YIND SPEED MAX CONC DIST OF MAX PLUME HT

(M/SEC) (UG/CU M) (KM) (M)
2 .50 .38 5.398 1003.1(2)
2 .80 .54 3.560 638.1(2)
2 1.00 .64 2.933 516.5(2)
2 1.50 .85 2.079 354.3(2)
2 2.00 1.02 1.643 273.2(2)
2 2.50 1.17 1.377 224.6(2)
2 3.00 1.29 1.197 192.1
2 4.00 1.49 .969 151.6
2 5.00 1.64 .830 127.2

****STACK TOP YINDS (EXTRAPOLATED FROM 10.0METERS)*·*·
YIND SPEED MAX CONC DIST OF MAX PLUME HT

(M/SEC) (UG/CU M) (KM) (M)
.54 .40 5.041 931.2(2)
.86 .57 3.329 593.2(2)

1.08 .67· 2.745 480.5(2)
1.62 .89 1.952 330.3(2)
2.16 1.07 1.545 255.2(2)
2.70. 1.22 1.298 210.2(2)
3.24 1.34 1.130 180.1
4.32 1.54 .918 142.6
5.40 1.69 .789 120.1

STABILITY
3
3
3
3
3
3
3
3
3

****YINDS CONSTANT YITH HEIGHT***·
YIND SPEED MAX CONC DIST OF MAX PLUME HT

(M/SEC) (UG/CU M) (KM) (M)
2.00 .80 3.184 273.2(2)
2.50 .94 2.584 224.6(2)
3.00 1.07 2.189 192.1
4.00 1.28 1.704 151.6
5.00 1.44 1.419 127.2
7.00 1.68 1.093 99.2

10.00 1.96 .834 76.6
12.00 2.08 .734 67.8
15.00 2.19 .640 59.1

****STACK TOP YINDS (EXTRAPOLATED FROM 10.0 METERS)***·
YIND SPEED MAX CONC DIST OF MAX PLUME HT

(M/SEC) (UG/CU M) (KM) eM)
2.23 .87 2.871 247.9(2)
2.79 1.01 2.337 204.3(2)
3.35 1.14 1.986 175.3
4.46 1.36 1.556 138.9
5.58 1.52 1.301 117.1
7.81. 1.77 1.003 91.4

11.16 2.03 .772 71.1
13.39 2.14 .683 63.3
16.74 2.22 .600 55.4
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PTPLU - Screening of NOx Flare Emissions from Gina Platform
Run: February 15, 1990
Page 3

Attachment2

****UINDS CONSTANT UITH HEIGHT****
STABILITY UIND SPEED MAX CONC DIST OF MAX PLUME HT

(M/SEC) (UG/CU M) (KM) (M)
4 .50 9999.99 999.999(3)1003.1(2)
4 .80 .09 45.460 638.1(2)
4 1.00 .12 30.331 516.5(2)
4 1.50 .21 17.470 354.3(2)
4 2.00 .31 11.251 273.2(2)
4 2.50 .40 8.630 224.6(2)
4 3.00 .49 6.780 192.1
4 4.00 .65 4.697 151.6
4 5.00 .80 3.589 127.2
4 7.00 1.03 2.573 99.2
4 10.00 1.32 1.765 76.6
4 12.00 1.47 1.479 67.8
4 15.00 1.62 1.211 59.1
4 20.00 1.78 1.000 50.3

****STACK TOP UINOS (EXTRAPOLATED FROM 10.0METERS)****
UIND SPEED MAX CONC DIST OF MAX PLUME HT

(M/SEC) (UG/CU M) (KM) (M)
.59 .05 80.020 855.5(2)
.94 .11 33.723 545.9(2)

1.18 .16· 25.571 442.7(2)
1.77 .26 13.561 305.1(2)
2.36 .38 9.352 236.3(2)
2.95 .48 6.937 195.0
3.54 .58 5.478 167.5
4.71 .76 3.849 133.1
5.89 .91 3.000 112.5
8.25 1.16 2.152 87.8

11.79 1.45 1.505 68.6
14.14 1.59 1.274 61.2
17.68 1.72 1.056 53.7
23.57 1.80 .957 46.3

STABILITY
5
5
5
5
5

*·*·UINDS CONSTANT UITH HEIGHT*.*·
UIND SPEED MAX CONC DIST OF MAX PLUME HT

(M/SEC) (UG/CU M) (KM) (M)
2.00 1.28 7.163 126.2
2.50 1.19 6.475 119.3
3.00 1.12 5.972 114.0
4.00 1.01 5.269 106.3
5.00 .93 4.796 100.9

**··STACK TOP UINOS (EXTRAPOLATED FROM 10.0METERS)••••
UIND SPEED MAX CONC DIST OF MAX PLUME HT

(M/SEC) (UG/CU M) (KM) (M)
2.94 1.13 6.028 114.6
3.67 1.04 5.472 108.6
4.40 .98 5.061 103.9
5.87 .88 4.490 97.2
7.34 .82 4.040 91.8

****UINDS CONSTANT UITH HEIGHT···· ····STACK TOP UINOS (EXTRAPOLATED FROM 10.0METERS)••••
STABILITY UIND SPEED MAX CONC DIST OF MAX PLUME HT UIND SPEED MAX CONC DIST OF MAX PLUME HT

(H/SEC) (UG/CU H) (KH) (M) (M/SEC) (UG/CU M) (KM) (M)
6 2.00 1.01 14.421 109.8 3.66 .85 10.660 95.3
6 2.50 .95 12.870 104.1 4.57 .79 9.590 90.6
6 3.00 .90 11.740 99.7 5.48 .74 8.811 87.0
6 4.00 .82 10.220 93.3 7.31 .68 7.599 81.3
6 5.00 .77 9.194 88.8 9.14 .66 7.000 76.5

(1) THE DISTANCE TO THE POINT OF MAXIMUM CONCENTRATION IS SO GREAT THAT THE SAME STABILITY IS NOT LIKELY
TO PERSIST LONG ENOUGH FOR THE PLUME TO TRAVEL THIS FAR.

(2) THE PLUME IS CALCULATED TO BE AT A HEIGHT YHERE CARE SHOULD BE USED IN INTERPRETING THE COMPUTATION.
(3)NO COMPUTATION UAS ATTEMPTED FOR THIS HEIGHT AS THE POINT OF MAXIMUM CONCENTRATION IS GREATER THAN 100KILOMETERS

FROM THE SOURCE.
RUN ENDEO ON 02-15-90AT 13:33:02



A1TACHMENT3

ISCSG - SCREENING NOxFLARE EMISSIONS FROM GINA PU'\TFORM
(RUN - February 16, 1990)

ISCST - VERSIO~ 3.4 (DATED 88348)
IBM-PC VERSION (1.64)
(C) COPYRIGHT 1988, TRINITY CO~SULTANTS, INC.
SERIAL NUMBER 0 SOLD TO Trinity Consultants, Inc.
RUN BEGAN ON 02-16-90 AT 15:36:01

..,-----"

*** ISCSG - SCREENING GINA FLARE, 0=1.98
CALCULATE (CONCENTRATION=1,DEPOSITIO~=2)
RECEPTOR GRID SYSTEM (RECTANGULAR=1 OR 3, POLAR=2 OR 4)
DISCRETE RECEPTOR SYSTEM (RECTANGULAR=1,POLAR=2)
TERRAI~ ELEVATIONS ARE READ (YES=1,NO=O)
CALCULATIONS ARE URITTE~ TO TAPE (YES=1,NO=0)
LIST ALL INPUT DATA (NO=0,YES=1,MET DATA ALSO=2)
COMPUTE AVERAGE CONCENTRATION (OR TOTAL DEPOSITIO~)
'.lITHTHE FOllOUING TIME PERIODS:

HOURLY (YES=1,NO=0)
2-HOUR (YES=1,NO=0)
3-HOUR (YES=1,NO=0)
4-HOUR (YES=1,NO=0)
6-HOUR (YES=1,NO=0)
8-HOUR (YES=1,NO=0)
12·HOUR (YES=1,NO=O)
24-HOUR (YES=1,NO=O)

PRINT IN'-DAY TABLE(S) (YES=1,NO=0)
PRINT THE FOLLOUING TYPES OF TABLES UHOSE TIME PERIODS ARE
SPECIFIED BY ISU(7) THROUGH ISU(14):

DAllY TABLES (YES=1,NO=0)
HIGHEST & SECOND HIGHEST TABLES (YES=1,NO=0)
MAXIMUM 50 TABLES (YES=1,NO=0)

METEOROLOGICAL DATA INPUT METHOD (PRE-PROCESSED=1,CARD=2)
RURAL-URBAN OPTION (RU.=O,UR. MOOE 1=1,UR. MODE 2=2,UR. MODE 3=3)
'.lINDPROFILE EXPONENT VALUES (DEFAUlTS=1,USER ENTERS=2,3)
VERTICAL POT. TEMP. GRADIENT VALUES (DEFAULTS=1,USER ENTERS=2,3)
SCALE EMISSION RATES FOR ALL SOURCES (NO=O,YES>O)
PROGRAM CALCULATES FINAL PLUME RISE ONLY (YES=1,NO=2)
PROGRAM ADJUSTS ALL STACK HEIGHTS FOR"DOUNUASH (YES=2,NO=1)
PROGRAM USES BUOYANCY INDUCED DISPERSION (YES=1,NO=2)
CONCENTRATIONS DURING CALM PERIODS SET = 0 (YES=1,NO=2)
REG. DEFAULT OPTION CHOSEN (YES=1,NO=2)
TYPE Of POLLUTANT TO BE MODELLED (1=S02,2=OTHER)
DEBUG OPTION CHOSEN (YES=1,NO=2)
ABOVE GROUND (fLAGPOLE) RECEPTORS USED (YES"'1,NO=0)

***
15'.1(1) = 1
ISU(2) = 3IS\I(3) ::: 1
15\.1(4)= 0
IS\.I(5)= 0
IS\.I(6)= 2

IS\.I(7)= 1
IS\.I(8)= 0
15\.1(9)= 0

15\1(10) = 0
15\.1(11)= 0
15'.1(12)= G
15\1(131'" 0
IS\I(14) = 0
15\1(15) = 0

15\.1(16)= 0
15\1(17) = 1
15\.1(18)= 1
15\.1(19)= 2
15\.1(20)= 0
15\.1(21)= 1
15\1(22) = 1
15\.1(23)= 0
15\.1(24)= 1
IS\I(25) = 2
ISI.'(26)'"
IS\.I(27)'" 2
iSw(Z8) '" 2
IS\J(29) '" ;;:
IS\I(30) '" ~
15'.1(31) '" 0



~! .

ISCSG - Screening NOx Flare Emissions from Gina Platform
Run: February 16, 1990
Page 2

.-~

Attachment3

NUMBER OF INPUT SOURCES
NUMBER OF SOURCE GROUPS (=O,ALL SOURCES)
TIME PERIOO INTERVAL TO BE PRINTED (=O,ALL INTERVALS)
NUMBER OF X (RANGE) GRID VALUES
NUMBER OF Y (THETA) GRID VALUES
NUMBER OF DISCRETE RECEPTORS
NUMBER OF HOURS PER DAY IN METEOROLOGICAL DATA
NUMBER OF DAYS OF METEOROLOGICAL DATA
SOURCE EMISSION RATE UNITS CONVERSION FACTOR
HEIGHT ABOVE GROUND AT UHICH UIND SPEED UAS MEASURED
LOGICAL UNIT NUMBER OF METEOROLOGICAL DATA
ALLOCATED DATA STORAGE
REQUIRED DATA STORAGE FOR THIS PROBLEM RUN

*** ISCSG - SCREENING GINA FLARE, 0=1.98

NSOURC = 1
NGROUP = 0

IPERD = 0
NXPNTS = 0
NYPNTS == 0
NXUYPT = 7
NHOURS = 16

NDAYS = 1
TK =.10000E+07
ZR = 10.00 METERS

IMET = 5
LIMIT = 43500 UORDS
MIMIT = 551 UORDS

***

*** UPPER BOUND OF FIRST THROUGH FIFTH UIND SPEED CATEGORIES ***
(METERS/SEC)

1.54, 3.09, 5.14, 8.23, 10.80,

*** X,Y COORDINATES OF DISCRETE RECEPTORS ***
(METERS)

( 1000.0,
( 6000.0,

1000.0), ( 2000.0, 2000.0),
6000.0), ( 7000.0, 7000.0),

3000.0, 3000.0), ( 4000.0, 4000.0), 5000.0, 5000.0),
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ISCSG - Screening NOx Flare Emissions from Gina Platform
Run: February 16, 1990
Page 3

*** ISCSG - SCREENING GINA. FLARE, 0=1.98
*** SOURCE DATA ***

*.*

....~

Attachment3

EMISSION RATE
TYPE=0,1

T U (GRAMS/SEC)
Y A NUMBER TYPE=2

SOURCE P K PART. (GRAMS/SEC)
NUMBER E E CATS. *PER METER**2

BASE
X Y ELEV.

(METERS) (METERS) (METERS)

TEMP. EXIT VEL.
TYPE=O TYPE=O

(DEG.IO; (M/SEC); BLDG. BLDG. BLDG.VERT.DIM HORZ.DIM DIAMETER HEIGHT LENGTH UIDTHHEIGHT TYPE=1 TYPE=1,2 TYPE=O TYPE=O TYPE=O TYPE=O(METERS) (METERS) (METERS) (METERS) (METERS) (METERS) (METERS). - . . . .. -.-

••• ISCSG - SCREENING GINA FLARE, 0=1.98
••METEOROLOGICAL DATA fOR DAY 100 ••

100 o .81143E+00 .0 .0 .0 29.93 1000.00 10.00 1.98

.**

.00 .00 .00
MET. DATA

DAY 100



ISCSG - Screening NOx Flare Emissions from Gina Platform
Run: February 16, 1990
Page 4

* FOR THE DISCRETE RECEPTOR POINTS *

Attachment 3

- x - - y • . CON. (DAY,HOUR) • x - • Y - CON. (DAY,HOUR)

*** ISCSG • SCREENING GINA FLARE, 0=1.98

1000.0
3000.0
5000.0
7000.0

1000.0
3000.0
5000.0
7000.0

1.60627 (100,15)
.85146 (100,13)
.59119 (100,12)
.47161 (100,11)

2000.0
4000.0
6000.0

2000.0
4000.0
6000.0

• 1.09945 (100,13)
.70743 (100,12)
.51511 (100,11)

***

2ND HIGH
1-HR

SGROUP#

* SECOND HIGHEST 1-HOUR AVERAGE CONCENTRATION (MICROGRAMS/CUBIC HETER) *
* FROM ALL SOURCES *

* FOR THE DISCRETE RECEPTOR POINTS *

- x • - Y - CON. (DAY,HOUR) - X - - Y - CON. (DAY,HOUR)- - - - - - - - .- - - - - - - - . - - - - - . . - - - . - - - - - - - - - - - - ... - -
1000.0 1000.0 1.53534 (100, 1) 2000.0 2000.0 1.09749 (100,14)
3000.0 3000.0 .83737 (100,12) 4000.0 4000.0 .65506 (100,13)
5000.0 5000.0 .5547i (100,11 ) 6000.0 6000.0 .49786 (!(iG~12)
7000.0 7000.0 .42433 (100,12)

:



ISCSG - Screening NOx Flare Emissions from Gina Platform Attachment 3 
Run: February 16, 1990 
Page 5 

MAX 50 
1-HR 

SGROOP# *** ISCSG · SCREENING GINA FLARE, D=1.98 ••• 
* 50 MAXIMUM 1·HOOR AVERAGE CONCENTRATION (MICROGRAMS/CUBIC HETERY • 

* FROM ALL SOURCES * 

x Y(HETERS) x YCHETERS) 
OR OR OR OR 

RANGE DIRECTION RANGE DIRECTION RANK CON. HOOR DAY (METERS) (DEGREES} RANK CON. HOOR DAY (METERS} (DEGREES) - - - - - ... - - - - - ... - .. - - ------
1 1.60627 15 100 1000.0 1000.0 26 .65088 5 100 3000.0 3000.0 
2 1.53534 7 100 1000.0 1000.0 27 .59119 12 100 5000.0 5000.0 3 1.50599 6 100 1000.0 1000.0 28 .57718 11 100 4000.0 4000.0 
4 1.50392 16 100 1000.0 1000.0 29 .57446 15 100 3000.0 3000.0 5 1.44764 14 100 1000.0 1000.0 30 .55471 11 100 5000.0 5000.0 
6 1.35313 8 100 1000.0 1000.0 31 .55293 11 100 3000.0 3000.0 
7 1.24314 2 100 1000.0 1000.0 32 .53993 14 100 4000.0 4000.0 
8 1.09945 13 100 2000.0 2000.0 33 .52665 12 100 1000.0 1000.0 
9 1.09749 14 100 2000.0 2000.0 34 .52111 1 100 3000.0 3000.0 

10 1.06090 3 100 1000.0 1000.0 35 • 51721 13 100 5000.0 5000.0 11 1.04149 9 100 1000.0 1000.0 36 .51635 2 100 2000.0 2000.0 12 .99200 5 100 2000.0 2000.0 37 .51511 11 100 6000.0 6000.0 13 .99169 13 100 1000.0 1000.0 38 .49804 4 100 4000.0 4000.0 
14 .97086 5 100 1000.0 1000.0 39 .49793 8 100 2000.0 2000.0 15 .91875 15 100 2000.0 2000.0 40 .49786 12 100 6000.0 6000.0 
16 .90416 12 100 2000.0 2000.0 41 .47161 11 100 7000.0 7000.0 
17 .85146 13 100 3000.0 3000.0 42 .47083 4 100 5000.0 5000.0 
18 .83737 12 100 3000.0 3000.0 43 .46195 6 100 3000.0 3000.0 
19 .83235 6 100 2000.0 2000.0 44 .45692 16 100 3000.0 3000.0 
20 .75791 16 100 2000.0 2000.0 45 .44923 4 100 3000.0 3000.0 21 .74754 14 100 3000.0 3000.0 46 .43688 5 100 4000.0 4000.0 22 .70743 12 100 4000.0 4000.0 47 .42433 12 100 7000.0 7000.0 23 .67370 1 100 2000.0 2000.0 48 .42417 11 100 2000.0 2000.0 
24 .66427 7 100. 2000.0 2000.0 49 .41944 13 100 6000.0 6000.0 
25 .65506 13 100 4000.0 4000.0 50 .41825 4 100 6000.0 6000.0 

RUN ENDED ON 02·16·90 AT ~5g36:05 
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Attachment 4

RESPONSE TO USDI-MMS COMMENTS .
ON THE AIR QUALITY ANALYSIS FOR THE PLATFORM GINA

PROJECT

UNOCAL is proposing to repair the existing Platform Gina water line and convert it to'
gas service. In a letter dated June 18, 1990, the U.S. Department of the Interior
Minerals Management Service (USDI-MMS) commented on the May 1990 Final Draft
Initial Study for Platform Gina Proposed Return Water Line Replacement and
Conversion to Produced Gas. The comments pertained to the air quality analysis sectir»j

of the report. The responses to the specific comments of the USDI-MMS are provided
below:

\ ..

(1) Comment On Boat Traffic: "Page 5, Section 2, Construction Related Emissions:
It is not stated whether the construction and the drilling and testing of wells is
expected to cause an increase in support vessel visits to the platform. If this is tlx.
case, estimates of the increase in emissions should be presented."

Response: Estimated increases in emissions due to an increase of boat traffic were
calculated only for work crews stationed immediately offshore and did not include
additional transport to the platforms as pointed out by the reviewer. Boat traffic to .
the platforms to support facility construction is estimated to increase by an additional
ten (10) boat trips during the project Boat traffic for the regular platform crew will
not increase during the project. The revised total emissions for the project with the
additional ten (10) boat trips are given below:

TABLE 1 !1

Construction Emissions, Total for Project, Lbs

Gal Toe Roe NOx TSP S02 CO i~
J'1-

Total Emissions 1,384 473 420 5,197 371 344 4656[t
-l

Additional Boat 3,000 113 101 1,406 100 94 30511
Trips ~I
Revised Total 14,384 586 521 6,603 471 438 496£ Ii
Emissions ['_J

"'•.."',;,;.. _ ..~.. , \

\ ..

(2) Comment: "Page 9, Table 2.5 and Table 2.6: The 'Lb/l000 Gal' after the
reactivity figure should be deleted."

Response: Comment noted and cotrectionis} made.

- 1- NOO7131A.15U



/ EnerSource Engineering
\ Response to Comments on Platform Gina Air Analysis

July 20, 1990

(3) Comment: "Page 14, 1st paragraph, 2nd sentence: The sentence is incomplete.
The word 'either' implies that there is another possible means of distribution
besides the Southern California Gas Company."

Response: Comment noted and correctionts} made. There is some consideration
towards construction of a direct tie-in to the Southern California Edison power station
located at Mandalay. It is therefore conceivable that gas from Platform Gina could
then be directed to either the main distribution system or to the possible tie-in at the
Mandalay.

(4) Comment on the Selection of an Air Dispersion Model: "Page 14, Section 3.2.
Preliminary Modeling: While MMS does not have any specific requirements for
modeling emissions resulting from modification of existing facilities not on Lease
Sale 73 or 80 'leases, the air quality analysis would have been enhanced by using ([
model that incorporates coastal fumigation andJ or applying a model that accounts
for overwater dispersion. The California Air Resources Board Coastal Fumigation.
Model (CCFM) is a simple screening model that calculates maximum onshore
concentrations during fumigation conditions. Application of the MMS Offshore
and Coastal Dispersion (OCD) model for selected wind and stability categories .
would be more appropriate than using either the PTPLU2 or ISCST models as the
former simulates overwater and coastal dispersion."

Response: The OCD model was considered for the air quality analysis and it is
agreed that the OCD model would have been more appropriate since it models the
surface boundary layer structure using a modified algorithm to account for the
behavior of plumes over water. However, the purpose of this air quality analysis was
to provide preliminary screening results and not a refined modeling evaluation, and
the use of the OCD model requires on-site wind turbulence measurements which M'ClT

not available for this study. As such, the PTPLU2 and ISCST models were selected
for the analysis expecting they would provide the best screening assessment possible
from the information available.

Concerning fumigation modeling, California Air Resources Board (CARB)-TechnicOlF
Support Division-Air Quality Modeling Section was contacted, and it was discovered
that the over-water coastal fumigation version of PTFUM (referred to as PTFUM~
OW) wm not available in runnable format for IBM PCS (FORTRAN source code
only). CARE staff recommended examining the possibility of using the EPA
SCREEN model which includes a shoreline fumigation option. However, it was
discovered that the shoreline fumigation option of the EPA SCREEN modeling
program considers land-based sources only and cannot estimate fumigation
concentration for sources located offshore. Nevertheless, based on a review of the
procedures and technical description of the SCREEN model (EPA User's Guide for

- 2- NOO7131A.lS0
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EnerSource Engineering
Response to Comments on Platform Gina Air Analysis
July 20, 1990

Screening Procedures for Estimating the Air Quality Impact of Stationary Sources.
1988, Pp. 4-31f., A-39j. [EPA-450j4-88-010J), it was determined that the method
used for coastal fumigation calculations of land-based sources could be adapted for
estimating offshore sources.

The calculations used in SCREEN are based on the 1987 EPA study, Analysis and
Evaluation of Statistical Coastal Fumigation Models (EPA-450/4-87-002) which
recommends the worst-case meteorological conditions of F-stability and 25 meter per
second wind speed for coastal fumigation screening. Based on the results of coastal
air studies, inland distances can be estimated at which the aloft stable plume
intercepts the thermal intemaI boundary layer (TIBL) thereby causing the fumigation
phenomenon: Then using Turner's equation for calculating fumigation concentrations
(Turner, Workbook ofAtmosphen'c Dispersion Estimates. 1970, p. 35), the maximum
ground-level concentration resulting from fumigation can be estimated. One
assumption made in adapting this method to sources located offshore is that the stack
height (a parameter needed to determine inland interception distance) can be
approximated as equal to the plume height by the time the plume reaches the
shoreline. A value for the stack height must be assumed in order to estimate the
distance inland at which the plume intercepts the TIBL and fumigation occurs.

The results of the calculations indicate an estimated maximum concentration of 291
micrograms N02 cubic meter (.0015 ppm NOJ occurring at an inland distance of
350 meters, or 7.35 kilometers from the offshore platform (see Attaclunent 1 for
calculation). This estimated concentration for coastal fumigation is greater than the
earlier predicted maximum concentration at shoreline distance obtained by the
PTPLU2 and ISCST modeling (1.182 micrograms N02 per cubic meter). Therefore
the coastal fumigation concentration should be used inassessing shoreline impact of
well-testing operations on Platform Gina. These conditions are not expected to last
more than two (2) days for any single well-testing operation:

(5) Comment: "Page 15, 1st full paragraph, 8th line: It is unclear how default values
for wind speed are used in the PTPLU2 and ISCST models."

Response: PTPLU2 uses a specified number of default combinations of stability
categories and wind speed to analyze for occurrences of maximum concentrations
(e.g., stability Cand 1,3,5, etc. mjs wind speeds). The ISCST model can reproduce
the PTPLU2 default combinations via discrete hour-long periods (e.g., hour 1is
stability 4 1 m/s; hour 2 is stability 4 3 m/s, etc.). In the report, the term "default
values" in reference to wind speed means that the same range of wind speeds covered
by PTPLU2 "default" stability-windspeed combinations is also utilized during the
ISCSTruns.

- 3 - NOO7131A.150



EnerSource Engineering
Response to Comments on Platform Gina Air Analysis
July 20, 1990

(6) Comment: "Page 16, 1st paragraph, 10th line: It should be noted that the results
in Table 3.5 do not account for limited mixing as described."

Response: Comment noted and cotrectionts) made.

(7) Comment: "Page 17, Table 3.2: The factor for calculating S02 emissions for the
flare is applied incorrectly. This factor is 950 x percent sulfur in fuel.
Furthermore, since the sulfur content is presented in terms of H2S, and the
emission factor is for S02' an additional multiplication factor of 1.88 should be
applied (the ratio of the molecular weights). Therefore, for gas with an fI2S
content of 2,000 ppm, the correct S02 emission factor should be 0.2 x 950 x 1.88 =
357.2Ib/MMscf.

Since the assumed NOx emission factor of 51.5 Ib/MMscf is based on measured
emissions, rather than emissions factors commonly used by the regulatory
agencies, MMS would like to review the documentation on that emission factor."

Response: Comment noted and correctionis} made. The study from which the flare
emission factor for NOx was derived is the 1982 EPA Flare Efficiency Study .
(EPA-600/2-83-052) (see Attachment 2 for documentation).

(8) Comment: "Page 19, Table 3.4: The wind speeds assumed under stability
Categories C and D are unrealistically high."

Response: These high wind speeds (16. 74 and 23.57 m/s) were reported by the
PTPLU2 program only because maximum concentrations happen to occur at these
values. Lower windspeeds were also tested by the PTPLU2 program but did not give
results higher than the ones obtained at these high windspeeds: The reviewer is
correct in describing these values as 'unrealistically high. '

(9) Comment: 'The units of annual emissions should be indicated. What emission
factors were used?"

Response: Comment noted and corrections made.

....

(10) Comment: "Attachment 1: The calculation of the effective stack diameter is in
error, as a result of using the wrong formula to calculate VO."

Response: The reviewers calculations are correct and stack diameter of 3.96M is
correct. However, this correction is insignificant in that fumigation calculations,
which used the intemal algorithm of the SCREEN modeling program replaced the
manual determination of stack diameter (d).

- 4 - NOO713IA150
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Attachment 5

CALCULATIONS FOR COASTAL FUMIGATION
BY OFFSHORE STATIONARY SOURCES



CALCULATION OF MAXIMUM CONCENTRATION
FROM COASTAL FUMIGATION - OFFSHORE SOURCE

(Reference: EPA 1988 User's Guide for Screening Procedures for Estimating the Air
Quality Impact of Stationary Sources, Pp. 4.31f., A.39f. [EPA-450/4-88-010))

(1) The SCREEN dispersion model was run using the source parameters of Platform
Gina - well testing conditions for NOx and the meteorological conditions: stability
F, 2.5 meters per second windspeed (see the enclosed computer results).

(2) Plume height (h.) was obtained from the results of the SCREEN run. At shoreline
distance, 7000 meters,

h, = 109 meters

and

0y = 198 m
0z = 44.8 m

(3) Calculation of the inland distance (x) at which the thermal internal boundary layer
(TIBL) height (hT) intersects with the plume centerline (h") was accomplished using
Table 4-5 of EPA 1988 and assuming that stack height (h.) is equivalent to h, (see
narrative discussion). The value for inland distance at which fumigation occurs was
determined to be:

x = 350 meters

(4) As a double check on the downwind distance, x, this value was substituted into the
TIBL coastal height equation,

hT = A (x)~ equation A15 in EPA 1988

where,

A = 6 m2

x = inland distance to point of coastal fumigation

to see if the TIEL height corresponds with the predicted plume height calculated by
SCREEN (h, = 109 m). Substituting x = 350 meters into the equation,

hT = 6 (350)~
= 112 m

1-2 NOO7182A.150



\
This value corresponds relatively close to the calculated plume height of 109
meters.

(5) Calculation of maximum ground-level concentration for NOx from fumigation is
accomplished by Turner's fumigation equation:

x =r

\..

.......

Where,

Q = 0.811 g/s
u = 2.5 m/s

he = hs + ~h

= 29.93 + 79 = 109 m

and,

I _ [ 2 (l1h)2]'ha - (J + -
Y Y 3.5

= 199 m

I _ [ 2 (ah)2]"ha - a +-
Z z 3.5

= SOm

Then,

X - 0.811
f -

y'ill(2.5)(199 + 109)(109 + 2(50))
8

1-3 NOO7182A.150
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= 2.912 X 10-6glm3

Converting to ppm units,

ppm = 2.912xl0-6(1000)(~~

= .0015 ppm NOl2

The California Ambient Air Quality Standard N02 is 0.25 ppm, l-hour average.

1-4 NOO7182A.150



EPA SCREEN - VERSION 1.1 (DATED 88300)

/ IBH-PC VERSION (1.01)
\. (C) COPYRIGHT 1989, TRINITY CONSULTANTS, INC.

NSC1501D PLATFORM GINA FLARE EMISSIONS - F, 2.5 m/s

SIMPLE TERRAIN INPUTS:
SOURCE TYPE = FLARE
EMISSION RATE (GIS) = .8110
FLARE STACK HEIGHT (H) = 29.93
TOT HEAT RLS (CALIS) = .7347E+07
RECEPTOR HEIGHT (101) = .00
IOPT (1=URB,2=RUR) = 2
EFF RELEASE HEIGHT (101) = 38.66
BUILDING HEIGHT (101) .00
MIN HORIZ BLDG DIM (101) = .00
MAX HORIZ BLDG DIM (101) = .00

BUOY. FLUX = 121.81 M**4/S**3; HOH. FLUX = 74.28 M**4/S**2.

*** STABILITY CLASS 6 ONLY ***
*** 10-METER ~IND SPEED OF 2.5 HIS ONLY ***
*******************.**~*******.***
**. SCREEN AUTOMATED DISTANCES **.
************************.*********

**. TERRAIN HEIGHT OF O. 101 ABOVE STACK BASE USED FOR FOLLO~ING DISTANCES ***

DIST CONC U10M USTK MIX HT PLUME SIGMA SIGMA
(101) (UG/M**3) STAB (MIS) (HIS) (M) HT (M) Y (101) Z (101) D\JASH.---------

C"
100. .0000 a .0 .0 .0 .0 .0 .0
200. .1828E-08 6 2.5 5.3 5000.0 109.0 16.6 15.3 NO
300. .4616E-04 6 2.5 5.3 5000.0 109.0 2~.3 20.1 NO
400_ •1897E-03 6 2.5 5.3 5000_0 109.0 24.9 21.3 NO
500. .3041E-03 6 2.5 5.3 5000.0 109.0 26.9 21.8 NO
600. .4925E-03 6 2.5 5.3 5000.0 109.0 29.2 22.3 NO
700. .7967E-03 6 2.5 5.3 5000.0 109.0 31.6 22.9 NO
800. .1187E-02 6 2.5 5.3 5000.0 109.0 34.2 23.4 NO
900. .1737E-02 6 2.5 5.3 5000.0 109.0 36.8 23.9 NO

1000. .2495E-02 6 2_5 5.3 5000.0 109.0 39.4 24.5 NO
1100. .3405E-02 6 2.5 5.3 5000.0 109.0 42.1 25.0 NO
1200. .4563E-02 6 2.5 5.3 5000.0 109.0 44.8 25.5 NO
1300. .6009E-02 6 2.5 5.3 5000.0 109.0 47.5 26.0 NO
1400. .7784E-02 6 2.5 5.3 5000.0 109.0 50.2 26.5 NO
1500. .9928E-02 6 2.5 5.3 5000.0 109.0 53.0 27.0 NO
1600. .1248E-01 6 2.5 5.3 5000.0 109.0 55.7 27.5 NO
1700. .1547E-01 6 2.5 5.3 5000.0 109.0 58.5 28.0 NO
1800. .1893E-01 6 2.5 5.3 5000.0 109.0 61.3 28.5 NO
1900. .2288E-01 6 2.5 5.3 5000.0 109.0 64.0 29.0 NO
2000. .2735E-01 6 2.5 5.3 5000.0 109.0 66.8 29.5 NO
2100. .3144E·01 6 2.5 5.3 5000.0 109.0 69.5 29.9 NO
2200. .3585E-01 6 2.5 5.3 5000.0 109.0 72.3 30.4 NO
2300. .4058E-01 6 2.5 5.3 5000.0 109.0 75.0 30.8 NO
2400. .4561E-01 6 2.5 5.3 5000.0 109.0 n.8 31.2 NO
2500. .5094E-01 6 2.5 5.3 5000.0 109.0 80.5 31.6 NO
2600. .5655E-01 6 2.5 5.3 5000.0 109.0 83.2 32.0 NO
2700. .6243E-01 6 2.5 5.3 5000.0 109.0 86.0 32.4 NO
2800. .6857E-01 6 2.5 5.3 5000.0 109.0 88.7 32.8 NO
2900. .7495E-01 6 2.5 5.3 5000.0 109.0 91.4 33.2 NO
3000. .8155E-01 6 2.5 5.3 5000.0 109.0 94.1 33.6 NO
3500. .1092 6 2.5 5.3 5000.0 109.0 107.5 35.3 NO
4000. .1378 6 2.5 5.3 5000.0 109.0 120.9 36.8 NO
4500. .1661 6 2.5 5.3 5000.0 109.0 134.0 38.3 NO

(,
5000. .1935 6 2.5 5.3 5000.0 109.0 147.0 39.7 NO
5500. .2194 6 2.5 5.3 5000.0 109.0 160.0 41.0 NO

'" 6000. .2435 6 2.5 5.3 5000.0 109.0 1n.8 42.3 NO
6500. .2658 6 2.5 5.3 5000.0 109.0 185.4 43.6 NO .

,"
7000. .2861 6 2.5 5.3 5000.0 109.0 198.0 44.8 NO
7500. .3005 6 2.5 5.3 5000.0 109.0 210.5 45.8 NO
8000. .3132 6 2.5 5.3 5000.0 109.0 222.9 46.8 NO
8500. .3244 6 2.5 5.3 5000.0 109.0 235.2 47.8 NO
9000. .3342 6 2.5 5.3 5000.0 109.0 247.4 48.7 NO



9500.
10000.
15000.

.3427

.3500

.3797
6
6
6

2.5
2.5
2.5

5.3 5000.0
5.3 5000.0
5.3 5000.0

109.0
109.0
109.0

259.6
271.6
388.9

49.7
50.5
58.4

NO
NO
NO

MAXIMUM 1-HR CONCENTRATION AT OR BEYOND 100. M:
14999. .3798 6 2.5 5.3 5000.0 109.0 388.9
D~ASH= MEANS NO CALC MADE (CONC = 0.0)
D~ASH=NO MEANS NO BUILDING DO~N~ASH USED
D~ASH=HS MEANS HUBER-SNYDER DOYNYASH USED
D~ASH=SS MEANS SCHULMAN-SCIRE DOYNYASH USED
DYASH=NA MEANS DO~NYASH NOT APPLICABLE, X<3*LB

*********************** ••••• *****
*** SCREEN DISCRETE DISTANCES ***
*********************************

58.4 NO

*** TERRAIN HEIGHT OF O. M ABOVE STACK BASE USED FOR FOLLO~ING DISTANCES ***

5.3 5000.0 109.0 198.0

SIGMA
Z (H) D~ASH

DIST
(M)

7000.

CONC
(UG/M**3)

.2861
STAB

6

U10H
(MIS)

2.5

usn HIX HT
(MIS) (M)

PLUME
HT (M)

SIGMA
Y (M)

44.8 NO

DYASH= MEANS NO CALC HADE (CONC = 0.0)
D~ASH=NO MEANS NO BUILDING DOYN~ASH USED
D~ASH=HS MEANS HUBER-SNYDER DOYNYASH USED
D~ASH=SS MEANS SCHUL~N-SCIRE DOYN~ASH USED
DYASH=NA HEANS DOYNYASH NOT APPLICABLE, X<3*LB

******.*.********** ••• ************.****
*** SUMMARY OF SCREEN MODEL RESULTS ***
*** •• **.* ••••• *************************

C',....
CALCULATION

PROCEDURE
SIMPLE .T.ERRAIN

HAX CONC
(UG/M**3)

•3798

DIST TO
MAX (M)

14999 •

TERRAIN
HT (M)

O.

(.

****************************.**** •• ****************
** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS **
**************** ••• ******************** ••••• *******

RUN ENDED ON 90/07/18 AT 12:47:57
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DOCUMENTATION OF NOx EMISSION FACTOR



15835 Park Ten Place
SuIte 11S. Houston, Texas 77084 USA
~ (n3) 492-2262 Fax: (713) 492-2399

KALDAIR fNcORPORA1\TED
FILE COpy

February 5, 1990

Unocal
P,O. Eox 6176
Ventura, Ca 93006'

P:~~--KAlDAIR

Attn: :Chris R.'. Culver

Dear Mr~ Culver:

It is, at best, difficult to rneas~~fe th7 emissions from an open
flame fla~e tip., Any ,attempt at er.~Closlng the fla~e (required
for accu~ate plume testing) greatly 1 c~anges,the combustion
characte~istics of any flare. It i~s ~mposs~ble to place a probe
at every possible location and get ~the exact plume sample.
Due to the 'inhe:::-ent difficulties in':.:measuring the emissions from
an open flare, very little informat:-on is available. wllilenew,
technologies are being developed tc: measu~e the ~ull spectrum of
emissions (using light detection a~c~,ranglng dev~ces) they are
not currently available for use on ~7ar7s. Our only reference
for accepted,calculated levels of er~;sslcns,are in the ,EPA
Flare Efficiency study of 1982. cc~~...~uSlY they could not

'condu~t tes~ing for e~ery type of r:a_e•
In refera~c~ to the type of combus~~on achieved by the Coanda
flares and NOx formation, we feel t~e Coanda flares should
out-perfo~ the flares used in the ~PA study. The reasons for
this are as follow~:
Basically, all of, cur flares produd~ a,gas rich flame. The
flame fron our Coanda type flares ~!h~ghly turbulent. The gas
passes th~ough the lower portion of t~e flame at high velocity
(low resonance time). The upper po~t~cn of ~he flame is cooled
by the high tur~ulence, recirculati~n, and a~r entrainment.;
These cccurances tend ~o lead to Id~~rNOx formation.
Al~~ough we anticipate '~ low~r NOx ~oduction, we state the
production'rate as estimated by the EPA of approximately
0.049,lb~/~BTU. '

L::::
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KALDAIR

I." If you require ·further assistOancOe, please do not hesitate to
contact our office or your local representative, Don BOling ofNorthpoint Industries.
Sincerely,

~n I( d Bolanowski
Comb stion Engineer

• °:
!
!
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KAlDAIR INCORPORATE9~ ~.
c;.~~,;al,W':;-:r.

15835 Park Ten Place
SuIte 115, Houston, Texas 77084 USA
"'J2'(713) 492-2262 Fax: (713) 492-2399

July ~7, 1990
Environmental Management
405 S. state College Blvd. # 211
Brea, CA 92621

Attn: Scott Nikaido
Ref; P-361

Unocal - Gina Platform
Dear Mr. Nikaido,

~..E""-~~-----
KAlDAIR

(.,.

.
The following is in response to our request for technical
assistance pertaining to the Unocal - Gina Platform.
In the 1982 EPA study, a wide variety of studies were
conducted. Because no testing was conducted on the Kaldair
Coanda flares, we must pick tests which most closely ·simulate
our flares. We have not used the air assist flares because the
flame produced by th~ low velocity air flare, does not comparB
to the highlY turbulent, high velocity Coanda flare flame. Th8
Coanda flare flames are most closely likened to the high steam
rate, steam flares. While the C6anda flares do not inject steam
fo cool the flame, the turbulence oreated does ensure a conmtant
supply of cool air. These are test numbers 7, 5, 17, 50 and
56. The highest value is 0.48 lbs/MMBTU.
In our estimate, we used a oonservative rate of 0.49 lbs/MMBTu.
And, 'as stated in our letter, we anticipate the actual NOxformation will be less.
Hopefully this information will assist you in your evaluation,
If you have any questions, please call.

BB/ki

".

2"d
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TABLE 6. FLAKE NO~ RESULTS

=eo> - _______r_:.o

.-;)1- COl" 1(0.
h\t Ccne~nlrlllOIl Concfntrftlon "n~.(rlltH Ion
Ho. IPPM'{) IPP~y, Illall06 BtU)

1 3,09 7.0S? 0.068
w 2 (.111 4,719 0.071
<; ] 1.~1 1,495 O,O9~
~ 4 1.96 '.616 0.046
.§ a 1.4! 5.(00 0,042___ ,

1.62 S.W 0.048
CJ :s ~~ ~.(;9 7 ,o~z O.OH,:.; ...= &7 J.l1 iliA H/A•..

"- 'So •..•••17 Loa 3.'99 O.Ou
" :: -..~O D.SO •• 1(0 0.018.... -I- 56 e.se J,liO 0.029..- 61 J.~? 6.nJ 0.033••.. 55 0 ••18 2,012 0.029toC•• 57 2.68 6.94~ 0.060
&I ..• 11 3.69 5.169 O.IOS.. e:VI

"-
$~, i.u.....", ~,·IJ 0.040".. -<; 60 - .- 0.79 '--3;685 0.017Q

'" 51 0.'" 3,311 0.0(6• 16 l.a1 C.OS9 0.071..
CD ~4 ' S.ca 7,115 0,109
~ 23 5.90 8,46~ 0.108•• 52 O,6S 2.6(1 O.~c

!J 2.83 $,741 0,076.
::lI ••• 26 5.J4 6,270 O.IJ1•• c

&I
CD tJ 65 2.40 1.878 0.076 -ptl 14...

~ -e.g 28 8.15 &,076 0.20S- = ..... 31 4.112 4,56! '0.136..
'= 6& 0.91 1,432 0.062AI- = 001 29 1.06 1.179 0.01$••- •• c 64 1.24 3.2S? O.O~!,l.. ••• III.. .. 61 0.60 J.016 0,030-e ! g• (.] 1.57 ••184 0.058.. ......:: JJ 0.14 1.851 0.061

32 1.15 3,102 0.013

40
,
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•• ~__ • ~~~~~l~· --'.:-·","!-:r_-. _ ..,~~iitJ •••q:ai".
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RESOURCE MANAGEMENT AGENCY

county of ventura .
, W. W. WELDON

APR 1 6 ]990

Air Pollution
Control District

Richard H. Baldwin
Air Pulturiun Cunuol Olliecr

April 9, 1990

Mr. Ralph Steele
City of Oxnard
Department of Planning and Community Development
305 West Third Street
Oxnard, CA 93030

Dear Mr. Steele:

4tH. PM W.. .w.
APR 1 6 19Y(J

J.D. I\.A.

(

Air Pollution Control District (APCD) staff has reviewed EIR 78·10 (Platform Gina and
Platform Gilda Project), and the emission data and hydrogen sulfide risk studies submitted
by Unocal in response to APCD's comments on the initial study for the Platform Gina r
Pipeline and Conversion Project. ~

The hydrogen sulfide risk study indicates that the chance of an accidental release of
hydrogen sulfide gas greater than 4 parts per million to be 2.7 x l06/year (annual chance of
occurrence of 2.7 in 1,000,000). This compares with an estimated annual chance of
occurrence of 7.9 in 100,000 for a direct impact by an aircraft, or an estimated annual
chance of occurrence of a traffic accident at the corner of Harbor and Fifth Street for local
residents of 5.5 in 1,000. Furthermore, the risk study did not find any serious system design
deficiencies. The risk study therefore concluded that the proposed project will be very safe
with respect to accidental releases of hydrogen sulfide gas. ' If an accidental release of
hydrogen sulfide gas should occur, the risk study determined that the radius of dangerous
exposure would be 1,320 feet.

111e emission data study indicates that reactive organic compound and nitrogen oxide
emissions associated with the project will be substantial. rille 1989 edition of Ventura
County's Guidelines for the Preparation of Air Quality Impact Analyses (Guidelines), which
was adopted by the Ventura County Air Pollution Control Board on October 24, 1989,
specifically states that construction-related reactive organic compounds and nitrogen oxides
emissions are not counted towards the air quality impact significance thresholds contained
in the Guidelines, since such emissions are only temporary. However, according to the
Guidelines, if such emissions from heavy-duty construction equipment anticipated to be
used for a particular project exceed the specified significance thresholds, appropriate
mitigation measures should be identified. TIle 1983 edition of the Guidelines does not
address construction-related emissions at all.

.,.,
Governrnent Center, Administration Building

800 Soulh Victoria Avenue. Ventura, CA 93009 (8051 65'1·280(j Fax Number: (8051 65'1·2842



The emission data study also addressed the project's potential to cause objectionable odors.
The study concluded that objectionable odors will only occur if there is a catastrophic
failure of the Hydrogen Sulfide Processing and Detection Systems, a possibility that the risk
study de termined to be remote.

An air quality modeling study was conducted to estimate the onshore air quality impacts
that would result from flaring on Platform Gina. The modeling study utilized two models,
PTPLU2 and ISCST. The modeling study indicated that the onshore air quality impacts
resulting from flaring during well-testing operations would be negligible. Furthermore, the
study stated that well-testing operations on Platform Gina would occur only four times in
1990, and six times in 1991 and 1992.

It should be noted, however, that the air quality modeling study utilized models and m(}dd
inputs which may not be entirely appropriate for a marine environment. However, given
the nature of the project, APeD staff believes that the emission information is sufficient. If
further modeling is deemed necessary by the city, the applicants should contact the APC::O
for recommendations regarding appropriate models and model inputs.

The modeling study did not look at the possible effect of well-testing operations on
ambient ozone concentrations. To do so would require the use of a photochemical model.
The California Air Resources Board and the APCD do not approve of the usc of
photochemical modeling for assessment of source specific impacts. This is due to the great
uncertainty in emission transport patterns which cause errors in site specific ozone .
predications. Even if such a study is conducted, it is doubtful that the model would be able
to detect an incremental increase in onshore ambient ozone concentrations given the
amounts of emissions associated with the project.

APCD staff would like to thank Uno cal for its thorough response to APCD comments on
the initial study for the project. If you have any questions, please contact me at (80S): 654-
2798.

Sincerely,

CtC-<bL ~~~~
Dill Mount, Manager
Planning and Evaluation Section

cc: Bill Weldon, Unocal
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Exhibit E

Risk Assessment Study, Platform Gina Gas Production and Pipeline, Mandalay Onshore
Receiving, November 1989
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1. PREFACE &~D SYNOPSIS

A design review and risk assessment study of a proposed proj ect to

produce and transport gas from Platform Gina to the Mandalay onshore

facility was performed. No serious design deficiencies were found in the

proposed designs, which are currently at concept level. The risk study

indicated that the proposed project is very safe, with chance of

accidental release of gas near Mandalay containing greater than 4 ppm

hydrogen sulfide estimated to be 2.7 x 10-<l/year. (Annual chance of

(

)

)

occurrence of 2.7 in 1.000,000.) This compares with an estimated chance

of occurrence 7.9 x lO'~/year (annual chance of occurrence 7.9 in 100.000)

for direct impact by aircraft. or an estimated chance of occurrence of

traffic accident at the corner of Harbor and 5th Street for local

residents estimated to be 5.5 x 10~/year (annual chance of occurrence 5.5

in 1000).

In the remote chance that an accidental release of gas should 'occur, it

was determined that the radius of dangerous exposure would be 1,320 feet.

This was based upon accidental full flow release of gas containing

7.0-00ppm ~S, which is 3-1/2 times greater than the worse case gas

expected to be produced.

1
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II. PROJECT OVERVIEU

A. Description

Platform Gina is located 6 miles southwest of Oxnard, California

within Tract OCS P-0202 in Federal waters. Platform Gina is in 95

feet of water and has been on production in the Hueneme zone since

1982. The existing wells are produced by electric submersible pump

systems to the Mandalay onshore processing facility, located in the

Ci~y of Oxnard, through a 10-3/4 inch pipeline. There are currently

15 total well slots on Platform Gina, 6 oil producing wells,S water

injection wells, 1 exploratory well (H-l4), and 3 unused slots.

Oil and water separation and treating are conducted at the Mandalay\r:
1

facility. Formerly, produced water was returned to Platform Gina

",'

)

)

from Mandalay through a 6-5/8 inch pipeline for disposal. The 10-

3/4 inch and the 6-5/8 inch pipelines are the only pipelines between

Platform Gina and the Mandalay facility. The 6-5/8 inch pipeline has

not been in service since October, 1988.

An exploratory well is now being tested in an effort to determine the

size and extent of gas reserves which underlie tracts OCS P-0202 and

the adjacent tract OCS P-0203. It is proposed ~o convert the 6-5/8

inch pipeline from Platform Gina to the Mandalay ~acility from water

return service to gas sales service to evaluate the exploratory well

and provide for long term field development.

2
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The phases of the project required to test and evaluate the

exploratory ~ell (H-14) ~ill include the installation of gas

processing equipment on Platform Gina, conversion of the 6-5/8 inch

pipeline to gas sales service, and the modification of piping at the
"

J Mandalay facilicy.

.,
.J

This report specifically addresses the risk assessment and design of

the pipeline, gas processing, ~S detection, monitoring, shutdown,

and alarm systems at both Platform Gina and Mandalay.

B. Platform Gina

1. Description

(
Platform Gina ~as set on oes Tract P-0202 in 1981. Six

production ~el1s and five injection ~ells ~ere completed from
) 1981 to 1983. Exploratory wells Nos. 5 and 6 ~ere drilled in

1985, and H-13 and H-l4 ~ere drilled in 1988. The platform is

set in 95 feet of ~ater in Federal ~aters off of Oxnard (see map,

) Figure 1).

2. Development Plans

It is knovn that gas reserves underlie Platform Gina in oes

Tracts P-0202 and P-0203 in the Sespe and Monterey zones. The

) size and extent of these reserveS are currently being determined

by exploratory drilling and drill stem testing. The first ~ell

3
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/ drilled to explore the Monterey zone gas was drilled in 1985 from

a mobile drilling rig. This well, OCS P-0203 ;;;6,was plugged

after testing, but provided data that warranted further

exploration.

Two exploratory wells were drilled in 1988. The first well,

)

H-13, was drilled and tested in the Monterey zone but has been

plugged and abandoned as a dry hole. The second well, H-14, was

completed in the latter half of ·1988 and is completed in the

Sespe zone that underlies the Monterey zone. The Monterey zone

in Yell H-14 is potentially productive, based on analysis of

information gained during the drilling process.

3. Exploratory Well H-14

Some drill stem production testing of Yell H-14 has been done.

The tested gas does ~ contain any hydrogen sulfide and conforms

to all gas sales specifications required by Southern California

Gas Company.

Gas has been tested from the H-14 well by producing directly into

the 10-3/4 inch pipeline and using the separation and treating

equipment at the Mandalay facili~. The well is not now

continuously producing due to fluid loading caused by high liquid

production rates.

5
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The Monterey zone is potentially productive in qell H-14, and it

is planned to complete and test this zone when tpe testing of the

current zone is complete. This Monterey zone is possibly a sour

gas (hydrogen sulfide) zone. If this is the case, all gas will

have hydrogen sulfide removed (sweetened) offshore prior to

either flaring for short term testing or transportation through

either of the pipelines to shore for long term testing or gas
,.. sales. No hydrogen sulfide gas will be transporced to the

Mandalay facility through eicher pipeline.

The basis for determination that che Monterey zone gas may

contain hydrogen sulfide is the gas analysis from drill stem Test

2A of qell oes P-0203 #6, which again ~as drilled in 1985. Of

several drill stem tests conducted on this well, only Test 2A

encountered hydrogen sulfide I which was present at a level of

2000 ppm. All drill stem test on qe1ls H-13 and H-14 performed

) to date have not encountered sour gas.

4. Reservoir Development
'0,,

Until further drilling and testing are completed, it will be

difficult to determine the development of gas reserves under

)

)

)

·P1atform Gina in oes Tracts P-0202 and P-0203. Some assumptions

have been made by UNOCAL as follows: The major reservoir to be

developed is the Monterey zone. Current information about.the

reservoir indicates potential reserves of 33 billion cubic feet,

producing at a maximum 18 MMSCF/day rate after all the wells are

6



5.

on production, A 12 year life is estimated, and project timing

is based upon drilling the second well inl989, three additional

wells in 1990, and ehe final three wells in 1991.

Hydrogen Sulfide Treating

The exact concentration of hydrogen sulfide which the Monterey

zone will have is currently not known. Based on experience in

the Santa Barbara Channel and results obtained in pertinent drill

stem tests, UNO CAL has assumed that the gas will be similar to

gas encountered in Well OCS P-0203 #6. This is the closest

(

.'

)

Monterey zone well to Platform Gina which has encountered sour

gas.

Regardless of the concentration of the hydrogen sulfide in the

produced gas; the gas will not be sent to the Mandalay facility

until it is sweetened offshore to conform to the gas sales

specification. The gas sales specification is 0 ..3 grains per 100

standard cubic feet. or 4 ppm. The sales specification is more

stringent than the OSHA-PEL standard of 20 ppm and is more

stringent than the American Conference of Governmental Industrial

Hygienists (ACGIH) standard of 10 ppm .

There are several methods available for treating the gas to

remove the hydrogen sulfide. These methods range from chemical'

scavenging with a variety of chemicals to large scale treatment

plants. UNOCAL has experience in the production and treating of

7
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sour gas produced from both onshore and offshore reservoirs.

UNOCAL will be treating the gas offshore to prevenc cransmission

of hydrogen sulfide gas to che onshore facilicy.

A redundant detection, monitoring, shutdown, and alarm system

will be installed to prevent the release of hydrogen sulfide gas

into the pipeline.

c. Pipeline

1. Description

The subject pipeline is a 6-5/8 inch line 32,576 feet in length

between the Mandalay treating facilicy in Oxnard, California, and

Platform Gina within OCS P-0202. The 6-5/8 inch pipeline runs

from the Mandalay facility 50uthwesc beneath the sand dunes that

are northeast from the beach. Beneach the sand dunes, the line

is inside a 10 inch protective conduit. Once the line leaves the

conduit, a long radius bend turns the pipeline to 14° west of

south, and from this point, the line proceeds directly towards

-'

Platform Gina.

Figure 1.

The approximate pipeline route may be seen in

)

.i

The pipeline was installed in September of 1981 and was pressure

tested to 2190 psi for 25 hours. Originally, pipeline burial was

performed by natural surf conditions in the surf zone.

8



Subsequent surveys have shown that the line has remained buried

since installation in the surf zone.

The pipeline has been in service carrying produced water to

Platform Gina for offshore disposal since 1982. In 1985, a 650

foot portion of the pipeline was replaced from the Mandalay

facili t:y seaward towards the surf zone. This replacement was

"

(

from the wall of the Mandalay facility to the mean high tide

line.

The condition of the pipeline has been surveyed annually since

the original installation. This is done by alternating a Side-

Scan Sonar survey and a Linalog survey each year. The Side-Scan

Sonar survey is an external survey and verifies pipeline burial

and external damage; the Linalog survey determines internal and

external damage of the pipeline, but does not delineate burial

) conditions. The survey results are revie'.ol'edby the Minerals

j

)

)

.J

Management Service annually.

As part of this project, this pipeline will be converted to gas

service.

9



D. Mandalay Onshore Facility

1. Description

Produced oil, gas, and water from Platform Gina is currently

being produced at the Mandalay Beach onshore facility. Here,

-,,

"'(

gas, oil, and water are separated and made ready for shipping.

In order to properly distribute the incoming gas from Platform

Gina (via the converted existing water line), it will be

necessary to perform minor piping changes at this facility. Gas

will be tied directly into a Southern California Gas Company

connect:ion.

III. DESIGN REVIEW

A. Description

A design review of the proposed project was conducted in conjunction

with the risk assessment study. In areas where completed design
,

-' drawings were not available, proposed concept-level intentions were

reviewed for conformance to applicable codes and to local industry

standards. Yhere critical systems were proposed which tied into

)

)

,
"

)

existing production process or safety systems, the existing systems

were reviewed for local compatibility with current codes and

practices. The project was deemed to meet or exceed CEQA Guidelines

for Environmental Protection.

10
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1. Applicable Codes and Standards

~ere applicable, the following codes and standards were

referenced during the course of the design review:

API l4C
ANSI 31. 3

ANSI 31.4

ANI 31.8

30 CFR Pt. 250, 256 (MMS Orders)

33 CFR Pt. 126, 143, 147, 151-157

49 CFR Pt. 190-195

2. Safety Analysis

a. Purpose and Objectives

The purpose of a production platform surface safety system is

to protect personnel, the environment, and the facility from

.:: threats to safety caused by the production process. The

)

purpose of a safety analysis is to identify undesirable

events that might pose a threat to safety and define reliable

protective measures that will prevent such evenes or minimize

their effects if the occur. Potential threats to safety are

identified through the use of proven systems analysis

techniques with have been adapted to the production process.

11
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Recommended protective measures are common industry practices

proven through long experience.

As much of the design for the proposed gas sweetening system

is not; complete at this time, a complete safety analysis

could not be performed.. However. a safety analysis of the

existing pipeline system and applicable portions of the

Mandalay onshore gas facility was performed using the

following methodology:

b. Premises for Basic Analysis and Design

The recommended analysis and design procedures for a platform

safety system are based on the following premises:

(1) The process facility will be designed for safe operation

) in accordance with good engineering practices~

)

)

)

(2) The safety system should provide two levels of

protection to prevent or minimize the effects of an

equipment failure within the process. The two levels of

protection should be independent of and in addition to

the control devices used in normal process operation.

In general, the two levels should be provided by

functionally different types of safety devices for a

wider spectrum of coverage. Two identical devices would

12



(3)

have the same characteristics and might have the sarne

inherent weaknesses.

The ewo levels of protection should be the highest order

(primary) and next highest order (secondary) available.

Judgment is required to determine these C-••o highest

orders for a given situation. As an example, two levels

of protection from a rupture due to overpressure might

be provided by pressure switch high (PSH) and a pressure

switch low (PSL). The PSH prevents the rupture by

shutting in affected equipment before pressure becomes

excessive, and the PSL shuts in affected equipment after

the rupture occurs.. However, a pressure safety valve

)

.)

)

)

(PSV) is selected in lieu of the PSL because it prevents

the rupture by relieving excess volumes to a safe

location. Moreover, its fast response could prevent a

rupture in situations where "the PSH might not effect

corrective action fast enough.

(4) The use of proven systems analysis techniques, adapted

to the production process, will determine the minimum

safety requirements for a process component. If such an

analysis is applied to the component as an independent

unit, assuming worst case condit~ons of input and

output, the analysis will be valid for that component in

any process configuration.

13
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)

)

)

)

(5) All process components on a production platform comprisa

the entire process from the ~ellhead co the mose

do~stream discharge point; thus, all process equipmene

and ~unctions are incorporated into the safety system.

(6) wnen fully p rocecced process components are combined

into a facility, no additional threats to safety ara

created. Therefore, if all process component safecy

devices are logically integrated into a safety system,

ehe entire facilicy will be protected.

B. Platform Gina Process Equipmene

1. Background

Before gas can be produced on Platform Gina, it will be necessary

to install and configure processing equipment to sweeten, or

remove hydrogen sulfide H2S from the gas, then transfer it to the

pipeline, and then send it to the Mandalay on-shore production

facility. At this time, the final design has not been completed.

Design review has been limited to existing equipment ~hich has

been installed or to concept-level review of proposed process

facilities.

UNO CAL has indicated that should industry or regulatory standa~ds

change before actual design of-the Gina gas processing starts,

14



"I\, then the design o,.;illbe modified accordingly to reflect the

latest standards and practices.

Before drilling of the exploratory ~ells H-13 and H-14 on

Platform Gina in 1988, three related projects were completed to

allow for exploratory drilling to proceed.

One project involved structural modifications to the platform to

allow for higher hook loads during the drilling operation. The

higher hook loads carne about because of the deeper depth of the

Monterey formations.

structural requirements.

This project met all applicable MMS

(
Another project involved the construction of a 23'x40' production

deck extension on the west side of the platform to provide room

for test equipment and installation of a flare stack to allow for

) testing of the wells. As with the other structural

)

)

modifications, this project was completed and the design met all

applicable MMS codes.

A third proj ect which was completed before the exploratory

drilling involved the installation of ambient hydrogen sulfide

monitors at various locations around the platform to warn of any

hydrogen sulfide release. The monitors ~re manufactured by

)

General Monitors and are tied into the platform programmable

logic controller (PLC) to effect a complete platform shutdown

.J

should dangerous levels of hydrogen sulfide be detected.

15
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addition, early '.1arningalarms were installed, and a hydrogen

sulfide contingency plan was developed which included operator

training and safety and evacuation plans. The existing

\
I

contingency plans were reviewed and found to be in conformance

with 30 CFR Part 250 (MMS Orders) regulations.

Exploratory ~ells H-l3 and H-l4 were drilled after the above

proj ects were completed. T,.l'ellH-13 was a dry hole, and only

limited drill stem testing was completed. ~ell H-14 had its

\..

)

production blended into the existing lO-3/4~ production pipeline,

and testing of the gas was performed at Mandalay. The shipping

of the gas to Mandalay was possible because the gas did not

contain hydrogen sulfide.

2. Proposed Process Description

In order to allow for testing and sweetening of gas offshore

before shipment to Mandalay, it '.1illbe necessary to install gas

separation and treating systems. For initial testing, UNO CAL

) proposes to utilize temporary batch sweeteners in order to

provide flexibility for the test volumes and ability to handle

the gas concentrations which will be found. As development

j

)

)

proceeds, permanent equipment, optimally designed to match

encountered conditions, will be installed.

UNOCAL proposes to install a gross separator, two batch

sweeteners, a flare scrubber, an ~S monitor, and a final gas

16



scrubber. The batch s~eeteners ~ill each be capable of treating

(.•....

)

a gas volume of 3 million scf/day and s~eetening from a level of

2,000 ppm to a level of 4 ppm. The associated liquid production

will be pumped to shore using t"..TO triplex. plunger pumps, each

capable of handling 2,000 Bbl/day. A fully redundant hydrogen

sulfide gas monitoring, detection, alarm, and shutdown system

~ill be installed to protect the pipeline against hydrogen

sulfide concentrations greater than 4 ppm and to protect platform

personnel (see Section E). The monitoring, detection, alarm, and

shutdown systems ~ill be tied. into the platform's PLC system to

activate alarms and effect platform shutdown in the event that

hazardous concentrations of ~S are detected.

The initial plan is to dedicate all of this equipment to Well H-

14. After ~ell testing is completed, additional ~ells ~ill then

be brought on one at a time. As additional wells are brought on,

additional equipment may need to be added to accommodate

production. This additional equipment could include test

)

)

)

)

separators, gas dehydration unit, and gas compression equipment.

The actual equipment to be used ~ill be based upon future test

well test results and a detailed reservoir analysis. The design

of the proposed gas production system ~as reviewed and found to

be in accordance with modern and standard industry operating

practices and current codes and regulations.

17



e. Pipeline

1. Description

) The original 6-5/8" pipeline from Gina to Mandalay was designed

as an ANSI 600# rated pipeline. For an ANSI 600 # class piping

system, the design pressure rating is 1480 psig at temperatures

) up to 100 OF (Ref. ANSI B-16.5). Original design of the pipeline

and risers met applicable porcions of the oes Orders, ANSI B-

31.4, and 49 eFR Part.195 standards related Co the transportacion

) of hazardous liquids by pipeline. In general, the original.

,

)

j

")

2.

design also met applicable portions of the. oes Orders, AI-iSI

B3l.8, and 49 GFR Part 192 standards relating to transportation

of gas by pipeline. Since che original installacion, the 6-5/8"

pipeline has had a 650 foot portion replaced near Mandalay, and

there is a proposed repair involving replacement of.approximately

3000 feet of pipeline.

Design Review

a. Pipeline Material

According to available records, the existing pipeline

material is 6-5/8" 00 x 0.280 ER~ API 5L Grade B pipe. The

proposed replacement pipe to be used in the repair is 6-5/8"

)

)

00 x 0.280 Seamless Al06 Grade B pipe.

18
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operating pressur.e is 500 ps ig I and the maximum allowable

operating pressure will be 600 psig.·

The maximum concentration of 4 ppm 1\S .presents no unusual

corrosion hazards for this grade pipe.

In accordance with 49 CFR Part 192, Minimum Federal Safety

Standards for Gas Pipelines, the original pipe selection was

checked for pressure handling limitations. Although offshore

locations typically qualify as Class 1 locations, and hence

are subj ec ted to a lessor safety fac tor, it: was decided to

use a more conservative safety factor based upon a Class 3

location, which is more representative of the onshore

environment around the Mandalay onshore facility:

p (2 St/D) * F * E * T (49 CFR Pt. 192)

P - Design Pressure in psig

S - Yield Strength

- 35,000 psi per API Spec 5L
)

t Wall Thickness

- .280

D Outside Diameter
)

6.625

F Design Factor

Assume Class 3 Location, Type 3 Construction
)

.50

19
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E - Longitudinal Joint Factor

- 1.00 Per 49 CFR Pt. 192.113

T - Temperature Derating Factor

- 1.00 Per 49 CFR Pt. 192.115

P - 1,480 psig

Maximum Allowable Operating Pressure - 600 psig

Safety Factor - 2.5 minimum

Likewise, the proposed replacement pipe was also checked:

P - (2 St/D) * F * E * T

P - Design Pressure in psig

S - Yield Strength

(49 CFR Pt. 192)

35,000 psi min per mill test certificates (actual

test values - 43,700 psi)

t - ~all Thickness

- .280
D - Outside Diameter

6.625
F Design Factor

Assume Class 3 Location, Type 3 Construction

- .50

)
E Longitudinal Joint Factor

1.00 Per 49 eFR Pt. 192.113

20



T - Temperature Derating Factor

- 1.00 Per 49 eFR Pt. 192.115

P - 1,480 psig

}

Maximum Allowable Operating Pressure - 600 psig

Safety Factor - 2.5 minimum

b. Pipeline Riser

) The pipeline riser at Placform Gina is cons cruc ced from API

5LX42 ER~ pipe. By code, pipeline risers must be subject to

a design factor of .50 or less:

P - (2 St 10) * F * E * T

P Design Pressure in psig
)

1,440 psig min

S - Yield St:rength

j
- 42,900 psi

t - .280

D - 6.625

F - .so
j

E - 1.00

T - 1.00

)
P-l,775 psig

21
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(
Maximum Allowable Operating Pressure" - 600 psig

Safety Factor - 2.96

The pipe is considered to be acceptable for maximum operating

pressure of 600 psig. As actual operating pressures will be

less, the safety factors will increase.

c. Pipeline Fittings

All new and existing pipeline fitt"ings are proposed to be

ANSI class 600# RF components. This class is good for

d.

pressures up to 1,480 psig at 100°F. A review of existing

pipeline fittings, valves, and instrumentation was held. and

no problems were identified.

Coatings

The existing coating at the splash zone is Ameron Tideguard

./
171. This product has been used in many similar

appli~ations, and no problems have occurred or are expected.

The exist:ing pipeline coating is Ameron PRITEC, and no

problems have been reported. The coating for the new section

of pipe is to be polypropylene. This material is desirable

as it will be shop applied and will protect the pipeline

\
\ ..

through shipping and fabrication.

22

Field joints will be



(

)

.!

w?=apped at the time of welding using a suitable coating

compatible with the polypropylene.

e. Cathodic Protection

The original cathodic protection system. ~lasdesLgned for a 20

year life. The original design called out for 88 pounds of

anode per 1,000 feet of pipeline, and the proposed repair

will have installed approximately 190 pounds per 1,000 feet

of pipeline. The pipeline was recently surveyed in February,

1989. The survey report was reviewed for deficiencies, and

none were found.

f. Concrete Coating

The original pipeline was coated with a nominal thickness of

1.7S inches of concrete throughout the surf. zone. UNO CAL
proposes to supply a 1" thickness of coating for the

replacement section of pipe which crosses through the surf

zone. A comprehensive design review of burial

\.

"

.'

)

characteristics and resistance to surf conditions of the

original pipe was performed. After reviewing this and the

selection of newer coatings available, it was determined that

a ln coating will provide ample pipeline protection.

23
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D. Mandalay Onshore Facility

1. Description

"1 The Mandalay onshore facility currently receives dry gas from

Platform Gilda and also separates and processes gas from the

(

...•

)

Platform Gilda and Platform Gina processing trains for ultimate

sale to the Southern California Gas Company. As designed, the

facility has the capability to handle up to 9 MMSCFD from

Platform Gilda and also can process up to an additional 2,000

MSCFD through local vapor recovery compression and dehydration

equipment. As gas entering from Platform Gina will be sweetened

offshore, there will be very litt:le processing modifications

required at Mandalay. A pipeline tie-in connecting the·to-be-

converted water line to the existing gas line is the only major

modification which will need to be constructed.

2. Design Review

compliance. The existing Piping and Instrumentation Diagrams

(P&IDs) for the pipeline gas handling system were reviewed and

UNO CAL install one additional flow safety valve and pressure
.)

minor drawing corrections were made. It was recommended that

J
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switch. UNO CAL has agreed to perform this work. As the piping

and electrical design for the Platform Gina gas tie -in is not

completed, this could not be reviewed at this time. The design

\.

.,

,
.'

review did not encompass existing up-stream vapor recovery and

gas separation systems, as they function independently of the

proposed Gina gas processing systems and were known to be in full

code compliance at the time of construction, in 1981 .

Major equipment and physical layout of the existing gas

processing equipment at Mandalay was checked and no problems

relating to the existing gas processing' system were observed.

Control at Mandalay is effected by a PLC located at the concrol

room. All of the electrical logic operates in a fail-safe mode.

E. Hydrogen Sulfide Redundant Monitoring, Detection, Shutdown, and Alarm

System

1. Description

In order to guard against the accidental transmission of ~S gas

to shore, Platform Gina will have redundant ~S monitors

installed on the departing gas pipeline. The monitors are
-'

)

)

designed to continuously monitor the flowing gas stream, and will

alarm immediately if the HzS concentration reaches a level of 2

ppm. This early warning alarm gives the platform operators an

opportunity to check and adjust the gas sweetening equipment to

25
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)

reduce the ~S concentration. If, for any reason, the ~S level

is not controlled properly and the concentration reaches 4 ppm,

the ~S monitors then trigger a shutdown of the gas processing

system and gas delivery to Mandalay will cease.

A similar monitor is also installed at the Southern California

Gas Company pipeline tie-in at Mandalay to provide independent

and triple redundant back-up to the platform safety systems.

Should this monitor detect ~S, an emergency alarm signal is

generated which will cause shutdown of the sales gas pipeline,

which will then force a shutdown of gas shipping from the

platform.

In addition to the gas pipeline monitoring" UNOCAL also has

installed a number of atmospheric gas monitors aboard the

platform to protect employees and visitors against any leaks

which could release ~S gas into the working environment. Should

these detectors detect ~S gas, an alarm is sounded and the

location of the leak indicated to the platform operators in the

» control room. If the concentration approaches potentially

harmful concentrations (20 ppm). the control panel logic will

effect an immediate shutdown of the gas processing systems and

gas wells. The entire system is calibrated monthly and results

reviewed by the Minerals Management Service.

UNO CAL has also prepared a detailed ~S contingency plan, which

documents and provides all employees and. platform visitors

26 .
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2.

specific instructions and procedures to be followed in the event

of an ~S alarm.

Design Review

a. -Platform Gina

Pipeline Gas Monitors: The redundant ~S gas monitoring,

detection, shutdown, and alarm systems utilize Del Mar Series

DM-EXMR hydrogen sulfide monitors for detection.' This

monitor uses a continuously moving tape. specially coated

with lead acetate. which is exposed to the flowing gas

stream. t.lhenthe tape comes into' contact •.••ith ~S, a

chemical reaction occurs which changes the lead acetate into

lead sulfide. An optical sensor and reference circuitry

convert the resulting color change of the tape into a

numerical value, which corresponds to actual ppm of ~S

present in the gas stream. The system self-calibrates and

recalculates approximately every 30 seconds. The monitors

J

j

will be adjusted to provide an alarm signal at 2 ppm, and a

shutdown signal at 4 ppm. This type of monitor is currently

an industry standard and is also used by the Southern

California Gas Company to -protect their system in several

locations against accidental ~S contamination. This

I

\ ..

)

)

particular sensor is a state-of-the-art device and is well-

suited for this cype of application.
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The outpucs from the monitors are to be ~ired in a fail-safe
r:
\ '-.'.
\ . manner into the PLC in the concrol room. The PLC logic

operates the alarms and effects shutdown of the gas system.

The PLC operates in a fail-safe mode, continuously checking

sensors and sensor circuits. Upon any faul ts , the PLC

automatically initiates a system shutdown and alarm. There

(-
'.

have been no incidents of PLC failure of any kind aboard Gina

or at Mandalay since start-up in 1982.

In the event ~S concentration is detected in excess of

4 ppm, the PLC will automatically shut down the Amine gas

plant, stop gas production, and divert gas blow-down to the

flare, where it may be safely burned off. The sequence is

fully automatic and does not require operator intervention.

The control logic is such that the cause of the problem must

be identified and corrected before start-up can occur.

UNO CAL has expressed intentions to update some of their

platform control as part of this project. Part of these

modifications will involve converting some of the existing

pneumatic controls (e.g., pressure transmitters, valve

actuators, flow controllers) ·aboard Gina to electronic

controls. The availability and reliability of these controls

is now greater than what was originally available at the time

of the original platform design. In general, this will

)

.J

provide increased system reliability and reduce the amount of

field upkeep required for these controls. The existing PLC
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)

should be able to handle the increased logic demands which

will be required. However. more physical alarm annunciators

or a different means of operator interface will have to be

added to the existing control panel.

Atmosnheric Monitoring: Atmospheric monitoring is

accomplished through the use of 8 monitors spread around the

platform which continuously sniff the air for any traces of

~S gas. The system is designed to detect any gas leaks

which could threaten platform personnel. The signals from

the detectors are received by a dedicated control panel in

the control room. which will indicate where on the platform"

~S is detected and whether the amount is 10 or 20 ppm. In

addition, the outputs from this panel are also wired into the

PLC and will effect a gas well and amine plant shutdown

should ~S gas at 20 ppm be detected. Audible alarms are

provided at both 10 ppm and 20 ppm. The monitors in use are

manufactured by General Monitors and reflect current state-

of-the-art design for this application.

IV. RISK ANALYSIS

A. Methodology

The purpose of the safety assessment was to quantify the risks of a

hydrogen sulfide (~S) release arising from the proposed 6-5/8"

pipeline conversion project. In this context, "risk" is defined as
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"the potential" for realization of undesirable consequences arising

from an event of activity; as such, it has both a probabilistic

.,

component (the probability of the event occurring)

deterministic component (the consequences of the event) .

and a

(
'.

t
j
~'.

,

.:

)

)

. ,

The potentially harmful material which will be handled by the project

will be na~ral gas with an undetermined concentration of hydrogen

sulfide (~S). For the purpose of this analysis, it is assumed the

concentration of H:zS will be approximately 2000 ppm at the well head.

~lthough safety considerations during the design s=age can serve to

reduce process-related risks to very low levels, risk can never be

eliminated. Therefore, the assessment focused on potential releases.

of hazardous gases. which, in turn, might affect the safety of the

general public and surrounding community.

The methodology for safety assessments for this project consisted of.

a number of steps which are briefly described below:

In the first step, preliminary design information was reviewed with

- the objective of identifying the events that might lead to a release

of hazardous material.

The second seep in the safety assessment -..rasto determine the

likelihood of these types of failure events using fault tree

analysis.
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The third step was to assess the frequency of system failures and

accidental events that could cause releases.

The fourth step was to calculate the magnitude of releases caused by

accidents or the rate at which materials would be released from

equipment, pipes, etc., if the events postulated in the fault tree

analysis were to occur.

In the fifth step, the possible consequences of the releases

postulated above were estimated. For toxic materials, the

(

'.

;

)

)

-,..

consequences involve the dispersion of a toxic vapor cloud.

Finally, in the sixth step, the frequencies associated with

particular events and the consequences of those events were combined

to produce risk profiles in order to display both the probabilistic

and deterministic elements of risk. Impact summary tables were also

used to present a concise description of these results and key safety

issues.

- 1. Assessment of System Failures and Accidental Events

This consisted of four steps:

• hazard identification

• fault tree analysis

• assessment of frequency of system failures

• assessment of frequency of accidental events
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a. Hazard Iden~ification

An accepted technique for hazard identification is the hazard

and operability study. This technique requires careful

review of the proj ect P&IDs by a team of engineers and

designers. Because the P&IDs :or this proj ect are s::ill

preliminary, such a detailed review would not be appropriate

at this stage. Therefore, the identification of events or

j

system failures that could lead co releases with potentially

harmful consequences for the public was accomplished by a

critical examination of the preliminary P&IDs, layouts, and

process drawings.

In addition to the concerns of sys::em failures raised in the

review of these preliminary dra'Jings, there were also some

failure modes 'Jith large consequences associated with

externally induced events (e.g., earthquakes) an~ frequent

hazards of small consequences associated with procedural

)

errors. All such events with the potential for negative

.J

.>

)

impact, either directly or through a chain of events, were

examined further, whether induced by system failures,

external event, or improper procedure .
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b. Fault t=ee Analysis

Fault cree analysis is used to identify the sequence of

failures leading to an unwanted failure event and Co estimate

the likelihood of occurrence of that-event. This technique

starts with a particular top event, such as a hydrocarbon

release from a particular system. It then breaks down the

.'

causes of such an accident into all the identifiable

contributing sequences, and each sequence is separated into

all of its necessarl components or events. The presentation

of all this information is facilitated by the use of a logic

diagram, or "fault tree."

The sequence of events forms pathways, along which are found

logical "AND" and "OR" gates. These gates connect the basic

initiating and contributing events to the higher order

events. ~en the occurrence of all of a set of lower arder

events is necessary for the next higher order event to occur,

they are joined by an "AND" gate. By multiplying together

the probabilities of each event in che set, the probability

of the next higher event is obtained. ~en the occurrence of

anyone of the set of lower order events is sufficient for

the next higher order event to take place, the events in t~e

set: are joined by an "OR" gate, and their probabilities are

added. These rules are valid for independent events and

)

J

events with very low probabilities. Probabilities of the top

events are expressed as a yearly rate -- e.g., lO~ chance of
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occurrence per year. (This evenc ~ould be expecced co have

an annual chance of occurrence of 1 in 10,000.)

Since the probability of each top event (accident scenario)

is to be expressed as a yearly rate, no more than one event

leading into an "AND" gate can have a likeliho~d.expressed as

a frequency. Othe~Nise, the overall rates will be in terms

of something similar to "occurrence rate per year squared" --

a meaningless concept. Thus, at most, one lower event

leading into an "AND" gate can be expressed as a frequency;

the remaining events are expressed as conditional

probabilities, or probabilities per demand. These are

dimensionless and can then be multiplied by a frequency to

yield a conditional frequency.

At "OR" gates, it is essential that all the events entering

)
the gate be quantified in the same units either

)

)

)

.
.'

frequencies or probabilities -- since they are to'be added.

The next higher order event will be in the same units as the

events immediately preceding it.

For this study, fault trees were constructed for failure

events related to platform operations. the pipelines, and the

onshore facilities operations.
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c. Assessment of Frequency of System Failures

Once the fault trees for the release of hazardous gases were

developed, the likelihood of such events occurring was

estimated by assigning probabilities and frequencies to each

event or failure in a particular fault tree. The frequency

rates for human errors and equipment failure that were used

in this study are based either on information reported in the

literature, or on estimates that combine information supplied

by the operator with info:-:nation frem ocher sources. The

failure rates and probabilities given by chis report are

based on informacion from ope racing industrial facilities,

such as chemical plants, refineries', power plants and

manufacturing facilities.

Additional failure rate daca sources for pipelines and

offshore facilities include: U.S. Department of

j

Transportation, Research and Special Programs Administration,

Annual Report on Pipeline Safety; U.S. Department of

Transportation, Research and Special Programs Administration,

Transportation Safety Information Report; U.S. Environmental

Protection Agency, Petroleum Pipeline Leak Detection Study.

)
Probabilities were obtained from chese sources and, if

appropriate, were modified on the basis of engineering

judgment and the specific features of chis particular
)

project. By multiplying or adding the probabilities as

3S
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described above. the likelihood ot the top event occurring

can be estimated.

d. Assessment of Frequency of Accidental Events

)

The frequency of occurrence of certain types of accidental

events ~as estimated using historical data. It is important

to recognize chat the use of historical data inherently

implies that certain assump t Lons are being made.

assumptions include:

These

• Past experience is a reliable indicator or future

experience.

• Accident causes will be the same in the future as they

have been in the past.

"
• Accident rates will not be affecced by improved technology

or regulations.

)

)

• Accidents at the location where these data are being

applied will be similar to those where the data were

collected.

• The accident: performance for anyone facility will be

) average or typical of the entire industry.

36
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Some of these assumptions are simplistic and mav not reflect. . ,

condicions that in reality bear upon the facility being

evaluated; for example, improved technology in system

operations in accordance ~ith the Best Available and Safest

Technologies (BAST) policy of the Minerals Management Service

(1980) can reduce accident rates and associaced levels of

risk. Because of this, historical data ~as carefully

)

)

examined to ascertain ho~ applicable it is to the scenario.

If necessary, adjustments ~ere introduced ~here supporcable

~ith specific information or independent analysis.

2. Assessment of the Magnitude of Releases

Having postulated various evenns that could result in the release

of a hazardous material, it -.•as necessary to calculate the

quantities that would be released in specific circumscances.

Two approaches ~ere applied to quancify release amounts and co

ensure their validity for the particular facilities of concern:

• Analysis of historical data via review of prior studies in

the topical areas of interest, and

• Engineering analysis based on the spec Lf Ic capacities and

characteristics of project-related systems.
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Historical data have advancages for use where the physics of the

discharge phenomena is poorly understood and/or where an

engineering analysis requires data that are not readily available

and cannot be estimated without an extreme degree of uncertainty.

Historical data may also be used to confirm that the results of

engineering analysis or estimates are credible from a historical

perspective. Analysis of historical accident records, where

)

)

)

)

available, typically provided release-size distributions giving

the conditional probabilities associated with various ranges of

release volume, i.e., the probability that a release will be of

a particular si=e range, given that a release has occurred. They

served to confirm the reasonableness of engineering estimates of

release volumes resulting from non-blowout-related accidents

involving pipelines.

Engineering analysis, where possible, permits consideration of

the key features and characteristics of proposed systems and may

provide more accurate assessments of release volumes or discharge

rates. In the maj orLcy of cases for this particular study,

efforts were made to compute typical release volumes or discharge

rates resulting from specific sequences of events identified in

the fault-tree analysis. Howeve r , since such engineering

evaluations are deterministic in nature, it often became

necessary to develop worst-case estimates in conjunction with

estimates for more typical incidents. These efforts were

)
coordinated with the frequency assessment for system failures and

accidental events to take best advantage of available data.
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Uncertainties and/or unknowns were addressed by assumptions

tending to err on the conservative siae, i.e., tending to over

predict release volumes or discharge rates.

3. Major Hazards and Consequences

a. Releases of Hazardous Materials

The major hazards resulting from accidental releases are

those associated with toxic substances (such as hydr ogen

sulfide) . For toxic substances, the dispersion of toxic

)

)

vapors is the main concern.

b. Vapor Dispersion Hazards

A vapor cloud may be formed as a result of a release of gas.

The vapor cloud will travel downwind and will disperse owing

to jet mixing (if it is from a pressurized release), gravity

spreading (heavy as releases), and/or turbulence in the

atmosphere.

For toxic releases I the immediately dangerous to life or

healthy (IDLq) value defined by NIOSH/OSHA was used to

determine the toxic vapor dispersion zone.
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4. Risk Profiles and aisk Consequences

A risk profile is a graphical representation of the probabilicy

with which various levels of unwanted impacts will be exceeded.

For release of hazardous gas, the results of fault tree analysis

and consequence analysis are combined with population

distributions to develop risk profiles. It is also necessary to

estimate the likelihood of occurrence of conditional events

(e.g., the probability of wind velocity and direction to carry

the vapor clouds over populated areas) and the degree of impact

to personnel in the event a'toxic release does indeed take place.

For a toxic release, it is simply necessary to determine the

probability of a release occurring and the cloud moving into a

particular geographic sector.

Gas dispersion models can be used to develop conditional risk

profiles. These profiles are conditional on the location and

)

,J

amount of material released, the type of hazard experienced, and

on the weather conditions at the time of the release. By

combining the likelihoods of specific weather conditions, hazard

types, and release scenarios with the potential impacts of these

conditions, overall risk profiles for these operations can be

developed.
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B. Assessment of Syscem Failures and Accidental Events

This section considers system failures and accidental events that may

occur in the various components of the project. It identifies
".. failures and accidental events that may lead·to adverse impacts on

the public or the environment from the toxic effects of a potential

gas release. In addition, there may be a number of events with more

limited consequences that might adversely affect the project

employees or facilities, but not the public or the environment.

Unless such events could escalate into a more serious situation, they

are not a part of this assessment.

1. Platform Gina Failure Modes

Because platform Gina is located more than 3 miles offshore.

toxic releases occurring ac the platform will not have the

potential to affect the public onshore directly. Nevertheless,

it is noted that Unocal proposes to set up comprehensive

contingency plans to deal with the release of gas, which may

contain hydrogen sulfide and could present a toxic hazard to the

platform crew. These concingency plans provide for an orderly

placform shutdown in the event of a major gas release.

Redundant hydrogen sulfide detection, monicoring, shutdown, and

alarm systems will be installed co prevent gas containing

hydrogen sulfide in concentrations greater than 4 ppm from
)

)

entering the pipeline to Mandalay.

41
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"

concentrations greater than 4 ppm are detec=ed in the gas stream

the monitor ~ill send a signal to the platform programmable logic

controller (PLG) to effect immediate shut down of the pipeline

shut down valve and the surface safety valve at the wellhead.

During the initial stages of well testing the valVe to the flare

will be manually opened and the operator will back flow the

pipeline until the hydrogen sulfide concent=ations are below the

'j 4 ppm level. This will be corif Lrtned by both the redundant

,
I

)

)

)

2.

hydrogen sulfide monitors and by manually testing samples taken

from the pipeline before production can continue.

Figure 2 summarizes the frequencies that '''ouldresult in gas

leaving the platform with a hydrogen sulfide concentration of

greater than 4 ppm.

Pipeline Failure Modes

Failure modes for both the onshore and offshore lines include:

• Internal corrosion • especially on cwo phase flow lines and

in sour service;

• External corrosion • from faults in protective systems. in

splash zones offshore, or in cased cross ings beneath roads

and railway lines;
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• External impact - dropped equipment (cranes. booms, drill

collars) near platforms, anchor dragging, marine traffic

impact (to risers), or farm or construction machinery;

• Structural failures or mechanical defects - defective seams

or welds;

• Natural hazards - seismic events, subsistence, etc.

Operating errors and construction defects are also po ceric LaL

causes of pipeline incidents. The onshore pipelines will also

have block valves which might yield leaks at connections.

Uhile there are numerous ways in which a pipeline may fail, the

most significant failures modes are external impact, corrosion

(mostly external), and mechanical failures. The relative

J

)

contribution of each mode varies slightly for different pipeline

systems, but is remarkably consistent despite different: operating

environments.

The Futures Group (1982) gives an overall failure rate of 1.7 x

lO-Jjkm-yr for gas lines of 6- to 10- inch diameter. They also

state that these rates may be overstated because only Texas and

Louisiana total lengths have been used in the denominator. This

translates to a failure rate of 2.7 x lO-Jjmile-yr.
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Uhen considering the offshore plat:forms, i~ ••as possible to

discount toxic releases from consideration because the separacion

distances ruled out any adverse public impac~. In zhe case of

)

..l

the pipeline, t:he first mile extending from Mandalay offshore

necessitates consideration because members of che public could be

in much closer proximity to poss ible failures and accidental

events that: may lead to toxic effects.

The resulting frequency for a failure of the pipeline ••it:hin one

mile of the Mandalay facility which ••ill produce a release of gas

with a concentrat:ion grea~er than 4 ppm hydrogen sulfide is shown

in Figure 3.

3. Mandalay Facilit:y

The gas pipeline from Gina to Mandalay ••ill ent:er the facilit:y,

where the first item of equipment ••ill be a pig receiver. It is

currently estimated that it will be necessary to pig th~ pipeline

up to once a week.

If a major gasket leak were to develop while the receiver was

under full line pressure, a limited release or gas could occur.

It is also possible t:hat a mechanical defect or operator error

could occur and yield a full gas release from the main inlet

line. Full gas releases have been estimated at 5.7 x 10'" per

year. The resulting frequency of a full gas release with a
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greacer than 4 PPM hydrogen sulfide concencracion is shown in

Figure 4.

Anocher ieem necessitaeing consideration, due co che ?roximiey of

t:heMandalay faciliey t:o the Oxnard Airport:, is the frequency of

external impact from ai.rcraft . Arthur D. Little; Inc. (1976)

"
J

est:imated the probability of an aircraft: impact:ing a proposed L~G

storage tank located be trve en three maj or New York aLr'port.s -.

laGuardia, JF~, and Newark. The result was a total probability

of 7.9 x lO·s/yr. when the target: azea of concern wa s O. 023 square

mile. The aut:hors used aircraft: accident dat:a for the years

; J..••••...

)

J

I-,~,/

,]

1964-72.

The U. S. Depart:ment of Transportat:ion, Research and Special

Programs Administrat:ion, Transport:at:ion Safet:y Informacion

Report:, 1987 Annual Summary, indicated boch the number and rate

(accidents per 100, 000 hours flown) of accidents for General

Aviation have decreased from 1982 to the end of t:he'reporting

period in 1987.

Based on a generally conservative order-of-magnitude analysis, it

is concluded t:hat:the risk associat:ed wit:h aircraft crashes into

vulnerable facilit:ies which would result in a release of gas with

toxic concentracions is negligible compared Co chose associaeed

wich other hazards.
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G. Major Hazards and Consequences

An accident:al release of gas ..••.ich low concentracions of hydrogen

sulfide will form a vapor cloud. The dispersion of che cloud is

determined by its own physical char ac t e r i s z Lc s and the

characteristics of the prevailing acmospheric conditions. For pure

hydrogen sulfide releases, the mean densit:y of the cloud is greater

than t:he air density. Therefore, low clouds may form and spread

close 1:0 the ground due t:o the effeccs of gravity, and t:hen disperse

.in che atmosphere due co curbulence. For 10..•..concenc:::ations of

hydrogen sulfide in other hydrocarbons (like natural gas in Santa

Barbara region ..•..ich 6,000 t:o 7,000 ppm of hydrogen sulfide), Arthur

D. Litt:le, Inc. determined the dispersion to be largely governed by

the behavior of t:he hydrocarbon. The vapor concentrat:ion in t:he

J

)

) cloud decreased because of the entrainment: of ambient: air.

Although ~S has an obnoxious odor of bad eggs at:concent:rations o~ a

few ppm, at:higher concent:rations -- 100 ppm up..••.ards -- the sense of

smell is lost and fat:alities can occur without the warning provided

_by the ~S odor. Another significant: hazard of hydrogen sulfide is

that the odor· can be masked by the presence of other chemicals.

Experiments have indicated that as 10.....as 1 ppm could be detected by

odor in the air, but in the presence of propane and butane, even 5-
10 ppm could not be smelled.
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A vapor cloud ~ill ~ravel do~wind and disperse, owing to jet ~ixing

(if it is from a pressurized release), gravity spreading (heavier

than air releases), and/or ~urbulence in the atmosphere.

The toxic vapor cloud dispersion hazard was determined by using. the

immediately dangerous to life and health (IDLH) levels prescribed by

OSHA/NIOSH. This concentration represents a maximum level from ~hich

one could escape •.••ichin 30 minutes without any escape impairing

symptoms or any irreversible heal~h effects. Tnerefore. these

concentrations represent a possible boundary becveen "serious

injuries" and "z-ecove rab l,e healeh effects." However, the ~oxic

concentration within the vapor cloud is fluctuating and increases as

one moves toward the source of release. Therefore, it was assumed

)
that the toxic vapor dispersion hazard zones calculated using

dispersion models represent a SO percent fatality zone (due to

increase in concentration). The remaining 50 percent of the

population exposed •.••ithin this zone was assumed to be seriously

injured. The population beyond the IDLH concentracion level may

)

I
<....J

suffer minor but not irreversible healeh effects; therefore they were

- not considered in the risk analysis.

The dispersion hazard zones are generally calculated for two

atmospheric conditions:

• D-Stability (neutral) with a wind velocity of 5 m/s (11 mph)

representing the most likely weather condition;
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• F-Stability (stable) w.ith a ·.••ind velocity of 2 m/s (!:..5 mph)

representing a worst case dispersion hazard.

'.The increased atmospheric .stability associated ·.••Lch ?asquill-Gifford

Category F, along with the low wind speed, provides corid Lz Lcris in

which a release can travel long distances downwind befor~ dispersing

below the specified concentration limit.

Arthur D. Little, Inc. (1984) conducted a hydrogen sulfide dispersion

analysis using natural gas with O.i~ (7000 ppm) ~S in t~e gas at the

source. The results are shown in Table 1 and Figure 5. Using t~is

data, it can be seen that the maximum anticipated production rate of

18 MMSCF/D, if completely released to the atmosphere, would achieve

only about a 15 ppm concentration in air, approximately 1/2 mile from

the point of release, if the ~S concentration in the gas stream at

the point of release was 7000 ppm. It should be no ced that the

)

D.

concentration or hydrogen sulfide in this model is much higher (3 1/2

times) than the highest concentration found in the gas analysis of

drill stem test 2H of the ~ell DCS P-0203 ~6.

Assessment of Risk

This section combines the frequency of system failures and accidencal

events developed in Section B and their subsequent: hazards and

consequences developed in Section C. From t:his, the overall risk

)

.j

profile associated wit:h the proposed project was developed.
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TABLE 1

H2S DISPERSION ANALYSIS

Distance
Downwind
(miles)

lO
9
8
7
6
5
4

3
2
1

*Assumptions:

Estimated Gas Flow Required to Achieve
10 ppm Concentration in Air

(MMCFD)*

937
818
705
606
477
377
230
184
104

39

.>

J

1. Atmospheric condition F
2. Wind velocity of 2 mls (4.47 mph)
3. 0.7 (7000 ppm) ~S in gas at source

Notes:

1. Based on point source Gaussian dispersion model for
ground-level continuous emission.

2. Concentration of 15 ppm is the 1983-84 short-term
exposure limit (STEL) suggested for ~S by the
American Conference of Governmental Industrial Hygienists (ACGIH) .
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Due ~o ~he lo~ concentrations of hydrogen sulfide (2000 ppm) in the

gas stream, t~is risk analysis employs the fo Ll.ovf.ng '..Torstcase

assumptions.

1. Anytime gas entered the pipeline from Platform Gina above 4 PPM

hydrogen sulfide we considered the concentration to be 2000 ppm.

2. All system failure and accidental events were considered full

pipeline breaks.

3. The gas released was at the maximum anticipated production rate
•... ;.

of 18 MMSCF/D.

From an evaluation of Section C it can be estimated that with a full

release, the only area which hydrogen sulfide would adversely affect

the public would be within the envelope 1,320 feet down~ind.

No historical data was available relating the distribution of people

along the beach where the pipeline comes ashore related to time.

_ This distribution was estimated to be as given in Table 2.

The toxic vapor cloud dispersion hazard was estimated by using the

immediately dangerous to life and health (IDLq) levels prescribed by

OSHAjNIOSH. This concentration represents a maximum level from which

one could escape ~ithin 30 minutes ~i thout: any escape impairing

symptoms or any irreversible health effects.
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TABLE 2

ESTIMATED BEACH CROYD DISPERSION
~ITHIN 1,320 FEET DO~IND OF PIPELINE

1 person 175 days 1400 hours

5 people 60 days 480 hours

10 people 30 days 240 hours

25 people 10 days 80 hours
" 50 people 4 days 32 hours

100 people 1 day 8 hours

,
..'

.>

)
.,..

)

\
"
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The described risk profile is shown in Figure 6.
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The described risk profile is shown in Figure 6. 
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Chemical Formula:

PHYSICAL PROPERTIES OF HYDROGEN SULFIDE

~S

)

)

0-·....

,
.,,0

)

)

)

State at 15 degrees C and 1 atm:

Molecular Yeight:

Specific Gravity of Gas (air-1):

Boiling Point:

Density of Liquid at Boiling Point:

Densiey of Gas at 0 degrees C:

Specific Heat Ratio at 20 degrees C:

Flammable Limits in Air:

Aueo-ignition Temperature:

Odor:

Gas

34.08

1.1985 @ 15 degrees C

-59.6 degrees C.

993 kg/m3

1.538 kg/m3

1.32

4.3-45% (volume)

260 degrees C

Smell of r'occen eggs °
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LIMITING CONCENTRATIONS FOR ~S EXPOSURE SUGGESTED
BY REGULATORY AUTHORITIES

l. NIOSH - Industrial standard for 10-minute exposure 10 ppm

) 2. Threshold Limit Values, Germany and Sweden 10 ppm

3. American Standards Association -

• maximum concentration for prolonged exposure 20 ppm

) • l-hour exposure with no serious consequence 170-300 ppm

• dangerous after 0.5 to 1.0 hr exposure 400-700 ppm

4. NIOSH/OSHA immediately dangerous to life and health 300 ppm
) (O.S-hour exposure)

)

)

.'\

)
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VAPOR DISPERSION HAZARD ZONE CRITERIA

)

)

)

)

)

)

-~ .. '

l. Methane (natural gas)

2. Propane

3. Butane (normal and Iso)

4. Hydrogen Sulfide

S. Sulfur Dioxide

.'"

Flammable
Concentration

(Volume 15)

2.50

LOS

0.95

2.15

Toxic
Concentration

(uum)

N/A
20,000

10,000

300

100
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Concentration
in PPM

0.1

10

20

SO'

100

500

1000

TOXIC EFFECTS OF ~S

Effect

Approximate odor threshold. Air pollution measurements
require detection below this level

Threshold limit value (TLV) recommend maximum safe level for
8 hour exposure

Current OSHA "ceiling" concentration. Respiratory irritation
after long exposures. Possible eye irritation.

Current maximum allowable by OSHA up to 10 minutes per day if
no other exposure exists. Respiratory protective equipment
required at higher levels.

Coughing, loss of sense of smell, serious respiratory
irritation if exposure is prolonged.

Unconsciousness within 2 minutes. Respiratory failure within
15 minutes.

Immediately hazardous to life.

i
t\.o.
\.~.

.>

)

.J

Effects from exposures to concentrations in the range of 50 to 450 ppm are
irritation of mucous membranes, eyes, and the respiratory tract. Although
hydrogen sulfide can be detected by'smell in concentrations of less than 1 ppm,
exposure to 100 ppm for 2 to 15 minutes and much shorter exposures at;higher
concentrations will deaden the olfactory nerves to the extent that hydrogen
sulfide cannot be smelled at any concentration.
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RISK OF CROSSING HARBOR AT STH

Based on 1987 and 1988 accident reports

10 accidents per year
0.5 serious injuries per year
2.5 moderate injuries per year
6 minor injuries per year

7000 vehicles on 5th crossing Harbor/day

Risk of accident 3.8x10-6/crossing
Risk of minor injury 2.3xlO-6/crossing
Risk of moderate injury 10-6/crossing
Risk of serious injury 1.9xlO-7/crossing

Assume the average person will go somewhere twice per day which cakes them
across Harbor on 5th. This results in 1460 crossings per year.

i
C-··,

"

..'

)

)

Risk of accident:
Risk of minor injury
Risk of m,?derate injury
Risk of serious injury

5.5x10-3/year
3.4x10-3/year
1.5xlO-3/year
2.8x10-4/year

.J
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STATE OF CAUFORNIA

STATE LANDS COMMISSION
LEO T. McCARTHY. Lieurenant Governor
GRAY DAVIS. Conrroller
JESSE R. HUFF. Director of Finance

October 18, 1990

Mr. Ralph Steele
City of Oxnard
305 West Third Street
Oxnard, California 93030

RE: PlATFORM GINA/MANDALAY

Dear Ralph:

GEORGE OEUKMEJIAN. Governor

EXECUTIVE OFFICE
1807· 13th Street
Sacramento. CA 95814

CHARLES WARREN
Executive Officer

REceiVED
OCT ~ ~ 1990

CITY OF OXNARD \
"'OMMUNITY DE""ELOPMENT .-

\...

On September 27, 1990,we received a copy of William W. Weldon's August 10, 1990
letter to Dwight E. Sanders. Mr Weldon was responding to the State Lands Commission's
comments on the "Draft Initial Study for Platform Gina Proposed Return Line Replacement
and Conversion to Produced Gas." As we understand the circumstances, the letter was sent
to you, by Union, on August 10, 1990, for inclusion and response in the City's proposed
Negative Declaration (ND) for the project.

Staff has reviewed the letter and offers the following comments to you and Union,
as you finalize the ND:

1. Union's comment #1 addresses self burial of the new line and states: "Should
the pipeline have failed to reach two feet of burial at the end of two years
Union will bury the line with hydraulic jetting to between two to four feet
below the sand bottom."

We believe that the new line should bury itself or be buried to a minimum of
3 feet within 2 years of completion of construction. Union's Project
Description should be revised to reflect this requirement.

2. The Commission originally asked that the abandoned line be filled with
concrete and cut off at 15 feet MLLW.

The State Department of Fish and Game has expressed concern over the
potential adverse effects to the sea bottom which could result if the line was
removed. Staff therefore concurs with Union's proposal to cut the line off at
MLLW provided that:
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Mr. Ralph Steele
October 18, 1990
Page 2

a) The abandoned line is pumped full of concrete for its entire
2,300 foot length to stabilize it in a buried condition; and

b) Union agrees that this abandonment does not constitute
permanent abandonment of the old water line, and understands
that the removal of this water line may be required when the 10
5/8" line is taken out of service.

3. Unocal's pipeline "as built" survey drawings prepared by Land and Sea
Surveys, Inc. (October 1981), shows an average horizontal separation of over
3 feet between the existing oil and water lines. Union should confirms that
this line is indeed tied to the adjoining 10 5/8" oil line and whether that
separation exists. Also, is there continuity of cathodic protection between
these lines at this time?

4. Unocal should be required to inform the Commission of what construction
vessel is selected and submit a complete pipeline pulling operations plan for
its approval prior to the start of construction;

(
5. Unocal should be required to submit complete set of construction contract

documents, including engineering design. construction drawings and execution
plan specifications to the Commission prior to the start of construction. A
complete list of the required documentation, provided to Unocal earlier, is
attached ("Lease Amendment Conditions Pertinent to Unocal's 6-5/8"
Pipeline Repair and Conversion").

6. Finally, we are concerned that actual production parameters may require
changes to the proposed safety systems governing the pipelines, including
those to processing facilities on the platform (Item 6, page 3). For example,
larger compressors may be installed to increase the gas pressure in the
pipeline, or additional sweetening equipment may be required to handle
higher than expected HzS concentrations. Therefore, the Commission will
need to review all future modifications to any safety systems.

We hope these comments are helpful in the finalization of the ND for this project.
If you have any questions, please contact me at (916) 322-7829.



Mr. Ralph Steele
October 18, 1990
Page 3

Enclosure

cc: William W.Weldon, UNOCAL
Chris Culver, UNOCAL

Very truly yours,

~
DANIEL GO
Division of search

and Planning
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LEASE AMENDMENT CONDITIONS PERTINENT TO
UNOCAL'S 6-5/8 INCH PIPELINE REPAIR AND CONVERSION

1. LESSEE: shall allow LESSOR I s staff and/or LESSOR IS

consultant open and nondiscriminatory access to the
pipeline repair and conversion project for the purposes of
~onitoring a~d inspection of the construction and related
operation::. LE:SSEE agrees to compensate LESSOR for all of
LESSOR's staff and/or consultant costs associated with the
engir.ee=i~g review, monitoring and inspection of the
subject project. LESSOR shall oill LESSEE for such staff
costs quarterly; the costs shall be paid within sixty (60)
days after t a e billing date. LESSEE shall be entitled to
audit LESSCR:s records for such costs subject to providing
a writ:en req~est to audit with reasonable advance notice.

2. LESSEE shall provide temporary field office space on or in
close proxi~ity to the project construction site for
LC:SSU~lS staff use during the r'eriod of the project. The
offic~ shcl~ Oe fu:nished for ~=a£f use a~d shall be
supp~ied with electric power, light and telephone
service. All costs associated ·....ith cae provision of such
field office shall be borne by LESSEE.

Such reporcs shall be providea to ~ES30R promptly as ch~y
become available to LESSEE during the course of the
project and they shall include but not be limited to:

(

3. LESSEE shall provide LESSOR with copies
re~orts of all tests conducted by :E:SS£E or
agent thac verify the structural integrity
all elements of the construction.

of
his

and
certified
appointed
sat ety or

a. pipe manufacturer's mill
pipe supplied meets the
dimensional specifications.

tests to certi:y that
project's structural

the
and

b. tests ~ualirying the application of the XT~u
polyp ropylene co rros Lo n coati ng , the concre te we ight
coating and the cathodic protection anode-s, including
:heir atcachment to the pipe.

(,

c. teSt res~lts qualifying the pipe welding procedure.
d. cest results qualifying project pipeline welders.
e. non destructive examination reSults of all welds, we~a

reoairs and cut-out rewelds made on the pi~eline
in~luding appurtenances (flanges, fittings, connectors
etc.). i:..C:SSORI S staff shall oe provided timely ana
unrestr icted access t.o review all pipeline ;..·.;::.d
radiographic examinations.

f. manu:acturer's repor~ certify:ng the PLrDCO subsea
fit.ting to be used on the project.



g. results of all hydrotesting or other pressure testing
p roce du res conducted on the pipeline together with a
certified a~alysis of each test's results.

h. any ocher "reports or information requested by LESSOR
relatea to the project when requested by L2SS0R.

4. LESS~E s~al: provide LESSOR
five (5) cays in aQvance
conc~~~ad on the pipeline.

with written notice a~ least
of any pressure ~est to ~e

t"

5. The replacement pipeline shall be buried unde r a nun i nurn
four (4) feet of sand cover across the o eacn area ar.d
sea~ard to where the water depth is ar. least rni~us fi~tssn
(-15, feer. below mean :ower low water (MLL~).
The :eplace~ent pipeli::e shall be placed so t~at a la~e::l
sepa:at.ior:of a!: Ieast, cnr ee (3) z eec is ili::';;ta:'nec:rcm
any porticn or t he o ri q irieI (replaced) p:pe::::2 :ha:: -:;.ay
be :sft. in place.

6 . :::n r.nee ';ent that LESS0=t's sta f f de termin es ~::a: the ...•.crl<
~ei f. :; P e::.:0 rra edis no:. 1nco nfor iiidnce w i~::.t::.e p r0 ~-ect
pla~s and specifications, with LESSO=t's :ules a;;d
regu:ations anc gene:ally accept.ed indus~:y coces a~d
5ta~dards governing t::e integrir.y and safe:y 0: :.~e
cons:.::uc:ion, or with any of the conditions set. forr.::':'n
t.his lease amendme~t, L~SSOR's staff may i~media:.s:y
orde:, ei c her o:ally or in wri~ing, a :e~::ectio:-. or
sUS~:~s;0n of a specific activity until :~S5~~ is a5s~:~d
cnat the non-conformance issue is resolved. If s~ch
redirection or suspension can be shown uy :":::35:;::co ce
potenr.ially threatenins te ~lre, health 0: s~:ety, :.~e
req~~red correccive act~on may be tempora:il~ ~e~e:re~ ~..~
sna~: be implemenc.ea as soon as t.he por.en~:':,::cn:eac :'s
pasco

7. ;:'2S5':::::shall suomi:: for LESSOR IS re'lie'N'anc a?proval a:l
conc:act changes a£fec~':'ng the design and/o: co~scr~c~:'on
ef tr.e project befo:e such changes are imp:e~e~tec. .

5. ~~SS:::ishall make DOC:: an internal and eXter~a: :nspec::on0: :hat portion of ehe pi?eline on S:'A=':: tide ;~d
suo~e:gec lands ae. least. once a year :o::o#ing t~e
conp Let ion of the pipe:'ine repai r project.. :'r.e:nce:::al
inspec t i on shall include running an inspection ccol
through-che pipeline. ~he external inspectio~ shall be by
side scan sonar or other technique acceptaole to L2SS0~ to
ice~cify all exposed po:tions of the pipe:ine. Should t~e
external inspection show any s:gns of excess':'ve
:ree-spanning or other potential hazard to t::e pi?eline as
c ecernine d by LESSOR, further detailed inspection of t:;e
?ipe:ine shall be mace ~y LESSEE and any needee corrective
:,:ct:onsnaIl be :aken as expeditiously as possi~le.



LESSEE shall make additional internal or external
inspe.:tions if so directed by ~ESSOR whenever LESSOR
d~te:~:nes that such in3pections are warranted by any
unsa:~ or emergency conditions.
Copies of the result3 of all internal and external
inspections including reports, analyses and
reccnrae nda t Ions prepared ~y or for LESSEE shall be
subrni~ted promptly to LESSOR.

9. L::SSt::: shall monitor the corrosion control
?rotection system of the pipeline as follows:

cathodic

(a) the entire system shall De c esced at .;.ea3t once a
year to determine that the syster.lmeets its designed
protection crit.::ria and the cathodic protection
requ i rene nts or Title 49 erR, ?art 192, Section : -
Requirements for Corrosion Control.

( b) \~ac~ cat hod ic
source snail
i:11:': r va l s to

·satis:actori~y.

pro~ection rect::ier or other pc~e,
oe i:l.:pec~ed at r.'dO (2j l:Iont;.:':::

e:lsure that it is opera::';:g

c..

(c) L~350R shall De promptly nOtlrled of any deficienc:~s
ir.6icated OJ the monitorir:9 arid any needed re:i\ec:a2.
action shall oe taken as expeditiously as possible.

10. LESSEE: sr,all conduct semi-an:lual maintenance inspectic:-.3
to tes~ ehe satisfaccory c?e~acing concltio~ of ea~~
pipeli~e va:ve that misnt be req~ired during any a~er;e~cy
conditio::. Any deficie~ci-=3 discovered during scca
semi-annual inspections s:1a:l ~e corrected ;5
expedi t i ou s l y as pass i o l e . :"::55=::: s~all p r ov i c e ~ESS ::;?
with a ~ritten report 0: each se~i-anr.~al i:1s?ecc~on. ~~~
report s~all descrioe any deficiencies discovered and t~e
remedial acc:on ta%en.

(

11. L=:SSC;C:: shall nrov ide L:=:SSOR an -as-:'\.lilt-report with:'::
one hundree and t~enty (120) cays a:ter complecion c:
construcc:on. Thi.s report sha:l inclt:ce the resu Lt s of =.
survey of ~he route of the pipeline and pertinenc ~a?s a~=
text indicacing any de:;):is, po~e:itial hazards or changes
to the seafloor that m~i ~ave occurred durir.g
installation. 2az~rdous denris shall ce removed a~d other
concerns 50a11 be mitigated as spEcified by ~SSSOrt'S
staff. Such "e s'-bui Lt" report shall consist of ma?(s)
with gnc references (:a;;'loer::and Lati~ude-:"ongitud-:
coordinates) for all turning points in :ne line, ~eginning
and end ooints, and otner oer::inent data as may be
required -by LESSOR I S staff. - l..ESSr::::shall subn i t a
certified declaration by a Li censec e,.:;ineer or licensed
surveyor indicating that the i:nproveme:lI:s are accurately
located and depicted on the map(s).



12. With respect to the three thousand
original 6 5/8 inch pipeline that
LESSEE shall have the option of:

(3,000)
is to

feet of the
be replaced,

\.

(a) removing the entire 3,000 feet of the original
pipeline, following which the beach .arid seat loor
areas in which the pipeline lay shall be restored as
nearly as possible to their original condition; or

(:J) the portion of the original pipeline to be replaced
shall be removed from its onshore end to a depth of
minus fifteen (-15) feet below mean lower low '''ater:
(NLLW) and the remaining portion of the original
pipeline left in place shall be filled with concre=e
for its entire leng~h and it shall be cap?ed with Of;e
quarter (1/4) inch steel cover plates welced onco
each end.

13. L!:SSEE shall furnish LESSOR. a yearly report detailing t::e
vo~um~ of gas or ether fluid transpor~ed th:ough t~e
i?ipeline and an analysis of the gas or fluid conte:1=,
especially the presence and concentration of any corrosive
elements such as hydrogen sulfide (H2S).

14. LESSEE shall assume full responsibility for kee?ir.g
1n~ormed of and being in compliance with all Federa:,
State, and local laws, ordinances and regulations which i~
any way govern the execution of the project. LESSEE shall
ensure that LESSEE's employees and LESSE2's agents ane
their' employees shall observe and comply with all suca
regulations.
LESSEE shall protect, indemnify and in all respec cs ho:"::
harmless LESSOR and all LESSOR's staff and/or consultants
against any claim or liability from any source or: cause
~hatsoever arising from the execution of the project.

2079A



Unocal North American
Oil & Ga:s Division
Unocal Corporation
2323 Knoll Drive, P.O. Box 6176
Ventura, California 93006
Telephone (80S) 650-4505

..

(

Hugh H. Herndon
[]istnCt Land Manager

UNOCAL7~:

October 24,

RECEIVED
OG1291990
CITY OF OXNARD !

~OMMUNITY DEVELOPMENT .

(

Mr. Daniel Gorfain
state Lands Commission
1807 13th street
Sacramento, CA 95814

RE: PLATFORM GINA/MANDALAY
Offshore/Ventura Co., Calif.
Pipeline Conversion and

Repair (3246)

Dear Mr. Gorfain:
Reference is made to your letter dated October 18, 1990 ,and our
subsequent phone conversations whereby the State Lands Commission
offered certain comments to the city of Oxnard's proposed negative
declaration. Although the comments were received after the close
of the comment period on the draft negative geclaration, we are
comfortable and willing to address the ccmments at this time. The
purpose of this letter is to serve as clarification to your written
comments and will be included in the Initial Study as a part'of the
appendix. The comments below are in the same order as your October
18, 1990 letter.

1) Union will bury the new line to a depth of three feet after
two years from the completion of construction should the line
fail to do so, during that period under na'tnrra I conditions.

2) Union agrees to pump the abandoned section of the line with
concrete and understands that the line may potentially have
to be removed, when the 10-5/8" line is removed from service.
You should note that under EIR 78-19 the lines were to be
abandoned in place.

3) As a point of clarification the October 1981 "As Built" Survey
prepared by Land & Sea Surveys is correct. This survey covers
the pipeline from the Mandalay wall to the present high water
mark. The lines are banded together from the mean high tide
line to Gina and not in the section covered by the October
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Platform Gina/Mandalay
October 24, 1990
Page 2

1981 survey. The 6-5/8" line was repaired in 1.985 and the "As
Built" Survey dated December 1985 by Land & Sea Surveys shows
the current location of the pipelines above the current high
water mark.

4) This request is acknowledged and should be a condition of
approval. Obviously at this time Union has not arranged for
a construction vessel.

5) This request is acknowledged and should be a condition of
approval. Contractual construction documents, etc. have not
been created as of the date of this letter.

6) To clarify the statements made in my letter dated August 10,
1.990 to Dwight Sanders, the pipeline safety systems will not
change. in later years.

Gas compression will be used to maintain pressure and volume at the
level previously described and not to increase pressure. Operating
pressure is expected to be 500 psi, and maximum allowable operating
pressure will be 600 psi. This is listed on page 15 of the
"Unocal, Platform Gina to Mandalay Facility 6-5/8" Pipeline Repair
& Conversion - Revision I" dated December 1989. Should pressure
and line volume decrease from the operating pressure due to well
depletion, compression may be used at that time to boost pressure
to the original 500 psi operating pressure.

Regarding HzS concentrations, Union will sweeten the gas to sales
qUality of less than 4 ppm HzS at the platform prior to entering
the line. The pipeline condition regarding HzS concentration will
remain at less than 4 ppm throughout the project. Please remember
that there are two monitors prior to the gas entering the line and
one at the facility that are set to shut down for any HzS
concentration greater than 4 ppm. Therefore, conditions of
pipeline pressure and pipeline HzS concentration will remain
constant, not requiring a change in the safety systems.

Very truly yours,

UNION OIL COMPANY OF CALIFORNIA

I ) ;J/ .I J ' J LJ
/,""-1k;l/~,-' t~. !""-J L4~
William W. Weldon .
Landman

Www:ka
cc: Ralph Steele, city of Oxnard

Carol Waldrop
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Executive Summary:

The problem of pipeline self-burial in cohesionless soils
under steady and unsteady flow conditions is complex. The
quantifiable interactions between structures, soils, and
hydrodynamics in the ocean are difficult to calculate. The
purpose of this report is to analyze these relationships for a
6-5/8-inch diameter pipeline to be laid off of Mandalay Beach,
Ventura County (from Mandalay power station to platform Gina) for
Unocal, Inc. Specifically of interest is the evaluation of how
the pipeline will bury itself (hereafter, termed "self-burial")
in the sandy bottom from the surf zone to a distance of 3000 feet
offshore (-40 feet water depth).

Pipeline self-burial is composed of three important
components: localized scour and deposition, regional scour and
deposition, and soil liquefaction. Localized scour occurs
through the hydrodynamic interaction of waves, currents, and soil
due to the disturbance of flow by a pipeline. Regional scour
occurs independent of the pipeline and is a function of the
regional geography and the wave-current climate. Soil liquefac-
tion is a special condition resulting from the interaction of
waves and cohesionless soils and to a minor extent, the pipeline.

Since the purpose of this study is to determine the
mechanism as well as the possibility of self-burial in the study

v



area, an annual storm is used to model design conditions. The
currents and bottom velocities generated by the annual storm form
a scour trench by localized scour mechanisms. This activity is
followed by a period of calm whereupon the trench will fill by

,regional scour mechanisms. Regional deposition can bury the
pipeline through bed level elevation increases. The arrival of
an extreme event storm can cause sufficient liquefaction beneath
the already buried pipeline to cause further settlement of the
pipeline.

Localized scour is modelled based on work by Kjeldson
(1973); Chao and Hennessy (1972), Herbich (1984), Bijker (1976),
and Mao (1986). The possibility of regional offshore burial of
the pipeline is explored by analyzing the historical records and
applying appropriate predictions. Finally, soil liquefaction is
explored as a potential mechanism for pipeline self-burial by
analyzing the work of Bea (1981), Luque (1973), Yamamoto (1978),
and Reddy (unpublished).

The results of the study show that the pipeline will
probably bury initially from 1 to 1.75 pipe diameters within one
week of the first annual storm following construction. Regional
deposition will further bury the pipe due to the annual erosion'
of the beaches in the area and transport of the material offshore
up to 0.2 feet in the first year. After an extreme storm, soil



liquefaction can cause settlement of the pipeline up to a

theoretical final depth of 10 to 15 feet, but will probably cause

settlement to 2-4 feet within one to ten years.

This study was directed by Mr. Mike Craig, senior project

Engineer, UNOCAL,Inc., Ventura, California. Data on pipeline

self-burial experiments was provided by Dr. Vagner Jacobsen of

the Danish Hydraulic Institute, Copenhagen, nenmark. Data on

historic beach and offshore profiles for the Mandalay Beach area

was provided by the Los Angeles District U.S. Army Corps of

Engineers. Data on recent beach and offshore profiles was

provided by Nobel Consultants, Inc. of Irvine, CA. Data on

sidescan sC?nar surveys and the present pipeline location was

provided by UNOCAL,Inc. These contributions to this study are

gratefully acknowledged.
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:Introduction:

This report concerns the prediction of pipeline
self-burial for a pipeline to extend from Mandalay Beach,
Ventura County to Gina Platform in the Santa Barbara Channel.
This study focuses on the possible mechanisms for the rate of
burial and the final depth of burial for this pipeline. The
gas pipe will replace an old water line which has undergone
significant self-burial throughout its length.

Figure 1. is a location map of the old pipeline route.
Figure 2 is a plan of the proposed new pipeline and an
offshore bed profile of the study area.

This study included a comprehensive review of published
and proprietary existing lit~rature concerning self-burial of
pipelines. The study also included a pipeline-seafloor-wave
and current model study. This background was integrated into
a final formulation and calculation of the depth of burial,
with an estimation of the rate of burial.
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Literature Review:

The problem of pipeline self-burial is complex and not
well understood. For the purposes of this study, self-burial
can be attributed to three mechanisms that may account for
burial separately or in combination. The first mechanism is
localized scour and deposition which may be considered the
initial phase. The second mechanism is regional scour and
deposition. The third is soil liquefaction•.

A. Localized Scour

1. Scour Due to CUrrents Only

(a) Pipeline Qn Surface Qf Bed

Localized scour is caused by the interaction of pipeline,
waves and current, and cohesionless soils. ·The pipeline
causes disturbances in flow which induce vortex shedding and
increased flow areas that induce sediment particle lift and
transport apart from normal regional movement of sediment
particles.

Model experiments performed for this study at the
University of California have shown that the initial stage of
flow disturbance causes scour trench development on the

4



wave-ward edge of the pipeline (see the beginning diagram of
Figure 3). The wave-ward edge corresponds to the upstream of
the current.

Researchers have generally agreed that a "tunnel-erosion"
effect is induced after the initial trench formation. A gap
is formed between the .pipeline and the bed at various points
along the pipeline length. Figure 3 demonstrates the
formation of the gap and eventual sagging of the pipeline
between sag spans into the scour hole. It is reasonable to
assume the pipe will then become buried after sagging under a
reduced wave climate. The following models assume an initial
gap formation.

An analytical approach for estimating the scour around
pipelines due to currents only has been developed by Chao and
Hennessy (1972). The velocity field in the gap between a
pipe and a solid boundary is derived from potential flow
theory. The discharge through the scour.hole is determined,
and is combined with the friction factor for flat bed sand
channels to calculate the boundary shear stress in the scour
hole. Since the average jet velocity and boundary shear
stress tend to decrease as the scour hole deepens, the
maximum scour depth under the pipeline is obtained by

5
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matching the calculated boundary shear stress with the
critical tractive stress corresponding to the grain size of
the seafloor sediments.

Herbich (1984) used the approach in a practical and
simple method for scour prediction. Figure 4 gives the
graphical component of this method. Figure 4a gives the bed
friction factor versus Reynold's number and bed roughness.
Figure 4b gives the critical bed shear stress versus sieve
size through which 50% of the sand grains pass (hereafter
referred to as the grain diameter).

(b) Partially Buried 2X auried Pipelines

"Breakout" of buried or partially buried pipelines is a
phenomenon where the pipe· is scoured to the point that it
appears to move rapidly from the sandbed. Analysis of this
phenomenon is necessary for the present study to determine
the potential for uncovering of the pipeline once it is
already buried.

7
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'I'ownsendand Farley (1973) reported that the rate of
scour around a buried pipeline increased locally after the
bed had been eroded to the top of the pipe, and that scour
would occur on both sides of the pipe. It was reported that
the material under the pipe was suddently washed out when the
bed level was scoured below the top of the pipe (Hjorth,
1.975) •

Blumberg (1.966) suggests that the fluid velocity
increases as the streamlines pass over the mound created by a
partially exposed pipeline. The pressure reduction associat-
ed with the increased velocity of the water particles
produces a lift force on the cylinder, while the direct
pressure on the upstream side of the pipe and the pressure
reduction on the rear side produce a drag force in the
direction of the fluid flow. As the streamlines close behind
the pipe, turbulence is generated at the fluid-seabed
interface and scouring of the sediment occurs at the rear of
the pipe, as illustrated in Figure 5a.

As turbulent flow begins occurring on the forward side of
the pipe, partial scouring takes place both in front of and
behind the pipeline, as shown in Figure 5b. The increase in
projected area and drag coefficient associated with the shape

9
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UNDER PIPELINE (CO 11.0)
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Figure 5: Development of scour around partially
buried pipeline. (From Blumberg, 1966)
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produces an increased drag force. The lift forces are still
generated and may pull the pipeline up from the sediment, if
it is not sufficiently weighted.

If erosion around the pipeline continues, complete
scouring of sediment from under the pipe will occur due to
piping, at least in a local area, as shown in Figure sc,

When only a small amount of sediment is eroded from under the
pipe, a reverse lift force will be developed, tending to pull
the pipeline downwards. However, the development of a vortex
trail behind the cylinder will probably prevent· any stable
downward forces due to the vortices being shed alternatively
from each side of the cylinder.

Kjeldsen et ale (1974) examined scour patterns around
pipes resting on the seabed or partly embedded in it. The
generalized scour profiles near pipelines are summarized in
Figure 6 for a completely buried pipe, two partially buried
pipes and an unburied pipe. It.was suggested that the local
flow pattern and local turbulence are mainly responsible for
the scour. The relative grain size was reported to have no
influence, although the sediment used in the tests was
limited to fine grain sizes. The equilibrium scour depth was
found to depend primarily on the geometry of the structure

11
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and to a small extent on the flow velocity. The risk of
undercutting was small, if the pipe was initially embedded at
least halfway in the sand.

Hjorth (1975) presented a theoretical analysis involving
vorticity considerations and gave qualitative conclusions
concerning the mean boundary shear for a partially exposed
pipe. since an analytical solution could not be derived,
laboratory measurements were performed to examine the
velocity and pressure distributions within the flow over the
pipe. The results indicated that the initial undermining of
a pipeline is caused by pressure gradients in the bed set up
by the pressure difference between the stagnation zone
upstream and the wake region downstream. The secondary flows
cause a pressure increase upstream and a pressure decrease
downstream. If the length of the pipe wall in contact with
the bed is small, the pressure gradients may cause piping or
severely reduce the bed resistance to other fluid "forces.

The fact that the references concerning scour around a
pipel ine due to currents alone are nine years· old or more
indicates that the effect of currents was the primary concern
in the earlier studies. More recent work, such as that by

13



Herbich (1977,1981), and Mao (1986) considers the additional
influence of waves on scour around the pipeline, as discussed
in the following section.

2. Local Scour Due to Waves

(a) Unburied Pipelines

Scour around pipelines lying horizontally on the seabed
and subjected to wave-induced oscillatory flow has received
less attention than the situation' of scouring due to
currents. However, Carstens (1966) has examined the scour
around horizontal cylinders due to oscillatory flow in a
large U-shaped channel. It was found that scour always
started at a point of localized scour under the pipe and
extended laterally until the whole cylinder was undercut.
The settlement of the cylinder into the scour hole was
observed to take place in steps, as the scouring at both ends
of the cylinder progressed laterally to the central support.

Contour maps of the scour holes indicated that their
shapes were similar to the inverted frustum of a circular
cone, with the side slopes equal to the angle of repose of
the sediment. Under oscillatory flow, the net rate of
sediment tranport into the 'scour hole is assumed to be
negliqible, so that the rate of change of the scour hole

14



volume is equal to the rate of transport out of the scour
hole. The actual sediment transport rate out of the scour

hole was expressed in terms of the rate of change of scour
hole volume based on the contour maps, and an empirical
function for the sediment transport rate was derived from the
experimental results in terms of the sediment number. By
equating the two transport rates, an expression for the scour
depth was derived in integral form and a functional
relationship for "the scour depth was suggested.

Cb) Buried Pipelines

Herbich (1977, 1981) investigated the effect of storn
waves on buried pipelines approaching the shoreline by means
of laboratory measurements in a wave tank and a wave basin.
It was found that the presence of the pipeline does not
appreciably affect the beach profile, but in many cases,
local scour occurs around the pipe due to pipe-sediment
interaction. Burial of the pipe to a depth of one-half its
diameter tended to produce significant scour until the pipe
was uncovered, if the pipe was placed at a large angle to the
wave crest.

storm waves produce ~ppreciable velocities at the seabed
in shallow water and erosion or deposition of sediment
produce changes in the beach profiles. The presence "of the

15



pipe itself triggers additional localized scour, and as the
storm intensifies, the scour may progressively uncover or
undermine the pipeline. Herbich (1977) suggests that buried
pipelines approaching and passing through the surf zone
should be located below ,the storm (or winter) beach profiles.

It is also suggested that no reliance should be placed on
the pipeline being covered by natural processes, since the
pipe may rise to the surface of the seabed, if the weight
coating is not sufficient to overcome the buoyant force
resulting from the dense sediment laden water which
accumulates in the open trench. Instead, the trench should
be backfilled with suitable material soon after the pipe has
been placed in the trench. Herbich (1977) indicates that the
depth of backfill should exceed the design burial depth to
allow for settlement and consolidation of the backfilled
material. However, this material will erode at a much faster
rate than the sediment on either side of the trench if a
storm should occur before the material has sufficient time to
settle and consolidate.

To date, research on local scour due to waves and
currents acting simultaneously on a horizontal pipeline has
not been reported in the literature.

16



Bijker (1976) attempted a boundary layer and a potential
flow explanation for his model of pipe scour in
unidirectional 'and cyclic flows. This model assumed a
velocity distribution between the bed and,the pipe after the
initial gap formation (see Figure 7). The flow through the
gap forms a jet with a bed velocity roughly equal to the
regional bed velocity. The bed velocity in the gap erodes
the bed material faster than the regior.al bed erosion.
E~ilibrium is reached when the gap has expanded to the point
that the bed velocity in the gap equals the regional bed
velocity. Bijker included a wave and current reduction
factor to account for effects of the bed form on the
potential flow around the pipe.

3. Freely-Moving Pipelines

-The phenomenon of pumping scour has been reported to
occ~r for pipelines (personal communication, R.G. Bea). The
scour' mechanism apparently affects pipelines which are
initially unburied, as well as those placed in a trench. The
flow past a pipeline which has been undercut produces an
oscillation of the pipe in a crossflow direction shown in
Figure aa, The upward motion of the pipe causes an inward
flow beneath the pipe, and the subsequent downward motion
produces an outward flow which removes sediment.

17



o

I
hg+hmax

I

. ",..':'.;'-'r ';' ...~, .1;;"'~

Ua

•••••.•• ~ f"~ 'n _'. _

', " .1'

Figure 7: Velocity Distribution around a pipeline.
(From Bijker,'l976)

18



The resulting scour depth hs below a pipe of diameter D
varies as a function of the gap ho between the pipe and the
level of the seabed as shown in Figure 8b. The scour tends
to approach zero for pipes suspended one diameter above or
below the seabed and approaches a maximum for pipes laid
directly on the seabed. .A maximum scour depth of 2.5 pipe
diameters is generally suggested for pumping scour around
pipelines (personal communication, R.G. Bea).

Mao (1986) expanded the analysis to sagging and vibrating
pipes. Thro~gh a series of well-documented experiments, the
subcomponents of the scour process were analyzed. Mao also
balanced the sediment transport into the scour trench with
the sediment transport out of the trench for the determining
condition of scour equilibrium. Mao used a modified bed load
transport equation to account for local bedslope conditions.
Appendix A contains Mao's results for a wide variety of
experiments used in this report.

B. Regional Scour

Estimation of regional scour and deposition is covered
extensively in the literature, but is by no means complete.
Because there is a large dependence of regional scour on
local geomorphology and sedimentology, historical analyses
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are' Dore accurate" for scour prediction. Historical fore-
shore, nearshore, and offshore profiles of the Mandalay Beach
area from the united states Army Corps of Engineers from the
Ventura. County BEACON study, and personal communications with
Nobel Consultants, Inc. (see Appendix B) have provided the·
information necessary for this study.

c.Soil Liquefaction

The .problem of wave-induced soil liquefaction is a
relatively new field with little definitive information.
However, the relation between shear strength of the soil, the
wave-induced shear stresses in the soil, and the unit weight
of the pipeline can be estimated to give a final burial depth
for the pipeline after it has been initially covered. This
estimation, however, will depend on the determination of

.pipeline flotation or settlement.

Bea (1981) gives a simplified method for liquefaction
prediction in which the wave-induced shear stress within the
soil layer is compared to the undrained shear strength
distribution. Figure 9a diagrammatically shows the shape of
a wave-induced shear stress distribution for a semi-infinite
elastic continuum. Figure 9b shows a comparison of maximum
wave-induced shear stress with soil shear strength. Above
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:~'

the soil depth where the shear stress exceeds the shear .'

strength, liquefaction is essentially induced. The depth :

limit occurs at the intersection of the two distributions~";,

Bea's, model is extremely sensitive to the wave height and"

therefore accurate predictions of wave heights in the

concerned is necessary.

area

, ~

Yamamoto (1978) predicts smaller depths of liquefact;i.,on·,.,
using a complex theory. Luque's theory, similar to Bea' s

method, utilizes a soil mechanics approach and predicts much

larger depths of liquefaction. All models predict a sim!-lar

shape to the wave-induced shear stress distribution.

Alternative computation Methods for Scour Prediction:

A. Pipelines

1. Local Scour Due to Wavesand CUrrents

, :
'..'

Computational methods for estimating the scouring of

pipelines by simultaneous waves and currents have not, .yet; ,'.

been reported in the literature. However, the scour depth'::

under a pipeline subjected to waves can be estimated from 1),,:,

an empirical method presented by Carstens (1966), or 2) " an
. . . ~

analytical theory developed by Bijker (1976). The equlibrium",:

scour depth under a pipel ine subj ected to currents can, ~e.:

estimated using 1) an analytical approach developed by C~ao:

..
23
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and Hennessy (1972) 2) an empirical formula based on
laboratory tests by Kjeldsen at ale (1973), or ~) an
analytic method and experimental results reported by Bijker
(1976). The methods presented by Bijker (1976) are

.., applicable to pipelines which are initially suspended,
"unburied or partially buried while the other techniques only
~,consider the pipeline to be initially resting on the
,'seafloor. The documentation of the available scour estima-
:tion methods for pipelines is presented below for the
',:'conditions of waves only and currents only, as shown in

.' ,:'Figure 10.
"

B. Waves Only

1. Carstens (1966)

..

,- Localized scour around horizontal cylinders in oscillato-
, 'ry flow was investigated by placing three aluminum cylinders
~'with diameters of 8.76, 4.32, and 2.54 cm (3.4, 1.7, and 1.0
~,in) on a bed material of 0.297 mm diameter 'glass beads in a
',:,'largeU-shaped channel. The scour depth function was related
, .to a sediment number Ns defined as:

,', ~

N _ V)

• ~(s-l)gd
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... .
. ,

where U1 is the maximumvelocity in the oscillating flow

s is the specific gravity of the sediment

d is the geometric mean grain diameter

The functional relationship was expressed in the form

,
·:where Lc is a characteristic length

Uc is a characteristic velocity

t is time

.'

Nsc is a zero transport sediment number which must be

,evaluated from model tests for any given situation of
. ,

localized scour.

It is not possible to quantify the sensitivity of the
..~.

.' estimates for scour depth to variations in all parameters,

.since the form of this functional relationship is not yet

'known.

"

s-

A minimumof two model tests is required to apply this

'similarity relationship to a given situation of localized

~cour. The first test is an empirical determination of the
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sediment number with zero transport Nsc and the second test'
is an empirical determination of the right side of the above.
equation.

.:. ,

2. Bijker (1976)

The details of this method are presented by Van Ast and
De Boer (1973) in a Masters thesis (in Dutch) at ri~lf~
University of Technology. Bijker (1976) presents the re~tilts

.. ' '.

of the study with a brief outline of the approach. ' .~t:':·is:..
.. :

assumed that the flow approaching the pipe divides .into .a.
flow underneath and over the pipe along a line of divlsio~

. ;

which lies in the middle of the portion of ,- . :-the .pl:pe
protruding above the seabed, as shown in. Figure lOA •..''I'h.e
velocity distribution around the pipe is expressed as:

U -u (I+R2
)a 0 a2

where Ua is the velocity around the pipe
a is the distance from the center of the pipe
R is the radius of the pipe

, :

Uo is the orbital at the bottom, which is approximate~y.
constant over the height of the pipe

.. :
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For the equilibrium situation, the bed shear undarneatih .
,.

the pipe must be equal to that outside the area influenc~q.by',

the pipe. since the boundary layer is determined by .the'"

combination of viscous, turbulent and inertia effects, it;: :is"
, '

assumed to be the same both in front of and underneath t.h~·:·

pipeline. Based on the velocity distribution shown in Figu~e:
. , .

7, the velocity just outside the boundary layer under ·the '

pipe is:

Since this velocity must be equal to Uo' the velocities

under the pipeline are decreased by the value Ur, defined a~:

• U 0 R 2 / ( h 0 + h max + R ) 2

Van Ast and De Boer (1973) use the assumed distribution' of.

flow around the pipe to derive an expression for the scour

depth (ho + hmax).

By defining (ho + hmax) = Sand (ho + R) = B, the,

resulting expression can be written as:

29
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S3 + S2 (3R - B) + S (R2 - 2BR) - BR2= 0 for Ho > 0
.. ' .

S3 + 2s2R - SR2 - R3 = 0 for Ho = 0

s3 + S2 (5R - B)/2 - BRS- (R3 -+ BR2)/2 = 0 for ho < 0..

The scour depth estimate is insensitive to soil and
. '

.. oceanographic conditions, and depends only on the radius of

'. the pipeline.

The results of tests conducted at the Hydraulics Research

station and Delft University of Technology are shown in

Figure 11 and compared with computations based on the above

equations. A reasonable agreement is obtained between the

computations and the experiments •

.C. Currents Only

1. Chao and Hennessy (1972)
. '

The analytical approach considers a steady current

.. flowing perpendicular to the longitudinal axis of a pipeline

, initially resting on the seafloor. The scour hole is assumed

:.'.:..' to be two dimensional so that no end effect is imposed on the
:.: .
. 'flow field. The maximum scour takes place below the

'centerline of the pipe, but the upstream and downstream
• I ~ ••

...: slopes of the scour hole are so gentle that the curvature

,:. effect can be neqlected. The velocity field in the scour
' ... .
. "hole below the centerline of the pipe is assumed to be

horizontal.
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"

. The velocity field in the gap between the rigid cylinder
and a solid boundary can be derived from the method of images
in potential flow theory. The potential function governing
the flow is

UR2x UR2x~-Ux + p + p
p x2

p+{Yp-h.)2 x2+{y +h )2• p p e

. ' ..where

u is the undisturbed flow velocity
. R is the radius of the pipe

hc is the distance from the center of the pipe to the
bottom of the scour hole

. ",'

,',

Xp is the horizontal distance from the centerline of the
pipe
yp is the vertical distance above the bottom of the scour
hole

The velocity Uh in the scour hole is

~~ R' 4R'
Uh.---U{l+----- ------e x , x~+(yp-hc)2 [x~+(yp-hc)']2

R' 4R2

+ x~+(yp+hc)2-[X~+{Yp+hc)2]2}
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and the discharge through the scour hole per unit length" o.f'·

pipeline is obtained by integrating the velocity from yp = ~
to Yp = (hc-R) to obtain

,',

.~...

The average jet velocity Uavg is determined by dividing" th~'
discharge through the scour hole by the corresponding dep;tp',.'

If this velocity in the scour hole is greater than the ·free

stream velocity, scouring takes place. As the scour section
, '

is enlarged, the velocity along the boundary decreases to .the

point at which the boundary shear stress becomes equal to' the,

critical tractive stress of the sediment and no furthe~

sediment is transported.

. ...

The maximumboundary shear stress in the scour hole is.......

estimated by assuming that the bottom of the scour holS is

essentially flat in nature and the flow in the eroded section
" ..

resembles open channel flow characteristics. The frictio'p

factor and Reynolds number relationship developed by Lovera
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• I.: . and Kennedy (1.969) can be used t.o est.imat.e t.he frict.ion

. factor, and t.he boundary shear st.ress corresponding t.o a

given flow velocit.y can t.hen be comput.ed. The maximumscour

depth under t.he pipeline is t.hen determined by mat.ching the

boundary shear st.ress wit.h t.he crit.ical t.ractive stress of

: ·t.he sediment. The sensit.ivit.y of the scour depth est.imates

t.o variations in all parameters is difficul t. to quantify

because the friction fact.or and Reynolds Number relat.ionship

of Lovera and Kennedy (1.969) is presented in a graphical

format. A quantitative assessment of the sensitivity

'requires a detailed series of· computations which is not

included in t.his report.

The analytical approach developed by Chao and Hennessy

(1.972) provides a simple method of estimating t.he maximum

. '. .: scour depth. However, comparisons of the scour est.imates

with field or laboratory measurement.shave not been made.

2. Kjeldsen et. ale (1973)

Tests were carried out on pipes wit.h diameters ranging

from 6.0 cm (2.4 in) to 50.0 cm (19.7 in) resting on a bed

'. material with a mean grain size of 0.074 mIn. A uniform flow

.. velocity of 25 to 50 cm/sec (0.82 to 1.64 ft/sec) was used in

the tests. The following formula was proposed for estimation

of the equilibrium scour depth:
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( 2 )0'20
S - 0.972 ~ D~jeo

whereS is the equilibrium scour depth in mm below the botto~
of the pipeline

Dpl is the pipe diameter in m
g is the acceleration due to gravity, 9.81 m/sec2
U is the flow velocity in m/sec

In subsequent tests by Kjeldsen et al. (1974), reported by
Hjorth (1975), the ratio of water depth to pipe diameter w~s'
found to have no influence for ratios greater than 3 to,',5,
and relative grain size was found to have no influence.

"

The sensitivity of the calculations to variations in each
parameter can be investigated in terms: of the partial.
derivatives, which indicate that a change in velocity of au ,

will produce a change in scour depth of:

as _0 .40itU S
U

For example, if a design velocity of U = 0.7 m/sec is being,
considered, then a change in the design velocity of ~u = 10%
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·.will change the predicted scour depth by 5.7% of S.
:~Similarly, the change in scour depth estimate due to a change
'.Ln pipeline diameter is given by

O. 80LID pi
LIS------ S

Dpl

For example, if a pipeline with diameter Dpl = 0.76 m is
'changed by LtD~, = 10%, then the estimate of the scour depth
will change by LIS = 10.5% of S •

.:.

3. Bijker (1976)
• ••

As in the case for waves only, the details of this method
,. are presented by Van Astand De Boer (1973) in a Master's

thesis (in Dutch), and only the results and basic approach
are presented by Bijker (1976). It is assumed that the

.. ··.··velocityjust outside the viscous sublayer Ub for the
' .. 'undisturbed flow is given by:

'.where q = l/ln (33 Yh/E)

Yh = ho + 2R, with a positive or negative value of ho
E = bed roughness
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the

Vr = mean velocity over the height of the pipe above

seafloor
'.

"

Underneath the pipe, the velocity profile will not be'
'. ,

logarithmic since the boundary layer does not adjust itself.

to the higher velocity within the scour hole, but will be

simi1ar to that developed by orbital motions. The velocity
, ,

just outside the viscous sublayer under the pipe is expzessed..

as:

and

where

fw = wave friction factor

x = von Karman's constant

VB= velocity just outside the boundar,ylayer under the
..", .

pipe.

the case of waves, the velocity VBis:

and the velocity Vb under the pipe is given by:

37 " '
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..

Since this v~loci ty must be equal to q VR' the velocities
: .

: :under the pipe must be decreased by the value V" so that

'or,

.. '.'

This expression degenerates to the situation for waves

'for the case when q is equal to sw. However, Bijker (1976)

shows that normally q is greater than sw' and the decrease in

. velocities under the pipe is greater for uniform flow than

.. for waves. Due to continuity considerations, the scour depth

under the pipe should be larger for uniform flow than for

;~
r".-;)
: ."

r«
I:.;

i':-::

.'
waves, as confirmed by test~ carried out by Van Ast and De

Boer (1973). The scour measured undez the pipe for uniform

flow is shown in Figure 12. The sensitivity of the scour

measurements to variations in current velocity is difficult

. to evaluate because the empirical results are presented' in

graphical form and it was suggested that further research is

:~.required to solve this problem completely.
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Figure 12: Pipeline scour by currents. (From Bijker, 1976)
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, "

Mao (1986) used a modified Meyer-Peter sediment transport
equation to define the equilibrium scour depth. The
well-known Meyer-Peter equation,

-
,

.. '

.where

¢ = dimensionless sediment transport

8 = dimensionless bed shear stress (Shield's parameter)

6, = Shield's parameter for incipient motion

is modified to account for local bed form such as the
downward slope of the scour trench. The resulting modified
Meyer-Peter equation is:

where

ohe*-e-O.IOox
":.

ohox - local bed slope

40
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Calculation Procedure for pipeline Self-Burial Prediction:

". A. Conditions

... , ..

The Unocal pipeline to be installed is a 6-5/8 inch'

diameter pipe of 0.280 inch wall thickness (Sched. 40) gr~de .

B steel. A one inch thick concrete coating is applied to the.

outside giving a final diameter of 8-5/8 inches. With an'

assumed specific gravity of pipe contents to be 0.98, "~.he,

final specific weight of the pipeline is 140 psf in air. Tne"
old line has similar specifications being 1-1/2 inch larg~r

diameter and 164.8 psf in air. Based on grain size tests on,

Mandalay Beach sand samples provided by Unocal, theb·ed·.

material is well-graded sand 50%of whose grains pass through

a 0.42 mmmesh.

Using wave hindcast data from the Pacific Coast Wave:

Information study No. 16 (U.S. Army Corps of Engineers,

1987), an annual storm of 48 hours duration was used to'

calculate the bottom velocities acting along the 3000 foot

length of pipeline. This hindcast data can be misleading'"

because it neglects subtropical and southern storms

generating long period swell. For this study, however, where·
..

typical annual conditions are of interest the long period

swell conditions are not a concern.
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The hindcaet data is divided into significant wave
heights of 3-6 hour duration. An associated average wave
period can be deduced from the distribution of wave heights.
Wave height attenuation using Shore Protection Manual (U.S.
Army Corps of Engineers, 1984) refraction and shoaling
coefficients based on parallel bottom countours results in
wave heights much larger than expected for the Eastern Santa

.Barbara channel. This ·discrepancy is due to the complex wave
and wind interactions between the various channel Islands and
the mainland. This fact suggests a significant attenuation
of the deep water significant wave heights given by the
Pacific Coast Wave Hindcast data.

For the purposes of understanding the burial process and
for determining the probable depth of burial of the proposed
pipeline, two storms are considered: a high probability
local annual storm and a 25-year return period storm. The
annual storm acts as the design storm, whereas the 25-year
storm acts as a point of comparison. Locally, a 10-foot
significant wave height is taken as the peak wave height
during the annual storm. Table 1 supports this choice since
a comparison of westerly swell and local westerly
wind-generated waves fall in the range 10 to 13 feet. A 10
foot wave height is most likely to occur in any given year.
The associated wave period is 7 seconds and the ,.associated
peak wind speed is 30 knots.
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Table 1. High Wave Events (Eastern santa Barbara Channel)

High Westerly Swell
(Bs ~ 10 ft)

1981: Nov 11-14, Dec 18-19
1982: Mar 8-9, Oct 22-23,

Dec 1, Dec 16-18
1983: Jan 23-25, Jan 27-30,

Feb 10, Feb 13,
Feb 20-21, Feb 28,
Mar'l-2, Mar 4,
Mar 14-15, Mar 17-18,
Dec 1, Dec 9

1984: Mar 9-10, Nov 3-4

Strong West Winds
(Bs ~ 13 ft)

Nov 30

Feb 10, Apr 2

Feb 16, Mar 31,
Apr 24, Dec 12

1985: Dec 2-3
1986: Jan 23, Feb 1-4,

Feb 13-16, Feb 25-26,
Feb 28, Mar 11-14,
Mar 16-17

1987: Mar 5, Mar 13
1988: Jan 17 Apr 30, May 28
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since the 10 foot local wave height is associated with an
18-foot open ocean wave from the Hindcast data, a
corresponding 25-year wave height is 26 feet. This westerly
swell height will attenuate to an Eastern Santa Barbara
Channel wave height of 18 feet. Therefore, the 25-year peak
significant wave height is 18 feet. The associated wave
period is 14 seconds from the Hindcast data. For comparison
purposes, the swell is assumed to occur simultaneously as
high local wind speeds similar to the annual storm.

B. Localized Scour

The model used for local scour prediction and backfilling
depends on calculating the bed shear stresses during the
design storm. A 48-hour duration was chosen as a typical
storm duration for an annual storm and a 25-year return
period storm in the Santa Barbara channel. The progression
of significant wave heights and periods during the storm was
assumed to be linearly increasing to the maximum and then
linearly decreasing to zero at a slightly slower rate (Figure
13). The final distribution was divided into eight wave
groups of 6-hour duration. Wave records for the 1982 - 1983
storms in the Santa Barbara Channel suggest that this
simplified model is justified (see Figures 14, 15).

Calculation of the current and wave orbital bed
velocities was done previously by Intersea Research Corp.
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Figure 13: Design Wave Record
48-hour Annual-local &: 25-year st.onns
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(1980). Reported velocities were subdivided into tidal and
wind-driven, and longshore and wave orbital velocities. The
bed velocity distributions perpendicular to the pipeline are
shown in Figure 16.

since equilibrium scour depths are dependent on current
bed velocities and wave orbital bed velocities additively and
separately, this report subdivides the bed velocities into
three groups: tidal and wind-driven, longshore current, and
wave orbital. Currents due to storm surge were neglected.
The vertical distribution of the unidirectional current
velocities was assumed constant with depth for shallow water.

'-.Therefore, bed velocities (just above the boundary layer) are
equivalent to the calculated surface velocities.

Tidal and wind-driven velocities were assumed to be an
average of one-year return period peak value of 2 ft/s and a
25-year return period peak value of 3.7 ft/s (Intersea
Research Corp., 1980)• Since tidal currents will be
independent of the storm conditions,. a tidal current base
velocity was chosen with linearly time-varying wind-induced
bottom velocities similar to the wave height distribution
(Figure 17). The distribution along the length of the
pipeline is presumed nearly constant, although a sharp drop
off approximately 30 feet offshore from the MLLW line is
likely.
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For longshore current velocities, the standard
Lonquet-Higgins equation (Shore Protection Manual, 1984) was
used for the surface velocity at the breaker line and at the
point of maximum flow which occurs approximately midway
between the MLLW and the breaker line. The longshore current
falls off rapidly sea-ward of the breaker line. A linear
approximation of the distribution used in the Intersea report
was used to characterize the distribution along the pipeline.

Wave orbital bed velocities were calculated using
solitary wave theory instead of the method used by Intersea
Research"Corp. The Intersea values based on linear Airy wave
theory are higher by a factor of 100%. Linear wave theory is

inappropriate for shallow water. Cnoidal theory is most
appropriate for the shallow water in which the pipeline will
rest, but solitary wave theory was chosen for ease of
calculation and for more appropriate values.

Discrepancies between the two calculation procedures may
be due to differing design conditio~s such as the breaker
angle which is very small in the case of this report. The
design conditions specified in this report are more
conservative in that they allow less ability for the scour
trench to refill.
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The model for localized scour prediction, presented in
this study, relies on the Chao and Hennessy model for low
velocity regimes where the current plus wave bed shear stress
does not exceed the critical stress limit for bed load
initiation ("clean watern upstream flow).. A FORTRAN program
based on linear wave',theory is presented in Appendix C that
utilizes the Kjeldson and the Chao and Hennessy models (Work,
1987). For higher flow regimes, where the Chao and Hennessy
model gives unreasonably high scour depths, the Bijker (1976)
model is used with adjustments from Mao (1986).

Both models are compared with experimental results from
Mao (1986) in Appendix A and engineering judgement.
Specifically, Bijker's nq,lsw"reduction factor is found to be
too high and is lowered. Unfortunately, the model is very
sensitive to this factor•. Using a Meyer-Peter bed load
transport potential ratio equal to one gives the equilibrium
scour depth by trial and error in a Lotus spreadsheet. This
model has high potential for practical use and can be
converted Irrce a FORTRAN program and calibrated using further
model experiments.

The sediment transport potentials into and out of the
scour trench are modified using Mao's local bed form
adjustment. In addition, Mao's observations on the effects
of pipe sagging and vibration are incorporated into the
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The assumptions made in this formulation are:

(1) the formation of a gap between pipeline and bed,. aLao ".

known as "tunnel-erosion". . ,

(2) a potential .flow justification for the veloci ..~y<.

distribution in the gap between pipe and bed.
',:" .

(3) an adjusted Bijker gap velocity reduction factor.
. .

(4) neglecting the .effects of sand waves and other bed form ,

artifacts.

"(5) a coupling of the vector components of the wave orbital ..

and current bed velocities normal to the pipeline.

The assumption of "tunnel-erosion" or gap formation is a '.
,:

reasonable one owing to the large extent of the pipeline', and' ".

the existence of localized high bed velocities at certain '.'~.
· .....

t,
"points along the pipeline. The modified potential flow: ..· :. ...

· . \1.

velocity distribution between the pipeline and the bed is ':

reasonable. An unmodified approach· would not take into· ...·

account the effects of the bed and bed roughness as well' ~s, ;,

give infinite scour depths where the velocity.under the pipe'·:.
; .

• : t

is equal to the free stream velocity. Decreasing the flow···..
~ :

, t

,
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. ~..

':.

using a qjsw = 1, as Bijker suggests, is unreasonable. A
value of 0.08 allows the results to fit more closely Mao's
experimental results. The sensitivity of the model to this
factor, however, necessitates further study beyond the scope
of this report.

The effects of sand waves and other bed forms can play a
significant role in the scour process (Mao, 1986). The
equilibrium scour depths, however, are probably not seriously
affected. The bed slope modification to the Meyer-Peter
equation is the only value that is significantly affected,
and evaluation of this impact would require study beyond the
scope of this report•

The results of these calculations are summarized in
.' .....Figure 18 for the local annual storm. Figure 19 shows the

.,'results for the 25-year Westerly swell and storm. The graph

.' .

.represents the ratio of scour depth below the bottom of the
pipeline over the pipe diameter versus the distance offshore.
These are plotted for the beginning of the design storm, the
peak period of the storm and near the end of the storm. The
important point to note is that the pipeline will scour more
than one diameter during the peak wave heights, and thereby,
allow full burial of the pipe along its entire length. These
values should be afforded an error of +/- 30% to allow for
the uncertainties involved in the calculation. Figure 20
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Figure 20: Kjeldson's Scour Depth
48-hourAnnual Swnn

.~

0.-+'

°[(
J:
+'a.
IJ
0
L:J
0
U

VJ
\It

E....•
:J.-L
.D.-.-:J
0"

W

2
1.9
r.s
1.7
1.6
1.5
1.4
1.3
1.2
1.1

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

'.0.1
o
3000 2500 2000 1500 1000 500 400 300 200 100 50 40 30

. First
.. Wove· Group 0

:.".--•.• '0. • ••• ".• ' •.••.•••. -••.
..

00" •• ,•• 0', ". •• ••.•
"... '

Oist.oncefromShore. (ft.)
.+ Peak w.0ve. Group " .

.. .. .• .. ,............ . ..... ... .• ~", .
•• " -'0 ••

". .... .....~
Lost. Wave Group

- .0 •.•. • . .. ••



: .

shows results from Kjedlsen (1973) for the 48-hour duration
annual storm. The values indicated are significantly lower
than the previous model and to be reasonably exPected.

Along the pipeline length, the pipeline may not
completely rebury during the storm. A lengthy calm per.iodis
requir1'!dafter the design storm to adequately insure full
burial.' Once the scour trench is formed, the trench will
begin to backfill under a reduced wave climate: The bed
shear will decrease substantially from reduced wave heights,

'.. thereby, decreasing the equilibrium scour depth and burying
the pipeline. The modified Meyer-Peter equation was used to

~. estimate the rate of back filling. Calculations of the rate
of refilling suggest that the trench will fill within 24-48
hours under very reduced ,conditions (critical tractive stress
of surrounding bed is barely exceeded).

C. Regional Erosion and Deposition Estimation. ,

'.

Historical records are relied upon to calculate a
reasonable value for bed level changes in the study area.
Bed level fluctuations are highly dependent on regional
geomorphology and wave\current climate. The profiles in
Appendix B for 1938, 1948, 1959, 1966, 1977, and 1987-1988
suggest a recession of the beach of approximately five
horizontal feet per 10-year period and a general increase in
bed elevation of the offshore region of 2 to 4 feet over a
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',!
"20-year period. It is reasonable to conclude an avex:age,~',

increase in bed elevation of 0.1 to 0.2 feet per year. This,
observation is consistent with general knowledge of,~
California's receding shoreline. Figure 21 is a location map','
and shoreline description of Mandalay Beach.

{' .
00 ' .0

The recession of the shoreline and the increase: in .
, "

offshore bed level suggest a transference of material from'
the foreshore to the offshore. The reason for this'"
observation would require

, "

further analysis of the local.:'
"

topography and field studies in the area. The fact that the·;"
old water line to Gina platform is undergoing burial may be:

, ,... .,
due strictly to localized scour in conjunction with regional,~

"0: '

deposition in the area being studied.

Formation of large span lengths of uncovered pipelines

. '.''.

'. "

is' "

unlikely in the region of present interest, since the BeacQn ';,
20 profile of 1987-1988 indicates a local fluctuation in bed,-

. ,0,

level elevation off of Oxnard Shores, very near the Manda1ay~
· 'Beach pipeline.. Seasonal on-offshore migration of bed forms ':":'

such' as formation of offshore bars, etc., is always in' a ".
state .of change. Figure 21 shows a beach behavior.>
description supporting this notion. It is possible tbi~:"-· ,

environment is not condusive to open span length formation.:.
·: ' ..
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Figure 21:
Shoreline description
for Mandalay Beach.THE RESOURCES AGENCY
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' ...
Calcu1ation of span lengths are possible using Mao (1986) and ;"

, "
"

the SCOUR.EXE program, provided.

done for this report.

D. Soil Liquefaction

This calculation was not: ~'. '. ~

-. :

Another mechanism for pipeline self-burial could
", '

be, .:,

wave-induced soil liquefaction. Using Reddy's and Beals'

approximation of the undrained shear strength of dense sand ~,

with depth, the final depth of burial is estimated using"

Bea's (1981) equation for wave-induced shear stress .' 'in 'a

semi-infinite elastic continuum (see Figure 9a):

2rrZ [2rrZ]T. - -L-exp --L- .LJp

'::

.. ', ..

where Z

L

dP

= depth into soil

= wave length

= pressure change at sea floor

l
, .

- '

: • lilt

the wave-induced shear stress can be compare~ to the"':','
'...

distribution of undrained shear strength. The values for i. "' .. :
Luque's formation are unreasonably higher and Yamamoto':s:.:.:'

values are much more reasonable. Yamamoto's calculatio'n ,..-:,':

procedure, however, is too complex for practical use. Figqre ';~:'
:. ~..

22 shows a nearly linear increase in final li(JUefaction depth' ••....
with wave height.

"
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The depth limi t of liquefaction represents a possible

final settlement depth for the pipeline. The criteria for ',,'

settlement of the pipeline is not well-studied. The only""

concl usion possible within the scope of this study is to

determine if the pipeline will not "float" in the liquefied

sand. Comparingthe specific weights of the pipeline and the

liquefied sand (140 psf and 100 psf, respectively), shows

that the pipeline cannot "float".

Laboratory Experiments:

using an 8-foot wide, 5-foot deep, 180-foot 'long flume

located at the University of California, Richmond Field,'

station, waves were generated of 0.5 feet in height and 3,'.,
" '

second periods. A test section of pipe approximately 6 feet .....

long' with an air specific weight of 140 psf and a roughened '::
r »:

exterior coating was laid on a bed of 0.3 mmgrain diameter ~

sand. Figure 23a,b shows photographs of the pipe test-sec- '~'

tion on a sandy bed. The rate of settlement was measured :'
" ,

using a point gauge resting on the middle of the pipe at its "

highest point.

,0, .

The results are shown in Figure 24. The small 'bed .::

velocities associated with the testing procedure did not

allow significant scour to occur such as tunnelling. From::

visual observations of the pipe behavior under waves arid

current, and waves only, rapid settlement (stage 1) occurs in
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Figure 23 a,b: Photographs of Experimental set-up_
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Figure 24: Pipe Settlement with time for model study.
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the first two minutes of the test under waves and a limited,:'
. " ..

current. Also, an initial trench forms on the upstream s~de,~
, ' , .

of the pipe. Whenthe initial trench is large enough a local'

slope failure occurs and the pipe settles another small' ,

increment (stage 2). stage 3 settlement was probably due to ,:"

consolidation of the sediment, directly below the pipe. The..:'

stage 1 settlement was used as a determinant of the rate: 6f '.

settlement after soil liquefaction assuming a linearly:,

elastic failure. Results indicate that the pipe would settle ..
, .

to an storm-averaged depth on the order of 24 hours af·ter",
, .

liquefaction. More comprehensive studies are required to,,'

better estimate the settlement rate.

Pield Observations:

, ,

.\ .

To develop further insight into the magnitude of scour:

and self-burial in the field, field observations are

summarized for other offshore areas and the Gina pipeline;:,

study area.

The scour around pipelines lying horizontally on the',
. ;'.,

seabed has received less attention than the scour azound ".

vertical structures. Previous research has been primarily\:
.' :

directed towards determining the hydrodynamic forces on the:'

pipe itself. The maximumlength of unsupported pipei'ine,~"

spans is an important consideration in the structural design~:"
I' •
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,':

, "

of the pipe, since sagging of the line could induce excessive
stresses, transverse motions or galloping (personal communi-
cation, R. Bea).

,'. In the North Sea, a submersible survey of BP's West
,Sole-wasington 40.6 em (16 in) gas pipeline in June, 1973

',' indicated that a maximum span of 40 m (131 ft) with a scour
depth of 12.7 to 15.2 cm (5 to 6 in) was observed, while the

.. ' .

deepest span of 1 m (3.28 ft) has an overall length of 11 m
.(36 ft) (Ells, 1975). The seabed in this area was primarily
sand overlaying stiff clays which contained boulders, and
both scour and building of deposits at the pipeline had
occurred between 1972 and 1973.

During sotmilarsurveys of BP's pipeline from the Forties
.,Field to Cruden Bay in 1973, 38 separate spans were found in

one of the sand wave areas prior to trenching of the pipe.
The maximum span length was 90 m (295 ft) with a depth of 1.2
m (4 ft) and the maximum span depth was 1.3 m (4.2 ft) with a
span length of 40 m (131.2 ft) (Ells, 1975). Special

, . attention was given to these areas during the trenching
operations. In 1974, submersible surveys of the pipeline
before trenching indicated a large number of spans in the
sandwave areas up to maximum length of 60 m (197 ft) with a
depth below the pipe of 1 m (3.28 ft) (Ells, 1975). In one
sandwave area, the first trenching pass had satisfactorily
removed all the spans, but in the area of stones, there were

67



minor spans, caused by the pipe having been laid over the '

stones, typically 9.8 m (32 ft) long and 20 cm (8 in) deep •

(Ells, 1975).

A field study of the behaviour of pipes laid directly' on".

top of the sea floor by the Hydraulics Research station, '

(1973) found that considerable undercutting occurred over

greater parts of the pipe lengths. As a result of the

undercutting" the pipes rested in scour trenches and were'.

left only supported on sand bars at regular intervals. Tests,
"

with a flexible pipe produced very little spanning, as the,;

pipe settled gently and uniformly along its length until a

stable position was obtained.

Actual measurement of pipeline self-burial in the field'.'

was accomplished by Hulsbergen (1984). Figure 25 indicates·;

pipelines whose top-most elevations and bed level elevations',
"

were tracked for a year off of the Netherlands. Self-burIal.:

of the pipelines was evident. Figure 25b shows "the"
, .

progression of eleva1;ions for pipe~ine L10-A. Figure 26.,

shows that most of the pipelines in that area self-burieet:'

within 8 months. The depth of water was around 27.5 meters:':

or 90 feet. Pipeline L10-A shows a definite eventuai~,

equilibrium depth of -0.6 meters above the .top of the:

pipeline.
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Figure 25: Self-burial of pipelines off the Netherlands. (From Hulsbergen •.198.4)
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For the study area of Mandalay Beach, sidescan sonar

studies of the previous pipeline between Gina platform and

the Mandalay Beach Power station by Pelagos Corp. (Jan. 1984,

Jan. 1986, Nov. 1986, and August 1988) and Intersea Research

Corp. (Dec. 1982) indicated 99%burial of the pipeline along

its entire length especially in the 3000 foot zone in

question. The surveys between 1984 and 1988 indicated an

extension of the burial length of 1000 feet near platform

Gina while the power cable laid at the same time showed

complete burial for 6200 feet in the similar area. At no

time were unsupported spans identified.

These field observations tend to confirm the ranges of

self-burial depths and rates projected for the Gina Pipeline.

Conclusions:

The pipeline under study has a high potential for rapid

self-burial from the MLLWline to 3000 feet offshore. The

self-burial of the pipeline is due in part to the heavy

specific weight of the pipeline, the wave-current climate,

and the local geology and sedimentology of the Mandalay Beach

area. Offshore migration of sediment shows a steadily

increasing bed level in the area. Therefore, the depth of
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burial expected over the next one to sten years is between 2
and 4 feet. Eventual breakout of the pipeline is unlikely
since there is an annual increase in bed level elevation.

72
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and 4 feet. Eventual breakout of the pipeline is unlikely 

since there is an annual increase in bed level elevation. 
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Appendix A: Laboratory Experiments of Mao (1906)
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B.E.A.C.O.N. COASTAL SURVEY

COASTAL PROfILE MONUMENT DESCRIPTION
MONUMENT NO. 20

DESIGNATION: OXNARDSHORES
BEARING: 2330 MAG.

ELEVATION: 13.701 FT (MLLW)

city: Oxnard

Date of Establishment: October 21, 1987

County: Ventura

c

Description of Location: From Harbor Blvd., turn west on West Fifth
street and stop at junction of West Fifth street and Mandalay Beach
Road. Monument is located on sidewalk curb on southeast corner of
inters.ection.

Description of Monument: Monument is 2.5 inch diameter brass disk
set in concrete curb and stamped, "BEACON 20 1987".

Hap:
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Appendix C: SCOOR.EXE Program
[Reprinted from Work (1987)]



SCOUR Program User Instructions

\ Input Requirements:

Data can be input in an interactive mode from the keyboard during
program execution, or from a data file labeled SCOURIN.DAT.

To start the program, type SCOUR, followed by the <ENTER> or
<RETURN> key. The program will display an introductory screen
and pause, and then will prompt with:

Data input method: 1 = Screen input2 = Data file (SCOURIN.DAT)

~
I

I

I

I
i.i
I

The user should enter 1 or 2 as appropriate. A second prompt
will show:

Data units system: 1 a SI
2 a FPS

Again, enter 1 or 2 as desired.

Interactive Mode

The program will prompt for, in the following sequence:
1) Sediment 050 (rom)2) Water density (slugs/cu. ft. or kg/ cu. m)3) Steady current velocity (ft/s or m/s)4) Angle between current and pipeline (degrees)

(Enter the smallest angle between the current vector and
the pipeline axis.)

5) Significant wave height (ft or m)
6) Wave period (seconds)
7) Mean water depth (ft or m)8) Angle between waves and pipeline (degrees)

(Enter the smallest angle between the wave orthogonals
and the pipeline axis.)

9) Pipeline diameter (ft or m)
32



~O)
~l)
12)

Pipeline modulus of elasticity (psi or N/sq m)Pipeline section moment of inertia (ft~4 or mA4)
Submerged load on unit length of pipeline (lb/ft or N/rn,including self-weight and any cargo)

(.

At each prompt, the appropriate value should be entered, followed
by the <ENTER> or <RETURN> key. Zeroes should be entered rather
than entering no value.

Batch File Mode

A file should be created by line editor, etc., containing the 12
data input items listed above. The first item should start in
the first column of the" first line of the file. The remaining
items should be put on subsequent lines with no blank lines
separating them. After all numbers have been entered, the file
should be saved under the name SCOURIN.DAT. It must reside on
the same disk drive and directory as the SCOUR program. A sample
input file is included in section VIII of this report.

Fig. 11. Problem geometry, plan view.

Several calculation results are displayed on the screen during
program execution. A complete output file is saved on the
res,ident drive and directory under the name SCOUROUT.DAT. This

33



I

C

data can be inspected or printed through the use of a text or
line editor.

The program can handle: 1) current-only cases, and 2) waves and
current combined, but has not been thoroughly tested. As
explained in the body of this report, attempting to use the
program for the waves-only case will yield scour depths of zero.
Another problem that may develop is the condition where the bed
shear stress exceeds the critical shear stress everywhere in the
flow, even away from the pipeline. An equilibrium situation
would exist when the bed load was the same everywhere, but the.
method of Chao and Hennessy (1972) does not account for this and
would not yield a solution. The SCOUR program would not be ,able
to find a solution and the result would be infinite iterations.

, I
I
I

I
I

I 34I
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I
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I

:c

VIII. Sample Input and Output Files

Sample Input
1
1.94
1.0
90
5
6
100
70
2
29000000
100

Sample output appears on "the following page.
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SCOUR Program: Input and output Surnniary

SEDIMENT PARAMETERS:
Sediment D50 = 1.0000 romSediment density, RHOS = 5.14 slugs/cu ft
critical tractive stress, TAUC = 0.0310 lb per sq. ft
Nikuradse roughness size, KS = 0.0082 ft

WATER AND STEADY CURRENT PARAMETERS
Water density, RHO = 1.94 slugs/cu ftSteady current velocity, UO = 1.0 ft/s
Angle between current vector and pipeline, THETAC = 90.0 degreesFriction factor due to steady current, :FC = 0.0150

WAVE PARAMETERS:
Significant wave height, HS a 5.0 ftWave period, T. 6.0 secondsMean water depth, DEPTH .'100.0 ftAngle between wave orthogonals and pipeline, THETAW a 70.0 degrees
Deep water wavelength, LO - 184.5 ftWavelength at specified water depth, LCALC a 184.1 ft
Amplitude of horizontal orbital velocity, UINF - 0.1727 ft/sAmplitude of horizontal orbital motion, A = 0.1649 ft
Friction factor due to waves, FW - 0.0478

PIPELINE PARAMETERS:
Pipeline diameter, D - 2.00 ft
Pipeline modulus of elasticity, E c. 0.29E+08 psi
Pipeline section moment of inertia, I = 0.02 ftA4
Submerged load on pipeline, Q = 100.00 lb per ft

SCOUR PARAMETERS:
Total roughness coefficient, FWC = 0.0574
Angle between resultant velocity vector and wave vector, THETARW = 17.JMethod of C & H: Equilibrium scour depth, H-R = 1.51 ft
Method of Kjeldson, et al: Equilibrium scour depth, SMAX = 0.74 ft
Method of Mao: Maximum free span length, LMAX = 32.5 ft

36



IMPLICIT REAL*S (A-Z)
INTEGER MODEIN,INMODE,UNITS
CHARACTER*J LENGTH,FORCE
CHARACTER*S VELOCITY,MOICHARACTER*7 MODULUSCHARACTER*12 DENSITY

- SOTH PERCENTILE "SEDIMENT SIZE (mm)
- WATER DENSITY (slugs/cu ft or kg/cu m)- MAGNITUDE OF STEADY CURRENT (ft/s or m/s)• ANGLE BETWEEN CURRENT VECTOR AND PIPELINE (degrees)- SIGNIFICANT WAVE HEIGHT (ft or m)
a WAVE PERIOD (seconds)
= MEAN WATER DEPTH (ft or m)
- ANGLE BETWEEN WAVE ORTHOGONALS AND PIPELINE (degrees)- PIPELINE DIAMETER (ft or m)- MODULUS OF ELASTICITY OF PIPELINE (psi or N/sq m)- MOMENT OF INERTIA OF PIPELINE SECTION (ft~4 or m~4)• UNIT WEIGHT OF SUBMERGED PIPELINE (lb/ft or N/m)

j
i

I
I
r-
I

I

I
!
i
I,.

PROGRAM SCOUR
C CALCULATION OF EQUILIBRIUM SCOUR UNDER PIPELINE LAID ON SEAFLOOR
CC SEE PAPER TITLED SELF-BURIAL OF PIPELINES IN NON-COHESIVE' SEDIMENTS
C BY PAUL WORK, FALL 19B7
C COMPLETED FOR CE299, DEPARTMENT OF HYDRAULIC AND COASTAL ENGINEERING
C UNIVERSITY OF CALIFORNIA, BERKELEY
C
CC TWO CALCULATION METHODS ARE USED-TO FIND SCOUR DEPTHS
C MAXIMUM FREE SPAN LENGTH THEN PREDICTED
C

C
CC DATA INPUT BY USER:
CC DSOC RHO
C UOC THETAC
e HS
e Te DEPTH
e THETAW
C D
e E
C I
C Q
e
C
C DETERMINED BY PROGRAM:
CC INMODE, MODEIN DEFINE SCREEN OR FILE INPUT
C RHOS - SEDIMENT DENSITY (slugs/cu ft or kg/cu m)C ASSUMED EQUAL TO 2.6S*RHO
C UNITS - DEFINES UNITS SYSTEM (SI OR FPS)
CLASS • ASSUMED WAVELENGTH FOR CALCULATION PURPOSES (ft or m)
C LO • DEEP WATER WAVELENGTH (ft or m)
C LCALC • CALCULATED WAVELENGTH FOR SPECIFIED WATER DEPTH (ft or m)
CG = GRAVITATIONAL CONSTANT (9.81 m/s~2 or 32.2 ft/s~2)
C UNIF = MAGNITUDE OF WAVE-INDUCED VELOCITY IN ,DIRECTION OF WAVE
C TRAVEL, JUST OUTSIDE BOUNDARY LAYER
C KS = ROUGHNESS SIZE - 2.S*DSO PER FREDSOE (1979)
C A = HORIZONTAL AMPLITUDE OF WATER PARTICLE ORBITAL DISPLACEMENT
C JUST OUTSIDE BOUNDARY LAYER
C FW = FRICTION FACTOR DUE TO WAVE ACTION ONLY
e Fe = FRICTION FACTOR DUE TO CURRENT ACTION ONLY
C THETARW= ANGLE BETWEEN VECTOR SUM OF WAVE AND CURRENT VELOCITIES AND
C WAVE ORBITAL VELOCITY VECTOR
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By Paul A. Work'UC Berkeley'
Fall, 1987'
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C

C

C

C

C

C

C
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S

S

S

S

S

S

S

S

S

S

S

Program for Calculation of Equilibrium
Below submarine Pipeline on Sand

= TOTAL FRICTION FACTOR= VERTICAL DISTANCE FROB PIPELINE CENTER TO BOTTOM OF TRENCH(METHOD OF CHAO AND HENNESSY (1972)
= AVERAGE VELOCITY THROUGH SCOUR GAP
= CRITICAL TRACTIVE SHEAR STRESS= BED SHEAR STRESS BELOW PIPELINE= EQUILIBRIUM SCOUR DEPTH, KJELDSON'S METHOD
= MAXIMUM FREE SPAN LENGTH, MAO'S METHOD

.; '.

,,'

.. :..

','

;, .
. :.

.·.·1

: -,

~ 'C FWC
,C' H. '

:',:C •
):"UAVG
c' TAUC

',~CTA~B'C:'SMAX
",C' 'LMAX

:C'
"C
'C', 'BRING UP INITIAL COMMENT SCREEN
,',:\ WRI TE (6,*)

,+ RR'
I','( :,WRITE(6,*)

'.',' ",: + R R',' WRITE (6,*)
+ R R', 'WRITE(6,*)'
+ R R', WRITE(6,*)

,+ R R'" WRITE(6, *)
+ R R',, :: WRITE (6,*). ..... ..+ R RI

,:', WRITE (6,*)
" '+R R'
,',' WRITE (6,*)
;'" +R R'.~..,"".. ',WRITE (6,.)

WRITE(6,.)
WRITE(S,·)

, +cour Depth', " WRITE(S,.)
+ed'WRITE(S,.) ,'WRITE(S,·) ,WRITE(S,.) ,WRITE («) , • ) ,WRITE («) , • ) , '

WRITE(6,.) "
WRITE(S,·) "PAUSE' Press ENTER to begin'

,

"

(

~,,,;:,\" OPEN (UNIT=7,FILE=' SCOURIN. DAT' ,FORM=' FORMATTED' ,ACCESSa' SEQUENTIA,, 1',STATUS= 'UNKNOWN' )
OPEN(UNIT=8,FILE='SCOUROUT.DAT',FORM='FORMATTED',ACCESS='SEQUENTI,

lL',STATUS='UNKNOWN')
'9.: '10 WRITE (6,*)

WRITE(6,·)WRITE(6,·)
WRITE(6,*)WRITE(6,.)

. " ;.
"

.t ••

"

, v..
• :0

",0" •

•
.

","

"



.•...

.:"

',',

•....

: 'J.. .. ~..,
' ..

, .

.'

.",

..'

·.-
,"

:.' . :,.'
" ..... .

WRI TE (6,•) ,
WRI TE ( 6 , • ) ,WRITE(6,·) ,
WRITE (6,•) ,WRITE (6,•) ,
WRI TE (6,•) ,WRI TE (6,•) ,WRITE(6,·) ,WRI TE (6,•) ,
WRITE(6,·) ,WRITE(6,·) ,WRITE(6,·) , ,
WRITE (6,.) ,
WRITE(6,.) ,
WRITE(6,·) ,
WRITE(6,·) ,WRI TE (6,•) , ;•
WRITE(6,*) 'Data input method: 1 = Screen input':WRITE (6,*) , 2 •••Data file ( SCOURIN·.DAT..)'
WRITE(6,*)' Enter 1 or 2: 'READ(6,*) INMODE
IF«INMODE.NE.1).AND.(INMODE.NE.2» GOTO 10
IF(INMODE.EQ.l) MODEINa6
IF(INMODE.EQ.2) MODEIN=?

I

\

c
C DATA INPUT ROUTINE
C

20 WRITE(6,*) , ,
WRITE(6,*) , ,
WRITE(6, *) , ,

[. WRITE(6,*) , ,
WRITE (6,*) , ,
WRITE(6, *) , ,
WRITE(6,*) , ,
WRITE (6,*) , ,
WRITE(6,*) , ,
WRI'I'E(6,*) , ,
WRITE (6,*) , ,
WRITE(6,*) , ,
WRITE(6,*) , ,
WRITE(6,*) , ,
WRITE (6,*) , ,
WRITE(6, *) , ,
WRITE(6,*) , ,
WRITE (6,*) , ,
WRITE (6,*) , ,
WRITE (6,.) , ,
WRITE(6,*) , ,
WRITE(6,*) , ,
WRITE(6,*) , ,
WRITE(6,*) 'Data units system: 1=51'
WRITE(6, *) , 2=FPS'
WRITE (6,*) , Enter 1 or 2: ,
READ(6, *) UNITSIF«UNITS.NE.l).AND.(UNITS.NE.2» GOTO. 20
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ft'

': .

IF(UNITS.EQ.l)THEN
'Ga9.Bl

•. LENGTH=' m '
:VELOCITY=' m/e '
'DENSITY=' kg/cll m
. MODULUS-' N/sq m'
. MOI=' m"4 '

FORCE=' N '
. ·ELSE

G=32.2
. ~.'LENGTH=' ft'

..:. . 'VELOCITY=' ft/s'
.;DENSITY=' slugs/cu

. MODULUS=' psi '
':MOI=' ft"4'
;FORCE=' lb'
:ENDIF

·PI=J.1416

.,'
: '

~'0.

.: ....: ...

.',...... ,".

C ..···
.:.

, .WRITE(6,*) , ,
... . WRITE ( 6 , "') , ,

'. WRITE (6, *) 'Sediment 050' (nun): '
,. READ(MODEIN,"') 050' .

..... IF(MODEIN. EQ. 7) THEN'
.;., 'WRITE(6,lO'1) 050'
.1'0'.1, FORMAT( 1F9 • 6)
,:' " ENDIF

C ·5' ....' .
, WRITE(6,14O') DENSITY

~4 0' ~ORMAT(' Water Density, , , A, ': ')
.i ....READ(MODEIN,*) RHO

. ':IF (MODEIN •EQ. 7 ) THEN .
" 'WRITE(6,141) RHO

14'1' ,FORMAT(lFS .2)
'.. :'ENDIF

RHOS=2.65*RHO

(

C
. ~ITE ( 6 , 150') VELOCITY

,.1',5,0 FORMAT( , Magnitude of Steady Current, ',A, ': ')
..,' . ImAD (MODEIN , .•) UO
; IF (MODEIN. EQ. 7) THEN

...; ,,', WRITE (6,151) UO
lSi FORMAT(lF7.2)
.r - .ENDIF

C

c

,'WRITE ( 6 I "') IAng1 e between
:;. READ (MODEIN I"') THETAC
;..., : IF (MODEIN • EQ. 7) THEN

.. . ' 'WRITE,( 6 1152) THETAC
'152' 'FORMAT(lF6 .1)

,-;" ENDIF
'S, THETAC=THETAC*2.O'*PI/36O'

, .
•• 0 ••

current and pipeline (degrees):

;,;. ,'WRITE (6 1160') LENGTH
~GO FORMATe' Significant wave height,'/A,': ')

'.

,
.~' .. 0,:
"

L
"

,"



WRITE(6,200) HOI
'200 FORMAT(' Pipeline moment of inertia,',A,': ')READ(HODEIN,*)' I

IF(MODEIN.EQ.7) THENWRITE(6,201) I
201 FORMAT(lFS.2)

ENDIF
WRITE(6,210) FORCE,LENGTH

r

c

c

c

c

c
c

c

c

READ(MODEIN,*) HSIF (MODEIN.EQ.7)THENWRITE(6,161) HS
161 FORMAT(lF6.1)

ENDIF
WRITE(6,*) 'Wave Period (seconds): 'READ(MODEIN,*) TIF (MODEIN.EQ.7)THENWRITE(6,162) T162 FORMAT(lFS.1)
ENDIF
WRITE(6,170) LENGTH170 FORMAT (, Mean Water Depth, ',A, ': ')READ(MODEIN,*) DEPTHIF (MODEIN.EQ.7)THENWRITE(6,171) DEPTH171 FORMAT (lF6.1) .ENDIF
WRITE(6,.) 'Angle between waves and pipeline (degrees):READ(MODEIN,*) THETAW
IF(MODEIN.EQ.7) THENWRITE(6,172) THETAW

172 FORMAT(lF6.1)
ENDIF
THETAW=THETAW*2.0*PI/360
WRITE(6,180) LENGTH

180 FORMAT(' Pipeline Diameter, ',A, ': ')READ(MODEIN,*) D
IF (MODEIN.EQ.7) THEN
WRITE(6,181) D

181 FORMAT(lF6.2)
ENDIF

WRITE(6,190) MODULUS
190 FORMAT (, Pipeline modulus of elasticity,' ,A, ': ')

READ(MODEIN,*) E
IF(HODEIN.EQ.7) THEN
WRITE(6,191) E.

191 FORMAT(lE10.2E2)
ENDIF
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210, 'FORHAT(' unit weight on submerged pipeline, ',A,' per' ,A, ': ')
" . READ(MODEIN,*) Q
.: . ' IF(MODEIN.EQ.7)THEN
.i- " WRITE(6,211) Q
.: 211 FORMAT(lF12.2)
','~" . ENDIF

":.,.:".,' -,

o

".

:' .

IF(MODEIN.EQ.7)THEN
PAUSE' Press ENTER to continue'
ENDIF
WRITE ( 6, • ) , ,

JUST OUTSIDE

Depth Specified I

A=(HS)/(2.0·DSINH(2.0*PI*DEPTH/LCALC»
WRITE(6,330) A,LENGTH

,··f

C· "
d FREDSOE'S EQN. FOR ROUGHNESS SIZE.t .. 1<S=2.5*D50/1000 .'

~F(UNITS.EQ.2)THEN
1<S=KS*3.2808
ENDIF
WRITE(6,212) 1<S,LENGTH

.::-212 FORMAT(' Roughness size 1<s" ',lF7.4,A)
',';',' WRITE ( 6 , • ) ., .
"R=D/2.0d;':' ; • .
~WAVE AND CURRENT PARAMETER CALCULATION ROUTINE

• ~ FIRST-ORDER LINEAR (AIRY) WAVE THEORY
~:'.

.' '. IF( (HS.GT. 0) .AND. (T.GT.O) ) THEN
I LO=(G.T*.2.0)/(2.0*PI)

..~ '. LASS=LO
: ,300 LCALC=LO*TANH (2. O.PI*DEPTH/LASS)

.. ;.., . IF (DABS ( (LASS-LCALC) /LASS) •GT. (0.001) ) THEN
_ (. ;;, LASS=0.999·LASS

..... GOTO 300
. ENDIF

.' . : WRITE(UNIT=6,FMT=3l0) LCALC,LENGTH
:'·::.3i·o· FORMAT(' Calculated wavelength = " lF6 .l/A)
:'>, .: WRITE (6 I.) I I , .

~" ' .. IF (DEPTH/LCALC. LT'. (0.5) ) THEN
". '. WRITE(6,.) I Warning: Shallow or Transitional

.' WRITE ( 6 , • ) I I

: -. ". ENDIF
C· ,
C,..c;ALCULATE AMPLITUDE OF .HORIZONTAL COMPONENT OF VELOCITY I

C~BOUNDARY LAYER - WAVE ACTION ONLYC; EQ:. 5. 15 I SLEATH:
C'..·.. "
.> . : UINF=(2.0*PI*HS)/(2.0*T*DSINH(2.0*PI*DEPTH/LCALC»
.; . • WRITE ( 6 , 320) UINF, VELOCITY

•..·.··320 FORMAT( , Orbital velocity UINF = l,lF6.2,A)
. . : WRITE ( 6 , • ) " .

C' .'e. ·.CALCULATE ORBITAL AMPLITUDE JUST OUTSIDE BOUNDARY LAYER:
C.

.;

,
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.'
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330 FORMAT(' Orbital Amplitude A = ',lF6.2,A)
WRITE ( 6 , *) , ,

C
C .EQ. 5.49, 5.50 SLEATH:

IF«A/KS).GT.l.57)THEN
FW=O.0025l*EXP(5.2l*«A/KS)**(-O.19»)ELSE
FW=O.3
ENDIF
ELSEFW=O.OUINF=O. 0,
ENDIF

C

. , ••.0'

,,. .

....

, .,

"

•.,'

· .

IF(UO.GT.O.O)THEN
FC-O.015
ELSE
FC-O.OENDIF
IF«UINF.GT.O.O) .AND. (UO.GT.O.O»THEN
THETARW=DASIN «DABS (UINF*OSIN (THETAW))+OABS (UO*DSIN (THETI\C')')/ «OA ..

lBS(UINF*OSIN(THETAW»+DABS(UO*OSIN(THETAC»)**2+(OABS(UINF*DCOS(THlETAW»+DABS(UO*OCOS(THETAC»)·*2)··O.5)-THETAW 'C ,~'
C TOTAL BED FRICTION FACTOR, PER MEl (1983)

FWC-FW+DABS«FC-FW)·OSIN(THETARW»
ELSEFWC-FC+FWENDIF

.,.', .. ,.

. i

IF«D50.GE.O.Ol).AND.(D50.LE.O.3»THEN
TAUC-O.0165 "ELSEIF«D50.GT.O.3).AND.(D50.LE.l.O»THEN
TAUC-O.017+0.02*(D50-0.3)
ELSEIF«D50.GT.1.0).AND.(D50.LE.5.0»THEN
TAUC-O.032+0.0183*{D50~1.0)
ELSEIF{DSO.GT.5.0)THENWRITE{6,*) I WARNING: Sedi~ent size too large'
H-R
GOTO 401
ELSEIF(D50.LT.O.Ol)THEN
WRITE{6,*) I WARNING: Sedi~ent size.too small'
H-RGOTO 401
ENDIF
IF(UNITS.EQ.l)THEN
TAUC=TAUC*47.84
ENDIF
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"

,',

,•
~.

C', "
C: HERBICH, ET AL, EQ. 6.2, P.205:

,,', WRITE (6, *) 'Itera ting. • • I

''':'400" UAVG=UO*DSIN (THETAC) * (2.0* (H/R) **2.0- (H/R) -1. 0) / (2.0* (H/R) ** 2.0-:
:- " 10* (H/R) +1.0)

C
P.HERBICH, ET AL, EQ. 6.4, P.206
"! ' TAUB=FWC*RHO*UAVG**2. O/S. 0
c:-

, '- ,

. ,

· . ~.

IF(TAUB,LT.TAUC) THEN
, GOTO 401

ENDIF
IF«(TAUB-TAUC)/TAUC).GT.0.01)THEN

" H=H+0.01
GOTO 400
ENDIF

.: 4oi' WRITE (6,410) LENGTH, H-R
" 410' FORMAT(' Method of Chao & Hennessy: Equilibrium Scour Depth,' ,A, ,
',:' ,1' ,1F5. 2)

'C ,
C'ROUTINE KJ FOR CALCULATION OF MAXIMUMSCOUR DEPTH BY METHOD

',C.,'OF l<JELDSON, ET AL
C

. '

free span length,' ,A,': ',lF6.1)

050
RHOS,OENSITY
TAUC,FORCE,LENGTH
KS,LENGTH

RHO,OENSITY
UO,VELOCITY
THETAC

, ..
.• '.•..

, , ',SMAX=O .972 * ( ( ( (UO*DSIN (THETAC) ) **2.0) / (2.0 *G) ) * * • 20) * (D* * • SO)
';, WRITE(6,500) LENGTH,SMAX

,: ,500 FORMAT(' Method of Kjeldson: Equilibrium Scour Depth,',A,': ',lF5
,; 12)

C,'
C ROUTINE MAO FOR PREDICTION OF MAXIMUMFREE SPAN LENGTH:c:

, LMAX=(12S.0*E*I*(H-R)IQ)**·25, '

,.' : WRITE(6,600) LENGTH,LMAX
";,.600 FORMAT(' Mao" s method: Maximum
',' THETAC=THETAC*360/ (2*PI).....

',' 'THETAW=THETAW*360/,(2*PI)
:.r< '1'HETARW-THETARW*360/ (2*PI)
c. '
C.OUTPUT ROUTINE
~', '

• , ,'WRITE (UNIT-S, FMT-SOO)
"}, 'WRITE (UNIT-S, FMT-S01)
· ' WRITE (UNIT-S, FMTa9Pl)

":,:,,:,, WRITE (UNIT-S, FMTaS02)
WRITE(UNIT-S,FMT-S01)
WRITE (UNIT=B, FMT-S03)

. WRITE(UNIT=S,FMT=804)
WRITE(UNIT=8,FMT=805)

. '. WRITE (UNIT=8 , FMT=8 96)
~, WRITE (UNIT=8, FMT=80l)

"'C' WRITE (UNIT=8, FMT=80l)
" : WRITE (UNIT=8 , FMT••••S071

WRITE(UNIT=8,FMT=80l)
WRITE (UNIT=8, FMT=808)

'::"., ,,' WRITE (UNIT=8 , FMT=B09)
"':--' ' .": . WRITE (UNIT=S, FMT=~10)

C,·

I" I

..•. ,

'~', . . ; ,

"-,. .
,',
: "

, ,
" '



c
C

WRITE(UNIT=B,FMT=Bll) FC
WRITE (UNIT=B,FMT=B01)WRITE(UNIT=B,FMT=B01)WRITE (UNIT=8, FMT=B12)WRITE(UNIT=B,FMT=B01)
WRITE (UNIT=8, FMT-B13) HS,LENGTHWRITE(UNIT=B,FMT=B14) T
WRITE(UNIT=8,FMT=B15) DEPTH, LENGTH
WRITE(UNIT=B,FMT=B16) THETAW
WRITE(UNIT=8,FMT=B17) LO,LENGTHWRITE(UNIT=8,FMT=B18) LCALC,LENGTH
WRITE (UNIT=8, FMT=B19) UINF,VELOCITY
WRITE (UNIT=B,FMT=820) A,LENGTH
WRITE(UNIT=8,FMT=821) FW
WRITE(UNIT=B,FMT=801)
WRITE(UNIT=B,FMT=B01)
WRITE(UNIT=8,FMT=822)
WRITE(UNIT=8,FMT=801)WRITE(UNIT=8,FMT=B23) O,LENGTH
WRITE (UNIT=B,FMT-824) E,MODULUS
WRITE (UNIT=B, FMT=825) I,MOI
WRITE (UNIT=B, FMT=B26) Q,FORCE,LENGTHWRITE (UNIT=B, FMT=B01)
WRITE (UNIT=B,FMT=B01). WRITE(UNITcB,FMT=B27)
WRITE (UNIT=B,FMT=B01)WRITE (UNIT=B,FMT=B2B) FWCWRITE(UNIT=B,FMT=B29) THETARWWRITE (UNIT=B,FMT-830) H-R,LENGTH
WRITE (UNIT=B, FMT=831) SMAX,LENGTHWRITE (UNITc8,FMT=832) LMAX,LENGTH
WRITE (UNIT=B, FMT=801)

800 FORMAT(' SCOUR Program: Input and output Summary')BOl FORMAT (, ')
802 FORMAT ('SEDIMENT PARAMETERS:')
803 FORMAT ('Sediment D50 • " 1F8. 4,' mIn')804 FORMAT('Sediment density, RHOS - ',F7.2,A)805 FORMAT('Critical tractive stress, TAUC· ',lFB.4,A,' per sq.'~A)806 FORMAT('Nikuradse roughness size, KS • ',lFB.4,A) ,807 FORMAT ('WATER AND STEADY CURRENT PARAMETERS')
808 FORMAT('Water density, RHO • ',lF7.2,A)809 FORMAT('Steady current velocity, UO - ',lF6.1,A)
810 FORMAT('Ang1e between current vector and pipeline, THETAC • ',lF4.11,' degrees')811 FORMAT ('Friction factor due to steady current, Fe - ','lF6.4) '.,'B12 FORMAT ('WAVE PARAMETERS:')
813 FORMAT('Significant wave height, HS = ',lF5.1,A)
B14 FORMAT('Wave period, T = ',lF4.1,' seconds')
815 FORMAT('Mean water depth, DEPTH - ',lF5.1,A)B16 FORMAT('Ang1e between wave orthogona1s and pipeline, THETAW = '',IF

14.1,' degrees')817 FORMAT('Deep water wavelength, LO = ',lF6.1,A) .
818 FORMAT('Wave1ength at specified water depth, LCALC = ',lF6.1,A)
B19 FORMAT('Amplitudeof horizontal orbital velocity, UINF = ',lF7.4,A



1)"
820 ~ORMAT('Amplitude of horizontal orbital motion, A a ',lF7.4,A)821 FORMAT('Friction factor due to waves, FW = ',lF8.4)822 FORMAT('PIPELINE PARAMETERS:')8~'3FORMAT ('pipeline diameter, D = ',F5.2,A)
~2".4 FORMAT ('Pipeline modulus of elasticity, E co " lE10. 2E2 ,A)8.~5'FORMAT('Pipeline section moment of inertia, I - ',lF8.2,A)
82'6 FORMAT ('submerged load on pipeline, Q = " IF8.2 ,A,' per' ,A)
·8'~7. FORMAT ('SCOUR PARAMETERS: ')82~ FORMAT('Tota1 roughness coefficient, FWC = ',lF6.4)829 FORMAT('Angle between resultant velocity vector and wave vector, T:; l,l{ETARW&: " 1F4 .1,' degrees')830 FORMAT('Method of C & H: Equilibrium scour depth, H-R = ',lF6.2,A)
841 FORMAT('Method of Kjeldson, et al: Equilibrium scour depth, SMAX=
'.::1 " 1F6 •2,A)

8.32 F'ORMAT{'Method of Mao: Maximum free span length, LMAX = ',IF?.1,A)
: S'TOP
: .. ,END
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I

" DEFINITION OF VARIABLES
Symbol
a
c(x,y,t)
CL
Ct>
C,,,,
050
o .
d .
E
fcj f~fwcfw'
g
H·
Hs
I
ksL.Lmax
Lo
p
Qr ~
R
Sb
Sm
'1'
u
U
u,..
U('t)Uavg
Uo
Vb,,\
ybys
I)
(.J

Pt
A
a(,
ft-
ec

Ow
ep,,",

Computer
Abbreviation
A

050
o
DEPTH
E
Fe
FWC
FW
G
H
HS
I
KS
LCALC
LMAX
1.0

Q

R

SMAX
'1'

USTAR
UINF
UAVG
UO

RHO
RHOS

THETAC
THETAW
THETARW

Definition
Amplitude of water particle orbits
Suspended sediment concentrationCoefficient of liftCoefficient of drag
Coefficient of virtual mass
50th percentile sediment sizePipeline diameter; sediment size
Mean water depth
Pipeline modulus of elasticity
Friction coefficient due to current onlyTotal friction coefficient
Friction coefficient due to waves onlygravitational constant
Distance from pipe center to seafloorsignificant wave heightPipeline section moment of inertiaNikuradse sand grain roughness sizeWavelength at specified depthMaximum free span length (Mao, 1986)Deep-water wavelengthBed porosity
Unit loading on submerged pipelineFlow through pipeline gap
Pipeline radiusReynolds numberBed load transport rate
Equilibrium scour depth (Kjeldson, 1973)
Wave periodVelocity
Acceleration
Shear velocity
Wave-induced orbital velocity.
Average flow velocity through pipe gap
Magnitude of steady current
Velocity at bed beneath pipeline
Local bed elevation
Free surface elevation
Kinematic viscosity of water
Water density
Sediment density
Dimensionless Shields parameter
Critical Shields parameter
Modified Shields parameter
Angle between current vector and pipe;
Angle between wave orthogonals and pipe
Angle between resultant velocity vector
and wave vector

48



DEFINITION OF VARIABLES, contd.

c·

Symbol
¢

computer
.Abbreviation

TAUC
'!'AUB

Definition
Angle of contact of sediment grains with
other grains; Dimensionless sediment
transport rate
Bed slope correction factor
critical tractive stress
Bed shear stress

49
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Principles of sediment 1I0tion caused by uniform flow and waves.'

It is asSUllledaccordfng to Btjker (21 that the sediment motion is detel11lined
by the bed shear.
This bed shear can be written in

T • P w:2 y.2 (Vb/y·)2. (1)

where y' • thickness of viscous sublayer
Vb" resp. ub • velocity just outside this viscous sub1ayer.

When TC• Pg v2'C2 for unifo", flow (2)

and TN·.'W P Uo
2 for wave IIIOUon (3)

2

Alt/1ough at this tble a new sediment transport fon:ula will have been developed
by the combined research of Dutch Public Works. the Delft Hydraulics laboratory
Ind the Delft University of Technology. the older fOI"lllJ1a for sediment transport
by waves and current as proposed by Bijker wilt be us~ in this paper [l).

fmJI the theory which foms the basis of this fonnula. it becomes clear that
the gradient of the velocity very near to the sea bed. just outside the viscous
sublayer, detenaines the rate of the sediment motion. The adjustment of this
,elocfty gradientrto altered flow conditions therefore will be a very important
'actor in the develop1lent of the scour around the structure.

'Ill Ast and de Boer tl] developed a theory which describes the adjustment and
subsequent scouring underneath a pipe under influence of waves and uniform flow.
Since the basis of' this approach can also be used for the explanation of sc~ring
pllenOllena around vertical structures. the sc~rfng underneath pipes will be .
trea ted fjrst. .

Scouring near vertical structures will be treated only for the case in which
the scouring can not extend underneath the structures; in that case. a basicat1y
different phenQlll!f\l will probabl y occur. It is therefore assumed tha t slender
structures (pipes) penetrate into the sea bed and buay (gravity) structures
Ire protected by skirts.

For both the scour around vertical piles and underneath pipelines it is assumed
alse that sediment transport takes place even outside the area influenced by
the structure. The scouring phenomena will be determined by the equation of
continuity for the sedillent IlIOtion. In the clSe this is not so. the situation
is changed in that at the places where scouring occurs this has to proceed
until here the limit of sediment motion has been reached again also.

finally the situation which develops when scourfng occurs locally underneath
I pipe line will be dtsOlSSed.

...$tOIfr!iI9.a/'C!l!~..s~~tltres:"il.l b,e·dfslil~~~.:"J Jhe .flrs.t U~~ cif t/le ..iille,,:,:·., .
.'lCt\on:bl!bie'en s~bed·and strucfures_ fn -onrer to be able to use sediment trans.'

port (oroolae th~. 'seabed will be asSUllltd ~o consist of granular non· cebes Ive
Nterial. The. 'scouring w,11. be $tl,rdied. for 'waves, for uniform f1ow and f0f. the

, c(lllhination of these.' .'. . , .•
"

~'.:':"-::.
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Delft University of
Technology

WAVE - SEABED - STR1JClUP.E INTERACTION

-.

ABSTRACT

E.II. Bijker.
Professor of
Coastal Engineering

I
The interaction under influence of wave motion between. Struc'ture ~d the sea~
bed consfsting'of relatively fine. non cohesive _iteri.l is comPl:tWith'this
interaction under the influence of unffOnll flow and the cOllIbination f unifonll <:
flow and waves. .

. After the scour' underneath pipes, the scour around vertical structures is dis-
cussed. It is d8llonstrated that in both cases til<! scour by unffo", flow is greater
than the scour by waves or by the combination of waves and unifo", flow.
finally the SPInning of a pipe over. scour hole or heMen bID ripple crests is
discussed. The relatfons betwl!l!ll sag and tensions with. certain pretension
resulting froa the hyh'iJ operation are detenllfned. For t'lO pfpes the sag and
tensfons for various spans are COIIIputed. This cOlllputation shows that it cannot

be expected ..'. pipet1nes with great dfll1leters' (> 0.70 II) Wfl] bury thenlselves.

I

Contents I
1. Introduction
2. Principles of sediment -oUon caused by unifonll flow and. WI es
3. Scour undtnleath • pipe by wave IIlOtion
4. Scour underneath a pipe by unifonll flow
5. Scour around vertical structures by WilveIIOtfon
6. Scour around vertical stnlctures by unifonll flow
7. Behaviour of pipelines over. scour hole
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ho IS negative

(7)

Uo • orbital velocity at the bot
approximation) constant ov';Dmth•~~cihhiS (with sufficient

". e .'" 9 t of the pipe
R • half of pipe diameter. and •

a • distance from the center of the pipe (see figure 3).

ho+R

Flow pattern around pipes.

.mere

The velocity dfstributfo~ around
pipe can be written as: the pipe as result of the disturbance of the

.".
':.1:

1"

(4)

(5)

, ..

.•. ,..

:

r .

boundary
layer under
orbital motion

3

C""r-' .

-, ~.. .•.-.

L

.-.plitude of.orbital -.otton Just outside' the boundary layer
at the bottDII (see ft9Ure 1). the fo11owing relaUons between
Vb and ub anS Uo can be given.

v • lllean velocity of unUo", flow.

.- ....":. ..•.•..·0' •.

then

F'9.1 Vetacity profite of uniform flow and orbital
motion near the bed.

where a • amplitude o.f the orhita1 Illation just outside the viscous sub-
a layer. and .

r • bed roughness.

ThuS. according to this approach. theve10city at a dtstance y' above the bed.
just outside the viscous sublayer. is considered to detemine the .sediment
motton.

3. Scour underneath a pipe by wave motion.

Based on visual obserVations by Van Ast and De Boer fl) it Is ISSUnted that the
water approaching the pipe ts divided by the ptpe into quantitieS flowtng under-
neath and over it. "ith the 11ne of diviston laying ••id\fllY in that part of the
pipe that ~trudes above the bed (see figure 2).

In this fonnu1a f" is the wave friction factor according to Jonsson (6)
This factor is "'"ttten by Swart 171 lIS:

f". expo (-~.9i7 + 5.213 (ao/r,-O.19~ (6)
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Ftg. 7 • RELICT SLIDE FEA~~ES IN VICINITY or PLATFORM SITE
AS DETE~~INED FROM SHALLO~ GEOPHYSICS RECORDS.
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Design of Pipelines in Mudslide Areas

by Robert Glenn Sea. PBM Systems Engineering. Inc., and Ravi P. Aurora, Marathon Oil U.K. Ltd.

This' paper was presented at the 14th Annual OTC in Houston, Texas, May 3-6, 1982. The material is subject
to correction by the author. Pennission to copy is restricted to an 'abstract of not more than 300 words.

ABSTRACT Constraints
Environmental constraints include definition of

the waves, currents, mudslides, fault movements, soil:
profile and bathymetry that can influence the pipelint
during its lifetime.

Construction constraints include the equipment
used for fabrication and installation: pipeline
steels, welding and Quality controls, and pipeline
bedding, backfill and armoring.

Operational constraints include desired tie-in
points; volumes, pressures, temperature and corro-
sivity of fluids to be transported; pipeline mainten-
ance, pipeline repair, fluid escape control measures.
and acceptable failure incidence.

Design constraints include analysis methods to be
used, routing guidelines, regulatory requirements and
codes, allowable stresses and factors-of-safety.

Design constraints also include economic and
impact considerations. Economic considerations
include costs of construction, operation, failure and
repair. Impact considerations include potential
effects of the pipeline on other operations and
facilities, impacts of the pipeline on the environ-
ment, and social and political effects of failures.

In view of the above constraints, the pi~eline
designer has to gather the data and information needed
to define the constraints at the outset of the enQi.
neering process. The design process then focuses on a
logical balancing of these constraints to result in an
optimum pipeline desiqn.

Of particular importance is the use of hazard
mitigation techniques in the pipeline desiqn process.
Backflow valves to prevent escape of fluids: pumping
or compression shutdown systems; breakaway couplings
to control the points of failure; use of pipe coatinQs
to mini:nize forces; and incorpor et ion of fai lure
detection and repair systems are examples of such
techniques.

Perhaps the most important hazard mitigation
technique is perceptive sitinq and routing of the

:ltis impossible to prevent pipeline failures in
an active mudslide area (5,12,18). Key strategies to
design pip~lines that have acceptable cost and relia-
bility in these areas include:

A desi9n strategy is presented for routing and
configuring pipelines in mudslide areas. This strat-
egy is illustrated with a case study of a pipeline in
the Mississippi River Delta. The case study focuses
on the geotechnical aspects of pipeline settlement,
flotation, and analysis of mudslide forces and
stresses.

• Minimum exposure to existing and potential
locations of muds1ide~.

• Minimum lateral soil torces.
,. Weighting to minimize penetration into the sea

floor.
• Analysis to establish soil loadings,

restraints, flexibility, and ultimate strength
of the pipeline.

• Design of terminals to incorporate flexibil-
ity, repairability and control of escape of
products.

DESIGN STRATEGY
. The primary objective of the pipeline design

process is to design a system that will reliably
transport products during its 'lifetime at the lowest
total cost.

, The pipeline design process (Figure 1) must
consider the constraints posed by environment,.con-
struction, operations and design. These constraints
are discussed next.
,

Ocean Engineering Division, PMS Systems Engineering.
Inc., San Francisco, CA
2Structural Supervisor. Brae Field Development,
Marathon Oil U.K., London, England
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pipeline lo ~vaid or mini~ize exposure to presenl ~nd
future hazards (12), which are discussed nexl.

Jting Reconnaissance and Hazard Identification (5-7)
Perceptive routing of pipelines to avoid hazard·

ous 'conditions starts .witb detailed surveys and
geologic study'of the potential routes.

Pipeline route surveys are intended to result in
definition of bottom conditions including locations of
faults, slumps, slump channels and olher geologic
features and soil conditions.

Side scan sonar, high resolution profiling,
sub-bottom profiling (shallow, geophysics), soil
coring and drop penetrometers provide the necessary
background data.

Geology-based geotechnical studies are an essen-
tial ingredient for analyzing the route survey data to
define relict conditions, initial hazards and the
likely location and characteristics of future hazards.
Knowledge of the underlying conditions that create the
seafloor characteristics found in the surveys becomes
a key factor in projecting the locations and charac-
teristics of these or similar hazards during the
pipeline lifetime.

Soil samples along the pipeline route are
obtained by drop coring, by shallow seaflow sampling

.eQuipment such as vibracor'ing, and by deeper rotary
drill and sampling from floating and fixed structures.

C' laboratory tests on the cores provide indices of
. ress-strain characteristics of the soils. Due to

the inevitable disturbance of the soils by coring,
sampling and testing, it is important to recognize
that these measured characteristics are not indicative
of true in-situ characteristics. They must not
be confused with the actual behavior of the soils
in-situ.

In-situ tests provide other information on soil
characteristics. In-situ tests are performed by a
variety of techniques, including vanes and penetrome-
ters. Again, it is important to note that all of
these provide data indicative of soil characteristics.
The processes associated with sensor implantation and
operation and data interpretation generally do not
allow direct assessment of in-situ soil properties.

The data provided by the route surveys must be
combined with the overall geologic understanding of
the seafloor conditions as well as the environmental
constraints cited earlier in order to estimate the
loads (or deformations) and restraints provided by the
seafloor (5).

It is sometimes not possible, however, to avoid
hazards because this would result in excessively
longer routes, or simply because the hazard is one
which cannot be located accurately, or one which
may occur anywhere along the pipeline route (e.g.,
r~llapse depression. mudslide, faulting, mudlump). In

n cases, it is necessary to define the extent and
.1Iaracterist ics of the hazards which may occur along
selected sections of the line, e.g., width, length and
thickness of the potential mudslide. Simultaneously
it is imperative to estimate the engineering proper-
ties of the soils at the location of the potential
mudslide.

Analysis of the Line (61
The pipeline and its surroundinq m~dium (soil and

water) must be idealized thrOUQh a structural model
for either specific design sections or for the entire
line. The line is usually modeled as a simple

. structural'mem~er with nodal forces representing the
loads'from the design. hazard, while discrete springs
represent the restraint from the 50;1 continuum.

Given the characteristics of the desiqn hazards
it is then necessary to select the desiqn algorithms'
with which to calculate the forces, as well as the
restraints present in the soil-pipeline system.

Various State-of-the-Art computer codes are
available to perform a structural analysis of the
pipeline subjected to the forces and restraints
determined in the previous step.

Soil-pipeline interaction is generally repre-
sented by its three components in the X, Y and Z
direction. Depending on the relative motion between
the soil and the pipeline, the seafloor soils may
either load the pipeline or restrain it from moving.
The amount of restraint or load exerted on the·pipe-
line is a nonlinear function of the amount of 'relative
motion between the soil and pipeline. The loadl
restraint-deformation relationships are denoted as t-x
(axfal), p-y (horizontal) and Q-Z (vertical) c~rves.

When soils restrain the line from moving, .'the
soil continuum is generally represented by discrete
springs having restraint deformation characteristics
given the by t-x, p-y and Q·Z relationships. The line
itself is modeled as a structural beam: Nodal forces«. p and Q) can be used to represent soil loads. If
large relative displacements (greater than Xu,)u
and zu) occur between soils and line, the soil 10ads
may reach a constant ultimate value (tu, Pu and Qu).

Axial (t-x), horizontal (p-y) and vertical (c-z )
load/restraint algorithms presently available to the
pipeline designer have been recently reviewed and are
summarized in Table 1 (2,3).
Performance, Cost and Decision Analysis (9-10)

If the stresses in the line are below an accept-
able level (ultimate strength for extreme 10adinQs,
fatigue threshold for nominal loadings), the selected
configuration (line diameter, thickness, steel 9rades,
embedment conditions) is an adequate design solution,
although a more economical configuration may exist.
If the stresses are too high, however, it is necessary
to repeat the structural analysis with a new config-
uration and possibly a new routing. This may result
in changing from a single large line to multiple
smaller lines, or changinq from crossing a mudslide at
right angles to routing the line straiQht up the slide
so as to subject the line to tension rather than
bending (12). The process is repeated until a
satisfactory design is obtained.

The desiQner can now evaluate the cost for
fabricating, installin9 and operatinq (including
costs of repairs and loss of production if failure
occurs) the selected line confiquration.

A value decision process ensues. If it is found
that an inequitable balance exists between costs and
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risks, th~ cr.tire design .proc~ss m~st he r~pczt~d
until a satlsfa~te,ry tks1gn is rCdcll(:d.
"inal Design and In~tallation (11-12)

Once a satisfactory design has been reached, it
is finalized and submitted for approval to the
regulatory bodies having jurisdiction over pipeline
construction in the area considered. If revisions are
required, these are i~plemented and a revised design
suomitted.

Offshore pipelines are generally installed
directly on the seafloor by a lay barge and further
buried to meet regulations and/or for protection
against hazards suCh as anchors, trawler boards,
scour, etc. In very soft sea bottom conditions, as
encountered offshore the Mississippi Delta, self
burial may occur whereby the pipeline sinks under its
own weignt several feet below the mudl ine , In more
competent sea bottom conditions, the pipeline must be
jetted down below the mudline using special jet
sleds.

Construction methods affect the soil coming
directly in contact with the pipeline inasmuch as a
softer or looser backfill generally fills in the
trench. The stability of the trench walls and the
possibility of pipeline flotation during pipeline
installation have been addressed by Yen, et al
(23, 24).

Construction methods also affect the design of a
particular line in that availability of equipment may
nreclude or impose certain installation procedures

:ich have a direct impact on the geotechnical engi-
·••eering of the 1ine.

Also of particular importance are considerations
of the construction constraints posed by necessary
maintenance and repairs to the pipeline. Pipeline
repairs are difficult and costly, and due to the
uniqueness of the equipment required for such repairs,
lost production time could be large. Thus, construc-
tion strategies which would confine pipeline breaks to
a minimum and which would allow early detection and
location of the breaks are desirable. The use of
breakaway couplings located at strategic points and
pipeline break location and retrieval systems is one
of the design strategies.

Construction constraints also include tie-in
points inShore or at the offshore terminals. Thus,
the methods useo to place the pipeline and its
risers must be considered. Of particular importance
is the provision of adequate flexibility and strength
at these points. Too much strength and stiffness can
be counterproductive in that excessive damage to the
pipeline and to the platform and terminal tie-in
points can result as the pipeline is subjected to
excessive pulling and bending forces. Provisions for
as much flexibility as is feasible are highly desir-
able. Thus, the use of flexible tie-ins and provision
of slack in the pipeline constitute another group ~f
suggested design strategies (9).

;S:: STUDY
Constraints

A 12-inch diameter crude oil line must be
installed to connect two platforms located south of

the South~e5t Pas~ of the Mississippi Delta to a tank
f <1"~1 on tho: LO'J1S1ana coastl ine (Figure 2). The
d~si¥n of ~he.l!ne must ~e such as to optimize the
lIne S rellJ~ll1ty over 1ts expected lifeti~e (20 to
30 years).

Operational considerations call for two pipe
sizes:

12.75 in. 00 X-52 steel pipe with a wall
thickness of 0.375 in. and a 1. 5 in. thick
concrete weight coating. The specific gravity
of the empty pipe, with respect to seawater
is 1.33. This pipe will be laid in water '
depths less than 200 ft and buried.
12:75 in. 00 X-42 steel pipe with a wall
thlckness of 0.5 in. and no weight coating.
The sp:cific gravity ~f the empty pipe, with
respec. to seawater, 1S 1.16. This pipe will
be installed in water depths greater than 200
ft, and will be left unburied. •

Route and Hazalds
The present front of active mudslide features is

shown in Figure 2 (6,7). Study of the historic
progradation of Southwest Pass indicates that this
mouth of the river is presently building seaward at
the rate of 150 to 200 ft per year. With future
efforts to increase the flow through Southwest Pass to
decrease maintenance dredging, this rate is antici-
pated to increase to 200 to 300 ft ~er year.

With this background, the primary front of active
mudslide features in 30 years has been projected in
Figure 2. The pipeline route was chosen to stay
outside this perimeter.

However. a study of the present front features
(6,7) indicates that it might still be possible for
some small flow features to reach the pipeline during
its lifetime. These features are indicated to have
widths of up to 500 ft and lengths of several thou-
sands of feet.

The strategy is to route the line to minimize
adverse effects of the present and anticipated future
slide features; further. to define the characteristics
of the future slides in a generic sense not specific
to the present locations or features. Thus the
design of the pipeline becomes based on sizing the
line to resist forces from classes of anticipated
slide features.
Field Reconnaissance and Soil Characterization

Given the pipeline route in Figure 2 and a
g~neral chara~terization of hazards along the route, a
f1eld reconna1ssance effort was orqanized to define
the soil characteristics. Thi~ effort consisted of
geophysical surveys along the route. Side scan sonar,
high resolution profiles and shallow geophysical
surveys were made in a corridor 200 ft either side of
the route. Several "probe" surveys were made into the
front of the advancing delta sediments to further
define their characteristics and location.

An extensive program of drop coring along the
route and along the "probe" lines was performed to
obtain soil samples. Coring locations were generally
spaced about 2000 ft apart along the route. A large
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T = TY + up X ••••••••••••.••••••••.••• (1)

drop loring cl.~vi('e(3.5 in. intcr nal diJnp.ter, ,0 ft
barrel) ~ith a heavy weight ~tand (3000 lbs) was used
to obtain the samples.

T~e data presented in Figure 4 permits development of
'elationship between water content and shear

~~ress, given a range of strain rates. These data are
used subsequently to compute lateral flow slide and
vertical buoyancy forces.

When the wave action ceases, the sediments
~·ttle, thixotropy and consolidation start, and the
~'diment again assumes a solid consistency. Given
sufficient time without significant agitation, the
soils consolidate to less than their Liquid Limit and
have engineering characteristics that are plastic in
nature. The behavior of the soils within this zone
has important effects on the flotation and settlement
characteristics of the pipeline and on the forces
exerted by the soils as they move past the pipeline.

Viscosity tests were conducted on the soils close
to the mudline to gain an understanding of the behav-
ior of these materials in a fluid-like state. Vis-
cosities were measured using a Coutte type coaxial
eylinder viscometer (16). Results of the tests are
summarized in Figure 4.

Robertson and Pazwash (19,16) discuss the
behavior of soft bottom materials such as are found in
the Celta. They have found that the rheologic equa-
tion for Bingham plastics provides satisfactory
agreement with the observed behavior of such "soils":

Se~tlc~ent and rl0t~tion

Ghazzaly, Kraft and Lim (10) present a methodol-
ogy for the computation of settlement of buried pipe-
lines. Potential for added settlement of the buried
pipe was assessed using this method. The near-surface
soil properties shown in Figure 3 were used. The
results of the assessment are shown in Figure 6.
Figure 6 indicates that for a fully-buried pipe, as
shown in the inset, the pipe will not sink even when
flooded if the soi 1 shear strength exceeds 10 psf. It
may be concluded that additional significant settle-
ments of the buried pipeline are unlikely.

The settlement problem for a pipeline placed on
the seafloor is somewhat different from that of the
buried pipeline. 'The primary settlement will occur
due to bearing failure of the soil mass. The pipe
will settle until it reaches a depth at which the
bearing capacity of the pipe-soil system is equal to
the weight of the pipe. A method for computing
~ettlements due to the above phenomenon has been
described by Small, et al. (20),

An important consideration in the de~iqn of the
pipeline is the the density of the pipeline relative
to the density and shear strength of the undisturbed
sediment and the backfill material for buried pipes.
If the weight of a buried pipeline is low, it may
float out of the soil lnd thus be subject to current-
induced forces. If the pipe plus content unit weight
is less than the unit weight of seawater (64 pcf) 'the
pipe will float to the surface. '

For heavy pipelines, a soil bearing capacity
failure may occur and the pipeline may have excessive
burial. Since forces due to soil movement generally
increase with penetration below the seafloor while
the depth of embedment increases with the unit weight
of pipe plus content, the pipeline should have the
minimum practical unit weight considering the full
range of service conditions, in order to minimize the
soil forces that may act on it when the soil mass is
unstable. Both the phenomena of flotation and set-
tlement are affected by the soil conditions near the
surface. Strength and water contents along the line
have been presented in Figure 3.

Computations were made for potential flotation of
the buried section of the pipeline using the
analytical-experimental procedure developed by
Ghazzaly, Kraft and Lim (10). The results of the
flotation analysis are presented in Figure 5. Shown
are the computed pipe unit weights required to prevent
flotation of a buried pipeline for a range of soil
strength.

Soil shear strengths at the mudline would gener-
ally indicate no potential for flotation. However,
these shear strengths are for undisturbed soils,
whereas flotation would likely be governed by the
characteristics of the disturbed mudline materials,
which could be considerably weaker due to its remolded
state. As indicated in Figure 5, the pipe could be
barely stable if the soil shear strengths dropped to 5
psf or lower. This is quite possible for such soft
soils when subjected to intense wave and current
action or jet sled trenching. It may thus be surmised
that the pipe is marginally stable against flotation
during such conditions if empty and stable if full of
water or oil.

= shear stress
= yield stress
= strain rate= plastic viscosity

where T
Ty
~
lip

Fi~ure 3 shows the rcsult~ of the ~oil te~ts on
sa~ple~ obtained along the ~outhern portion of the
route. The sediments were predo~inately clays with
undrained shear strength~ of '40 to 80 psf in the upper
3 to 4 ft of soil. Below about 4 ft, the ~oil
strength began to increase with depth. Sensitivities
generally ranged between 2 and 3.

Water contents of the~e soils ranged from 100 to
150 percent at the mudline to 50 to 100 percent at
penetrations of 6 ft. Buoyant unit weight~ generally
ranged between 25 and 35 pcf. Specific gravities
ranged from 2.71 to 2.75.

In areas offshore the Mississippi Delta, the
interface between the water and the seafloor is rarely
sharp due to the presence of suspended sediments.
Rather, there is a "layer" of suspended sediments
located between the seafloor and the water column,
with variable thickness and viscosity that behaves
more like a fluid than a solid. As wave and current
action becomes sufficiently intense to develop signi-
ficant tractive stresses, soil bonds are destroyed and
water content increased through the suspension of soil
particles into the water column. Thus, a layer of
soil and water is developed that has non-Newtonian
properties. With continued and intensifying wave
action, the layer becomes thicker (B).

.'
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This procedure wJS used to evaluate the potential
f~r ~~tll~~~nt of a 12.75 in. OD pipe with a wall
thickness of 0.5 in. and no weight coating. The
COr;:plltatlens indicated that fOI' the softest sot 1s (20

f) the pipe would barely settle to its springl ine
...icn flooo('d. Since all pipes are hydrotested, it is
expected tnat the pipe wil sink at most up to its
sprlngline. The pipe would barely sink only when laid
e~pty pn the seafloor.
Analysis. Stability Against Mud Flows

Large tensile stresses may be induced in pipe-
1ines by so i 1 movements obI ique to the longitudinal
axis of the pipe. The magnitude of the stresses
depends on the width of the sliding soil mass, the
magnitude and direction of soil movement, the soil
shear:strength and depth of burial. Soil movements
transverse to or slightly oblique to the direction of
the pipe cause the most severe stresses.

Analyses were performed for the evaluation of
tensile stresses for mudslide widths of up to 500 ft.
The method used was that developed and presented by
Reid (17). This procedure treats the pipeline as a
loaded, flexibly supported cable. Soil forces and
resistances were described using the procedures
summarized in Table 1. Soil shear strengths were
assumed to range from 20 to 80 psf.

Results of the analyses for a 500 ft wide slide
are shown in Figure 7. Increasing stresses (tensile,
flexvral. Shear) due to deeper burial are evident.
The results indicate that the proposed pipelines
should not be buried or allowed to bury across an

~ 1stable zone where the undrained shear strength is 80
•...sf or greater at the surf ace. If soil strengths in

the unstable zone lie between 20 and 50psf, the
stresses induced in the line are less than the yield
stress for the design depths of burial.

A second approach for evaluation of stresses
generated on a pipeline crossing a mudsllde or
turbidity flow area was examined using the concepts of
flui~ dynamics in very soft Bingham materials.
Pazwash and Robertson-(16) report the results of drag
coefficient measurements on a limited number of body
shapes in clay-water mixtures which behave as Bingham
fluids. The drag force, under steady flow, can be
computed from the equation

o = i COP V2A ..•••...•••......• :.••.••.•(2)

and
Co CD, N + KP •.•••••.••••.••••.••.•••••. (3)

and
Ty = yield stress
P = mass density
V = velocity of fluid

.Drag force~ ~ere computed for the two pipe sizes
studled. Velocltles of motion were assumed to be in
the range.of 1 ftlsec to 4 ftlsec (21,22). For
samples WIth water content between 120 to 160 percent
th~ absolute viSCOSity varies between 15 to 40 centi.'
pOlse at shear rates of 5 to 10 sec·1• However the
Newtonian drag coefficient is approximately con;tant
for absolute v~scosities between 5 to 80 centipoise.
The computed plpeline stresses usinq the aforemen.
tioned parameters are summarized in Figure 8.

Comparison of the soil forces and generated
stresses between the two different approaches
indicates that the viscosity approach yields forces
which are substantially lower than those obtained with
the conventional method. This is a topic for further
research.
Pipeline Burial Depth

Several factors dictate the selection of burial
depth for an offshore pipeline. Some of these factors
are listed below:

1. Regul at ions
2. Protection against bottom currents
3. Protection against flotation
4. Protection from dra9ging ship anchors
5. Availability of appropriate burial equipment
Of all these factors, it appears that the local

and federal regulations have an overriding influence
in dictating the burial requirements for an offshore
pipe line.

The Bureau of land Management (BlM) has primary
responsibility for certifying construction permits for
pipelines in the present area of interest. It is
generally required by the Bureau that the pipelines be
buried to have a depth of cover at least 3 ft for alll

areas with water depths shallower than 200 ft. For
water depths greater than 200 ft, there are no burial
requirements. The Corps of Engineers policy requires·
10 ft of pipeline burial when pipelines cross a
shipping lane in water depths less than 200 ft.

The BlM reviews any request for the waiver of
buri~l r~quirement if such request is made during the
appllcatlon of the construction permit. The review is
based on the soil conditions and geophysical dat~
presented to BlM. A waiver can be granted if it can
be shown that burial of the pipeline will be detri-
mental to its performance or survival.

where:
o

CD
CD N
K ' -

P

= Drag force on body in Bingham fluid
= Drag coefficient in Bingham fluid
= Drag coefficient in Newtonian fluid
= Plasticity factor, function of body

shape
2Tii, plasticity number •.•.•.••.•.•.• (4)

Any burial (other than self-burial) of pipeline
involves additional construction costs. The analyses
for this case indicate that the pipeline will barely
be buried to its springline when hydrotested. Thus,
additional effort is required if the standard BlM
requirement is to be met in water depths less than
200 ft.

Should such burial requirements be imposed on the
pipeline, difficulty may be encountered. Due to the
very soft soils in this area, it is not possible to
hold a pipeline ditch open to any great depth for any
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~u~stdntial period of tim~. The soils will virtually
f Ion' h,)cl. in; c tll-: trent;!1due to their very soft
condItion, Jet sled trenching will be required if the
pipe is to be buried.

As di~cussed in the section on Pipel ine Stahility,
greater burial depths increase the potential for
pipeline failures when crossing mudflows. Thus,
n0n-burial of the pipeline is desirable. However,
damage due to anchors must be considered.

Presented in Figure 9 are the depths below the
seafloor that various weights of conventional anchors
are anticipated to penetrate. The initial depth and
the maximum depth of embedment (under large sustained
pulls) are shown. As indicated by Figure 9, anchors
in the range of 15,000 to 45,000 pounds are antici-
pated to penetrate initially to depths of 40 to 50 ft.
Under large pulling forces, their maximum penetrations
are estimated to be in the range of 75 to 100 ft.
Such penetrations have been confirmed by anchor
sounding tests in this portion of the Mississippi
River Delta. The results indicate that protection of
a pipeline against damage due to dragging anchors is
virtually impossible to obtain by burying it 10 ft.
Stability Against Bottom Currents

Ocean currents that may induce lateral and uplift
forces on unburied pipelines include wind-driven,
density, tidal, inertial, deep Gulf, longshore,
wave-induced and riverine currents. Their cumulative
effect may induce sufficient force on unburied pipe-
lines to cause significant lateral movements.

co An evaluation of the magnitude and recurrence
..eerv a 1s of v ari ou S potent ia1 current s for the

proposed route is presented in Table 2. Shown are
the various peak near-bottom current velocities
(combination steady and transient wave 5 ft above
mudline) and corresponding recurrence intervals at
different water depths along the pipeline route.

The method described by Jones (13) to evaluate the
resistance of unburied pipelines to current-induced
forces was used in the present study. Results of the
evaluation for six different pipe sizes and coatings'
are presented in Table 3. Preliminary design plans
are for pipe #1 (12.75 in. 00, 0.5 in w.t., X-42
steel, no weight coating) to be used in deeper water.
The recurrence interval for the critical current
velocity (inducing incipient instability) of 3.0
ftlsec for the empty pipe ranges from 2.2 to 3.1
years. It therefore appears that should a storm
capable of generating currents equal to or larger than
the critical velocity be anticipated to occur during
installation, the pipe should be flooded to avoid
movement.

Flotation of the pipeline can be ruled out with a
slightly thicker weight coating (e.g., 2 in.).
However, it is believed that successful burial can
be achieved with the 1.5 in. concrete coating if
care is exercised by the contractor in minimizing
jetting and maximizing the eductor system action. '

With time, the pipeline is expected to get buried
:adually under added deposition. A small burial,

coupled with the presence of much smaller current at
the seafloor is expected to render the pipeline
sufficiently safe against sliding failure due to
bottom currents.

Stability AQain~t Collapse Depressions
Pipelines have been shown to fail repeatedly in

the zones of collapse depressions (1,4). These
collapse depressions are common in the shallow
water portions of the Mississippi Delta area (6).
They are presumably caused by a liquefaction process
associated with the escape of gas, and are charac-
terized by a sudden loss of vertical support capacity.
These features may range from circular (diameters
ranging from 100 to 1500 ft) to elongated (500 ft wide
by 6000 ft long). The depressions ha~e irregular
interiors with relief ranging from 1 to 5 ft (6,7).

Post-failure examination of pipelines crossing
collapse depressions indicate that many of the pipe-
lines have failed under fati9ue due to a large ,number
of cyclic loads. Proprietal studies have indicated
that the fundamental frequencies of the pipeline
section spanning such a zone may be very close to the
wave and current vortex shedding frequencies. ,Thus,
the fatigue failures appear to be the result of loss
of support across the collapse depressions and sub-
sequent strain cycling caused by vortex shedding.

To consider the potential for fatigue failure of
the line crossing a collapse depression, sustained
near-bottom current velocities in the range of 1 to 4
fps were considered. For such a range, the vortex
shedding frequency would be in the range of 0.2 to 0.8
cps.

Assuming that the pipe could be required to'span
collapse depressions having widths up to 100 ft, the
unsupported pipe span would have a natural frequency
in the range of 0.7 to 1.0 cps (14). '

Studies of pipe span vibrations (13,14,15)',indi-
cate that the span starts to oscillate in line with
the flow when the shedding frequency is about one-
third of the pipe span natural frequency. Siqnificant
oscillations occur when the vortex shedding and
natural frequencies coincide.

These results indicate the potential for signi-
ficant horizontal and vertical oscillations and a high
potential for fatigue failure. Given that the line
had to span such a feature, the cyclic stressing could
only be reduced through the use of 'vortex spoilers or
by covering the pipeline. Re-laying the line around
the feature WOuld be implied as the only practical
solution. .
CONCLUSIONS

This paper has described and illustrated an
engineering process for design of pipelines in mud-
slide areas. Through a combination of routin9,'
weighting, sizing, burying and anchoring strategies
(3), a pipeline having acceptable cost and reliability
can be designed.

Research is needed to reduce the existing uncer-
tainities in identific,tion of future mudslide hazards
and the associated soil loads and restraints. More
detailed information on the performance of pipelines
installed in mudslide areas (12) ,is needed to guide
further development of design and analytical pro-
cedures.
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TABLE 2: HURRICANE-GENERATED CURRENT
VELOCITY RECURRENCE INTERVAL

•....
PEAK WAVE AND

CURRENT VELOCITY RECURRENCE INTERVAL (years)
(5 ft above ML) Water Depth (ft)

Magnitude Direction
(ft/sec) (-magnetic) 250 300 350 400

3 290 2 3 ·3 3
4 295 3 3 3 4

5 296 3 4 4 4

6 297 4 4 5 5
7 298 5 5 6 6

8 299 6 7 7 7
9 300 8 8 9 9

10 300 10 10 12 14



TABLE 3: STABILITY OF PIPES AGAINST BOTTOH CURRENTS

CritIcal Current
Pipe 0.0. \;.T. Concrete Specific V!locity
{II ( Inl (In) Coating Condit ion Gravity ftlsee knots

1U 5 0.5 None Empty 1.16 2

12.75 0.5 None Full 1.98 8

2 12.75 0.375 1.0 In. Empty 1.2 4 2.5

2 12.75 0.375 1.0 In. Full 1.85 8

3 1U 5 0.5 1.0 In. Empty 1. 41 6 3.5

J 12.75 0.5 1.0 In. Full 2.03 10 6
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Fig. 1 - A flow diagram for the offshore
pipeline design process
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ABSTRACT

Under certain condltlons submarlne pipelines
bury thrnsrlves dovn to t~ diameters below the
ori&1nal lea berl. A fielrl exaMple 15 presented,
and an analysis is glven of the possible mecha-
nlsms lnvolved. Seekin~ a wider application of
this phenomenon, a stiMulated self-burlal method
ls lntroduced, using fins attached to the plpe.
Tentative laboratory tests show promisin& results.

1 STl:tODt'CTl'lS

The answer to t~e question whether a specific
plpeline on the leaberl should be buried or not
depends on a variety of argu~ents, steMming fro~
corporate engineering practice. lovernment regula-
tions. international conventions, etc. All these
argument. are so~hov used ln cost/rlsk analyses,
where factors of widely different nature playa
~rt. each with their ovn ~rein of uncertainty.
The accumulated uncertalntles ~y create such an
amount of ~noeuvring roo~ that the orlginal ques-
tlon ~y be answered either way. There are quite
some uncertainties lnvllved with a pure technical
nature, including such items as:

• pipeline resistance to impactS
• pipeline/bed interaction under currents

and waves .
• definition of adequate pipellne stability

under hydrodynaDic forces and the related
desi~n criteria adopted

• last but not least the hurial techniques
thems e I ve s.

All !ttl'lSjust l:Ientionerlare subject to a
continuin~ developMent ot theoretical, empirical
and technical know-how, thereby possibly affectlng
the outCome ot the burlal question.

An interestlng development in the area of
pipeline burial was the recent discovery of the
fact that pipelines bury theAselves down to three
plpe dla~eters under certain circu~stances. A
surprisinR example of this phenOMenon in the Dutch
~orth Sea lector will be presented hereafter.

---_ .._-------

~eedless to say that this 1•• n icportant asset :
atteDpting to ~inlmlze the capltal cost, especial
ly for marginal oil and las fields. In fact this
phenomenon hal recently led the Dutch authorltie:
to relax their plpeline burial reculations. ~ean'
while. specific research ls beinR conducted in tt
frlmework of HATS (Netherlands Marine Technolo~i-
cal Research) almine at a better understanding an
subsequent predictability of selt-burial for spe-
cific pipelines. ~owever, there are natural limit
to the self-burial potential of plpelines, depen-
ding on plpeline characteristics, hydrauliC condi
tions, and the nature of the sea bed.

In order to broaden the applicability of
self-burial, and to cope vith conditions where
plain pipellnes would not or not fast enouch bur~
themselves. the Delft Hydraulics Laboratory has
Inveltigated the feasibility of a new ftethod,(pat
ent pendln~). called .tlmulated .elf-burlal.'The
~thod essentially seeks to stimulate a controllt
local eroslon by using plastlC f1ns attached,to
the plpellne. Laboratory tlStS showed promising
results .0 far, whlch ~y lead tovards a che~p nc
pipeline burial ~ethod. thereby shifting the'an-
swer to the orlglnal question ln posltlve direc-
tlon.

DCTCH PYPEtYSE aVRIAL R!CvtATlnSS os THr.~~E

In this conte~t it is pertinent to brlefly
mention a certaln development ln the view of the
r>utch State Supervi.lon of litnes ~"ith respect to
mandatory pipe bur1al. In the mld-seventles ~runl
lines had to be buried and cover.d by 2 m of sane
This rule ste~med tro~ varlous ar~u~ents. aoong
which tWO reasons In the back&round ~re roughly

• the wish to be on the safe side In view
enviSl&ed r1aks.

• the ava1labl11ty of pipel1ne hur1a1 ~eth
ods whlch vere fit for the job.

Since then. the ongoing debate (1.21 hIS be
refreshed semi-COntinuously by nev research. ~"it
the result that the rules were adapted. i.e. re-
laxed. To date, certain catt~ories of pipelines
are alloved to be siDply laid on top of the saroc
sea bed, provided that there is reasonable
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prospec:t thu ttlr)'wll1 bury th\'oi~lvu and h~'/r ••
nlnl~~ I~nd Covrr of 0.2 m wit~~~ onr yrar. This
l,st rrstriction mainly ItrnS f::~ thr intense
fishery with bottom gur, but t~,~trule del1ber-
'tel~ allowl the process or Irlt-:~rial to be
deplo~ed during a rrasonable tl~\ s~an. The above
"entioned evolution'of pipe buril: regul,tions
illustrates the on&olng ad~pt~tl:~ as mentlonrd in
the introduction, and therr Is ~: :e~Ion to be-
lieve th,t thi s evolution has al~Hd~ cOr:lrto an
end.

Perhaps induced by the conct~~ with free
Ipanl, local erosion underneath :~~elines has been
riealt with larRely with a view tc :revent It,
rather than to Itl~ulate the eros::~ of the re-
~lning supporting points. This ~I ?robabl~ ,Iso
due to a certain similarity vhic~ .~s attributed
to local erosion near pipelinel al compared to
loc,l erosion near vertical pilei ,~d piers 131.
this .pparent similarity may have :Istracted the
attention fro~ possible attempts :: stimullte the
erosion near pipelines as a poten::.l Ictive "eans
to control the pipe/bed behaviour :~ a f,vourable
vay.

Oie '!>~'
the Dutch ~Orlh Sr.l block llD. connPtt1n& .n,e
platfor~s llO/A and llO/r (rlgure 2, taken fro~
I:!J). The sea bed, consisting of fine sand, (D~I')
appro 0.18 "''''),15very flu and sho\olsnodlstlnet
ripple marks. Divers rerort the sand to be very
~Ik and sort. Tidal currents turn cloc~..,{se,
rrsulting in a tidal ellipse vlth the ~in Ixls
perpendicular to the pipe allgnl'lent.During spri:'ls
tide 'the Nxlnum current vrlotlty ~ver'~Red over
the water depth or 26 ~ is Ippr. O.~ n/sec. The ~_
year exceedance \oIavecondition can be character-
ized 17) b~ a significant \oIavrheight of 6 '"and ~
mean-zero-upcrossing wave period of 8 secs.

AIter l'ying, surveys ~re conducted 'in order
to follo\olthe height of the top of the pipe .nd
the depth of the naturally formed trench 'with
respect to the undisturbed sea bed elev.tion. The
result, given in Figure 3, shows th.t within one
ye.r the three consecutive phlses of self-burial
occurred. viz. the erosion phase, the conversion
phue .nel the depositional phase. Figure 3 gives
mean values over four 1 ~~ long pireline sections;
along the pipeline sections v.rl.tions occurred
which are discussed In d~tall in reI. I~J; The
nlin result is the fact th~t the top of the plpr
was finall~ more thin 2 dia"'eters below the orig-
1n.l sea bed level.

In Septe~ber IqAO, Pliciri ~l:·s '.2 kM lon~,
10" + 2" gas-pipeline bundle ser"',,,;IS a pilot
project and was laid on the top .,. :he Sll bed in

Xjeldsen's laboratory experi-t~ts 1'1 show
that underneath pipelines, fixed :~ the original
bed level, a scour hole develops .~:nan ultimate
depth which depends on the pipr ~~',eter .nd the
mean current velocity .ccordinJ t::

At first it was. puzzle wh.t processes coul~
have caused such. deep burl.l trench, in view 01
the rather limited sco~ing depths in e.g.
Xjeldsen's tests I'] .nd In the tests with frrely
SlgginG pipes I~). Ily lack of pertinent i" situ
observations ·regarding the burial process itsell.
refuge 'oilS taken to hints which could be 'used to
reconstruct the possible course of events.

This kind of erosion process is kno~~ fr~n
the scouring behind a sill during the constfuttlo~
phase of estuary closure works 181. Such',
Icouring pit ty~ically has a steep (appr. 1 in :!)
downward slopeim",ediately behind the s11I, lind a
!tenth upw.rd slope (appr. 1 In 20), The dnelo;l-
",ent .nd the geometry of the scouring pit ~epend
on the sediment yield fron upstrea~1 on the se~-
inent ch~r~cteriltics, on the hydraulic conditl~~t
Ind on the geometr~ of the sill. Both l.st ~r~-
tioned factors are' the c"use of the df\'httnc t
dO\ll'lstTfanvelocity f1f'ld with an increaser! t\::,-'.-
lence level, ~ lch on itN turn CAuses a ~1~~1~!-

A clue to understand vh~t could have happene~
arose fro~ detailed cross-sections over the rf-
m.lndtr of the trench. made on 19 Holy 19~1 (rl~ure
'): the trench appeared to be more thin 15 ~ ~ide,
having side slopes as lent\e as 1 in I'. This
neans that the alter~tin& tid.l current could
probably follov the downvard slope reasonably
\lillI,even after "the pipeline, lyinR in the lO~'er
centre of the trench, ••nk lower than the sur-
rounding sel bed. This il in contrlst to ~he steep
(appr. 1 In 2) slopes which typically appur in
the tunnel erosion tests .s discussed before,
Seeking a re.son for the formation of such gentle
Ilopes, it was thought that it could be ,the result
of • different erosion process, viz. erosion pro-
duced by the turbulence near the lee\olardre.t-
tachment point of the separated stream Coning over
the top of the pipeline, rather than by tunnel
erosion (5).

~xlmum depth of sco~~ ~ole after
establish~nt of'equ~:~~rlum
~ean current velocity
pipeline dl.meter
.cceler.tion of gra~i::

'1 •
vhert: y •

V
D •
& •

tn ~eneral tht scour hole rie~:~ is s~ller
th.n the pipeline dianeter. This ',-~ld point to-
wards the expectation that • pipe:~~e, If free to
lag, UQuld settle somewhat In Itl :.~ erosion pit
down ~o • position where it no lo~t.r protrudes
abovt the bed effectively enou~h t: c.use further
scouring unrierneath. Thus the eros~,n vo'uld stop,
leaving the top of the pipeline u;.:llld. This Is
precisely what h.ppened durinR la~::atory experi-
nentl conducted In the Delft Hydr.~ics Laboratory
in the framework of HATS /5].

The above Dentloned local eresion process
(either by currents .lone or by c~~ined waves and
currents (61) 11 labeled "tunnel-'~:lsion". The
tunnel erosion procesl nay start :::l~an e~istlng
opening underne~th the pipe (e.g. ~.cause the
pipeline lies on the top of ripple :rests), Of by
the exc,vltlng vork done by the s::,ng upstream
~ddy. The tunnel erosion deve1op-ot::thIS sche::la-
tically been represented in Fi~urt 1.
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cant increase of the local sediment transport
ca.pacit ,!.

A cert~ln analogy Seems to exist between this
process ant! the trench i o rr at Ion downstreatll of a
pipeline resting on or partly in the sea bet!;
therefore this Inferred tYfle of trench fomation
is labeled as "lteside-eroslon". Such a leeslde-
erosion event was noted by Kjeldsen (figure ~ of
ref. (lo I), but he did not regard lt as a potential
contribution to pipeline burial, probably because
he considered unidirectional currents only.

However, under alternating tidal current
conditions thls leeside-ero~ion would occur on
both sides of the pipeline (.aslong as the leeside
scour from one side is stronger than the rate of
filiing-ln due to the nOrMal sediment yield fro~
che opposing side), thus produclng a double scour
pit, with the plpeline left on an elevated posi-
cion in he tween. This would obviously lead to an
lncreased exposure of the pipeline wtaich sullse-
quently would be lowered by one or more of the
following processes:

• slidinc or rollln~ rlo~~ one of the ,teep
slopes

• col1.apsln~ of the SJnrl rirlJl,eon ~'hlcn the
pip'" ruts

• ,1ternatlnK unilateral unrle~inin~ of the
pipe b~ the strontt upstrean etldl', causln~
th~ pipe co sa~ in ~ zl~zal course ~

• tunnel ero~lon with spanwise ~~t~nsion.
A sk~tch of the supposed leesirle-cr~slon

scenario i~ presenterl in Tillure 'I. It is helieved
that the self-burial of the LIOMr p1peltne ls the
l'esult of the cO:"'lbinedprncesses of alternatin",
lee~ide-erosion (cr~4tinJl,a rather ~xt~nded
depression "round the pipeline) and local ri~-
satt~ing c"used blithe four 4b~ve ~tntioneJ proces-
ses. This see:"Jsthe only explanation for such a
deep burial. I

After the luccess of the LlnA/f pipe~ine,
IlIOrtpipelines wert laid on top of the lea hed. In
seneral they started to bury the~selves, but the
result 1s not as good as with the first pipeline,
TiJl,ure~ (taken fro~ (21) shows the ~an elevation
of the top for each pipeline as compared to the
original sea bed, durinJl,the first yeJr after
laylnR' wnile an analysis of this different behav-
lour ls still Jl,oingon, a method wa, sought to
increase the self-buri,l potenti.1 of pipelines by
fIIeans of fins.

The rounrl cross-section of pipellnes is cer-
tainly logical fron a fluid transport anrl opera-
tional point of view, but that rloC!snot ir:lplya
~ood self-buri'l. ~rfort:lance. It is normal prac-
tice that local. scour (e.R. ne e r bridge pitrs,
piles etc.) 11 ~lnlfllized hy llmiting the size ant!
b,! lnprovinJl:the "stream1.1ne" of the cross-sec-
tion.

~o~ever, In trying to Improve the self-burial
capacity of pipelines the reverse should be rlone,
viz. increJsinJl: the cross-sectionJ1 area and cre-
atln~ ~uch turbulence. ihls may be ~chieve~ b~ the

application of roughness elements on the pipeline.
e •~, in the fOrM 0 f fin s 0 r s po11e r s• Spa IIe rs
etc. have widely been investigated, mainly in
atte~pts to llmit vortex lnduced forces on piles,
rhers .nd cablu (9, 10). Recent resurch In the
Delft Hydraulics Laboratory has shown that they
.150 can Serve to lncre.se the 'elf-burial capacl-
ty of pipelines, both ln the lees ide-erosion ~ode
(Figure 7) and in the tunnel-eroslon ~ode (rigure
8). Both examples, which were run In a 0.3 m wide
flume with unidirectlonal current only, had the
aim to denonstrate the increased erosional power
of flns, r.ther than to give a conclusive proof of
their feasibllity. The pipelines were fixed be-
tween the glass panels of the flu~e; subsequent
experinents with freely sagging pipes ,nd alter-
nating current are being executed now.

In the leeslde-erosion experir:lent(Figure 7)
where sand was used with D~O • 0.20 mn, care was
taken to prevent tunneling by applying a "keel"
fin underneath the plain pipeline (Figure 7, sub
1). Care ~ust be taken when cOr:lparinJl,pl.in pipes
with pipes + fins, because the application of fins
has at le.st three simultaneous effectS:

• The effective pipe dianeter is increased,
so a larger part of the near-bed current
velocity profile is blocked. This alone
wou1rl result in an incre4sed scour accord-
in~ to equation (1).

• The ~an flo~ .round .nd behind the pipe
is deviated (dependlnc nn the geonetr~ 01
the spoilrrs).

• The turbulence characteristics around and
behind the pipe .re ~eviated (again affec.
ted blithe specific fOrM and orlentltion
of th~ spoilers).

In the experlnents presented here, only the
second and third effect pla,! a p'rt, because plait
pipes have been compared to pipes+spollers .of
equal gross diameterl. Thls ~ans that the actu.l
effect of spoilers will be larger than lndicated
by Ti~ures 7 and 8 •

Fiture 7 shows I douhling ~f the rate of
lees ide-erosion of type 111 as comparerl to a· plal
pipe. The ultim.te scouring depth for the plain
plpe would be 0.042 • accordlng to equation (I).

Figure 8 shows I litultion where very fine
lind \las used II1th DSO • 0.10 "'1'1. A phin plpe-
line, fhed between the flune panels and just
restln~ on the Sind (like Kjeldsen 141 did); de-
veloped in 5 hours I tunnel erosion pit ~ith Its
deepest point 3.3 Cn below the original bed. Ac-
cordinR to equ.tion (1), an ultinate depth of
0.049 1'1 would be reached. Co~parerl to the plain
plpe, the scourinR pit of the pipe with eve
spoilers 11 2.7 tll11CSIS deep, anrl the avu'ge
erosion r,te is S.O ti~.s IS llrKe.

.From the results II liven in FiGure 7 And
the provillonal conclusion alY be dr.~~ that
spoilers Ire quite effective in increasing both
tunnel-erosion and l"lid.-.rosion near plpelin.
It re~ins to be demonstr.ted, however, that
spoilers Are also .ffective In the actual sa~~i
Ind burying process of • freely suspended pipe-
line. [xperlnents ot this t,!pe Jre In prQsr~ss.
both In the labor.tory and in the field.
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The author wishes to thank. the ~na~e~ent of
Placid 011 anrl the MATS-org~nlzatlon for pernls-
~ion to publi~h !'IIterl,1which W3S ~atheretl unller
rese,rch contracts wtth th~.

J. The pipeline hurlal regulations for the
\)utch ::orth Sea have recently bern re1axerl, en-
Ibl1nR the deplo)"lllentof the sell-burial flrOcess
during one year after layln~.

~. The Ir)"+2" pipe!!ne hundle bet\olern
p1atfor~s I.IOA and LI.t'lFburied Itself "lth1~ sll(
~onths, le,vlng the top of the pipe t\olOdiaMeters
belo" the origin,. bed level. The oren trench
which existed IS In internedlate phase has co~-
pletely been filler! in since then.

3. Atte~rtlng t~ expliin this deep pipe
burial event, it is supposed that two iMpor:tant
processes are Involved, viz. tunnel-erosion ,nd
alternating 1ee51Ile-erosion.

4. Pipelines which were recently laid do In
Iteneral show a tendency to sa~, hut sone are Much
too slow to me~t the requlre~ents. .

~. Application of spoilers or flns to
pipeltnes cause an increlse of the erosional
po~r, both in lees ide- erosion and In tunnel-
erosion node. COns~rv~tlve ~odel tests show an
erosional po~r up to five t iftlfsIS large ·30Swi th
plain pires.

~. The results so far are pro~jsin~, btc~use
the f1\etllodappuu. to \oOOrk.wei \ and is c!'leapas
cO~Jlared to artificial hurlal nethods. rurther
research therefQre See~s to be worth w~ile.
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[n&lt. under Arctlc COnditions, Reyk.Javlk
(1973),308-331.

~. Hulsbergen, C.H.: "Iehaviour of the LIOA/F
pipeline bundle; SnvestiJtation of its lelt-
burial process and subsequent coverin~",
HATS-report PL-l-,) and n.H.L.-report M ISlA.
191\3 On Dutch)

Ii. Iljker, F..u.and l.eeuwesteln, :':.:":nter-
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In between the pro~isln& experi~ental results
anti the application of fins on , routine basis for
s~eclfic circu~stances, lome ~~~itlonal research
is necesury \."1thregard to questions such as:

• optl~un size and ~rrangement Qf fins
• operational aspects
• adverse ,nd favourable sitle effects
~Ith respect to the optl~u~ size, form anti

.rrangenent of the fins, a provisional conclusion
fro~ figure 7 is that the erosion effect increases
with increasin~ fin size. However, atltlltlonal
tests are necess,ry to show the effect of fins
which actually enl~rge the gross di,~eter of the
pipeline. It Is expected that fins, 4part from an
increased erosion in loose setll~ent, will also
Ulr:lll1atethe seH-buriAl in sli~ht\y cohesive
.oils (e.g. sand-clay laninations' where ~l~in
pipes ~uld not bury theMselves at all. Prelimi-
nary tests have shown that the fin effect may be
increased if the flns are Lndented instead of
straight. The ,rran~enent of the fins around the
cirCuMference of the pLpe is i~portant for a gond
ptrforNnce. Fins are most effective Ln the verti-
cal plane, above 'nd underneAth the pipe. The
piT'e, however, will rotlte durins lIyln~ anti SIlR-
gi~~, anti wil\ ta~e any orientation. To cope with
this efhct, three or !'loreequitli'tant flns should
be a~plied, depending on the r'tio fln-witlth/plpe-
dia~en r.

Apart frOM the erosional effect, various
addltlonal tffects of fins will present th~-
selves, The drag force wll1 obviously increase,
but siDultaneously the lift force l'Iaydecrease
(111. More research Is needed to settle the stabi-
lity of pipelines with fins near the bed untler the
hydrodynanic forces. The lane holdl for flow in-
duced vihrations in near-bed pipelines vlth fins
which l'IIybe lub1ect to free spans. Provisional
tests have yielded indications that flns may re-
duce the problen of-free-spans by provokin~ an
excess lelf-burlal effect which il concentrated on
those pipeline lections which are most exposed,
i.e. nur the supports, This points towarrls a
favourable effect of fins, viz. that pipelines
with finl will la& more evenly th,n plain pipes.
finally the ~resence of fins will increase the
relistance of the pi~e, once e~bedrled, against'
possihle upw3rrl MOvenent untler unfavour3ble solI
conditions luch al local liquefaction,

Uith respect to operation,l aspectl questions
arl.e concerning the ~terlal of the finl, the
,ttachnent to the pipe, ,nd the la~lng oper~tion.

• The Nttri,l of the lins should he cheap and ef-
fective. Plastic or nylon etc. is stiff enou~h to
keep its fom under the hydrotlyn,~ic forces, anti
strong enolllthto .tay intact If lylnl\ unllerneo1t"l.
~reoyer it 11 fle~ible enough to prescnt no ad-
verse effects to fishery gear. The fins NY be
Dou~ted on collar pieces of linited unit lengths
whi~h are thtn titd around the pipe. This can he
done aboard the laying barse, or .fterwards by

~dlvers. If done aboard, the Itlnger and the finl
should mAtch In order to avoid probleml. The reel-
aethod without stlnger would pole no proble~1 in
this rupect.
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(9) "

(10)

(14 )

IT ho ~ ~x • A ana "0 + rc • II,'
then the express ion is
{or ho -> 0:

", ~J,~.A2(31l:~) ..•. A(~2-:Z~R>.. ': !lR2"~ 0;

for ho •• 0: .

A3 + ZA2R,_ AR2 _ RJ a 0.,
lid

for h ~ 0:
o 3 2

A '+ A (SR-B)j2 - BIIA - (IlJ + BR2)/ 2 a O.
(II )

The resul ts of this eqJation are shown If'
of test s exeOlted at the Hydraulics R " Igure ~ t~ether with the results
taboratory of Fluid Mechanics of th ~s~:~c~ ~tatl~n at ~a 11 ingford arrl the
figure irrlicates a reasonable agree::er\~ b t nlVerSHy of.Technology. This

e ween computatIon and exP"riments.

• C. Scour underneath a pipe by unlfonn flow

The two basic aSSlIlIlptions for th
also In this case. They are: e computation of the Scour (I1r wave~ hold 'lood

a. A certain part o( the fl 'i (
b. The velocity 'lb In front~f ~heo~~~ ~~~~~wb~n~~~~a~~ the pip~. and

underneath the pipe. the vall:e of Vb

Adlfferenc~ is howeY th • .
• er , at In thts case the ratio he tween v arrl the velo-

city of the water layer close to th bed' , b
vnifonll flow and the flow underneat~ the 1~ dIfferent for the nonnal urrli,st;.rbed
If the met-_nv~locity over the h~ight of t~ePpel~peabove
I the undisturb...t sea bed
s ·:alled~R' the· ratio bebteen Vb and ~ is:

Vb a vn/ln (J3y/er) • Q y-
. R (12)

Y a ho + ZR. with a positive or negative value of ho·
Thevalu~ of q witl be in the order of 0.2.

Undernellth the pipe the velocft r fit
form since the bourrlary layer d~e~ 0 e ~ill ~ot be of the nOl"lllal logaritlnic
.Ithin the extent of the scour hOleno:had~t Itself to t~e higher velocity
CUed schematically in figure 5 This s ~tu trpary layer WIll develop as is indi-
the developnent of the boundary'la ld a on .can be compared to that for

yer un er orbital motions.
USing the relationships between u arrl u th t'
Just outsfde the boundary layer ~ canob' e.tra

t
10 between Vb and the vel(lcity

• B' e lfrl en as:

~.

/
I

/
I
I
I
/

/
I
I,

u:a

I
-I-. . " ,

I
'I
I

I
ho +hm:ax

I

Fig.3 Velocity distribution around pipe,

a

Sfnce the equilfbrium situation of the sediment movement 'is considered. the bed
shear outside the area influenced by the pipe and urrlerneath the pipe must be
equal. As th~ boundary la~r is det~nnined by the combination of viscous. tur-
bulent and inertia effects, the same boundary layer is assumed in front and
underneath the pipe. This leads to the conclusion that the velocity just outside
the boundary layer underneath the pipeline. which is. Iccording to th~ velocity
distribution of figure 3.

UO{I + R2/(ho + hmax + R)~ must be equal to uo'

It should be stated. however. that it is not flllpossible that underneath the
pipeline I SIIaller value for r has to be usl!d than that for the undisturbed sea
bed. According to the results obtained by Van Ast and De Boer this influence
will be SIIIall. Van Ast and De Boer r 11 accomplished th~ above m~tioned equality
by diminishing the velocities under. t~e pipeline with the value Ute ,

ut • uO(l + ~2/(hO + hmax + R)2) - Uo • UOR2/(hO + ~ax + R)2 (8)
Together with the assumption of th~ distribution of the flow around the pipe,
they are able to give an .expression for ho + h
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Fig.S Development of boundary layer.

rding to the same procedure as described for orbital motion. this can be
l!Vedby decreasing the Idtole velocity profile with v • In that case e<PIatlon. . C

ch~~~s to: '. . . .. . .' . ", . . .

~~ ~ S{~R.[~..' ~2/(.\~~..~m.a-. +. RtJ ..~ :VC.}..•·.

S~~e the sediment transport capacities beyond the Influence of the pipe and
roerneath It II'(Jstbe equal, the following relationship must be valid:

. q VR • s YR II+ R2/(ho + hmax + R)2J (16)

n the case of orbital .otlon fv Is - according to equation(6)-.determlned ~y
the ratio ao/r. It stands to reuon that a value of ao related to the size of

scour hole, be introduced into the expression for fw in this case, since
his size determines the rate at which the boundary layer can develop.

~ thickness of the bourdary layer can be written as tS • f(1l4/S, viIS).
a first approllimatlon, the dependence upon v will he neglected and tS will

be assumed to vary 1fnearly with x. Sl~e the velocity increases only from
(instead of zero). to the order of 2vR, the characteristic length of the

stllUring hole can be cOllpared with
arc cos I a • 0 67 a

a • o'
,'" • ./ZThus, for the computation of fw' a value of (1/0.67) M the characteristic scour

ength (in principle half the size of the scour hole) wlli be used.
Ior normal pipe diameters and related scour holes the value of s calculated

r a equation (14) will be then 0.3 to 0.4, which is significantly higher than
the value of q for the undisturbed situation in front of the pipe.

Mer the pipe the Sllnlevelocfty distribution as given by figure 3 and e'J. (7)
assumed.

. e, VB • vR [1 + R2/(ho + hmax + R)2] (15)

Computation

h..J, ...•.
0.9 0,9 1,0 1,1 1,2 ',3 ',1.

7

=

= Resutts Detft-Univ. of Techn.

'1",,1 Results H.RS. Wallingford
111/1,1

. : .~Fig'..~ .. Scour.byw(]ves . :..'
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5. Scour around vertical structures by wave IIlOtion

In the case of erosion around vertical structures. the velocity profile will
also be influenced by the structure in the way indicated in figure 3. In this
case the figure represents a horizontal cross-section. Since the increase in
velocity is the result of narrOlling flow lines. the sand transport should also
increase in order to ••eet the eqult ion of contlnui ty for the transport. Due to
this effect both velocity and transport will Increase with a factor n(. 1). .
The development of the scour hole will decrease the velocity by a flctor
iI( c 1). Because In orbital IIQUon the ratio ub/uo is detenained by the oscil1~-'
tory IIIOtfon. this va lue will be the SlWllefor the undtsturbed area as for the
Scour hole.
The transport function can be written in principle as:

S • oub
8 (19)

In the scour hole the transport equation Is:

n S. o(m n uo)a (2D)
This lelds to the following relationship between •• and n,

••• n(1~a}/8 (21) .'
The value of sis not constant. It noma11y deCreases with increasing velocity,. .'
w1th I tendency toward 1 for extremely high velocities.' -',

, 'vR [1 •. R2/(hO • hmax .• R)2 ] - ~ vii (18)

~;;:' For"q, ~ ~.(l8'),'~~e~i:atis:to .the'$'1~~·tion io~".wa~~s, (~~t,~0~;8). "::' .• :;,:<
.~ince nonnally q.. s, the 'decr'ea5~ of the. v.eloci ty"prc;fi) e' for the CllS~ of '
.-un1foJ:II flow is greater than.for'the case, of wave-JIIoUon~ As also in this case
the equation of conti~ft1 of the flowing water has to be -et.;the space under-
neath the pipe IlUSt be greater in the case of unifom flOll than in the case of
Wive motion. This is confirmed by the tests executed by Yan Ast and De Boer. t

With increasing distance of the pipe from the original bottom, the required
change In the velocity profile will be less and therefore q will be more nearly
equal to s , and the difference between erosion by unifonl f1011 and by Wilve
motion will be less.

The erosion under a pipe for uniform flow for various distances of the pipe
a~'~ the bed is given in figure 6. This figure demonstrates that for increasin
value of ho/2R and constant v, the value of q/s indeed increases.

With a constant value of ho/2R, an increasing value of the velocity in front of
the pipe leads.to lowe~ values of q/s. this confirms the assumption that.the
development or the ve~ocityprofile unde~ the pipe is also.a function of the
velocity. Kare research Is required·to solve this proble. completely. '
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Since q/s c I, •• for unifo"" flow wilt be smaller than for wave motion.
Since m is'approximately equal to the ratio of waterdepths in the undisturbed
area and in the scour hole, this indicates an increased scour in the case of
uniform flow. For bigger structures s ,,111 be more nearly equal to q and the
differ.ence will be less.

·(~I ) • (characteristic length of scour)arccos Inn

For a vertical circular pile this characteristic length will be of the order of
2 R.
With normal values of this characteristic length, the factor s • vb/v for the
scour hole will be significant higher than q • vb'v for the undisturbed area.

The two transport equations 19 and 20 are In this case

(page 15)

(25)

(26)

(27)
_ "x

.EI

a • D II E/2a

tn which D • pipediameter (m)
. E • elasticity modulus of pipe lIIaterial [H/m2)
~ (for steel 210 109 H/m2)

a • lIIaximumallowable tension [HIm2]
: q • weight of pipe [HIm)

A ~ steel cross-section of pipe {m]l a • q/A
~ l • length between supports [m]

The total (horizontal) force in the pipe is
j H. a.A
~ final sag, a, is calculated In the following way (see figure 7)

In that case:

J "x • "0 + i q l x - I q x2 - H cSx

. ifferent situation occurs if t~ structure 15 not penetrating into t . oil.
nen scour holes lIIay develop underneath the structure which prove to be _ ~ter

. or "ave 1Il0tion than for untfol"lll flow according to recent tests of the Delft
.~raulic~ laboratory. The probable cause is the steep pressure gradients whichf" be "'nit .p .""""••th tho ,b"u ••• re by w••• ,dll ate", •• t; on,

7. Behaviour of pipelines over a scour hole.
l~A pipe spanning a scour hole will have a certain sag. When this sag is, without
_exceeding the toleraille tension, more then the depth of the Scour hole the pipe
will remain in contact with the ground. In that case it is possible or even

.Jikely that finally the pipe will be covered with sand again. The maximumdepth
. of the scour hole below the adjacent, original, sea bed is according to figures

4 and 6, about one pipe diallleter, assuming that the pipe is able to fnl1o~ the
scour. In order to see whether it is possible for the pipeline to follow the

. sc~r, relations between length of the pipe, sag and tensions will be developed.
.~ThlS computation can be IIIIde for two assumptions viz.:
•.•• The pipeline is computed as a girder supported and clamped at the ends.
b. The pipeline is computed as a catenary. In this case the length of the span

~ must be so much that the bending causes only neglectable curVatures in the.J pipe. Only at and very near to the supports where the pipe is assumed to be'l clamped, are bending ••anents assumed.

In most circumstances the length will be too short to permit the catenary com-
putations as has been demonstrated by 80uwneester (3]. Accordinq to Bouwneester
the ratio between span and pipe di •••eter must be over 200 to altow for a COl1lIJU-
tltion as catenary.
~
In the following t.he pipe will be calculated, therefore, as a girder. In this
case, however, the pretension as result of the laying procedure has to be taken

" into account. For waterdepths greater than 30 •• this pretension is

(24)

(23)

(22)

. .'-,

S.II(qV)8

S • o(m n s v)a

.9. (l-a)/a
and m • s n

When a • I, •• A I, and no scouring ,,111 ocOlr.
For nonnal conditions a • 2 to 3.
The value of 1\ can be determined frCllllthe developnent of the theoretical velocity
profile of figure 3. The value of the velocity should, ~er, not be taken at
the surfll,.. nf the structure because surface friction alonQ the structure and
lateral exchange of material in the scouring area distort the transport. When".
the distance (R - a) frCllll the structure is held constant - 1n eq. (7) - the
influence of the diameter of the structure Is revealed. Thts effect 15 conftnnf'd
~ tests. Breusers (4) reports scouring under "ave motion of 1.2 • diaeeter.
In the case of scouring by uniform flow Breusers reports scouring depth of 1.3
to 1.4 times the diameter. This increase "ill be discussed in the next section.

6. Scour around vertical structures bv uniform flow

Fundamentally, the best procedure to calculate the scour ~ld be to detenline
the velocity profiles in the scour hole by, for instance, using the method of
Reichart as described by Breusers in [5). Here, hovever, the same procedure as
suggested by Van Ast and De'Boer for scour underneath pipes 1s foll0'0fed. By this
method it is possible to explain why the scour by untfonn flow 15 greater than
by wave motion and to isolate paral'eters to be determined by further _odel tests.

The scour is detenllined by the velocity vb Just outside the viscous sublayer

iust above the bed. This velocity is comouted using ~ation (4) for the undis-
turbed flow and using equation (14) for the scour area. The factor f" in equation
(14) is determined "ith equation (6). Anal090us to the method followed for pipes,
ao in this equation is:

11
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II Its cc I '05 I vel 1 Ie

f'.
L M °b· °tot 4max0

[.,1 [H.~ [HIII~ [N/II~ 1m}

50 -2.81 106 9.42 107 1.48 108 5.35 10-2

75 -5.96 106 2.00 106 2.53 106 2.48 10-1

100 j -9.85 106 3.31 108 3.84 108 6.98 10-1

I TABLEII Pipe of 1.27 m diameter

L I H ° ° 4max0

~J [N.~ ~/m1 ~/m~ [mJ

25 -2.00 105 7.18107 9.12 107 2.92 10-2

50 -7.19 105 2.59 108 2.78 108 3.97 10-1

75 -9.85 105 5.09 lOB 5.26 lOB 1.61

TABLE111 Pipe of 0.45 m diameter

..J
(28)

(29)

.9...L~ sinh (!) +
2 El A

~
2 EI

... j .•••J
-& •
El It EI

~ ..•.•/A••.•)__
1 - cosh (L/A)

9 ).2 Lx
2 El

& •x

+~
2E1

:io • q ).2 + J q ). L sinh (lll)

1 - cosh (LI).)

r~.·1~.1~-'IJ
The solution of this differential· equation is after vrftfng Ell" • ~2

The maximum sag in the middle of the span is:

• o).2l2 ).3L&mall ~ - .92.:..!_ tgh (.!.)
8 EI 2 El 4).

The maximummoment, still occurring at the Supports is

. The muimum tension is 0b + S.

for two pipes, one vith a relati 1 I
the computation vfll be executed:e y arge and another vith a sman dfll1leter.

The bigger pipe has an outer di t f 1
and a reinforced concrete COYer/till; er 0 .27 -, a vall thickness of 2.5 III

diameter of 0.45 m. a vall thick~es:50~20vherel~ the smaller hiS an outer
of 50 11III. It is ISSumed that steel fe 52 i lIIII'ed • reinforced concrete COvers us •

The various relevant values for the pipes are giVen fn Table I. .

In figure 8 the maximumoccurring slg is plotted against the maximumtension
fOr the two pipes. From this figure it foJtows that, without exceeding the
.Ilowable tension of 360 106 Hlm2 the sag for the pipe of 1.27 II diameter Is
0.6 /I and for the pipe of 0.45 /I diameter is 0.8611. This corresponds with a
span of respectively 96 _ and 58 m.

Since the scour underneath the orfginal sea bed for the pipe of 1.27 III witt
be in the order of 1.27 _. this pipe. vfll not be supported in the center •.· .
For the pipe of 0.45 III diameter this scour vfll be about 0.45 and this pipe
"nl. therefore. r8llain supported in the center. Only for the smaller pipe is
there, therefore. a possibfl tty that the pipe vfll be finally covered with
sand.

D A

TA8LE I Various pfpe values

27.6
15.8

Of courSe this computatfon fs a very strong simplification since no forces as
result of waves and current have been tabn into consideration. This can be
done relatively simply by calculating stresses as result of these forces for
the relevant spans. and by decreasing the .1lowable tension with these values.
It vill be recommendable in that case also to apply a more sophisticated com-
PUtational procedure according to the plasticity theory. The aill of this example
"IS only to prove that It cannot be expected that big pipe Jines will bury
theIlIselves. and that laying a pipe1fne of 0.45 •• diameter through a _egaripple
ffeld vith a rfpple length OYer 60 •• viII also cause great difficulties.

Ackovledgements.
"to" Dr. A. Vel"'l"'Uytlllade the computations of the· sag and moments in the pipe-
lIne with pretension. . .
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Fig.7 Computational procedure for pipeline with pretension.
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6
Scour Around Pipelines

6.1 GENERAL COMMENT
Scour around pipelines ~y be caused by currents and/or waves
and may be either long-term or short-term. Long-term changes in

•shallow water involve a general erosion or accretion of sedi-
ment over decades or hundreds of years. The short-term changes
are associated with a vAriable WAve climate: the direction of
sediment motion depends on the direction of wave approach angle
(Herbich,198l). If the currents near the pipeline are suffici-
ently strong enough to produce scour, the overburden will gradu-
ally erode AS shown in Fig. 6-1.

Storm waves produce appreciable horizontal and vertical
velocities in shallow water. If the ocean bed is composed of
erodible materials, the dynamic equilibrium of sediment may be
disturbed: then scour and deposition of sediment will occur.+
The pipe itself ~y trigger (or initiate) scour or cause addi-
tional local scour. BeCAuse of larger horizontal drag and in-
ertial forces as the storm intensifies, the scour may eventually
uncover and expoSe the pipeline. The exposed pipe may be broken

•Shallow water by definition relates to a condition where the
wave length to water depth ratio is greater than 2.
+only granular, cohesionles8 sediments are considered in this
chapter •
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6.2 MAXIMUM SCOUR DEPTH

TJ.gure 6-1. CraphJ.c l11ustratJ.on of the problem of scour .round
.• pJ.pel1ne.

5,\1.0Dso1mmJ0.1

I1IJ r.llllWll:.co ur uep = - - --

The average jet velocity is

- q [2 (H/R)2 - (H/R) - 1 ] for H > (6.2)u - uo 2 (H/R) 2
Ravg (H - R) - 3(H/R) + 1

If the velocity in the scour hole ls greater than the free stream
velocity, erosion may take place. The limit of scour is pre-
sWMbly reached when, because of the enlargement of the scour
section, the velocity along the boundary has decreased to the
point at which the boundary shear stress Tb becomes equal to the
critical tractive stress T of the sedilllent cOlllpOsing the erodiblec
beds. The tractive stress for a given sand grain size is plotted
in Fig. 6-2, and required values of T were obtained as shownc
in Table 6.1.
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(6.1)

Scour .Around P1pe11rnt6

H?oRfor

undisturbed subsurface current at the top of the pipe

where

An analytical method for estimating the IMximum scour depth under
the. offshore pipelines due to currents was developed by Chao and
Hennessy (1972). This method provides an order of magnitude
estimation of the possible scour hole depth.

'!'hesubsurface current is assumed to !low perpendicular to
the longitudinal axis of the pipeline. Based on two-dimensional
potential flow theory and the assumptions outlined by Chao and
Hennessy, the discharge through the scour hole is

or damaged in such a case, since pipelines generally are not
designed for this condition where spanning and vibration due to
vortex shedding occurs. The subsiding storm IMY fIll the trench,
pushinq the pipe upward, or closer to the ocean bottom. If the
pipe were to become buried again, visual observation by a diver
after the storm would not show that the pipe had IDOved closer to
the ocean bottom, or that it had been exposed during the storm.

.
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R • radius of the pipe
. H • scoUr hole depth ..from .the.center .of th~ .pipe

I··
I

Figure 6-2. Crltical tractive stress versus graIn si ze; (From
Rerblc~, .1981.)
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TABU: 6-1. Cri tical Tract1 ve Stress for Various
Gra!n S!zes
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Figure 6-3. FrJ.ctJ.on ractor predictor rOT rlat-bed flows in
alluvial channels. (From Lovera and Kennedg. 1969.)

Given: A pipeline with an outside diameter of 24 in., a sandy
ocean floor with Dso • 0.25 mm.

Required: Find the maximum scour depth as a function of bottom
current velocity.

under the pipeline can then be determined by matching the calcu-
lated boundary shear stress with the critical tractive stress
of the size ot the sand grains composing the ocean floor.

In order to illustrate the method of estimating the maximum
scour hole depth. a sample calculation is presented below:

6.3 SAMPLE CAlCULATION

...- _ .

• ---~ --.~ • -0 ••••••• 1Ia
<7 .......,. ~
0 -() --e ..._.

(6.3)

(6.4)

The maximum scour depth

t
f

ctu ) 2
avg

8

"
u (n - R)avg

N -R

where p is the density of seawater.

where" i. the kinematic viscosity of seawater. The roughness
-2pa%"AlDeteris defined as ~/D50 )C 10 ,where ~ is the hydraulic

radius. which is approximated as (H - R). The friction factor
fr i. determined from Fig. 6-3.

once the friction factor is known, the boundary .hear .tress
1. calculated by using the following reiationship (Streeter,
1971) :

The boundary shear stress in the eroded channel is computed
baaed on assumptions stated by Chao and Hennessy (1972). The
friction factor tf is estimated trom the Reynolds n~er rela-
tionship reported by Lovera and Kennedy (1969), by using a
Reynolds number defined as

°50(1IllIl) Tc(psf)

4.00 0.0890
2.00 0.0513
1.00 0.0316
0.75 0.0266
0.50 0.0215
0.25 0.0172
0.13 0.0166
..10 0.0164
0.08 0.0162
0.05 0.016],



Solution: The boundary shear stresses were calculated for a

bottom free stream velocity of U • 2.0 ft/sec, with theo
scour hole depth .s an independent variable, usirl(J Eqs.

(6.2)-(6.4) and Fiq. 6-3.
The variation of boundary shear stress with scour hole

depth is shown in Fiq. 6-4.

The critical tractive stress for a qrain size of

D50 • 0.25 mmis Tc • 0.0172 psf. This value is plotted on

the qraph of Tb versus H and the IllAXimUIIIscour depth under

the pipe is determined for Tb • T. For U • 2 ft/sftC,
C ·0

H - 3.50 lt and H - It • 2.50 ft. This calculation is then

repeated lor Uo - 1.5, 1.0, and 0.5 ft/sec, the 1IIllXimum.

scour depth as a function of bottom current velocity is

shown in Fiq. 6-5.
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Figurtl 6-5. 1fllritml1llscour depth as a tunct10n of bottom current'
velocitg (D50 - 0.15 mm). (From Herbich, 19111.)
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In contrast, calculaUons for clny deposits she
that the excess pore pressure caused by wave actio
on a normally consolidated clay cannot be dissipate
within a practical time limit. Waves are therefore
unable to compact a clay deposit.

'IbIs paper presents a method for calculating
a safe depth of burial and bearing capacity for
shallow Ioundauons subject to wave action.

INTIlODt:cnON

,"

ABSTRACT
:Ibis paper reports a theoretical and

experlmental investigation of the Influence of
shallow water waves on the bearing eapaclty of
fouri~ations in sea floor bods. Waves are able to
generate notable shearing forces In sea-floor
sediments up to a water plus soil depth of about .
halI~the' length of the water waves. The propagation
of pressure waves through a POl'OUS sea bed has
therefore been calculated assuming plane and

• undratned condl tlons, and Including the effect or
dfla~nncy. 111e effeetive stresses thus generated
could be compared with the soil stnblllty Ilmlts,
The,consequences for both sand and clay depostts
wcl'~ considered Individually,

Ocenn waves gcrcrnte signiffcllnt shcarins
forces tn sen-floor sediments up to total (wate r +
soil) depths of approxlmately half the length of the
waves. Waves could 'thus affect the end bcaring
capaclty of shallow foundnUons or Ole lateral
reststnnce at shallow depths of deep foundation pile!
We shall first calculate the pressure fluctuations at
the sea bottom due to plane irregular waves using
the small-amplitude wave theory, We shall then

the bearing capacity of a calculate the stresses nnd pore pressures generatec
. "se sand bed increases with prolonged wa\'e actio in t.lte sea bottom by such irregular pressure
I Il~l that of a dense sand decreases. 1l was found, nuctuations at the bed surface, assuming plane
'¥-vc,oel', 'Ulat under all circumstances Ole J(l~sttc. soil defcrrnatton and intr,oducing a pore-

lllti':nale bcarlng cupaclty of a satYl}' sea bottom is p.rcssure parameter for the saturated soU under
lal'g,ely sufficient fo\' plte-Icundatlon purposes, In uhdralncd, biaxial Ioadlng conditions. We shnll
fact, term weather tends to sta 1 lise the bonrlne compnre those stresses with the soli stnblllt}' limit
cnp\\clty 0 a snr.d)' sea ottom and we shall consider soil consolidation due to wnv
••••«. . netlon. Then we shall present the results or model

..__ .._._ e""crimt'llts performed !n a 1f;1",rnlory flume,_ .._--- ..._'.._- --_.



'f11E EFFECT OF SJI,\LLOW \\'A'JT.B WAVES CJ>l STABILITY ANn
DEA1IIJ';U CAPA~l:r),OI::'-:::EA FLOOH DEI]::;

! ~\\'Ing thnl prolonged wnvc action Incrcnscs Ihe
(,. 'tl'nslty of nn Inlttnlly very loose snncl, while an

Inlllnlly dense sand cxpnnds , Finally, we shall
1','csC'nl n method forcalculnlln~ n safe depth of
hurln] and bearing cnpacl ty' for shallow foundations
xubject to wave action,

l'HESSUTIE FLUCTUATIONS AT TIlE SEA DOTTO~t
jlUE TO PLANE lHHEGUl.ATI WAVES

Let Tl be the surface configuration produced
lIy n single-plane alnusoldal grav! ty waves or
nmpl! tude a , wave number k , angular velecl ty 0
lind phase 6~ (see :l'"lg, 1): n n

(.:9: + .1...) (tJo + to ) = 0
2 2 xx zzoX Oz

wlth the plane-s train condilion:

and the boundary condillons:

z=0-60 =-I: P sln(k x e c ), 60 =0zz n n n n' xz

z -CD - 60. = 6 0 = 0zz xz

"·SPE .);},11- r"
(7.

(8)

(911)

(9b)

" :: I: a sin (k x + c )
n n n n

(1)
'I11e stress tensor also sattsltes the fo)lowlng

equHlbriwn equations:
(2)

'111e magnitude oC the pressure Cluctuatlons P at the
Rca bottom caused by thcsc wnves may be expresse
IlS follows using the srnall-amplt tude wave theory1:

where h Is the water depth anel Yw the unit weight
or water. (11)

(12)

a60Xz o60xz = 0+ (lOn) -0': oZ
060z" +

o6"zz = 0 (lOb)oX oZ

Equations (11) and (12), with the boundary condltton
(9), are satisfied b)' the stress function:

when the stresses are expressed as derivatives or
this stress function t:

_ 02t
60iJ - oX OX

1 j

whlle In addition 60 = 60 ,xz zx
Equations (7) and (10) satisfy the" rol1cri~~ng

equation, In terms or Airy's stress funcUop :
4 4 4

D+2 o~ +.£.1=0
ox4 ox2oz2

OZ4

(3)

(4)

l' r:: t P sin (k x + e )n n n
'~,'~,n ,.'')( (a) ( k h )~ n n

"Y
w

••• 11 cosh k
n

h

For waves or small amplltude (compared to

~:a:e f~~~~~na~t ~:te~~~~~!l)~el~:ll;~'~ nwnber kn
, n

ho2
k h tanhk h = _n_ (5).n n g

where g Is the acceleration due to gravity.

"

(13)

given by:
" '.

(
l+k ) -k Z

t = 1:P -2n sin (kX + c ) e n
n n k n n

n
The change in total soil stresses Is thus

l'HOPAGA nON OF PTIESSUnE FLUCTUA 1101\S
11lROUGll TIlE SEA BOTTOi\l --

We consider the stresses induced In a
saturated sea bottom b)' the pressure wave (eq, 3)
under undrained loading condll1ons:

" " ~ z
l' = ~ P n sin (knx + Cn) (6) i OOxx=-; P n(1-knz) sin (knx + cn) e n

1:,.Cartesian frame [x,y,z] Is chosen with the I -k z
: : i'ls along the sea bottom In Ole direction of wave l:J:J =- 1:P (1+k z) sin (k x+ e ) e n
; -»pagation and the a-axts normal to the sea "zz n n n n n
~llom, pointing downwards (see Fig. 1). Assuming

Illl:ulO elastic soU delormatton without dilation, the 6a =+ I: P k os O' X + ) e-k~z

i tOL'\1stresses 60 It Induced In the soll b)' such a , xz n n n Z c "n tn
l'\'Cssurc wave must satisfy the dH!cl'enUal

J ~'luntion2: -.. •.• ••,!}/ •..)
; \ \.' '!. ,
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)C' chry.n~c in transvcrso stress unde r plunu-s trnln whore 1\2 I:; n pore-pressure pnrnmcter lor the soil
i ,lilib,ill>(cq, B) Is gtvcn by: under unur:linc"d loadin~:

-It z
6 - :.. 1: P sin (I( x + c ) e n0yy - ,n n n n

/
"I ~o I - - Aa I, to I - 00 I - 0(14u) xx - 7,7.' n' - )'1.- (20)

(21n)

(211))

(2lc)

(23)

for a

If the dllatancy is an Isotropic property oC the soil,
the change in pore pressure under the undrained
Icadlng' conditions (14) may be expressed as:

6u= -*<31ta +!:J:J. + I:D. ) +A2r(~ -60 )2+4A_ 2J
i

xx y)' z z l' ---xx zz U\Jx.z
(22)

Substitution of equations (14) in (22) gtves,
sinusoidal pressure wave of amplitude P :o

k -kz- z
AU = P sin (kx + c) e + Po 2A2 k z e

o

(10)

(17b)

Substitution oC (14) in (15) gtves the following
expression for the change in pore pressure in the

'. sea bottom under a plane pressure wave :

't:C =-(A~' +6u) = 0
, . y "yy

. -k z
,6u=EP sln(kx+c)e n.r n ,n n n

If 'the srrcss-stratn rclatlons for tho solid 111C,change In pr lnclpnl cIfc:live sotl stresses
- skeleton' are elnstic and ISpll'0plc, the change In dunng wave actlon is then given, for x = xo' by,:

pore pressl\1~ under \~dr:\IIl-Ctt londi ng conditions I
in saturated soil, is ilinFb~al· to the change in A: = -1: P (1+2A ) k i (k + - tnZ

__ average ccrnpresstvc S1rcs5~ (; UUx n n 2 nZ s n nXo Cn) e

'i .c'll-l;, 1~~S -k z
6u=-'3 (60xx+/)0yy +60zz) r-.. (15) &!z=+~Pn(I-2A2)kn1.sln(JCnXo+Cn)e n

-k z
&, = - 1: P 2A2 k z sin(k x +c ) e n--:I n n n non

Combining equations (14) and (16;, we find the
following expr essf ons for the che nge in effective

- /!oU str~'sses <60i) during wave nctlon:

'< r..-(~+Au)=-1: P k zsinC: x+c )e-
knZ

(17n),~---xx n n n n n

, -k z- ' n
I ~ ° = - (00 +6 u) = + 1:P k z sin (I< x + c )e

2. : 2.1. n nn n n

:I

(18c) where

- 1 .I.e 2 2 1
(l8d) &1l=-'2(OOxx+OOzz)+'2 l::axx-!:Czz) +400xz] -AU

(25n)

(24a)

(24b)

(24c)

(17c) Thc change In principal effective soJl stresses
[tal' tC2' 603J during wave action Is then
independent of x:

for x = xO',- _ -kz l
/)01 = Po(l - 2A2) k z e

(18n) k

\
~ = - P 2A k z e- z

2 0 2

(18b)
\. 603 = - Po(l + 2A2) kz e-kz

Under ilia crest of the pressure wave,
I equations (14), reduce to:

-k z, . n
ho =-EP (l-k z) sin (k x +c ) exx n n n no n

: -k z
. .60zz = - ~ Pn(l +knZ) sin (knXo+ Cn) e n

I -k z
.. Jj 0yy = - ~ Pn sin (knxo + Cn) e n

II the soil is dilatant and has nonlsotropic stress-
t .•.'uin relations, the deviator stress under those

1,11 Lions will give rise to an additional change
re p-ressure

'-k z
~UI=A2~(j_.-t:n )=2A2t P k zsln(k x +£)e n

,AX zz n n n non
J : ' ~~

-- ••....._. ------ ...._ ..~.•__ .._-----,

(25c)



.
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BE,\H1NG C,\l',\CI'Jl.' OF SEA FLOOH uzus
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'Ihc undrnlncd shear strengtl; of a normally
onscltdnted aand or clay can be expressed as:

(l~K ) sin ~ + I, -1
o 0

1 + 2A2 sin ~
(32)

(3~)
4n(1:2A2sin~>l

sin ~(1-sin ~,J

where Y is 'the unit weight of the pore water,'w .

It seems reasonable to assume that, durf ng
prolonged wave action, the coefficient of Iateral
earth pressure K will Increase as a function of
z for zs z until [he plastic yield limit Is Just .
reached ';1 the maximum de v later stress under the
crest of the pressure wave (for x = x , see eq, .'32).
The maximum soil depth zr at which °the soil
stresses wlll then reach ilie plasUc 'yield limit Is
given by equation (32) for K =1 - sin ¢. For a
sinusoidal pressure wave, tlfis equation reads
(see eq. 32a): . ....

(2G)

-k z
L-U3) ci(l-K )z+I: P k ~sln(k x +c)e n

max 0 nnn non
(29)l 20 zf I: In[( Po ) Yw

. L Y L Y
.se stresses will thus reach the pI as tic yield --. w max b
U for: According to this equation, zr has a valJe oC 0

-k 1 s O.064L for (P Iy L)maxI:O.03, Yb=Yw' ¢ = 32 and
I k sln(k x +c)e n = -!:! _ 1(l-K ) (30) 0 W ,
n n non Z 1 0 Yb A2=1. .' .

a -stn t (28)

e C~lmum difference between the principal
ective soll stresses in the sea bottom under a
ne pressure wave (eq. G). according to
Lations (21) and (27). is:

.ere Yh Is the unit submerged weight oC the soil,
the son depth (see Fig. 1), nnd K the
effJcient oC lateral earth pressure.o A ccordi~ to
(y • K is a function of the friction angle ~ for
1\0rmnlPy consolidated sand or 'clay:

Equntlon (32) reduces for a sinusoidal pressure
- - wnve of amplltude P and wnve length L, alter

ere <al'r and (03)J are the principal maxlrnum and subsUtuUon of I, = 200/L to:
Iinl!!, wn efrectf\' soil s tresses at Inl lure /' - ,
xl ~ Is Ole frictJon angle of the solid skeleton. \ P . (HK )sIn ¢ + K -1

\ ( 0) 1 Yb 0 0 20 Z
In the absence or waves, the principal effecttv Y L :: 4" y 1 + 2A2 sin ~ exp(-y-). (32a)

.resses in an undisturbed, normally consolidated ',. W W

)n arc: This expression has a value (P Iy L)f = 0.02 ato \V ..
1)0 I: (O:r.'o I: Yb Z (27a) Z «L for a normally consolidated sand or clay with

a friction angle ~ I: 320, n unit submerged weight
Yb=Yw' a coefficient of "ate ral earth pressure .

(27b) 1(0=1 - sin ¢ (eq.28) and a pore pressure parameter
A =1. nlis failure condHion can easily be reached
at shallow water dCpUIS (h<iL) during strong wave
action (see eq. 4). . .

undrained shear strength s under these
ling conditions, according toUequations (21) and
, is:

·1

on of (31) in (30) gtves the following
•.1on for plastic fallure at solI depth z , under
irest of the pressure wave:

P k ) -k Z]..!L!l sln(k x +c ) e n =
Yw .D 0 D t
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" ure (2) shows U = /lu'/(2P A2) as a function of
• 2 0i. .•.z/L and T= tc"/L • It can be seen thaL the
avcrage excess pore pressure is practically
diSSipated at T~ 1. For snnd, this corresponds to
a consolidation time of roughly 24 hr

(38)

(39)

where N and N are dimensionless factors thaLY q -
depend only on the friction angle ¢ of the sell,
D is the diameter of the footing, z the soil depth
and 'ftJ=Yt-Yw the unit submerged weight of the soil.
Figure 3 shows the bearing capacity factors Nand
Nq as a Cunetion of the friction angle ~, alterY

Terzaghl5•

Aflor the primary consolldatton, secondary
compression 01' expansion will proceed very slowly
in sand under cyclic 10:\(1Ing due Lo wave action
(cq, 14) until the soil is no longer dtlatant (A2=O).
The final void ratio coo=(V vIV s)oo will. be
Independent of the Inl tlal void ratio and can only
depend on the effective overburden pressure Ybz,

The rate of secondary compresston will be a
funellon of the peak cyclic loading !(oo -60) .
divined by the ultimate load at plastic xx zz max
lallure i(HKo)Ybz sini.

ruE EFFECT OF WAVES ON THE BEAnING
CAPACI1Y OF TIlE SEA BOTTCh!

The ultimate end bearing cnpaclty Q of a
shallow circular foundation on a sand bed bunder
drained landing conditions can be expressed in the
following dimensionless formS:

The end bearing eapactty of a shallow clrculn
foundation under undrained loading conditions can,
according to Terzaghi and Peck5, be simplified to:

(c = 10 .•3 cm2/scc, L= 90 m), For t;lny it
co~rcsponds 10 30UO yr (c,= 10-3 cm2/soc). We
rnny U1UR enti re ly neglect ~hc consolidation of a
clay soil for cngtncc rl ng purposes.

The in-situ undrained triaxial shear sll'ength
of a soil under vertical compression, S , is relate
as follows to the drained shear slrengthu 6:

sini [Ko+A(l-Ko)]
su=i(Ol-03)r= Po ------- (40)

l+(2A-l) sini

QU sb 'IT (u z Yt)7 = 4 YbD Nc + D Yb
i'b

where s is the undrained triaxial shear strength
and Yt u the bulle unit weight of the soil. The
bearing capacity factor N has a value of 6.2 for:
circular footing. c

(34)

(37)

2"z-~
. 2'ITzt=O-/lu'=P

0
2A2 -L- e

The rate of dissipation of this excess pore pressure
is governed by Terzaghi's consolidation equation5:

~'= M1!'Cv 2 ot (36)OZ
where c is the coefficient of 50nS02lidation. This
coerrtcie'ht can vary from 4.10 em Isec for very
loose sand to 20.103 cm2/see for very dense sand.
Clays under virgin compression have typical c.
values ranging from 2.10-4 to 5.10-3 cm2/sec:

We solved equation (3G) nwnerically with the
boundary condition:

'1111sIal lure conditlon will novel' be renchecl by a
normally consolidated sand or clay, Unde r-
consolidnted clays nnd very loose snnds , however,
can develop large pore pressures under
diffcl'cntial Ioadtng condi Hons nnd may ther-efore
become unstable under strong wave action, 111e
failure condillon (34) will,_ for 0lnsl3nce, be reached
by a very soft clay with ~ = 24 , Yb=Yw and
A2=2 for (P o/YwL) to. 025. Shallow foundations

should preferably not be located in areas of
potential plastic shear now.

CONSOLIDA TION DUE TO WAVE ACTION

During wave action, the sea bottom Is subject
to cyclic loading (eq, 14). If the soil has no
dilatancy, the change in pore pressure during wave
action (eq, 16) is as a time average equal to zero.
If, however, the soil is dllatant, an excess pore
pressure will be generaled (eq, 19) with a positive
(A2> 0) or negative (A2< 0) time-averaged value.
Under a sinusoidal pressure wave , this excess pore
.' -essure is only a Iunctlcn of the soil depth 7.,

uimlng that the dilatancy is an isotropic soil
perty (see eq, 23):

2'ITz
2"z - L

/l u' = Po 2A2 ~ e (35)

t~o, z= 0, z -- -</lu' = 0,



'llIE EfTECT OF SJI,\LLO\\' WA11m W'AVES ON fiTAIlILI'j")' AND
DEAU.!.KG CAllA rrv OF SEA FLOOH nxns SPJ-: .,:l·ll

.01'C ~ is the Irictton nnglc, p the CrrCC'liVll
. -burdcn pressure, K the co<?rnclent of lateral

.h pressurc, and A °UIC pore pressure parn-
cter or tho 6011 under trtaxln! lo,ltllng contlilions.

. The friction nngle ¢ is a function of UIC void
IUO e of the soll before londln~, Figure 4 shows
vers8s e for rnedl um to fine snnd, ntter Howe 7•

~cording °to this figure, ¢ Increases from 32° at
void ratio of 0.75 to :lSo at a vold ratlo of 0.55.
small change in void rntto due to wave action can

.us have a considerable cffect on the end benrlng
Ipacityof the sea bottom. In U1C next section we
iall discuss the results of model expe riments In a
bora tory 'flume in which a sand bed was subjected
prolonged wave actlon.

Vertical wave forces on top of Ii submerged
undaUon and on the adjacent sea floor can be so
rge In shallow water that they should be
.nstdcred, in addition to horizontal wave forces,-
ien calculating the foundation's ultimate bearing
.paclty. Figure 5 shows how thescforces can be
corpcrated,

A hypotheUcal failure surface with circular
csa-secttcn (surface of revolution) is assumed, a
ustrated in figure ,5. The moment of all forces
,ling On the volume of soU enclosed between the
,. -the tical failure surface and the bed surface,
~ .•ding forces transmitted by the foundation, is
en calculated, It is assumed that the full shear
rcngth s of the soU is mobilised along the
potheticS failure surface •. The posHlon of the.
,sign wave and of the centre of revolution M or
e hypothetical Iailure surface (see Fig. 5) should
·th be varied independently relative to the
undatlon in order to calculate the ultimate bearing
pacity during wave action.

::SCRIPTION OF EXPERIMENTS
. Figure 6 shows the set-up used in our

boratory to study, on a 1 :100 length scale and
:10 Ume scale (according to Froude), the change
bearing capacity of a sand bottom due to wave

tion In shallow water, The set-up consists of a
m long, 1 m deep and 1 m wide tank filled wi th
5 m of sand (d6S=0.4 mm),

Waves with period T" 1.125 sec and average
ngth L" 0.7 m were generated at a water depth
70 mm by a vertically oscUlating drum.

gure 7 shows a recording made at the sand-bed
dace with an electrical pressure transducer. The
erago amplitude of the bottom pressure waves
rJng all experiments Po" i (Pmax-Pmin)/Yw ••
( :nm. TIle average dimensionless pressure
)"YwL was therefore equal to 0.025.

The (undrained) pcnct rntton rCI'IRI:ln('c of the
sand bed was measured before and nItel' wnvc
acllon by drtvtng a circular disc (dlnmctcr D=24m,
into the bed nt n ccnstnnt speud (2,5 mm/see) antl
recording thc dl'ivlnl; rcststanco (excluding the
shaft resistance on the pipe around the driving rod)
as a Iunctlon of soil depth.

The ben rIng capactty of the sand bed under
dr:tined londlng conditions was tested after wnve
nctlon by loading a 50 mm diameter disc with n
static load of between 1 and 5 kgf and measuring
the settling of the disc.

Defore subjecting the bed to wave action,
the sand was vibra ted In one case until It had a
final void ratio of eoA = 0.46. In thc second case
the sand was fluidiseu and then allowed to settlo
for 55 hr unllJ it had a Iinal void ratio of
e B •• 0.55. 'l'he unit submerged (buoyant) weight of
o the bed was (Yb)A" 1130 kgf/m3 = 70.5 pcf and

(Yb)B" 1060 kgf/m3 = 66 pcf, The permcablltties of
the sand bed were kA = 0.19 mm/sec and
k = 0.33 mm/sec. All experiments were
c~rried out for uie originally compacted (A) and
the originally loose (B) sand beds.

RESULTS OF TIlE EXPEnI1IIENTS
FigurE! 8 shows three Independent recordings

of driving resistance as a function of soil depth
(in dimensionless form) for the disc penetrometer
In the compacted sand bed (eoA= 0.46). Figure 9
shows the three recordings of driving •
resistance for the loose sand bed (e B=O.55).
Figures 10 and 11 show similar rec8rdings alter
subjecting the b~d to 175 000 pressure wa ves wi th
T = 1.125 sec, L = 0.7 m and P 0= !(Pmax-Pmin) ••
0.025 YwL.

Figures 12A and 12B show the average
penetration resistance F 1: standard error

1 3 - 2 !o = [-6 I: (Fj-F) J derived from the above
m j=l

recordings (Figs. 8-11) laking the average over
the three independent measurements obtained under
the same conditions. These figures clearly show
that the penetration resistance of the compacted
sand bed decreases (Fig. 12A') and thal of the
loose sand bed Increases, due to wave action. At
z/D=3, for Instance, the average reduction in
penetration resistance In Figure 12A is 33%,
whereas in Figure 12B the average Increase is
100%.

During wave action, we measured a reduction
in the void raUo of the loose sand bed from O.55
to 0.52 approximately. The change in the void
raUo of the compacted sand bed was too small to
be measured with accuracy.



TIle bearing capacity of a loose sand beet
Lends to be Increased by wave action. whilst that
of a dense bed tends to decrease. The ulthnato
bearing cnpnclty of a santI bed after prolonged wave
action is generally sufficient (or foundation
purposes.

.Z ll......l::Llt NiND1: ~_.L\JQ t 1l:...lU~lLll--u\lLJj.I::J.:.E.L:lo.I{ . 7

.~e of dlnmcto r ll" 50mrn settled '.5 I'll" unrle r the crest of tho pressure wave for soll
.-,if 55 nr unde r a stnlic lorul of 3. 3 lq~f on the loose depths 1."'7.f, gtvcn by equation (:l:!) or (33), Shallo\\'

I :t bed aftcr wnvo nction ceased (this value fOllnc1nlions In clny with poinl lands exceeding Ow
i1,dudcs the settling of Ole sand bed In the vlclnlty total overburden pressure (VI Z'IU ) tend to settle
or the Icotlng}, '[he compnctcd sand bed. settled durin!! wnvc action In the pl:\~licOrcgion z S l.r and
3 rnrn in G5 hl' under the same Iond, should thus prcfornuly be locntcd at soil cJepUHI

Z > 2.f'

Shallow waves wl11 gencrntc plastic shear
flow In the sea bottom under the Inllure condition
(32) for K =1. or condilion (34). Shallow
foundntlon~ should preferably not be located in
areas of potential plastic shear Ilow,

COi\IPAnISON Wl'lll TImon\'
All 5011 parameters nrc Ihe same in 0\11'

cxperiments2l\s in renlity. Only the dimensionless
group tc /L • whl ch is a measure of the pore
pressurevbuilt up in the soil. Is 1000 times greater
in our model than In reality. We may neglect the
build-up of any time-averaged excess pore pressure
in the soil for values of tc /1.2 larger than 1. In
the model, tc /L2 = 1 corr~sponds approxtmately
to t = 0.5 scc;v in reality it corresponds to
t = 500 sec. Since the consolidation in our
experiments took some 105 sec. corresponding with
lOG sec in rcallty according to our time scale , ~
conclude that the consolidation due to waves Is far Vertical wave Iorccs on top of a submerged
iOO:~I@t 1Q.l"aD\, Umc-nvcl"Qgcd excess ~ore Ioundatl on nod on the adjacent sea floor can be so
prP'~D0 ,; a:?:!~:iiller In 0\1)' mo&l ln rgc in shallow water that they should be
le~"!2~!:!~_:!>Wl4U ~ 1'!la1l!Y iL$e exact magnitude of considered. in addition to horizontal wave forces,
the group tc /L is therefore irrelevant for.a sand) when calculating the foundation's ultimate bearIng
soil. A clay ~ on the other hand. has such a small capaclty.
coefficient of consolidation (c\"=2. 10-4.5. 103 cm2/se()
<"at it would take thousands of years for an excess REFEnENCES

-, 'e pressure caused by wave nction to dissipate
\,' j.tL2=1). We can therefore neglect the 1. Wiegel. R. L •• Oceanographical Engineering.

\.. .. altdatton of a clay so11 by wave action for Prentice Hall. Inc.
engineering purposes. 2. Timoshenko, S. &: Goodier, J.N., 'Theory o(
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McGraw Hill Boa. Co.

3. Lambe. T. W. &: Whibnan. R. V., Soil
Mechanics.
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CONCLUSIONS
-, The shear stresses generated in a clay son by

shallow waves will reach the plastic yield limit

The final void ratio. after 50 hr of wave action
of the originally loose sand bed was 0.52. A
medi~ fine sand would then have a friction angle
¢ ••40 , (fig. 4, according to Rowe] and bearing
capnclly factors N >80 and N > 60 [Clg. 3.
according to Terz~ghi). AecorCding to 'l"erzaghi
(eq, 38) a circular Ioundatlon of diameter D at a
soil depth Z •• 0.1 D would have an end bearing
capacity for N a: 80 and N = 60, of

Q:/(YbD3) = 24: We tested ihe bearing capacity
of the loose sand bed atter wave action and found

_. . that a disc of 50 mm diameter carrying a load o(
3.3 kg{ setUed 7.5 mm In 55 hr (including settling-r of the sand bed !'B the vlcinlly of the footing). This
corresponds to Qd /(YbD3) = 23.

-, , .L. --J
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••..BSTRACT
The pressures and the effective stresses in sea-

beus induced by waves are treated analytically based
on:Biot's three-dimensional consolidation theory.
The wave induced pressures and stresses in a bed are
strongly influenced by the permeability and the shear
mbaulus of the soil, the compressibility of pore
water, and the thickness of the bed. As a design
e'"ample, a stress analysis is made for the North Sea
'1esi(o wave and seabed conditions. The numerical

Fsults indicate that the North Sea design waves will
'~qucfy the top up to 2 m of the sand beds and induce

t~e sliding failures in the top up to 8.0 III of the
sand.beds. The theory has been verified by a labora-
tory experiment for the wave indueed pressures.

fluid motion in the porous bed is usually expressed
by Darcy's law which, with the assumption of a rigid
bed with isotropic permeability and incompessible
water, leads to the Laplaee equation for the pore-
water pressure. The eonsequenee of this theory is
that the pore-water pressure response is independent
of the permeability of the bed material. The approacl
taken by Nakamura, et al. (1973) and Mashagen and
T+rum (1975) is basea-on the assumption that the watel
is compressible while the porous bed is nondeformable
khieh leads to the heat eonduction equation for the
pore-water pressure. The conclusion froa this assump·
tion was that the pore-water pressure response is
strongly dependent on the permeability of the bed
material. This approach provides no information on
the wave induced stresses in seabeds.

"INTRODUCTION
The subjeet of wave induced pressures and

s~resses in seabeds is important with regard to the
desirn of foundations for various oeean and near-
shore struetures, sueh as gravity type breakwaters,
offshoro oil storage tanks. and drilling rigs like
EIOFISH at North Sea. The subject is also important
when one considers. the problems of the flotation of
buried pipelines and the burial of rubble ~unds,
ietorapods, and other blocks by waves. However, the
subject is not well understood beeause the dynamie
behavior of soils is diffieult to express mathemat-
ieally.
. When the water waves propagate over a porous bed

sueh as a sand bed, the flow of fluid is induced in
the porous medium and the porous medium itself is
forced to deform. Thus, the bed response to water
waves is aetually a combination of fluid and solid
mechanical effeets.

There have been numerous investigations of the
proble. of the flow induc1,'din a porous bed by water
waves, ineluding Liu (1973), Massel (1976), Hoshagen

'~~~dT+rum (1975), Nakamura, et al. (1973), Putnam
;949), Reid and Kajiura (19~and Sleath (1970).

.owever, they all assumed that the porous beds are
.rigid and nondeformable. In addition, all except
,Moshagen and T+rum (1975) and Nakamura, et al. (1973)
,assumed that the pore fluid is ineompres'if6'IC. The
References and illustrations at e

On the other hand, the assumption common to the
investigations concerned with the bed deformation and
the stresses in the bed from water waves sueh as
Doyle (1973), Prevost, et al. (1975), and Mallaid and
Dalrymple (1976) is that the bed is an elastie eon-
tinuum and no fluid flow takes plaee in the bed. Thi:
is a classieal solid meehanieal problem and the solu-
tion ean be found in the text books of elastieity.
Assuming t~at the pore-water pressure is equal to the
change in the octahedral normal stresses in the
elastic continuum, Prevost, et al. (1975) concluded
that the pore-water pressure~he same as the one
obtained from the Laplaee equation and, therefore, is
independent oE the permeability of the soil. This
approach is, however, not physically consistent.

Pore-water flow, volume ehange, and deformation
oceur simultaneously in the real soil beds. 'In order
to take into account all of the effeets, the analysis
must be based on a more sophistieated mathematieal
model for the behavior of the fluid-porous .edium
eomplex. Biot (1941) presented the theory which take
into aeeount the elastie deforaation of porous .ediun
the eompressibility of pore fluid, and the Oarcian
flow of pore fluid. Koning (1968) applied the Biot
theory to the problem of the response of an inifinitc
ly deep bed to waves in an unpublished report. The
theory and some supporting experimental data are to I
published by Yamamoto, Koning, Sellmeijer, and Van
Hijum (1978). They concluded that the pressure and
effeetive stress response of a saturated soil bed of



[2]

. [1]

'.'...... <, -
shea•.,•.....
re-'

• '. • (10·(z - d)

Harmonic Solutions

0' 2G au v
" [3i • t:""""iV t] . [6]x

aw IJ0' " 2G [at· ~ e ] [7]t

t' G [~. aWl [S]xt 3t h.

where v is Poisson's ratio of the soil, G is the
modulus of the soi I. The effect ive stresses are
1ated to the strains by lIooke's law as

wherein o~ is the effective normal stress in the x-
direction, 01 is the effective normal stress i'nthe e-
direction, and t~z is the shear stress in the z-
direction on the plane perpendicular to the x~~xis.

Equations [1], (4), and lSI form a system of
three partial differential equations in terms of the
three unknown variables, p, u, and w, to be solved
for particular boundary conditions. .
Boundary Value Problem

In this section, the three simultaneous partial
differential equations will be solved for the:case of
waves propagating over a porous bed. At the ~op of
the bed (z - 0) the pressure fluctuates due to sur-
face waves. The pressure fluctuation attenuates as
the waves travel over the bed due to the energy loss
in the bed. lIowever, the attenuation rate is .usually
s~all and may be neglected when only t~e regiQri aroun~
a structure is considered. Thus the pressure ..at the
bed surface is assumed to be periodic in this deve Ic,
ment. The value may be determined by experiment or,
ignoring the damping, by higher order wave theories.
In any event, the periodic signal can be expanded in a .
Fourier series and it is, therefore, sufficient to
study. sinusoidal fluctuation.

Boundary Conditions
In order to solve the three simultaneous'partial

differential equations, one needs three independent
conditions per boundary. At the bed surface,. the
boundary conditions are that the vertical effective
stress is zero, that the shear stress is negligibly
small, and that the sinusoidal pressure fluc~tiation
exists, or,

i(~x • wt) -o~ " txt ••0, P - poe (z •• 0). [9]

where Po is the amplitude of pressure fluctuation at
the bed surface, A is the wave number, and w is the
angular wave frequency, and only the real part is
considered in the last equation.

If the seabed has an impermeable and rigid bound-
ary at % • d ,the boundary conditions are thit no soil
displacements at the boundary and no flow across the
boundary are allowed, or,

This paper considers, an~lytlcaJJy, the wave
induced behavior of soil and water in ~cabeds of
finite thickness based on the Biot theory. The
analytical results are compared with the results (rom
a laboratory experimentation. As a practical numer-
ical example, the stress analysis is done for a coarse
sand bed and a fine sand bed which are subjected to
the North Sea design wave conditions. The results,
as will be shown, indicate that the response of a
bed of finite thickness is strongly dependent of the
permeability and the stiffness of soil and that the
top part of the sand beds as much as 8.0 m can be
unstabilized and even liquefied by the design waves.

Governing Equations of Dynamic Equilibrium
The problem considered in this paper is two-

dimensional. A homogeneous isotropic sediment is
considered which has a constant thickness d. The x-
axis is taken on the bed surface (mud line) and the
positive direction of the z-axis is token vertically
downward from the bed surface. The waves travel from
right to left.

THEORY

The continuity equation is given as

infinite depth to waves is Independent of the p~rmc-
ability of the soil. However it will be shown in
this paper that this is not the case for a bed of
finite thickness.

Since the hydrostatic components of the pore-
water pressure, stresses, and strains in the soil are
trivial to the following consideration of the problem,
only the incremental components of such variables
viII be considered unless otherwise mentioned.

It V2.. n lI!. + aty -i' - iT lit it····
in which p is the excess pore-water pressure, t is the
volu-e strain of the porous .edium, t is the time, k
is the coefficient of permeability of the soil, y is
the unit weight of the pore-water, n is the porosity,
and K' Is the apparent bulk modulus of pore-vater.

If the pore-vater is absolutely air-free, X' is
equal to the true bulk modulus of elasticity of water,
t. However, if the pore-water contains even a very
small amount of air, the apparent bulk modulus of
elasticity of the water decreases drastically and K'
is related to X as [Verruijt (1969)] .

1 1 1 - Sr
rr-i'+-p--'

o

where u is the ~-component of soil displacement and 'II

is the z-companent of soil displacement.
Fro~ the effective stress concept and Hooke's

law, the equations of equilibrium are given as,

where Sr is the degree of saturation and Po is the
absolute pore-water pressure. The volume strain for
the two-dimensional problem is given as

au aw
I: • ax • 1i" • • . . . . . . . . . . . . . . (3]

2 G at .!e.
GV u + r:-zv Ti· ax . . . . . . . . • • • [4] Since the boundary conditions [9] is periodic

both in tiNe and space, it is reasonable to ~ssuae

1820



For the limit of Ad ~ • and GIK' ~ 0
for most soils exc~pt for dense sand.p are also periodic in time and space,

u • U( r) ei (Ax + wt) [113]. Poi (Ax +-iAze-h lilt) [16a]i(b + wt) u • mew • wei) e [lIb]
i(b + lilt) ( -Az P

P(z) [11c] A -Az) 0 i(Ax + Colt) [16b]p • e w • e + ze 2AG e
in which only the real parts are considered as before p • p ~-u ei(h + lilt)and U', W, and P are functions of % only.

0 . . . . [16c]
Substitution of Equations [lla,b,c) into the

three governing partial differential cquations [1],
(4), and [5] leads to the three simultaneous ordinary
differential equations of second order. The differen-
tial equations are linear and homogeneous and the
solutions can be found by forming the characteristic
equations of the operator, 0 • did:. One will find
the c~aracteristic equation as,

where

A' • ). (1 + i w)J,CT2"

• [12]

• • • • [13 J

It i5 interesting to note that the pore-water
pressure response for this case is the same as that
obtained by Putnan (1949) who assumed that the soil
is rigid and water is incompressible. The pressure
attenuation for this case is small and independent
of the permeability of soil. As can be seen from
Equations [16a,bJ, however, such good transmission of
the pressure has to be associated with the deformation
of the soil. The a~plitudes of the displacements and
the pore-water pressure after nondimension.li%ations
are plotted in Figure 1. A given soil particle moves
on an elliptical orbit in general. Near the bed sur-
face the IIIOtionis only vertical. For A% > 4.0, the
orbit becomes e~~entially a circle. The effective
stresses arc given as

in which c is known as the consolidation coefficient
of soil and given by a' • -a' • -Lr • P he-h ei (Ax + lilt) • [17]x % XZ 0 •

• 'nce 'the parameter w/).2 may be considered as a
ffusivity of surface wave, the parameter cA2/11lis

.Ie ratio of the diffusi vity of water in soil to the
wave:diffusivity. Therefore, the general solutions
Ilay be gi ven as:

u • al ch Az + a2 sh >.z+ a3: ch AI + aoC:sh >.z

+ as ch A': + a6 sh A': .. (lSa]

'w • bl ch A: + b2 sh Az + b3: ch h + boCzsh A:

+ bS ch AI: + b6 sh AI: . [lSb]

'p • cl ch h + c2 sh h + c3: ch Az + c4z sh Az

+ Cs ch A': + c6 sh AI% • . . . .. (lSc]

where &n, bn, cn (n • 1.••6) are constants which have
to be determined from the governing equations and the
boundary conditions. The functions cosh x and sinh x
are abbreviated as ch x and sh x, respectively, in
thi~: paper. It should be noted that the dispersion
ratio c.l.2/w, the stiffness ratio G/K', and the rela-
tive.bed thickness Ad are the three important param-
eterS in the dynamic response of soil to waves.

The analytical expressions become very simple if
the seabed is infinitely thick. If the soil is satu-

; ~ed with water, then the apparent ~dulus of
\ Jsticity, KI, is equal to the true modulus of
~asticity of water, K • 2.3 X 109 N/m2• Since the
value for G for soils varies from about 109 N/m2
for very dense sand to 106 N/m2 for silt and clay,
the 'stiffness ratio, G/K', becomes practically zero

As will be demonstrated later in this paper. the
response of a bed of finite thickness is strongly
dependent on the permeability and the stiffness of
bed soil.

• • • • (18]a' • a' - "z'% oz

Substituting [16a,b) into [3], one finds that the
volume strain, t, is always zero for this case--no
volume change. The amplitudes of the stresses given
by [17] are also plotted in Figure 1. All three
effective stresses increase froa zero at the bed sur-
face (% • 0) to the IIaxillullvalue, 0.36 Po at·'h • I,
and then gradually decrease as z is increased.

Failure Analysis
So far, only the wave induced incremental changes

in stresses and pressures in soils from the initial
equilibrium state have been considered. In this
section the failure aechanicsms of soils induced by
waves are considered. Frailthis point on the tradi-
tional sign convention for stresses in the soil
mechanics will be used, i.e., a stress is positive
when it acts as a compression. Although the failure
analysis given herein may be extended to cohesive
soils, only sands and cohesionless soils are considered
in this paper.

The total effective stress, a~, in the z-direction
is given as

where 00% is the effective normal stress in I-direction
at initial equilibrium and given as

at • Yb % • Y (G - l)z •••••• [19]
0% n s

where Yb is the buoyant unit weight of the soil and Gsis the specific gravity of soil grains. 01 in Eq. [I8]
is the incremental effective stress_given by Eq. [7].
The total effective normal stress. o!, in x-direction

[14 J2v) -1k n (l - ]e • ~ [F + 2(1 - v)G •• ~ ••••
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is given by
a' • a' - 0'x ox x •••.••• [20 J

..
"

"

rared in Fig. 3 arc the calculated values fro~~~
theories given in Putnam (1949) and Moshagen and ~
Hrum (1975). .h..

where Ko is the coefficient of earth pressure at rest
and is related to the Poisson ratio, v,.as

The values of Ko for soils range from 0.4 to 1.0
(Scott, 1963).

The theory in Putnam (1949) is based in the ",..
assumption that soil is rigid and water is incompress-
ible, i.e., the Laplace equation for pore pressure.
As will be shown latcr, this 15 given as the limit
of the present solution when k ~ -. The theory by
~loshagen and T+rum (1975) assumed that the water is
compressible while the soil is rigid, i.e., the heat
conduction equation of pore pressure, which is .iven
as the limit of the present solution when G/K' ~ -.

Since no measured values for stresses or deforma-
tions are available, further verificant of the present
theory cannot be made. However, the good agreements
for the pressures between the present theory and the
experiment support the validity of the proposed theory
to some extent.

For the case shown in Fig. 3, neither of the two
earlier theories agree with the experiment. This is
because of the unrealistic assumption of nondeformable
soil structures used in both theories.

(23)

• (21 J

• • [22 J

0' • K 0' • K Yb zox 0 oz 0

where obx is the effective stress at the initial
hydrostatic equilibrium and may be given as

Since the shear stresses on horizontal and verti-
cal planes are zero at the initial equilibrium, the
total shear stress, txz, is related to the incremental
shear stress, t~z of Eq. [8] as

Thus, the failure criteria of the soil element ftta
given point at a given instance may be defined as

where +f is the angle of internal friction of soil.
Numerical examples of failure Inalyses applied to

the North Sea design conditions Ire given later in
this paper.
VERIFICATION OF THEORY

Equations (18), (20), and [23J may be represented by
the Mohr circles as shown in Fig. 2. The Mohr circle
at a given instance is illustrated by a heavy solid
circle passing through points P and Q. The point P
and Q rotates on the shear ellipses shown by dashed
lines at wave angular velocity, ~, as the waves
progress over the seabed.

~.

Effect of Permeability

PRACTICAL EXAMPLES

Effect of Soil Stiffness

As practical examples, the proposed theory is
applied to North Sea design conditions. The same
numerical values of physical quantities for waves and
soils used in Hashagen and T+rum (1975) are used for
comparisons. The design wave conditions are: T. 15
sec.; L • 324 m; wave height H • 24 m; water depth h .
70 m; bed thickness d • 25 M. Thus the relative bel
thickness Ad is 0.46. Various sand beds are consid-
ered. Sands are assumed to be saturated (K' ~ 2.3 x ~~
109 N/~2) and isotropic (n. 0.3, v • 0.333, Gs • 2.7).
The linear wave theory was used to calculate the pres-
sure distribution on the mud line as vas used in
Hashagen and T+ru~ (1975).

The pressure distributions in the moderately
packed sand beds (G • 107 N/m2, G/K' •• OOS) .wi~h vari-
ous permeabilities are shown in Fig. S. As shown in
this figure, the pressure distribution in a sand bed of

The vertical distribution of amplitude and phase
lag of the pressure in fine sand beds (k • 10-~' m/sec)
with various stiffnesses Ire shown in Fif' 4. For a
very stiff bed like a sandstone (G • 101 N/m2,. GIl' ,.
SO) the flow is essen~ially that of compressible fluid
in a rigid porous material and the present solution
approaches the solution by Hashagen and T+rum (1975).
The pressure attenuates rapidly and has a large.phase
lag which nearly linearly increases with depth. As the
soil stiffness gets smaller, the soUfram deforms
more easi ly and the phase lag becomes small. . Por
moderately packed sands, G • 107, the amplitud~' of
pressure decreases rapidly and has a minimum at. Z • 4 m
and gradually increases IS the depth is increas~d. In
the lower part of the sand bed, the relative motions
between the fluid and solid is very small and the soil
behaves more like an elastic continuum. The rigid
bedrock restricts the free elastic deformation of the
soil near the boundary and ienreases the stresses and
pressure.

• • . . .••. (25).....

sin +(x,z,t) •

In order to verify the present theory, the pore
pressure calculated from the present theory are com-
pared with the measured values from the laboratory
experiments which Ire reported in Yamamoto, et al.
(1978). There, the pore pressures at various-dePths
in a 0.5 • thick sand bed were measured for 1 to 2.6
sec. waves in 0.9 • water. The comparisons between
the theory and experiment for a fine sand are shown
in Fig. 3 for a 2.6 sec. wave. In the calculation,
the experimentally determined values of soil prop-
erties, v • 0.333. c • 0.2 m2/sec, n • 0.35, G • K' •
1.6 X 106 N/m2 were used. The comparison shows a good
agreement for both magnitude and phase. Although not
shown here, generally good agreements were obtlined
for other wave periods and for coarse sand. Also com-

The stress state at • given location at a given
(instance .ay be conveniently expressed by the Ingle

+ between the tangent from the origin to the instan-
taneous Mohr circle and the a-Ixis. The angle + may
be called the stress angle Ind given by,

{(a' _ G,)2 • 4 t' 2)~
Z x Xl [ )• •• 24

G' • a'Z x
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e thickn~ss is strongly d~r~ndent on the perme-
ility contrary to the infinitely thick bed.

For the very coarSe sand (k • 0.1 m!sec), the
compressiblities of water and soil have small influ-
ence on the fluid flow and the pressure distribution
approaches that of the incompressible flow in a rigid
porous medium by Putnam (1949). As the permeability
decreases, the solid mechanical effect becomes more
important as discussed in the previous section. The
pressure gradient nea~ the mud line increases as the
permeability decreases. This may indicate that the
fine sand may be more easily liquefied than a coarse
sand.

Complete stress analysis will be given next for
a coarse sand bed and a fine sand.

Coarse Sand
The physical properties.for the coars~ sand used

in calculations are: k. 10 m/sj G • 10 Nlm j
n •. 3; v • .333j and Gs • 2.7. The consolidation
coefficient is calculated by Eq. 14 and c • 40.8 m2/s.
For this case, the dispersion ratio is c~2/w • .037
and the stiffness ratio is G/K • .00435.

The vertical distributions of the vertical and
horizontal displacements and the volume strain are
given in Fig. 6. As can be seen, a given soil
particle moves on an ellipse with its major axis in
the horizontal. The amplitudes decrease with depth.
The volume change is maximum at the mud line, de-
creases to the minimum at z • 16 m and increaSeS near
the rigid bedrock. Near the mud line the soil expands
under a wave crest and contracts under a wave trough.
~e opposite is true near the bed rock.

Fig. 1 shows the Vertical distribution of wave
induced effective stresses. The shear stress linearly
increases with the depth. At the mud line the verti-
cal stress is Zero and the hori10ntal stress is maxi-
mum. The effects of wave induced stresses on the
soil instability can be -ere clearly illustrated by
the stress angle. defined by Eq. [24]. The spacial
distribution of the stress angle. so calculated is
shown in Fig. 8. The distribution is practically
symmetric about the wave crest. A "tensile" stress
occurs in the shaded area near the mud line..

Of course a sand cannot withstand tension, there-
.fore, it must be liquefied. The penetration depth

of liquefied 10ne is maximum at a wave crest and about
2.2 _, and near the trough .2 m. Below the liquefied
zone, there exists a slide-failure 10ne, the depth of
which depends on the internal friction of the sand,
.f. If +f • 30', the failure sene penet rat es 7.5 II
at the crest and 1 m at the trough.

Fine Sand
The similar calculations are made for a fine sand

~ith k • 10-4 mls. The values of other physical
properties are the same as for the coarse sand. The
values of c, cA2/w, nnd G/K are .408 m2/s, .00037,
and .004, respectively. The results of calculations
are shown in Figs. 9 to 11 in the same manner as for
~he coarse sand. As shown in Fig. 5, the pressure

~ps rapidly from 57 KN/.2 at the mud line to
_ KN/m2, and gradually increases as the depth is

increased further. Since the water cannot escape
easily in a fine sand, the high pressure in the lower
part of the sand bed is maintained by the elastic

volumetric change of the pore water as can be seen in
Fig. 9. As shown in Fig. 10, the shear stress
increases linearly similar to the coarse sand. How-
ever, the normal stresses vary differently from the
coarse sand. As shown in Fig. II, although the
distribution of the stress angle is slightly assym-
metric about the wave crest, the overall tendency is
similar to the coarse sand.

The penetration depth of liquefied 10ne is 2 m
at the crest and 1 m at the trough which is deeper
than the coarse sand; If +f • 30', the sliding fail-
ure 10ne is 6.5 m deep at the crest and I.S m deep at
the trough.

Since the sand in the liquefied zone and the
failure 10ne loses its strenth, the structures within
or upon such soil mass will lose their supports. This
may explain why submerged pipelines float and why
rubble mounds and artifial bloc\s are buried in sand.
This may also explain the foundation failures for
some offshore structureS.

Since the sand in the liquefied zone should be-
have like a fluid, it will be easily carried away by
waves. This may explain why a huge amount of soil is
moved by tsunamis and large storm waves. A large
wave energy is consumed by fluidization of sands. This
may explain why large, steep waves attenuate rapidly
on sandbeds.
SUMMARY AND CONCLUSIONS

The effect of wave induced pressures and stresses
on the instability in sandy seabeds of finite thick-
ness was considered mathematically based on Biot's
three-dimensional consolidation equations. The bed
response to waves was found to be strongly influenced
by the permeability and the stiffness of soil and the
thickness of the bed.

The analytical expression for the pore pressure
was verified with experiDental data. An excellent
agreement was obtained.

For North Sea design conditions, numerical calcu-
lations were Made to analyze the stability of both a
coarse sand bed and a fine sand bed. The numerical
results indicated that the top portions of sand beds
as thick as 2.5 • can be liquefied from the design
wave and that the slide-failure zone can penetrate the
sand beds even deeper, as deep as 8.0 m.
NOMENCLATURE

c • coefficient of consolidation of soil
d • thickneSS of seabed
C • shear modulus of soil
Gs • specific gravity of soil skelton
K • bulk modulus of elasticity of water
k • coefficient of permeability of soil
K' • apparent bulk modulus of water
Ko • coefficient of earth pressure of soil at

rest
n • porosity of soil
P • pore pressure function
p • incremental pore pressure
Po • absolute value of pore preSsure
Po • amplitude of dynamic pressure at mud line
Sr • degree of saturation of soil
t • time
U • horizontal displacement function
u • horizontal displacement of soil
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W • vertical di~placcmcnt function
'" • ve rt lcal displacement of soi I
x • fixed horitontal coordinate
t • fixed vertical coordinate measured down-

ward from mud line
l • unit weight of water
lb • buoyant unit Weicht of soi I
t • volume strain of soil
A • wave number
AI • complex wave number
v • Poisson ratio of soil
0X • incremental horitontal effective strcss
0t • incremental vertical effective stress
001. • horitontal effective stress at rest
00% • vertical effective stress at rest
Txt • incremental shear stress
txt • total shear stress
• • stress angle
+f • angles of internal friction of soil
w • angular wave frequence
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I Experience indicates that assessment of the pot~ntial
_for significant soil movemen~ depends on pr.oper analysts and

integration of data and evidence from SIX categories of
inf ormation.

L INTRODUCnON

A primary objective of an ev.alu~tion o~. seafloor
stability is to determine if (under en terra conditions) the

L seafloor soils will move signifi~antlr .so as to generate Impor-'
tant forces on a structure. A Simplified approach to develop-
ing such evaluations is described in t~is paper. The .app.roach
is illustrated with data from a fictitious platform site In theLWest Delta area of the Gulf of Mexico. .

EVALUATION

L ABSTRACT .

A simplified method is described for evaluation ?f
seafloor stability. The analysis is based on an elastic

1continuum formulation modified by a Plast.icity Facto~. T~o
key dements of input into such an analysis are examined In
detail: soil shear strength and wave-induced bottom
pressures.

t· For the example platform loca:ion used in this paper,
. . conventional treatment of these two Input elements leads to

an evaluation that the seafloor will be unstable during

C·eria conditions. However, when perceptive evaluations
. made of drilling, sampling. and testing facto~s.tha~ 3C.t to

. lower measured shear strength, and when recognition IS given
to the wave attenuating effects of bottom motions, the!' the
evaluation leads to the conclusion that the seafloor WIll beI stable. Platfccm experience during past criteria c~ndi~ions in

- the vicinity of the example location is used to Justify the
conclusions.

L.
Geologic - historic and presen~ .dep::lsitio.nal and
deformational environments, proximity to hlghrat.e
deposition centers, bathymetri.: features and their
historic changes.

Geophysic • high resolution geophysics and side scan
sonar da ta to identify relict and active bottom and sub-
bottom features in the vicinity of the location.

3) Geotechnic - results from closely controlled soil borings
including drilling characteristics, measurements of soil
shear strengths, water contents, sensitivities, gas
contents and composition, and observations of the
macro-structure of the soils.

4) OCeanographic - estimates of extreme tide, wave, and
current conditions, bottom pressure changes caused by
such conditions, and general alteration of these condi-
tions caused by sea wave-bottom interactions •

5) Analytic - results from computational and physical
models which attempt to determine the stress and
strain conditions developed in the soils by geostatic
(slope, regional deformation, reservoir sources) and
oceanographic conditions.

6) Structure Performance - studies of platforms and
pipelines located in the same or similar areas which
have experienced severe oceanographic conditions and
been subjected to seafloor soil movements. This
frequently-ignored source of information can provide
valuable data to calibrate results of the evaluation.

In an area such as. that of the Mississippi River Delta, in
general, it is not a question of whether or not there will be
soil movements. The soils will move. It is a question of how
much, how deep, how often, and with what effects (force,
displacements).

The significance of the movements depend on the
structure involved and the engineering strategies employed in
its design. In general, the design of platforms and pipelines
are such that large deformations can be tolerated without
developing unacceptable performance. Failure of the soils
does not constitute failure of the structural system, provided
the system has been designed to maintain its integrity under
the loads and imposed deformations. Assessments of the
characteristics of soil response or evaluations of bottom
stability must be kept within the context of the expected or
desired performance of the structural system (20).

CONVENTIONAL EVALUAnON

In this paper a fictitious platform site is used to
illustrate application of the proposed evaluation procedure.

References and illustrations at end of paper.
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<,1,0""" in Fig. I is the bathyrnctr y 01 the Southwest Pass of
the ~ississippi River Delre. This is an area that is being
b\'pll~st'd b}' the rapid scawar d prClgrad.:ltion of this mouth of

: ~ river. The platform site is in a water depth (h) of 1.50ft.,
Based on results from a conventional soil boring at the

platform site, Fig. 2 depicts the measured shear str eng th
(field miniature vane) profile for the upper 1.50!t of soil.

A conventional study of the oceanographic conditions
for this area indicates a design wave height (H) of 55 It and a
.•••.ave period (T) of 16 sec. These design conditions are for
)OO-year ret urn period hurricanes. Such design wa ves would
generate a bottom pressure amplitude .(lIP) of about 1200 pst,

A conventional analytical model used to determine
bottom stability is that proposed by Henkel (22). A sinusoidal
bottom pressure wave Is imposed at the mudline. A series of
circular arcs are assumed to penetrate the sells to different
depths. SoU shear strength along the perimeters of these
circular arcs resist the motion-producing moments of the
bottom pressures and the gravity or slope e!tects. Through a
series of trials, the circular arc possessing the lowest factor
of safety Is located.

Shown In Fig. 3 are results from application of this limit
equilibrium model to oceanographic and soli conditions
cited. The resul ts are presented as the depth of sliding
caused by a range of bottom pressure amplitudes and wave
periods. These results imply that these sells will not be In
equilibrium under design wave conditions. Slide depths of 120
it are Indicated.

The initial conclusion is that a slide-resistant platform
-.11 be necessary for this location. But, is this a reasonable
•.•.·~aluation?

GEOLOGY

During the last decade, the geology of the Mississippi
Delta has been studied extensively (8,13,11i,39). ' Our
understanding of current deformational processes and bottom
morphology has Increased greatly (i1i,32). We have come to
learn that the geology of this environment is extremely
complex.

The example platform site Is located in the Delta
Front. Shown in Fig. 4 are bottom features Identified in this
area (Iii). Collapse depressions, bottleneck slides, advancing
mud fronts, and mud diapirs are present in portions of this
area.

The fundamental sources of the activity are sediments
deposited by Southwest Pass. Activity can be directly
correlated w ith per iods of high sediment buildup by the river,
with periods of intense wave and current action, and with
periods of very low tides (such as accompany hurricanes and
northers) (10).

Figure .5 shows north-south and east-west bottom
profiles through the platform location. The elevations of the
seafloor In 1940 are compared with those in 1977. About 10
it of buildup of the bottom occurred at the platform location
during this 38-year period. Note the unusual buildup that

, "'ccurred in the southern portion of the location. This is
, :licative of an advancing mud front. However, the platform

rocatien now appears to be located in a bypassed area where
deposition rates and influxes of soils transported by sliding
mechanisms are minimal (29).

GEOPHYSICS
- ,

Figure 6 sho ..•..s il sarnple high resolution geophysics line I
across the platform location. Within 3000 1t of the location
the geophysics data show no active bottom features. Th
strong reflector at a penetration of 170 ft is the contac ,
between the Pleistocene and Recent sediments. The records I
imply the possible presence of small quantities of gas in the
sediments above 170 It of penetration. As shown in Fig, 7.,
the data outside the immediate platform area show evidence
of relict mudflow lobes that are now buried below the I
seafloor. Sim ilarly, side scan sonar. records show no unusual
bottom features in the vicinity of the platform site (14).

It is obvious. that in the past this area has been subject I
to influxes 01 materials. At the present time, the area
appears to be relatively quiescent. This is in general confor-
mance with the plctvre of Recent geology previously
described. -,

OCEANOGRAPHY

Since 191i0, a large number of intense hurricanes have I
affected the West Delta area. The hindcast and measured
deep water (> 300 ft) maximum wave heights and significant
periods associa ted with each of these hurricanes are shown in
Fig. 8 (7,10). Wave heights ranging from 20 to in excess of 801
ft have been generated by these storms. There have been 7
storms that produced maximum wave heights in deep water in
excess of 40 It during this 40-year period, or about one storm
every six years. . T

Figure 9 shows estimated maximum bottom pressure
amplitudes associated with the recent history of hurricanes.
Bottom pressure amplitudes have been computed for a water'l
depth of 1.50 ft and based on non-moving bottom theory

'05,3&). Note the general tendency toward more frequen
occurrences of high bottom pressures than high wave
heights. There were 12 occasions in the 40-year period i0

1
..

which computed bottom pressures exceeded 600 psf.

High wave heights are generated by near-passlng
hurricanes. Long waves or large wave periods can be,
generated by both near-passing (preceding swell) and distant I
storms. As shown in Fig. 10, bottom pressures are sensitive
to wave periods and wave heights. Thus, the combination of
high wave heights and large wave periods leads to more
frequent occurrence of high bottom pressures. This can be an1'-
Important factor In assessing the return periods or
probabill ties associated with storm wave effects on the
bottom.

One of the most important oceanographic e!fects in ther
West Delta area is that of wave decay. It was pointed out in
a previous study (7) that in two of the most intense storms te '
affect this area in recent times, recorded and observed high'[
deep water waves did not 'reach shallow water as might have
been expected. For example, in Hurricane Betsy (196.5), deer,
water wave heights in the range of 7.5 to 80 It were recerdec
and observed in the Delta area. However, in the shalJo~r
water portions of the Delta, wave heights less than 20 it wer~ I
observed. This was much greater wave decay than could be
explained by conventional wave decay mechanisms. Twe
additional mechanisms were proposed: wave-current
interaction and wave-deformable bottom interaction (7). I

Recent studies (10,15,37,38,40) and recorded date
(I9,40,41) suggest that deformations of the seafloor in sof
bottom areas have extremely important effects on wav.
heights in shallow water. Results from one of these studies inl
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the West De l t03 area is shown in Fig,. II. Analys es have been
per I ormed on t hr ce sets of pr op aga ting waves: a wave train
having, deep water wave I,eights of 72 It and periods of II sec
in deep water. This wave condition was chosen from the API

ideline design wave heights for the Gulf of Mexico (27).
" • ne second and third wave trains have deep water heights of

5& and ~O f t, and per Ices of 13 and 15 sec, respectively.

The dashed lines show the decay of 'hese wave trains as
they propagate into the West Delta are t: assuming, that the
seafloor is rigid. The solid lines show decay of these wave
trains based on results from analyses which recognize that
the seafloor is deformable. Deformation characteristics of
the seafloor have been based on the soil characteristics of the
West Delta area (21) and results of viscoelastic continuum
analyses of these soil profiles (lI,33,3~).

For purposes of reference, the recorded and observed
wave heights during Hurricane Betsy have been shown. The
data are in general agreement with the analytical results.
Similar conclusions can be reached from data recently
reported by Forr lstall, et al, (19).

The important observation is that in a water depth of
150 ft, a maximum wave height of about ~o It with a period
of J6 sec is indicated based on these results. It should be
noted that other reasonable combinations of high waves and
large wave periods are bracketed by these results. Higher
and steeper waves are attenuated more rapidly than lower
and longer waves. Also, note that in very shallow water, say
less than .50 ft, these results indicate wave heights less than
JO to 15 it are expected, even in very intense hurricanes.

Based on these findings, a criteriaJ.evel wave height of
40 ft and a wave period of 16 sec were selected for use in the
~,alyticaJ evaluations of soil stability at the platform

..,veation.

Another potentially important effect of the
deformations of the seafloor is on the effective bottom
pressures. This problem has been addressed by Suhayda
()7,38,40) and others (J 1,35). A general solution for the
bottom pressure amplitude for a sinusoidal surface wave that
develops a comp,erable seafloor deformation wave is given in
Fig. 12 (38).

The first portion of this equation is that for the
condition of a rigid bottom. The second portion recognizes
the influence of the deformations of the seafloor on the bot-
tom pressures. The seafloor def ormations can cause either an
increase or decrease in the bottom pressures depending upon
the phase angle (41) between the surface and bottom distur-
bances. For phase angles between 0 and 90 degrees and 270
and 360 degrees, the bottom motions reduce the bottom
pressures. For phase angles between 90 and 270 degrees, the
bottom motions increase the bottom pressures.

Analyses (11,37) and measurements (19,40,41) indicate
that the phase angle is a function of the intensity of the
bottom motions and the extent of plasticity or inelasticity
induced in the soils. At low levels of deformation, the
response is largely elastic, implicating a phase angle (41) of
approximately 180 degrees (2&,34), For f1~id-I,ike or v,iscous
response of the soils, at low levels of excltattcn, the phase
angle may be in the range of l~ to .20 degr~es (38).. For
: ntense bottom motions, dynamic vls coelasttc continuum

,alyses'indicate phase angles in the range of 120 to 130
degrees (11).

For the intense bottom pressures and motions of
concern at the platform site, ,he analyses impl)' that bottom
pressure amplitudes might be increased by 20 to 30 percent
over rigid bottom pressure's (J I). For a 40-ft, 16-sec period
design condition wave, the bottom pressure consequently is
about 1000 psf.

GEOTECHNICAL

In an ear Ii er section, the results of SOil sampling and
testing from a conventional boring at the platform site were
described. These results incorporated three important
sources of disturbance, all of which tend to lower the
strength of the' soil: drilling, sampling, and pressure relie!
(31,32).

Figure 13 shows the mud weight required to hold the
drill hole at the platform site stable without allowing collapse
or fracture (l,12,2~,30,32). Two different fracture gradients
are indicated. The gradient of 0.65 psi/it is typical for most
conditions along the Gulf Coast 0,24). The gradient of 0.~3
psi/ft has been found to be characteristic of conditions in the
vicinity of the Del ta (23,24),

In the conventional boring discussed earlier, the driller
. decided to spud the hole with a drill fluid having a weight of
9.5 pounds per gallon (ppg). For normal Gulf Coast
formations such a practice would be satisfactory. However,
in this particular location such a practice results in
overpressuring the drill hole and fracturing the formation to
depth! of 100 ft. Close examination of the samples to depths
of ~O to 60 ft 'indicated the presence of drill fluid and
formation squeezing (distorted soil structure). Proper control
of 'drill mud weight and viscosity are key elements in
performing soil borings that are able to result in retrieving
~amples that are relatively undisturbed •

A second important source of disturbance is that
associated with sampling. The influence of one of the causes
of sampling disturbance is illustrated in Fig. 14 (2.5). It is
conventional practice to perform the shipboard vane shear
tests in the ends of the sampling (Shelby) tubes, generally
with a vane penetration of 1/4 to 1/2 inch. The data sum-
marized in Fig. 14 indicate that the soils close to the ends of
the Shelby tubes are disturbed to a much greater degree than
those farther into the sampler. This is due to the sample
insertion and withdrawal eHects acting to distort the soils in
two directions close to the end of the sample tube.

Vane srear strengths are 40 to ~O percent greater 3 to 4
sample tube diameters from the end of the tube (25). These
results have been developed by utilizing a vane shear device I
that has a very long shaft that can be successively pushed.
depeer into the sample. Also, the results have been i
determined by successively cutting. the end of the steel j
sampling tubes and running the vane shear tests. Similar i
eHects take place across the cross-section of the samples as
shown in Fig. 14.

Obviously, It is important to recognize how the vane
shear tests have been performed, for there are large potential
elf ects on the characterization of the inplace or in-situ
strength strength of the soils.

A third important source of disturbance is that due to
stress relief. This stress relief effect is due primarily to
expansion or free and dissolved gases in the soils (18,42). As
the samples are brought up to the sea surface, there is a
substantial reduction in the eif ectlve pressure acting on the
soil. Upon sample extrusion, dissolved and free gases expanc
and distort the fabric of the soil. Strength reductions result.
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One approach to compensate lor such stress relief
cll('ct~ is that 01 hieh pressure tr iaxlal testing. In such tests,
hi!;" total pressures and pore water back pressures are

. qiz.ed to recompress t he gilses to a volume about equal to
.t in-sl tu, Samples are allowed to age so that significant

thixotropic effects can assist in mending the fabric bonds
broken b)' sample re tr ieval, extrusion, and re-compression.

Rcsul is 01 such tests on Delta clays arc summar lz cd in
Fig. I~ (17). Soil shear strength (C) is plotted versus the
Liquidity Index (Ll) 01 the soil. the Liquidity In~ex !s .a
normalized water content (water content (W) - PlastiC Limit
(\V ) / Liquid Limit (WL) - Plastic Limit), The natural water
coRtent and the Liquid and Plastic Limits are soil properties
that are not sensitive to disturbance effects, even though
they may contain errors due to soil inhomogeneities,
porewater migration, and operator technique.

In this boring, due to disturbance of the samples in the
upper .50 to 60 ft by the drilling, and gas relief effects in the
deeper soils, the correlation of strength to Liquidity Index
was utilized to estimate in-situ shear strength Oil. Results
of this estimation and results of using the vane shear
strengths corrected for their location in the sample tubes are
indicated in Fig. 16. The soils are inferred to be significantly
stronger than originally determined from the conventional
sampling and testing data.

ANALYTICAL

A large number of sophisticated analytical models have
been developed to assist in evaluating seaflcor stability.
These models fall into three general classes: (l) Limit
Equilibrium, (2) Finite Element, and (3) Layered Continua.

~ sUp-circle analysis previously described falls into the
I 'st class. The finite element analyses developed by Wright
tr.3,44) and others (3,6,26) fall into the second class. An
example of the most recent development, layered continua
analyses, has been published by Schapery and Dunlap (33,311).
All three of these classes of analyses recently have been
reviewed and the ir resul ts compared (1I).

Jn an early paper dealing with physical modeling of the
wave-bottom interaction phenomena, Doyle (16) suggested
use of an elastic continuum analysis. For a given amplitude
of pressure (tip) at the seafloor, the maximum shear stress
('T~) induced In the elastic medium can be computed from the
fOllowing expression (16):

t = 2n Z/L exp (-211 Z/L) tiP ••••••••••••••••••• (1)e
where Z is the depth into the medium and L is the wave
length.

The shear stress normalized by the pressure amplitude
(te/tlP) plotted versus the depth into the medium normalized
by the wave length (Z/L) is given in Fig. 17. The peak shear
stress occurs at a depth equal to 16 percent of the wave
length. The peak shear stress is equal to about 37 percent of
the bottom pressure amplitude. For example, a wave height
and period producing a bottom pressure amplitude of 1000 psf-
with a wave length of 1000 h•.would produce a peak shear
stress in the soil of 370 psf at a depth of 160 ft.

These stress conditions are appropriate for elastic
-:dia. Under Intense wave excitation, significant amounts of
.:Iastic action develop in the soils. Such inelasticity wou!d

lead to a reduction in stresses as indicated by the elastlc
analyses.

To recognize the effects of inelasticity in reducing the
shear stresses induced In the sells, finite element analyses
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(J 1,411)have been pcr Iorrncd in which the' ccnstttutlve re la-
tionships for the soil$ were dett'Tmincd {or high strain behave
ior (from re sul ts 01 labora tory tests (3,17)). Soil response was
analyz.ed for intense wave action, or high bottom pressures .
The rcsul ts of these analyses arc summar ized in Fig. 1&.

The rnaxlrnurn shear stress induced in the soil (r max) is
plotted versus the wave pressure amplitude. The data points
are from the finite element analyses in which different
characterizations of soil strength and stiffness (recognizing
dynamic and cyclic effects) were used. The inclined lines
through these points are for various values of a Plasticity
Factor (pF) that were used to modify computed elastic stres-
ses so that they would approximate results from the complex
inelastic finite eiement analyses.

The Plasticity Factors are simply empirical constants.
Thus, one computes the shear stress from equation (ll and
multiplies the results by Plasticity Factors in the range of 0.6 _
to 0.7. This enables a simple analysis of soil response that
involves significant amounts of inelastic and nonlinear behav-
ior. .

The results of applying the foregoing simplified analysis
to the example platf orm si te are given in Fig. 19. The elastic
stresses from Equation (I) have been modified by Plasticity
Factors in the range of 0.7 to 0.6. The soils are indicated to
be stable. The shear stresses induced by the criter ia wave
pressures are less than the in-situ soil shear strength.

STRUCTURE PERFORMANCE

Platforms and pipelines have been installed in the
Mississippi River Delta since the 19~O's. There are in excess
of .500 platforms and many hundreds of miles 01 pipelines
installed in this area. In general, the performance of these
structures has been satisfactory (10). The soil movement
associated failures that have occurred have been cases in
which conventional platforms were unknowingly or inadver-
tently installed in the direct path of active slides or across
active growth faults (5,10,11,36). Similar statements can be
made concerning pipelines, with the exception that smaller
features, such as collapse depressions, can lead to loss of
support and subsequent fatigue failures (4,9).

Figure 20 locates 29 conventional platforms In the
general vicinity of West Delta (in water depths greater than
60 ft). These platforms were installed in the West Delta area -
prior to Hurricane Betsy (9.9-6~) and were in place during
Hurricane Camille (8-17-69). Structures installed after,
Camille have not been shown. One platform (West Delta
Block 133 A) suffered damage from a floating sernlsubmers-
i~le that broke its moorings in the midst of a salvage opera-I
uen,

It is important to note that all of these platforms were.
conventional structures designed for deep water wave heights I
In the range of .5.5to 60 ft. The deep water (>200 to 300 ft)
platforms experienced wave heights of 50 to 60 ft in Betsy
and 4~ to ~5 ft in Camille (7,27). Soil conditions In this area
are- generally similar (2 I). If the sells were going to move and r'
exert significant forces on the platforms, then the structures
would have indicated the effects. None of the platforms
indicated any such eHects.

These data imply that a conventionally designed Plat-I
form (2) in this area has suUicient inherent strength to sur-
vive such hurricanes, even If soil movements have eccurrec
during these events. This anomaly apparently is due to cen-
servative wave force formulations and significant reserve I
strength in the platforms (7,11,27). It is likely that the 5~ te
60-ft design waves cannot propagate into shallow water dUI



to the wave-bot tom tnteraction~. AI~o, it I~ likely th", the
sells have rno:•.d signiliont amounts at least 1(\ depths 01 the
order 01 20 to 3:1 It. Thus, the pte tj or rns and foundJtion~
have been designC'd to ir.corpor a rc sulfir.ient strength and
, vc been abl e to withst and the storm ",'aves and bottom

vcrncnts,

CONCLUSIONS

This paper hJS illustrated a simplified, yet rcalis tic,
method to evaluate seafloor stability. The paper has high-
lighted two key clements which, if treated conventionally,
can lead to over conser vatlsrns in the prediction of seafloor
instabilities: evaluation of in-situ soil shear strength and
evaluation of shallow water hurricane wave heights. In the
example cited in this paper, the conventional treatment of
these two elements leads to an e valution that the seafloor
will be unstable during criteria conditions. However, when
perceptive evaluations are made of the drilling, sampling, and
testing factors that act to lower the measured shear strength,
and when recognition is given to the wave attenuating effects
of bottom motions, then the evaluation is that the seafloor
will be stable during criteria level conditions. Platform ana
pipeline experience during criteria level conditions is used to
calibrate and justiiy such conclusions.
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AoSorRACT
Denne afhandling omhandler vekselvirkningen mellem en

r¢rledning og en eroderbar bun~.
F¢rst stude res erosionen under en r¢rledning udsat for

st~¢mmende vand I en retning. Erosionsm¢nstret sammenlignes med
en teoretisk hydrodynamisk model, hvor str¢mningen beskrives ved
hjzlp af potentialteori. Den tidslige udvikling beregnes ved
hjzlp af en sedimenttransportformel kombineret med
kontinuitetsligningen fo~ s~diment, ..D~nn~.2 .•d~men~ion.al~ !!'Odel
udvides i kapiU!1 3 til egs! at·give .visee ideer om 3-dimen- ..
sionale erosionshuller under r¢rledni~ger. Dette baserea kraf-·
tigt p! hypotesen, at erosionen standser det dybeate ated, nAr
r¢rledningen r¢rer bunden.~

B~tydningen·af ~~!~!!!!!!~!~!~9·nedstr¢ms en r¢rledning
p! udstrzkningen og dimensionen af erosionshullet er atuderet i
kapi~el 4. Det vises at hvirvelafl¢sningen ¢ger erosionshullet.
dimensioner.

I kapitel 5 studeres betydningen af, at atr¢mningen .krif-
ter retning m~d tiden (tidevand, b¢lger). Herved bliver ero-
aionsdybden betydelig st¢rre end i str¢mtilfzldet, da den store
nedstr¢ms erosion nu finder sted p! hegge aider af r¢rlednin-
gen.

Endelig er vekselvirkningen mellem et y!~~!~!~~!r¢r og en
eroderbar bund unders¢gt i kapitel 6: p! grund af r¢reta vibra-
tioner kan langt mere sediment nu bringea 1 opslemnlng, hvorfor
eroalonen ¢ges. pI den anden side vises det, at tllstedevzrelsen
af et erosionshul i visse tllfzlde mindsker rislkoen for at r¢-
ret vibrerer.

The interaction between a pipeline ;\ncJ an '1ro,lihJ~he·!~.I!'

been studied. The thesis consists of six chapters on fiv~
topics.

In chapter 2. the two-dimensional scour under a fixed pi~c
in current is stUdied. First. the on-set of the scour in th~
case when a fixed pipe is resting on a plane bed has be('n stu-
died. Then. based on ~ modified potential flow theory. a nat~~-
matical model on··the scour uride rne at h pfp~lines.h<Js heen ·pro- ..
·posed~ Oy ~alcuiating the flow state i~ the·scou;:hoie ~~~ np-
plying the sediment continuity equation. the final equilihric~
bed profile in the two-dimensional flow can he cnlculat~~. 7h~
theory is confirmed by present experiments •.It is found. frOD
experiments that the scour process can he. s~lit up into the.Jn~
period and the wake period. The scour rate is very high at thn
early stage. In the equilibrium state, the velocities alonq the
bed surface were similar. The bigger the initial gap. the sh"l-
lower the scour depth. The equilibrium scour depth is a ~eak
function of the Shields parameter a•• and it Is less ·than th'!
diameter of the pipe.

In chapter 3. a simplified physical nodel on the thr~e-~i-
mensional scour in a current has been proposed. The sa~~jng oC
the pipeline plays the key role in the development of the thr'!~-
dimensional scour. The scour depth is slightly deeper than thnt
in the fixed-pipe case. A formula to estimate the maximum len,~h
of the span is proposed. and a numerical example is given.

In chapter 4, the role of the vortex shedding in the sc?ar
below pipelines has been investigated. It is demonstrated bi"
experiments that the vortex shedding exists from quite carly
stages of the 8cour process. it may result in substantial scour
downatrealllthe pipe. 11. fluctuating velocity field is inr)ucer)hi'
the vortices ahed from the lower edge of the pip~. In the nc~r-
wake bed region (l "(x/D "(B), the JIIaqnitudeof the vort ex-.
induced velocity remains approximately constant along th~ b~~. A
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s1l11plemodel has been developed to predict the vortex-induced
near-bed velocity.

In chapter 5. the scour under pipelines exposed to two-
directional flow is studied. In the presence of the sand waves.
the pipe fixes the trough of the sand waves in its neighbour-
hood. The wake-induced erosion plays a significant role in the
two-directional-flow case. The scour depth is deeper than that
in the current case. ·In the hi9h sediment transport stage. the
scour dcpth under the pipe may be several times the pipe dia-
meter. The scour depth in the saggin9 case is shallower due to
the shelt·er of the upstream hill and the sinking of" the pipe in
the scour hole.

In chapter 6. the interacti~n between the pipe vibration
and an erodible bed is Investigated. First. the influence of the
pipe vibration on the scour below the pipe is studied. The in-
fluence of pipe vibration on the flow structure around the pipe
is found to be significant. resulting In high scour rate and
much deeper scour depth. A relatively small gap caused a rela-
tively de~p scour hole and the plp~line may 11IIpacton the scour
hole. In the vicinity of an eroded bed the p;pe Is exposed to a
negative 11ft force. The water body in the scour hole gives
resistance to the pipe vibration. The pipe state with respect to
the pipe. vib~ation can.be .classlfied:)ntothree stages. the pre-

'vibratJon st'a'je.:tl1e lbclc-in stage and t};e lo~k-ou~ .·.tage.··The
eroded bed has strong restrictive action on the pipe vibration.

•The problems in the two-directional flow and in the sagged-pipe
case have been studied too.
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Durin9 the development of the scour hole under thp.pip~-
line, the stress inside the wall of the pipe increases due to
the sag9in9 of the pipe, and the suspended part of the pipe may
vibrate seriously. Pipelines can be damaged due to overstress or
fatigue. An understandin9 of the scour mechanism is important in
relation to the self-burial of pipelines.

In short, the research concerning. the p,peline ; loose hpd

inter~ction is of fundamental int~rest·as.well as'being import-.
ant in the offshore engineering applications.

1.1 Previous research on scour around pipes

Pipelines play an important role in the exploitation of
ocean resources, and therefore they have drawn special attention
for some years. It is very convenient to transport oil, 9as an1
granular materials by pipelines along the sea bottom. Countlps~
pipelines have been laid on the seabed. Certainly nore and ~0r~
pipelines will be laid from now on.

The seabed is composed of different materials. A larg~
part of the seabed may be covered by loose sediment, and pipe-
lines may be exposed to unidirectional flow, to waves, tide or
the combinations of them, resulting in the development of
scour.

The scour around structures is one of the important field5
in hydraulic engineering. One of the classical problems is th~
prediction of the scour around a vertical cylinder placed in ~
loose bed like a river bed. Though this problem is of ~xtr~m~
importance for the safety of bridges crossing the rivers, thi5
problem is still not "solved theoreti~ally in'a satisf.\ctory
w·ay.·Go~ r~;'I.-e:wso'~"th~'state of' the,~~'t-";~e91'~eri'by '"j;';t v-,

"ii.l.]..a~d~:!lreUS~~8·~'t·a~.~.. (i k .. . .' ,,. .
. i ":'.':"The :keascr1·'·for··"the·p'rc:iiiieia no'i:' 1>eihq· ~ol·v.e'd'ge't"'rs- t};~" ','

highly complex three-dimensional turbulence flow .pattern in-
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6.6 The pipe vibration in the two-directional flow •••

bed ••••••••••••••••••••••••••••••••••••••••••••••
6.3.1 The scour Influenced by the pipe vibration In

unidirectional flow ••••••••••••••••••••••••
A. The scour process for different values of 6.
D. The plpe-vibratlon-Induced scour •••••••••••
c. The pipe vibration in the scour process ••••
D. The effect of the initial gap on the scour.

6.3.2 The scour influenced by the pipe vibration In
the two-directional flow •••••••••••••••••••

pipe •••••••••••••.••••••••••••••••••••••••••••••••
6.4.1 The m~thodology of the tests •••••••••••••••
6.4.2 ~he equilibrium position of the pipe •••••••

A. A negatIve 11ft force ••••••••••••••••••••••n. The equilibrium position of the pipe In the
early stage .of.the scour process •••••••••••

C. The variation of the'equilibrium position of
the pipewlth the Initial 9ap ·and the re-
duced velocity In the current ••••••••••••••

D. The explanation of the shift of the equlll-
hrlum position of the pipe In flow •••••••••

E. The equilibrium position of the pipe in the
.. t"'o directIonal f.low •••••••••••• "-.-•••• e._ •••

6.•4 •.3 The re,sponses .of ~!,e:pip~ nea r an.eroded bed.
A. Three stages of the pipe ·state with re:llpect.

to the pipe vibration ••••••••••••••••••••••
O. The Influence of the initial gap on the lock-

in phenomenon ••••••••••••••••••••••••••••••
C The frequency response •••••••••••••••••••••

6.4.4 The comparison with the results In [6] •••••
6.5 The influence of the pipe sa9gin9 on the pipe vl-

bra t Ion ••••••••••••••••••••••••••••••••••••••••••

6.2 Experimental set-up ••••••••••••••••••••••••••••••
6.2.1 The system of set-up •••••••••••••••••••••••
6.2.2 Experimental arrangement •••••••••••••••••••
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cluding the. 50-called horseshoe v~rte?, ~i.round.the' cylinder :ju.llt.
above the bed.

In 1971. Posey published ·Protection of offshore structure
against underscour· [19]. where he tried to understand the phe-
nomena concerned. 11.field study on scour under pipelines in a
region dominated by tidal flow was reported by Littlejohns in
1973 [16).

Kjeldsen et al. (1973) [12] summari%ed their experiments
with 0.5 m diameter pipe in a current giving a formula to cal-
culate the final equilibrium scour depth Sm in the current I

. U~ 0.20' 0'80
0.9'.2· (29) . '. D ':

in which U. is the undisturbed velocity:
D is the diameter of the pipe:
9 Is the acceleration of gravity.

Chao and Hennessy made an attempt to describe the scour
process using the potential flow theory for a cylinder placed
above a.plane bed (1912) [5].

Recently. Bijker. Leeuwestein et al. tried to calculate
the scour depth by application of a turbulence model [15. 16].

1.2 The related research

A related problem to the ecour process ie the nelf-burial
of pipelines. This phenomenon takes place because the pipe part-
ly or 'totally sags into the scour hole. whereby it will be part-
ly or totally covered by sediment. This problem has recently
been investigated in a descriptive and experimental way by
Hulsbergen [12].

Some related papers which are not directly treating the
scour process. but rather the flow around a pipe in the vicinity
of a plane bed have recent.ly been published [1). [7). and [9).
The flow pattern around the pipe. the lift forces and the vibra-
tion of the pipeline dcscribed in these paper. shed Borne light
on the understanding of the interaction between the pipeline

.•. ..... - ,--- ..•. \ ..-...•.

I
l
I

~..? ,The scope of the present. study.

The aim of the present work is to promote the understanrl-
ing of the interaction between the pipeline ~nd the loose ben.
including the scour under the pipeline and the vibration of t~e
pipeline.

First. the scour under a pipe in unidirectional flew is
studied. A mathematical model using a modified potential flow
theory is presented in c~apter 2. S~rial experiDental results
are compared with the theoretical results.

In cl:lapter 3. a simplified physical model is.propo5ed. 7~~
sa·gging.phenolilenon is consider'ed to be the key point of the
thr~e-d'imensi~~al scour. '1\me~ho~. to est:imat:c the fin~l sp~n
length of the scour hole is proposed.

Chapter 4 concerns the effect of the lee-side wake. which
i9 considered to be the most important factor causing: th'! <1is-
crepancy between the tests and the potent.ial t.heory.

Because a pipeline laid on a seabed may be exposed to
waves and t.ide. the scour problem in such a two-directional-fl~~
case is studied in chapter 5. ilIe scour tests with a hi~h
Shields parameter's value in an oscillatory flume correspond to
the situations in stormy weather. Some experiments with the sa~-
ged pipe were carried out in the two-directional flow.

Up to now. to the author's knowledge no paper exists yet
about the interaction between the vibrating pipe and the scour
under the pipe. 80 in chapter 6 the action of the vibrating pip'!
on the scour and the eroded bed on the behaviour of the pipe ar-
studied respectively. Furthermore. the interaction in the
sagging process is discussed too.
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2.1 Introduction

••.. J ." '. ' . ; - ~•• ': •.•.•.",'i .
" L

...•. ~., .• ;..~.~ ...'

L~td«:jQhns" ',P.5.G.f A ,study' of Bcout around eur,;i;a'drie',
'pipeline (Field' test ~~"the' ~haviour'tif ~ipe'~'",he~'laid
on the sea and subjected to tidal currents). Hydraulics
Research Station. Wallingford. Report No. INT 113, March
1973, Second impression, 35 p. 1977.

•• :. I' .". ," .'~.
,

[lB) Shen, If.W., Scneider, V.R. and Karaki. S.: Local scour
around bridge piers. Jour. of Ifyd. Div., Peoe. of ASCE.
Vol. 95. No. 11Y6, p, 1917-1940, Nov. 1969.

(19) P06ey. C.J.: Protection, of offshore s~ruc~uie ,aga~n8t
,underscour. Jour~' of Ifyd., Div ••'Proc. of ASCE. Vol'. 97,
No. !lY7. p. 1011-1016, July. 1971.

In this chapter, the study is limited to a steady unidi-
rectional flow. i.e. in a current. The 6eabed is assumed to be ~
loose bed. Only two-dimensional scour underneath the pipeline is
d Ls cu s s ed ,

Fir~t. the onset of scou/'underneath a p,ipe:r::~sqn.j9n a',
plane bed is discussed. Then, a mathematical model is presente~.
P.t last the tests are analysed.

[20) Vanoni, V.A. (Editor).: Sedimentation Engineering - ASCE
Manuols and Reports on engineering practice, No~ 54. New
York, p. 2-9, 1975.

(21] Wells, D.R.: Scour around a circular cylinder due to wave
motion. Proc. of 12th Conference on Coastal Engineering,
Washington, pp. 1263-1280, 1970.

2.2 Onset of scour

If a pipe is resting on a plane bed, and there is no open-
ing at all, will scour then take.place under the pipe? 7he solu-
tion to the interesting problem may help us to unde rst an-I th~
scour phenomenon.

If a pipe is resting on a plane bed, the uniformly distri-
buted flow field is disturbed by the presence of the pip~. Th~
flow has to adjust its state to pass the pipe.

Fig. 2.1 shows the velocity profiles in different vertical
sectJons along the stream.

-- 8.; , "-10 live •••lodlJ'

- - - ~ 1I.lolJv. t.lrbAtnce___ u... ' inl''lli',

11'1o

l!...-...!0mJs
Fig. 2.1· Flow state aroltnCla pipe resting on a plane he~.
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Fig. 2.] Slcetch of the ground water flow.

(2.2)

It is Icnown that the velocity of ground water flow

Uunder • K 1is

(r-r.1IY
Cp = U!/2g

In which y Is the specific gravity of the liquid.
U. is the mean velocity well upstream from the pipe.

Along the bed. the local pressure P at a point could be
compared,wlth the pressure on the bed far away from the pipe,
p.' hy defining the relative pressure coefficient Cp as

From the flow velocity distribution three vortices were
found. The first vortex A was in front of the pipe and the flow
close to the bed Is upwards •.Next, wllen flow ['Asses the pipe,
there was a bi~ vortex n hehind the pipe. At last, a sDall
vortex C was at the corner downstream the pipe.

The author's observations are slcetched In Flq. 2.4 (a).

.,
I

i
i

(2.3)

(2.4)
....By ~·."s~rt:in9'~q. (:LJ)· Into' Eq.'.(2:.~1. we qet"

K AllUunder • -L--

. I - dH/L

in which I: is t.he permeability coefficient.
Designating dH as the head loss and L as the flow line

length, ·the slope of head loss reads

Along a plane bed, the Dernouilli equation reads
.... .. .' . .

r ': \.
f r" I" r : r r r JI I

Fig. 2.2 Variation in
nri'Jhborhood

r

Equation (2.4) suggests that the ground water flow has maximu~
velocity around the footing. Dut, because the permeability
coefficient is rather small (for example. for fine sand K 2 10-)
- 6 x 10-] em/s}, the velocity Uunder is generally too small t.o
move sand particles.

Fig. 2.2 shows the distrlhution of Cp near the pipe, mea- Although ground ~ater flow may not move downstream p~rtlc-
suced by ncarman am) Zdravkovlch {II· les away directly, .it gives a 11 ft force on these particles rc>

..·.Ii: ...i~.v~ry.:.cl~li~,.that·•.·..l:h~·.r·i~~·r:e~~ln9:?ntl!~:bed..a~lI~st. ducin'g ,their'specific densi.ty. Because the .stability is ."reduce-t•
. ·st·ops.the' f1t)wcJo~e _~O·.·til~ li:d:' Th«;.pre~su~e 1lI~''ke~.a bI9·:jump.. .•...th·oee.pa'~t'i'cleli~~e:··~aS1iY·.m~~~dJ~way~· :. '.'. .-: .':'

....;;:.•a.~C?~!'1~.:~J.1e'!~?r:~n?;:~.t.hi;::~~~e.~•.~p '~'~"'.~(~ri:t;~e~,,:a(v~l·~c!SlIe~..r~~e~.:,.;.: : :.{ .': '.. 2.2.3 .SedllBent.t>ed·...aveme·nt.'Dear.·the ~iee,:' ..' ..' .... '. !..':'
'. t.b ·t.he·revet-s'e.of th'e''flowdire'~tion'; ''AC~ •• 3.' cr 9.).' .'.'.0·,: .' o' • <. : ~'.o:~-":-."''':''''''~'''-::-:-~~!''-:'~~:-r--:''--",-:--:",--.-.'-, ". '.~':::.'/". ~'.'..•.

.Uecause. the bed iB composed of loose material, the pres-
Bure d1"fferp.ric:e 'r~Bults lit 9round' water. flow (see Fig. ,2.])·•.·,
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By insertin') Eq. (2.1). F:q. (2.5) is recast as

~
- ,~ ----...;

."""'"!.••i••••--.i_.,&1~ •••
- - Vortl!X A . lbiell C lbiex 9

u/u•.• Il-Cp

It means that in
veloci ty IJ may be high
potential flow region.

t>

(2.5)

(2.6)

the place where Cp < O. the local
enough to move sand particles in the

: 01

Due to the 'combined action of vortic.es and. thr.un,l.jrfl"••.•
~ s-Illallopening is created under the pipe. This is the onsct,o!
scour (see Fig. 2.4 c).

Plate 2.1 shows the process of the onset. whilc ~_ =

0.048. When it has started. the scour develops quicldi' illol19thr
direction of the pipe axis.

On the basis of observation and ani\lysis. the conclusion
can be drawn as follows:

Provided that the .fixed_pipe is rest f nq on the l'crl'.1n·]

the undisturl:?edflow velocIty i~ not too snaIl. the scour 'uri.!"r~
neath the pipe is inevitable.

The onset process depends on undisturbed velocity. The

bigger the velocity. the quicker the onset process.
For a buried pipe. if it is not embedded too dceply.- a

similar onset will happen.

bI

~
-w-s-_ ••-,->-.(-_--.~-

A C 9

d

Fig. 2.4 Sketch of the onset process

As shown in Fig. 2.4 (b) the three vortices move sand par-
ticles along the bed. Both vortex A and vortex C move sand par-
ticlea aw~y from the footing area. but their directions of
movement are opposite to each other. On the other hand. vortex ~
moves sand towa-rds the pipe. Even though vortex B may be quite
.trnno. itR ~ctinq area i8 limited by the vortex C.

2.3 A mathematical model on the scour und"rneath pip"Un ••s

The purpose of the present investigation is to ~evelop il

mathematical model for the scour process under pipelines. 7h~
idea is to apply a modified potential flow theory in order to
calculate the flow state around a pipe placed near a loose he~.
and using this information along with the sediment continuity
equation to calculate the variation of the bed sur-fac'? and then.
to get the equilibrium bed profile.

A. Background
The flow state around a pipe can be split up irato two di f-

ferent parts: the upstream part and the downstream part (see
Fig. 2.5).

In the upstream part. the viscosity of the fluid does not
play an important role. On the top and bottom of the pipe ther~
are flow separations forming a wake. The downstream flow is con-
trolled by the wake, therefore the viscosity of fluid must be
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Sketch of flow state and the valid re'Jion of
potential flow theory

Col - t(x,y) + i+(x,y)

Fig. 2.5

z • x + iy. (2-:')

D. Potential flow around a cylinder placed near a plane h••.l
The complex coordinute is defined as

where i is the imaginary unit.
So the complex potential w is the function of 4.

considered. The influence of the wake on the upstream part is
rather moderate. For engineering purposes one of the ~~jcr it~~~
of interest is the depth of scour just be low the pipe. 1I0weve:,.
this downstream wake has only minor influence on the flow ju~t
below the pipe.

Fig. 2.6 shows the lIele-Shaw flow around a ·q·linder with
differently eroded bed profiles. In the development of sc~ur.
while the bed profile was changing. the flow state arounrl the
pipe was varying too. Fig. 2.6 shows that the potential flow
describes the upstream part satisfactorily.

w is composed of the real part t and the inaginarj' part .~.OO':h
are the function of the variables x and y:

'.

rlate 2.1 Process of onset, while 9•• 0.049.

1.:... r : I ..
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where

The theory [II} suggested that the velocity helow th~
pipe. UbottOIl' (for definition, see Fig. 2.9) is pre.licte<lto ~('
larger than the velocity above the pipe, Utop• Doth velocities
are larger than the far field flow velocity U••

In real flow. separation ta\es place downstream the pip~.
which modifies the near pipe flow pattern upstream as well ~s
downstream the pipe. In the wa\e, the pressure is nearly con-
stant. as it i. experimentally verified by Dearman and
Zdavkovich (1). Decause flow separation tal:es place close to ~h"

top (T) and the bottom (0), see Fig. 2.8, the upstream part oC
the flow is ~dified. so Utop and Ubottom become nearly the
sam!!. Tht" f~ l-\ ••.,..:." •• - 6-\.._ "'----.-,. ~

'',;. :...'" ." .' .•' ....•' ... l .._,
The: derivative o.f the:eomplex potential 'loli~ called'" th~'

complex',velocity, which describes the flow field.

'in which u is the x-di rectional component of veLoc i ty: v is thc
y-directional component of velocity.

Suppose a pipe with a diameter 0 is placed close to a
plane bed, the distance between the pipe centre and the pl~n~ j~

.'a', and the flow velocity far away from the pipe is 11 •• Von
HUller (.1927) [131.descri1?ed .t.hepotential £1"", arou.nd the
cYlinder'with 'dipoies.The co";plex'pote~tial .lollcould pe
expressed as

.: ,"

' ... :

Fig. 2.6
Hele-Shaw flow
past a cylin-
der close
to an eroded
bed.
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The solution ~ug?estedby.Von Huller has been modified by
Fredsllle and Asp Ihm·sen [S J. They ;~~ecposed a voctex body on the
potential flow. This modified potential solution is shown as

'I/O

I~ID. 0.121
2.0

.,

1.0

0
UIU.

1.0 2.0 3.0

dashed lines in Fig. 2.7. The llIorlificationis especi~tly si1ni-
ficant at a small gap catio.

Fi'J. 2.9 shows the vaciation in Ubed/"- with the ,!i::ten-
sionless gap ratio obtained fcom ref. (5 J. tlhed is alwa'is
pcedicted to be lacgec than U. independent of the 'Jap c~tio.
Although some sediments ace supplied by the flow urStccaD the
pipe, moresedilnent is moved away continuously helow the pire •
It means that the scour depth will he infinite.

In this section, ,]overnin'J equat.ion of t.he scour procl!ss
and the requirement about the equilibrium state in sediment.
transport are discussed. The potential flow theory is iDrro~e~
fucthec to suit the loose boundary.

'I/O
2.0

1.0

o 1.0 .. ,.. ·2.0 .•
•.• 't' •••••

3.0
UJU.

2.5

.. .:

I·
I

Oefini t101'\. sketch of "-top' tlhottolll.and. Ubed'
.~.. :-." ... ' ,-." .:...... ..' .'.

1.00.5.

......! •••••

Fig. 2.9 Variation in uhed/u. with gap ratio for a pipe placer!
above a plane hed.

~~~~~_~~~!~~~~_~~~~~e2~~_~~~_~~2~~_~~~£~_~~£_cic£

•• :P

A; Scour and its governing equation
In two-dimensional flow, the scour is caused by t.he vari~-

tion in the sediment transport rate along the stream direction.
In the presence of a pipe, the flow accelerates un~~r th~

.pipe, enhancing its ability to move sediment away •
. ;.',..:,·t;spe~.i~~IY;·it' .t.he·~.le~u'~Wat.er·~·s~~u·rbs~'.:'t.l,,~,.r-ill'£' i·~.c~~'!...•

of· .~~difllent.equ~ts·;zero:' It:··~j\~s tha·t.;the scour "un,;~·~ne!,til .tbo:- ..

•......: pipe is·..cau.s~d::OtllYby."1oca·l increa-se:::pff.t"o~.velo·citY.·''':'..:.
-.' .• ~~ r ' •••••.•.•.• ~. ,.. •••••••.•••••• t.: ••, •. ' ... ~.......••.• ~'.". •••.••...••. " P~'.~ .••.•. ~ ••••••••••

..•.. Aft·er··onset, 'the scour continues until· it:r'eat:h~s 'its'
equilibrium state •

..•.....

[5] .

~. .'. - .• .- ..' P- •. •

Lon?ltudlnal flow velocity along a vectical axis
thrt)\J')ha pipe centec. --: potential theocy,
ref. lI2). ---: modified potential theory, cef.

0:.•••

, .
I

'.....

Fl'J. 2.7

F.ig •. 2.0
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B. Dimensionless form of the governing e~uation
The sediment continuity equation could be changed into a

dimensionless form as shown in the following:
Comparing other geometrical parameters. the diaMeter of

the pipe is more characteristic. so the geOMetrical properties
are made dimensionless with the pipe diameter D:

The sediment transport is non-dimensionalized with the far
.field rate of sediment transport q_

•~~~~!'SU.99~stS·t.l~a\:~~e es.s~n~i.alc!,.ndft-io!1j.~'.,

.~ = 0 or q.= const.i)x

" ...•...
r-;...

. '.

j,~ .. l,1---.'1._.1._
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Fig. 2.10 Definition sketch of the scour hole.

. -.;..J~~:E.~;~t:': ..~..·:~~-f~~..~:·"':.:; £.:>.j .•.,~B~..~:.::.:.~~-.:·1:':.·.:~".~:,,:c.:,~,,~.: ". . r.
. .• : ..•.• :.:: ...•• ': ~•. , .. 11.... f~·.:.·7!'·;":..:a~·:-::~:..• ~•.. J.:.;..I.~':.~.~~~~:~~.,~~~·c::~..~.~'..~<~~.~

..
.'...• , It':isPossib.h!·to.get a·9o~er.f\in9»equat.ionof.scour ·a~·;~•.

p~i~t.···~~·the's~~~r'st~~e'at~ev~~~'poi~t"~t:anY: ~~ni~!nt., '~nown,:'
the scour process of the whole bed is determined.

Fig. 2.10 is the definition sketch of the pipe position
and the geometry of a sc~ur hole. The initial 9ap between the
pipe and the original plane bed is eo' The elevation coordinate
h originates from the hori~ontal x-axis.

..

The sediment continuity equation is the governing equation
of scour for a point. In the case that bed load i. dominant. it
reads

~ ~ (l_n)ah = 0
i)x i)t (2.13)

By inserting Eqs. (2.16) and (2.17). E'l' (2-13) is recast
as

where n is the porosity of sediment. n • 0.4:
t is the time;
and q is the bed load transport rate in volume.
At any moment the variation in elevation could be

calculated from Eq. (2.13). It reads

~h _ ~ / (1-n).lit· ax (2.14:

It is convenient to define a time parameter to as

to • D2 (1-n)q.

(2.10)

(2.19)

In the case of scour. the erosion rate is hIgher than the
supply rate. it is &q/&x ) o. so ah/at ( O. which means that the
bed elev~tion is decreasing.

'In the equilibrium state, the bed level does not change.

whereby E:q. (2.13) can be written as

where the dimensionless time t*
t* • tltobh

lit • O. (2.15)

~.
ax·

llh*--- .
at*

(2.20)

(2.21 )
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C. The calculation of sedilllent transport rate
Cenerally, sedilllent transport loads are divided Into bed

load and sllspended load. In the following only bed load Is con-
sidered. In that case sediment particles are rolling. sliding or
jumpi n9 along the bed.

The action of flow on the bed Is measured by shear stress
~b' which could be expressed as a dimensionless forlll.It is th~
so-called 5hields parameter 9.

As shown in Fig. 2.11. sometimes the gravity is a stabi-
lizing force (see point A). Sometimes it is an unstahilizin~
force (see point 0).

o
where p = density of wllter. 5 • relative density of sediment.
dSO • mean grain diameter.

The value of 9 at far field is called 9_.
The sediment transport rate q could be expressed as a

dimensionless forlll., which is defined as

~b
9 • pg( s-l)dso '

Fig. 2.11 The action of gravity on particles placed on
different slopes.

(2.25)0- u 0 - 0.1 ~h •i)x

The Shields parameter is modified as

(2.22 )

(2.23)q

Ig(s-l}dSOJ• •

.. The Shields parameter 9 Includes the action of flow. the
effects of gravity and ~he particle size. So. the sediment
transport rate Is the function of 8. If 9 is not too big, say
8 ( 0.25. (When the ~d behaves as a rough boundary, cf. Sumer

.lll·]), ~ed.imt;.ntp'~~~"ici~s.1lK?';~ a.s.·bedload~.in ~h~~ ca4~, the
rate of sediiaent transport can be' calculated by a bed-load .
transport formula like the well-known Heyer-Peter formula (10)1

••• (o) • 8(9~O )3/2c (2.24)

which expresses the ratio between unstabilizing'torce!l versus
stabilizing forces (see Freds~e (4).

Then the rate of bed load could be calculated troo the
modified Heyer-Peter formula

(:!:26)

From the knowledge of the longitudinal variatinn in th~
near bed flow, the bed shear stress Tb is found from the rela-
tion

In Eq. (2.24) 0c stands for the critical Shields para-
meter, below which sediment transport does not take place. In
the original Meyer-Peter formula 0c is taken to be equal to
0.047, but it is in fac~ a weak funclion of the grain Reynolds
number. See ref. (12). .

; . 'The"Heyer-Peter.' f~r.n~la 'Is.devel~ped·for the·bed-lo~d· .
.:'..~ta~~;po"rt::-~~ .~ ~e~:i.i~·~~~J:cS~tat~ot·to~. 'I~ "~ :s'c'ou~'lloie•.::when

. : :·••,~~l·lI!e~t;:.~~.t:~~~~l.~~..~re. ~V.1~9. l!1.-C?n9;~1!,~~~~, t;~e.!oia..(,.~.o('e...,.i :
;\.~.':-:;.l,i~;..·eil·~a1-i'11.·~·f·~·J9nfif~~.;c·e~.:;·:;::;~·>;:~..:::-,~.".~.. ': .<:F::,-,,::~: ·.Y·;·.: ...• " .• ~

(2.27)

(2.28)

vhere Uf - friction velocity and f the Oarcy-Weisbach friction
factor. In open channel flow. this is determined by

::..Ii- 6 +2 .•45 In (~) ,
.":.' .... ·.~here·H·~ h~,;;'depth ~:ridc. i~" t;he"b~d roul]h·ness•.'!"hevat'iation

..... ·i~·;fdue'.to chailg~s" i~ depth·H:.and rc"u~h'ness',,'i.s ~~aii. :tiecaus'~'
. ~ _. '.),' ~ "." .; ~ ~ '; ' .

.......: .;~I".Qf :.~lie·~.i:X~w~ly.y~~ying 'l~~~~t tlunle- ..· furi~t l:on";IlppeA·rin·~ :lf1."E"cj:·~ ~.: .-:-.
. . (2.28). For thi.·re~son, f has been kept co~stant alon~' the hp.~

inthefoHpw.ing .clll~ulations .•~.............. ...:'..~.'''" .
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When the"flow along a bed is strong enough the bed will be'
eroded. On the other hand, the eroded bed brings about the
change of the flow state. The modified potential flow theory
could be use~ in the mathematical model, but some important
changes in the boundary must be made. The requirements are dis-
cussed as follows:

. .
'H ..,. '. are theh': slre,ngth~.::.en" 1 C)n"l.·.en"2,:ar.,e~their'd i.re;c,t',:i.~ns~'.':.
,n,2: The.·directio~'of t.tie"-dipOle·Jr;i"',l:i~\:h'~scn'pa~al'l~(i~"

the x-axis

(2.33)

The direction of the dipole in zn,2 will be chosen later.

A. The scour hole is a streamline
As ::hown in'Fig. ,2.10, a scour hole is characterized, by

its dimensions ar;d',its':shape. Generally •.the dimensions "are,.'
described by the scour depth Sa directly under' th~'pipe'and 'the
width of the scour hole W. The bed shape of the scour hole is
described by

y

II

hI"

So
h hex) (2.29) •

1n.1 •
• • • •

the local scour depth S below the undisturbed bed could be cal-
culated' by Fig. 2.12 Selected position of zn.l and zn.2

(2.34)fly • II fix

As shown in Fig. 2.12. N points, are chosen from the curve
h('x) to describe the streamline. while the increase along x
direction is fix.

The position of one of the dipoles must be chosen. For
the present it is convenient to place zn.l below the lah points
Sn' The distance is

(2.31)

(2.30)nS = S(x~ • hex) - 2 - eo'

The scour depth Sa located under the pipe is the maximum value
of S at ~ny ~omcnt.

First, suppose a free cylinder is placed in a uniformly
distributee1 current, where no bed is present. The complex poten-
tial ~o is then given by

~o = U. (~: + ~)

Next, in order to fulfil the requirement that the pres-
cribed curve h - hex) becomes a streamline, an infinite series
of pairs of dipoles are implemented.

The individual pairs of double dipoles are given by the
complex potential wn'

en,l Hn,l en,2 Hn,2
wn(z) • ----- + ---~- (2.32)% - %n,l % - %n,2

in which zn,l' and %n,2 are the position of two dipolesr ~,l and

The position of the dipoles must always be outside the
flow region in order ~o avoid singularities. Several values of II

have been used. The calculated results indicated that 2.0 is a
suitable value, but another factor than 2 would 'Jive similar
results. lIowever, if II is taken too small, the approximation of
the flow between two neighbour points on hex) does not heco~e
very s~ooth. On the other hand, II must not be selected too large
in order to give only a local influence of the dipolp. close to
the point Sn under consideration.
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D. The contour of the cylinder is one of the strea.lines
Accor,ling to the requirement, the resultant action of two

pairs of dipoles should for. a streamline along the cylinder. As
the dtrection of the first pair of dipoles placed at zn,l has
been decided before, the direction and strength of the second
pair of dipoles placed at zn,2 must be related to the first
pair.

The complex potential wn(z) formed by the two pairs of
dipoles is given by Eq. (2.31). Dy choosin')

(2.35)

(2.36)

Because the second term is the conjugate of .the fir~t
term, the sum of the first two terms is real. The in~9in~r¥ r~r~
comes from the third term, but the third term is con~tant heing
independent of r. It is means that the imaginary part of ~ is
constant along the circle with center in (0,0) an~ with ra~iu~
1r I.

C. The horizontal line far ahove the cylin~p.r is a ~trp.aMlin~
It is evident that at any point far •.•hove the '.:ylinnerth~

flow velocity does not have a vertical componen~. TI,erethe fl~~
is parallel with the undisturbed ~ed,

The calculation concerned has verified that th~ distan=~
between the horizontal streamline and the ·pipe should he lar9~r
than 5 times the pipe diameter.

from F.q. (2.37) we obtain a cylinder, the radius of which is Irl
and the centre of which is at z(O,O). That the cylinder is a
streamline is dem?nstr~~ed.br t~e fol~owin9s

.Let"·us:.consider the .pointOlr·ontlle.cYlinder w~.th radius
Irl. The c~ordin~te of r' is given by

D. Utop equals Ubottom

In order .to make Utop equ~l .to Ubottom,.a vort e x ho"y is
implemented. The vortex has its centre in the centre of the cy-
linder with 'diameter D. The strength of the vortex is d"termin~'l
by the factor Vv'

The complex potential given by the vortex body is

: (2 •.41). ··.·V 1 (i D)"'V" v n % '

(2.37)
·zn,l

r r.--
and

The complex potential at the cylinder is given by

(2.38) Finally, the requirement could be expressed as

(2.42)

.'

The

. " '..: .,' '. :(2.4)\..•...' ;.•...•:~:' . ~.'~;'•.::..,....;•..•..., .... ' .

." ,~ 0. ,." ••• 0" .' ••....<.... ··0"'·' '"':...

E. The stream function ~ is constant along the scour hol~
Suppose that th~re is a point K on the boundary h(K),

imaginary part of its complex potential could be calculated as
,". .' '. . .. . ,'.:'.:..fonowi ng: .

'.. .' 0" .~, • ••

;'. '.:'~.:.~.::.',: • ..~:~... 4-~~.':,·;~~O~;:.t~,:.··~..l.;·.:~~~K~\ ...:.'. :':~'"

(2.39)

J~.~O)
... . --".•..'.. :~

':.

e He"( ). n,l n,l + n,2 n,2
wn r r - zn,l r - zn,2

'. .. ~.~
.,. .' . e ~". ' ...., ( ). H '. [en, 1 +. n',1. + n,l] . . ".

.' . ~n ·r.....• ·r•. l; -. -.--. .•....~ .. ' ..~ .:' ' '.
, .-.•..••..: . '.•. ' 1:'-%:l' "'r'T'Z '1 -". ~,,'l' .' \... .... -' : .-n,· .". .. nf -. , ·.."0 :

Dy inserting Eqs. (2.34), (2.35), .(2.36) into Eq. (2.38)
we·obtiJ~n·...... '.-'.

...... -,

r
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The velocity distribution ,~derneath the pipe indic~tr~
that the velocity close to the bed is much snaller than that
near the cylinder.

····It·:.shou'1d·.be lIIen't"ion'~ilthat ··the.5-t.agnat::ion.po,in~of s~r~,-:
on the· cyli~der 'is' above the k-axis.. .... . -, . fl .••• ~: •••

. : ,0.
w ••• .,': •. - .."' ",
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where t!.o'isthe contribution f.ro'~·,the'·hasicsri·lutit?n·.E~>(~.~l):
~v i~ the contrihution from Eq. (2.41):

and ~n,l is ohtained from Eq. (2.32).
Finally, Eq. (2.43) hecomes N linear equations in the

N + 1 unknown values of Hn,l and V. Adding Eq. (2.42) the system
is close.!.

B. Variation in Ubed with eo/D and Sa/Q
2.3.4 ~eoretical results

:S~me theore,tical results are given in this section. In
order'to focus on' the more important.geometrical fac.tors W, and
Sa' a "theoretical 'shape of the'scou'r:hole 'isused at the present.,
It is described by Eq. (2.44)

There are three ')eometrical factors. eO' \'1,S.'l'they in-
fluence the velocity underneath the pipe. It is i~portant to ~¢~
their relationship.,

·From'Fig·:·2.14 and 2.1S, the following co·ncl'4s.ion5can ~"~
." ...

drawn:

(2.44)

(1) For fixed gap ratio, Ubed!U. decreases with.increasing
scour depth. In the usual range of eOID for marine pipe-
lines, Ubed/u. is larger than unity for snilll scour dcr~.h••
and smaller than unity for larger scour depth.

In fact, the upstream parts of scour holes In nature are
very similar to it. t n) For a fixed value of the scour <iepth, the v.'lI'leof

Ubed/U. increases with decreasing ')ap ratios.

Fig. 2.13 Flow pattern around the cylinder placed above the
scour hole.

(iii) For fixed gap ratio, the state Ubed/u. = I :eads to dCCi"!r
scour depth corresponding to a wider scour hole.

Comparing Figs. 2.14 and 2.15 with Fig. 2.9, we ~cc th~t
the conclusions drawn above are very important.

In fact. the scour 'below the pipelines has obtaine,t its
final stage when the sediment transport below the pipe qhc<i
equals the upstream sediment transport '1.' Disregarding the
small variations in friction factor etc., the requirement qhed
q. becomes indentical with

(2.45
Ubedu---l.

Slr~omhf\~..:...._------,.-----

A. Stream p~ttern

Fi~. 2.13 shows the calculated flow pattern around the
pipe with a scour hole in the bed.

The requirement gives a relation between final scour dept~
So and gap 'ratios as demonstrated later.
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Fig. 2.14 Varlation In Ubed/lJ. with scour depth at different gap
ratios. The wlat~ of the scour hole is kept fixed.

8)

C)

A)

", .
. . \." .' ..:". '

velocity varies along the bed (or different widths.
Still assulllingthe shape of the scour hole to be

determined by Eq. (2.44). three di fferent widths cue chosen. In
every case, the suitable maxi iliumscour depth Sa is chosen to
fulfil Ubed/u •• I and eOID • 0.1. The calculations indicat~
that In the .mall-wldth case (see Fig. 2.16 (c»). the flow
velocity along the bed I. larger than U. in front of the pipe.
while in the large-width case. the velocity along the scour hol~
is smaller than U. and underneath the pipe the velocity has its
maximum value (See Fig. 2.16) (a». It should be mentioned that
for very large WID (the plane bed). Ubed/U. > 1.

:, ...

§.o

eo
40

0.60.4Q2o

s.
00 0.2 0.4 0.6 0

Fig. 2.15 Variation In Ubed/u. with scour depth at different
width of the scour hole. The gap ratio I. constant.

c. Spatial variation in near-bed velocity
. Besides the flow v~loclty. Ubed below the pipe, aho the .

:';ilr.hk~on.a'long".the.hotteli.is: Qf "Int~reat: In oider ..·~o.·cal"eu1a.h:.. ,.'.
.'.~.··.hap.·of· th.,scou~ ·hoi••.Dlere~ardln9 t.h•.~ff.ct o'f:.gravity·

'. '.'~n ·.th.'rate .Of:bitd'-load:t·ran.p9rt'due' to longl·tucil";al"<elop.,'.the '
-,.. :.; ••• ~••• , .•• :-:-.' •••• ~ •• ':o- •••.•.••.•••••.•••• ~ ••.•••••.••••.••••••.•••••• :.: . _ •.• ,; •••...•.••.••••• "••

. ·cot'rect·,,1"dth"of\:11lt:.c6ur hole·lIi~fouM wlien the flow ~e1dclty .."
.along the bed beco ••i!s nearly constant. Fig. 2.16 shows how the

",.". .."
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Calculated development in scour with di~ensionle~s
time t*, for 0•• 0.2, eo/D = 0.1.
A: Scour hole assumed symmetrical.
B: Scour hole downstream the pipe assumed horizontal.

'. '

·l •.......

B. DlscussJon about the equilibrium state
As shown In FJg. 2.18, the final equilibrium scour profil~

could be calculated as shown in Fig. 2.17. Dut the calclllatil)n~
concerned are rather tedious.

Fig. 2.18

',-In Fig.:·2.18 (b), the i:lo~nstream 'part. o(,<thc hec1,.pro~He. is
assumed t~ ~e h~r~z6ntal;.' ' ,~,

From Fig. 2.18 it is seen that the two extreme assumptio~s
on the shape of the scour hole result in nearly the same calcu-
lated shape of the scour hole in front of the pipe. This is h~-
cause the shape of the downstream part of the scour hole only
affects the upstream potential flow description very moderate-
ly.

r

'\

!'1
' ••_ ,.J

.~ ~ ••• Ot.'

NO

... ~ ."."' "'.

Using the modified pOlenlial
IIO¥I Iheory

YES

t*: 0

A, pipe placed, above"
a plane "bed wilh a. very

smoU gop

A. Calculation of the scour process
The calculation flow chart is shown in Fig. 2.17.

Calculated examples are shown in Fig. 2.18. In Fig. 2.18 (a) the
bed profile is Assumed symmetrical around a vertical through the
pipe center, the downstream part of the bed is sketched as a
dashed line. The calculated equilibrium profile is shown as a
dot-dashed line.

The equilibrium
scour profile

Fig. 2.17 Flow chart to calculate the equilibrium bed profile.

"'~~"!:.L£~!~~!~~!~~~~!~~~!~'!£~~t...~~~~!!!_!~~_~li!_'~~i~!!!~'!!~~_~~~~~',
I?!:~!!!!!

•••.••, .•.•. : ,:,~I••.
. . ··.h ..
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WID ••10

(2.46)

where qcalc :is:the calculated sediment :transport rate. Then ."th~.
least,-squ/lre'.fit·h used •.. ' .....

The variations in Sa and W at different gap ratio are
shown in Fig. 2.20.

In Fig. 2.20. two diff~~ent values of 9. are introduced in
order to show the effect of gravity (Eq. 2.25) which is most
important at small Shields parameters. The effect of gravity is
that the scour hole becomes deeper and wider.

However. in agreement with the experimental findinqs by
Kjeldsen et al. for a pipe without gap. the variation in 0_ i5
sllIall.

Fig. 2.19 shows the spatial variation in sctlio'.!nttrans-
port along the scour hole with application of the mollific·.l
Heyer-Peter forllula.As the calculations show in Fig. 2.16. the
combinations of Wand Sa were chosen from Fig. 2.14 and 2.15 to
fulfil "bed/U.~

Regarding the equilibrium state in scour. it is e~5ily
seen from Fig. 2.19 that some combina~ions describe the varia-
tion more correctly than others do. For example,' Fig. 2.19 (c)

describes the variation rather well except at the pl~ce around
x • - w/2. where the shape given by Eq. (2.44) is just an ap-
proximation.

Further. the calculated equilibrium state shown in Fig.
2.19 confirmed that in the final state w/o = 3 - 4.

It can be mentioned that W is more sensitive than Sa to
the correct estillate of the shape of the scour hole.

In order to choose the best combination of Wand S accor~-
Ing to the variation In sediment transport along the stretch of
the scour hole. it is necessary to introduce a quantity c, de-
fined by

,.·~.~~~~~£Q!!!B!d!2!L~gh.-~!~!!!:ici~~!~.~. ,i.'

v, ," .' .~i~:.~'~;i".~~~~·s'the :,l~:~:~~~,~''ae~~'iopme:~'~;t~ .•t·i~e: ~f.·'th';.:-.. . . ...". ~ .' .
scour hole frolllref. [7]. The pipe dia~eter was 0.5' m. Th~ p lpe

."

I,.j
"_ •••••• '0

C)

B)

A)

W/O.U

W/D ••7.0

For 5i~rlicity. in the following discussion the bed pro-
files are sti 11 assulled as the scour hole given by Eq. (2.44).
In that way the useful inforllation ·could be acquired by simpler
calculations.

As seen frollFigs. 2.14 and 2.15. it turns out that dif-
ferent cOllbinations of Sa and W can fulfil the requirellent that
the sediment transport just below the pipe becomes equal to the
undisturbed sediment transport rate.

. Fig. :l.19·.:sp~a~'-al·~ilr·laHon.i:~~'dl!D~r:~,;t~anti~o~~:a10~g th~ .'
.. .scour hole at di,fferettt'widths:.eci./n·-,.0-;1. . . ,

•.. 0.. . ..•..... ; ," ;••••. ~ '." ~ .....•• : ~.~..~.~. '; ~ •. ;:. : ...•• ~:•.~:~: ..•.. .;' ... 0\ , -... •• "0•.•.
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.Fig. 2.20 Variation in scour depth Sa and width W at different
9~P ratios and Shields parameter.
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Fi9· 2.22 Development of bed profile with time (in minutes) at
diffe~ent gap ratios. for 9. ~ O.O?O. d50 = 0.36 mm.
H•• 0.35 m and D • 0.10 m.

Hron vrlo[ily u- .0.3511I1\
Pipe dio/llrlrr D .05011I
Waler drplh H•• 1.43••
Hron diallll!ter of sand d,,0074nlll
Inillol gap ••/1)00

---

Floll directionr>
-1

o
0.2

0,4 S/D

Fig. 2.21 Calculated (dashed line) and measured (fully drawn
1I11c) development in scour with time time.
u.· ..•""r"",,'nt,, fro", r 71,
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was placed on the hottom without any initial gap. 'The experi-
ments were carried out at different values of the ratio water
depth to the pipe diameter. In accordance with the theory this
seems to have no influence.

The development of the scour hole can be calculated for
Eq. (2.20) and is shown in Fig. 2.21 to~ether with the
measured, development. The calculated and measured development is
quite similar.

The experiments carried out by the author will be
described in detail later. Fig. 2.22 shows the development of
the bed profile with time at different initial gap ratios eolo
while the un.llsturhed Shields parameter 0••• 0.098. For the
negative gap ratio, erosion helow the pipe is initially
introduced artificially.

The experiments of ref. (7) were carried out with a mean
diameter d50 ••0.074 mm, while the present experiments are car-
ried out with dSO ••0.3G mm.

The variation in fully developed scour depth Sa below the
pipe with gnp ratio is depicted in Fig. 2.23. It Is seen that
the experimental findings arc in accor-te nce with theoretical
predictions (dashed lines).

5./0
1.0

r,
. "
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2.4 t:xperllnents

The tests in current were carried out in a flume 2 n wiJe.
23 m long and 50 cm deep. The Iniddle part of the fiume has qlass
side walls. (See plate 2.2).

Plate 2.2 The 2 m wide flume.

Fig. 2.24 Sketch of experimental set-up.

0.5

..
"::a:.:"'~1"'''o.... -

~<,: 0 0
~ ........••.......- __ 0......-.- -: ==--- - - -9.=0.10

------a=O,20

".': •. ~::. ;' •.• ": ,," ::.: .••••- .•. : ...', '; #",.

'"-'''1-''' ---- 8m

. ..~ ........

2m~

C"IO
~os 0 05

Fig. 2.23 Variation in scour depth with
a : present data 0••• O.O~O
x : present data 0. = 0.065
• : present data 9••• 0.048
tlatched band: Kjeldsen et al.

10
gap ratio.

data (7).

One kind of sand wi th dSO = 0.36 r.unand " = I~- -"nS/''IS -
1.38 was used in the tests. The sand bed was 8 to 10 m 10nry with
the thickness of 10-15 Cln. After several Inonths. the sand h~-
came II little coarser. Two kinds of pipes were used: One with

'0 .' IO.l·cm,"and the"other with ,0 •• 5 Cln.both'1.9') In 10n'J.
The surfaces of them were hydraulically smo~th.
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The pipe position is shown In Fig. 2.24. It was convenient
to observe the phenomenon around the pipe through the glass
walls. h videO camera was used to record the experiment process.

For the tests with the 10 cm pipe. the flow depth was kept
at 35 cm. and for the 5 cm pipe the flow depth was around 25 em.
The blockage effect of the pipe on the flow was very limited.
The measured velocity profiles agree well with the logarithmic
distribution. A mlcropropeller was used to measure. the velo-
city.

In order to measure bed profiles. a so-called sand bed
follower was used [3]. (See plate 2.3). It could move along the
rai Is on a carriage which could move along other ralls on the
top of the side walls. so the probe of the sand bed follower
could move in three directions. Results wer~ recorded on charts.
The accuracy of the measured bed level was around 1 mm. 7he
eroded bed profile was the mean value of measured bed profiles
along five sections (Fig. 2.25).

3')

~r!-~~~~~~~t
-------- ------ --- - 0

'!Ii... _. __ .---._!:.'8
~ gN~~~~=--=='====1l.

777///7//7//////////7/////////// t
Fig. 2.25 Sketch of measurement sections. (Top view. numb~r

in cm).

A. Process of scour
After onset. the scour process h~s two different st~1~5:

the jet period and the wake period.

Plate 2.3 The sand bed follower.

a)

I;". ...••.: . .;

b)

For a pipe of 5 cm diameter. a needle with a scale Is
'flxed on th~ bottom of the mid-span. so'the scour depth In the
process was read directly through the glass walls.

Fig. 2.26 Sketch of scour. A. 'lhe jet period. D. The wake p~riorl.

As shown in Fig. 2.26 (a). at an early stage the gap be-
tween the pipe and the scour hole is small. and the ~ownstr~am
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hill is relatively high. The jet plays an i~portant role. The
jet rushes nand particles away. At first the scour rate was
quite high. The eddy behind the hill loins~oving sand particles
upstream. some sand particles were sliding into the scour hole.
In the jet period there was generally no action of vortex shed-
ding behind t.hepipe. J.ater on. the scour depth under the pipe
was increasing slowly. and the hill was decreasing and ~oving
away.

tfuen the relative gap was greater than 0.3. and the down-
stream hill was sufficiently far from the pipe. a ~ortex shed-
ding occurred. (Fig. 2.23 (b». The vorticesfroll the top and
bottom of the pipe attac~ the downstream bed. but the lower eddy
from the bottom of the pipe had a stronger ability to ~ve sand
away. The explanation is that when the eddy attac~ed the bed. it
Iloved sand particles in the same direction as the flow direc-
tion. Plate 2.7 shows the scene wl1ere vortices were hitting the
bed. Fine plastic particles were used to show the vortices.

D. Flow state
As indicated before. the flow could be divided into an up-

stream part an<1a downstream part. The upstream part was ~ore
laminar.' Plat<: 2.4 shows that the upstream slope of the scour
hole was a strenmll,ne, and. there was.'.no_~low.separa.tion. It,:is
seen from plate 2.6 that the flow stagnation point was high~r
than the horizontal line through the pipe centre.

C. Sand wave
In the clear-water-scour case, local scour around the pipe

was observed. Upstream bed was a plane. but downstreall the pipe
there were sand waves.

The examples of measured bed profiles were shown in Fig.
2.27 and 2.20 for 9. = 0.048 and 9. = 0.098 respectively.

At an early stage both of them had hills downstream the
pipe. but later the hill moved (for 9•• 0.048) or disappeared
(for 9•• 0.090).

The scatter'of curves suggests the turbulence •.

Plate 2.4
Flow state along
upstream slope.

Plate 2.5
Flow state around
a pipe with an
eroded bed. 9•• 0.048.

Plate 2.6
Stagnation point was
on the upper part
of the pipe.

Plate 2.7
Vortices were attac~in9
the bed downstream
the pipe.

41



.•.-.- •• •• •• •• •• •..
.j. -. ~;

-I)
.. :: ....-•••• ~: : .1'

A. Velocity distribution close to the bed
The micro-propeller was 5 mm above the bed. The average

value in 30 seconds was taken as the velocity at the point.
Some conclusions ~ay be drawn from Fig. 2.29 as follows:

J
Plate 2.8 Sand waves along stream. 9•• 0.048. Plate was placc~

along opposite acrows.

--

: .•:: {'.: ~.~~:.:. ~ v- : ~.': :.::.:- .•.•:
",

::·•·~lat~2~.b "s'ho':'s" :;tie:san~:~03V~S: aiong :tl~'efiow eli ~~C~'l~:l ~;..

Th~'dime'ns'ion~"~f.··san~.~ave~'.wer~ 'di'Her~nt'upst~~~~ ~n'~~;c~"'n..:·-,
stream.

B. Development of eroded bed profile
Fig. 2.30 8hows the development of bed profiles for

eO/D • 0 and 9. • 0.048 to 0.33. Similar pictures have been show
in Fig. 2.22. While 9. - 0.098, eO/D - -0.3 - 1.0.

It ia Been that the deepest position of the scour hole
moved from upstream to downstream with time.

a) The eroded bed profile had strong influence on the
velocity close to the bed. At around one diameter of the pipe.
(x/D • 1). the ratio U/u. was relatively high.

b) In the equilibrium state, the velocity varie~ little
along the eroded bed.

~....
. " ~" ...

' .;: '!.~.". :.~... ~.,~.• ~.'" ...- ..'

.~ .',

Fig. 2.27 Measured bed
prof Iles for 9.
0.048.
(a) t • 30 ••in, (b) t •
370 min.

Fig. 2.28 Meaaured bed
profiles for 9••
0.098.
(a) t • S "in.
(b) t • 217 ••In.

• ••.. ,..-oo...;'
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(A) qsediment 2 q.

".. ' .•

which is the bed load rate far way from the pipe.

..' 'Here'q ·"3' " t' IS'.'a ',.typ·ieai:sca I.eQf scd imenl,·t r"nsp~rt .:". " , seulll'len. ,". .,
','.:.:'rate'.in the .following. two 'di(fer.ent'estimat:es of 'qs~d'in~';t

have been appiied~

. : -' .....:....-.. :-..........
0." •••••• :

C.' SCQ~r rate•.and,'f.ts,dimenslonles';'.foUlUlatlon:,:,
~hJ" 2'~3l'arid·Fig•.2,.32 shOw t'lI.e,sl:o~r'i>roces!ifor

differ~ht ~alu~~ of 8_. Th~'fOlldwJng c~nciuslons can be drawn:
(a) The scour rate Is decreasing with respect to time.
(b) The larger the value of 9.. the higher the scour rate

at the early stage. Especially when 9_ ) 0.25. there Is
suspension, so the scour rate Is quite high.

10 5,,/0
(D) qsediment • qlocal.max (2.4'l)

u.
c-

The scour processes with respect to the di~ensionsless
time t·A based on q. were depicted in Fig. 2.34.

As shown in Fig. 2.34. when the value of 9. varies from
0.065 to 0.43, there is a systematic shift. Uhen 8_ is 0.065 an':!
0.099. in fact, their scour processes become a singlc curve.
With the increase of a_. the equilibrium value of h* hccomes
larger, and the scour rate at the early stage is changing.

The systematic shift of the scour proccss may be duc to
the effect of suspension. It was observed in the exp~riments
that for 9_ • 0.065, sediment moves only ;)lon'Jthe h':!df;urf",c'!!.

For the early stage of the scour process. the local '/elo-

city under the pipe Ubed (see Fig. 2.8) is larger than thc un-
disturbed velocity U•• As shown in Fig. 2.7, the mo~ified poten-
tial flow theory suggested Ubed/u_ 1.65. Therefore. using
9local = 2.5 9_, the value of qlocal can be calculated as a hed
load.

Fig. 2.33 Definition sketch of q. and qlocal'

h 1• the maxl'mum sediment transport rate of thewere qlocal.max s
bed .Load just,,und~r the pipe'.:(See F,ig" 2,33).

t· • t/to'

where to • ~p-n) (2.47)
'1se,lIment

-',~,,-'~-',-'-. -",._-.;..,-_.-.._._._ ..-.--._._ .•_._._"-"_._.
", -- - --~-----_':-_'''':'---.--:-'--~---
! ',," : I~~-o-1/

. ,. " 0ll<1 0065 OOM

I

0 t("'ln)
50 lOll 150 200

Fig. 2.31 The scour process for low 9_. eolO • O. o • 10 cm.

50/0

to
QB

0.6 6•••
<Jo/O. 0 D.lB

O.Scm D2S
D,))

H•••• 2Scm n,)
I lsi

50 100

Fig. 2.32 The scour process for IIIgh D•• colO • 0,
o = 5 cm.

In the following, the different measured scour
developments are compared In the dimensionless formulation of
the scour process as given hy Eqs. (2.19) and (2.21).

As pointed out, the dimensionless time Is given by
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Fig. 2.36 The equilibrium scour depth S. versus the initi.
eO' for G•• 0.43. 0 • 5 cm.
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Fig. 2.34 The scour process with respect to the di~ensionless
time teA based on q••
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local increase of the velocity under the pipe.

Fig. 2.37 The equilibrium scour depth Sm versu~ GoO' for
eo/o • O.

D. Some remarks about the influencing factors
Scour process is a complex process. There are seve

tors influencing the equilibrium scour depth.
(a) The inita~ gap. ,

.Th:e varia'ti~n In scour',depth with 9ap ratio: for.'0_

:shown 1'~FI9; 2.2~ :8.u9~~sted'.th~t'.th~1:~rge~'t"':e''i~filai.,
the shal10wer the equilibrium scour depth'.

F!g. 2.35 The scour prOCeSs with respect to the di~ensionless
time teB based on qlocal.max'

Owing to the increase of G.. more and more sediment moved in
suspension. t~en GoO a 0.43. the suspended load became quite im-
portant.

~he scour process with respect to the dimensionless time
teo based on qlocal.max for different values of 9. were plotted
in .F;'g.2~'35.,It is seen that for the ea~ly stalJe~f ,the 8~our
process. th,e.cu~ves Dv~rl~p exc~pt for:the case of',~~"~,O.4~.,
Here the suspended load is'quJte:import~nt~ The 'curve sU9ge~ted.,
th~t :if' the bed' ioad is domi';a'nteompa';ed wi th: the suspended . ,
load, the scour processes with respect to the dimensionless time
teB at the early stage are approximately the same due to the

J.
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o
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The movement of sand waves affects the supply of sediment.
so the e•.Juilibrium scour depth is varying with time.

Therefore the mean value of several different sections was
taken to be the representative bed profile in the experiments.

Of course. the pipe size has some influence on the accu-
racy of the results. The diameter of the pipe should not be too
small compared to the height of the san~ waves.

(c) The wake behind the pipe.
The equi libriulIIscour" depths were plotted in F~9.2. 37. It

• '"0 • • : 9. • ., • ••••• ." ~ .' •

shows that thc egui.lib.riu.mscour d~p~h·~s.a~..,eak. function'of 9•••
The scour depth is less than the diameter of the pipe.

The final scour depths were deeper than those expected by
the potential flow theory which disregarded the action of vortex
shedding and the suspensition.of sediment particles. In fact, it
is the vortex shedding that moves the hill away frolllthe pipe
and affects the scour depth underneath the pipe. So, in order to
understand the scour, the effect of the lee-side wake should be
paid enough attention.

The scour proccss could be split up into two regions: the
jet .periodand the wake period. The flow stagnation point is on
the upper part of the pipe. The scour rate is very high at an
early stage. Later on it decreases.

In the equilibrium state,. the velocities along the bed
surface were very similar.

The bigger the initial gap, the shallower the scour depth.
The equilibrium scour depth is a weak function of 8., the value
of S. is leas than the diameter of the pipe. The final scour
depth is influenced by the wake behind the pipe.
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Two-dimensional scour under pipelines discuss~~ in ch~pter
2 is a simplified scour model (see Fig. 3.1). In the field. as
shown in Ftg• 3.2. scour ta1<es place und er the pipeline forr:tin'J
a three-dimensional scour hole. I\10n'Jthe axis of th~ pipeline.
the scour situation varies. If the pipeline is stiff enou']h. and
the span length is not very long. the "lid-spit" may he ~"sI"·n..'l·~·l
above the scour hole. In order to get sufficient support. th~
pipeline is partly buried in the sustain~d positions.

From the engineering point of view. the di~ensions of the
scour hole are very important parameters. Especially the v~lu~
of the span length L is needed.

Fig. 3.1 Sketch of the two-dimensional scour.

Desides hydraulic conditions and sediment properties. the
stiffness length Ls of the pipeline is the main factor influ-
encing the length of the span. It is defined by
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~ pipe~ine i~'~~;~ on ~ ~la~e·.b~d, ~hc sdou~ p~occ~;:f$':
ideally shown in Fig. 3.3. After the onset of the scour (Pig.
3.3(b)), the small scour hole under the pipeline is widened and
deepened by the flow. Because the pipeline is flexible to a cer-
tain extent. the pipeline starts to sa9 when the span lcn~th is
large enough (see Fig. 3.3(c)). The pipeline continues its sa~-
~in~ process during the development of the scour hole. until the
mid-span comes into contact with the scour hole (see Fi~.
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Fig. 3.2 Sketch of the three-dimensional scour.

q is the submerged load on the unit length of the
pipeline, including the pipe weight and the cargo
weight transported by the pipe. i
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The phenomena of the three-dimensional scour have been
~:udied very little, and consequently are rather poorly under-
stood. A 'method to predict th~ span length is urgently needed.

The scope of the present chapter is to get an insight into
the three-dimensional scour in a current and to give an explana-
fion of the maximum span length for the individual scour hole.

In this chapter, a simplified physical model on the three-
dilllens~onalscour is presented. Then the results of serial tests
arc analysed. At last, a lIlethodto assess the maximum span
length of the scour hole is proposed.

3.,2 1\ simplified physical model tl

In this section an idealized three-dimensional ecour pro-
cees in a current is interpreted. The flow pattern under a sag-
ged pipe and the eustained part of the pipeline are analyzed. Fig. 3.3 Sketch of the three-dimensional scour process and

self-burial.



56

As a three-dimensional phenomenon. the scour situation
along the axis of the pipeline is different. It is seen clearly
fro. Fig. 3.3, the section A-A and 0-0 nre the typical sections.
As seen in Fiq. 3.4, the bed in section A-A is just slightly
scoured in the process. then further erosion is prevented. The
scour situation in the section n-D is quite similar to the two-
dimensional scour, but in the present case the pipe is not fix-
ed. The pipe is sagging until it contacted the bottOM of the
scour hole.
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The flow pattern under the pipe is determine~ h1 the S~~rp.

of the scour hole and the relative position of the pipe. For th~
present, the bed form is assumed constant. only the sagging o~
the pipe is discussed.

The influence of the saqging on the flow velocity un~~r
the pipe is different in two st~ges.

A-A

~A..: - ....~...~.......••. ~.".

B-B

dl

"

Fig. 3.5 At the early stage the s~ggtng increases the flow
velocity unde~ the pipe~

As shown in Fig. J.5. at the e~rly stage. the saggincJ o!
the pipeline promotes the scour. necallse the gap between the
pi pe and the scour hole is reduced. wll iIe the flow di scha rge
passing from the gap is nearly the same as before. the velocity
under the pipe is increased.

At the later stage. sagging into the scour hole the pip~
partly becomes protected against the flow. The flow velocity in
the gap is therefore reduced (see Fig_ J.6). The result is that
the s~our rate under the pipe is rlecreased.
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Fig. 3.6 At the later stage the sagging reduces the flow
velocity under the pipe. I~ L ~I

Fig. 3.0 The comparison between the pipeline and other
girders.
(a) the real pipeline:
(b) the hinged-edges-girder, y~ •• 5 ~)84 EI
(c) the fJxed-ends-girders, y f = _l_~

3A4 1::1

Fig. 3.7 S~etch of the slope situation of the scour hole.

slope are sliding down, widening the scour hole (see Fig. 3.7).
When the span length is longer, the pipelin' gives larger

pressure on the sustaining part of the bed. Consequently, the
frictional forces between the sediment particles on the slope
are increased. It is ~re and ~re difficult for those particles
on the slope to slide down. The spread rate of the scour hole is
therefore reducing with the increase of the span length.

Detailed knowledge of the sustaining part of the bed i.
needed. As an approximation, the sustained part of the pipeline
is generally considered to be a kind of situat.ion between the

two extremes, the hinged-edges and the fixed-ends. (See Fig.
3.8). The three-dimensional scour under a pipeline stops mainly
due to the continuous sagging of the mid-span.

In brief, the .i.plified physical model on the three-~i-
mensional scour is the following:

To analyse the three-dimensional scour phenomenon, the
pipeline could be considered a uniform girder with circular sec-
tions shown in Fig. 3.8(a). In the section A-A, the pipe is as-
.umed not to sag at all. In the section 8-B, the scour continues
until the sagged pipe comes into contact with the eroded bot-
tOlll.
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3.3 The effect of snryrylnqon the fin~l scour hole

The spreadin'] rate of the scour hole alonlJ the pipe axis
lIay influence the dimensions of the scour hole: If the scour
spreads very fast, the pipe will sag quite fast. On the other
hand, if the spread occurs slowly compared with the erosion pro-
cess under the mid-spand of the pipeline, the pipe will sag very
slowly into the scour hole. In this c~se, the scour underneath
the pipeline will be similar to the scour in the fixed-pipe
case, as described in chapter 2.

Hence, the influence ?f the spreading of the scour hole
along the pipe a~is on the final scour can be studied by stu-
dying the effect of the sagging velocity of the pipeline Vs on
the final scour depth of the two-dimensional scour at the middle
of the three-dimensional scour hole (see Fig. 3.8, the cross
section D-D).

This effect has been studied experimentally.

rig. J.')
Sketch of thO!
sa')')'!"pipr..

The sagging velocity of the pipe Vs' It was kept constant
during each test. Vs • 0.62 to 12.4 mm/min. .

• • " •• o. • • ."

The Shield's parameter 9. (for the definition see Eq.
(2.22». 9•• 0.098 and O.lS~

1.

2.

I. J.I
I.

4.

.The'Inltla'l'rel~tive -9ap eB/D bet;'een<the:pipe an" the
undisturbed plane·bed. eO/ • 0 and 0.1.: .

The boundary situation. Two different boundary situ~:ions
were taken. This is related to the following
considerations:

The necessary condition for startln9 the sag91n9 is that
I there is a scour hole underneath the pipeline. It me~ns that th~
I pipeline starts sagging when there Is a certain scour 'lapun~erI the pipe.
I . In the experiments, different ~nitial boundaries tJncl'.!r-

.....,i ';.'. : .:.·~e~~~~h~)lP.~:'C2.~f~~po.n.d.~~.di!.te·r.!n~s~.a~~jn~..-l'1o.m'!n.':.s,.·I~:.~s.~.»
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and du~l~g.this period the scour depth under the pipe renains
'.near'ly C()~~farit:·:·· "., .... ... . '.•.......'

. ;~.:«.

Some of' the equipment used in the saggin'] experiments has
been describetl in chapter 2. flereafter, in the following chap-. . .,.. .' .
.t:er:s.only. the .sali~nt features as ~e~l as .the adapt.ion.f~r spe-
cifi~d tests'will be bri~fly d~scribed.

A unit length of pipe was chosen as the model of the mid-
dle part of the pipeline. The diameter of the pipe covered with
rubber was 10.1 cm. The length of the pipe was 1.99 m, which was
1 cm shorter than the width of the flume. (For details see sec-
tion 2.4.1).

In order to simulate the sa99in9 of the pipe, a long screw
bolt was connected to the frame which supported the pipe (see
Fig. 3.9). Dy turning the handle (by hand), the pipe could be
.lIove~qtlite.smoothly up ·and down. ...:<....'in:-:t~e'~xll~rl~ent'~',·tiie··folio~l.ri9·pai:amilt~r"h~ve 'bi!~n':':.'.
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Fi~. 3.11·~ho~s th;va~ratio~ iri~~e~ fina~ sc~ur d~~ih .'

with the sagging velocity. In Fiq. 3.11(a). th~ results cor-
respond to the small value of 9_, whi Le Fig. 3.11 (h) shows the
similar results for somewhat lar')er values of 0_ (the l.~rgt'st
possible value in the present set-up for the given grain si:e).

Boundory silualiOl'l-B~

Fig. 3.10 Skctch of the boundary situation -A- and -S-.

The boundary situation with the presence of the downstream
hill is designated -A- (Fig. 3.10(a». The boundary situation
without thc hill is designated -0- (Fig. 3.10(b». When the pipe
started to sag. the relatiVe scour gap between the pipe and the
erodc.) bed in the casc of -A- was about 0.4. and in the case of
"D- about 0.6.

The experiments carried out are listed in the tabie 3.1
with the circles.
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o = 10 em

H•••= JSc.m

eo/O= 0.1
6., = 0.098
0 -A-

0 "0-

8 10 12 1t
Vs Imm/minl
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~

Table 3.1 The summary of the test conditions

Vs (mill/min)
O. Boundary

situation eolO 12.4 6.2 3.1 1.5 1.03 0.62

0.099 A 0.1 0 0 0 0 0
B. 0 0 0 0

1\ O. 0 0 0 0
0.15 D 0 0 0

0·'0c.m
H.,. JSem

~o/O. III
6.,: 0.15
.Ito. -A-
o -B-

o

Fig. 3.11 The relative scour depths SaID versus saggin9
velocity Va for the boundary situation -1\-and
a) 9•• O. 9B. b) 9•• 0.15.
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It is seen that the final scour depth in the sagged-pipe
case is always deeper than that in the fixed-pipe case.
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The.scour bed profiles for.9.·0.098, .eo/o -,0.1
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The scour bed profiles measured in five longitudinal
sections for 9. = 0.098. e~/D • ?l. boundary
situation -aN and Vs a 1.0 mm/cJn.
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Fig. 3.14. The scour
bed profiles for 9••
0.15. eolo • O.with
boundary situation."A-.
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F"ig. 3.15. The scour
bed profiles for 9••
0.15. eolo • a with
boundary situation"B-.c- Iv"u-I <I -I the lIIeanvalue: Fig. 3.17... 1 the local
longitudinal profile
below the pipe.
(number in min.).

- .

The comparison of the eroded bed profiles between the
sagged-pipe case and 'the fixed - pipe case' for 9••
0.098. (number in min.).
--- : the fixed pipe. colo. 0.1:
-.-. I fJxed pipe. eO/o. 0:
- - - - I the sagged pJpe. colO. 0.1.
Vs • 1.55 mm/mln.
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are approximately the same for different sagging velocities. In
all cases. boundary situation NnN always results in a deeper fi-
nal scour depth than NAN.

Fig. 3.14 shows the scour profi les for 8•• 0.15. ttere,
the gap between the pipe and the undisturbed bed is zero and the
boundary situation is NAN. The tendency Is similar to that shown
in Fig. 3.12. hut the final scour depth Is a little deeper. This.
is partly because of the larger value of the Shleld~ parameter
and partly due to the smaller value of eo/o. which both contri-
bute to a larger scour depth (cf. chapter 2).

Fig. 3.15 shows the scour profiles for 8•• 0.15 and
eolO • O. but with the boundary situation NON. After 10 minutes
run. the pipe started to sag. The created Initial boundary situ-
ation NBN is shown as a dashed line in Fig. 3.15(b). The final
bed profiles are very similar Independently of the sagging velo-
city. The final scour depth is a little deeper than that in the
case of boundary situation NAN.

B. The three-dimensional character of the scour holes
If the s~g?ing velocity Is rather small. the scour hole Is

influenced by the movement of the sand waves which are of three-
dimensional character. Fig. 3.16 shows the measured bed profiles
.in fly!!.longltudlnal ~ectlons (cf. :Be~tloi:J2.4.1.and Fig.' 2.25).
.~Th: data ar~: 9. ;;;0.090:' eO/D ..••0'•.1 ~nd··v~·•• i.e)] IIIm/ml~.The .
meAn value of the five profiles is plotted In Fig. 3.13(c). It
i& seen that the upstream parts are different In Fig. 3.16. but
the downstream parts are similar.

In the case that the Shields parameter 9. is relatively
higher and the sagging velocity Is lower the three-dimensional
character of the scour hole is clearer. The downstream part of
the scour hole differs along the axis of the pipe. The dashed
lines in Fig. 3.14(c), (d) and Fig. 3-15(c) show that the pipe
was stopped. by the local higher elevation on the downstream

:slope. . ...
" " .: . .-, '.0.. . J:" • ._:•..r ,» •••• .0". •.... ..•. _ ."

'..C. Co~Parf.n9:,,:ith·t,:r~fhed~pire;'calle >: ." •.• ,
. 'The comr~rison :bf'the erod~~' he'a ·;~of({es·.6et~~en

sagged-pipe case and the fixed-pipe ca~c for 9•• 0.098

... :

.:.. .v ~..
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in Fig. 3.17. It is seen that the streamwise dimension of the
scour hole becomes smaller around the sagged pipe than ~round
the fixed pipe. Further. the scour depth directly under the pipe
in the sagged-pipe case is slightly deeper than that in the fix-
ed pipe case.

The following conclusions are made:

1. The sagging of the pipeline has essential effects on the
underneath scour. In the sag~ed-pipe case the scour hole
is slightly deeper than that in the fixed-pipe cas~.

2. The sagging of the pipe reduces the streamwise dinension
of the scour hole. The gap will be filled just downstre~m
the pipe due to the continuous sagging of the pipeline.

3. The final scour depth varies slightly with the sagging ve-
locity of the pipeline. The initial scour profile hefore
sagging only influences the ·final scour depth itlthe C;lSC

where the Shields parameter is relatively small. and the
_.,saggingvelocity 16 relatively high •

4. The maximum value of the final scour depth is
approximately one diameter of the pipeline.

3.4 The estimation of the maximum span len9th

The pipeline can be considered as a uniform girder with a. .
...circular section. According to the physical model (cf. section

.~~•.. -:"3:'2·~3·)~··t~~,thr~;'-di'me~sidna-lscourca'rj'~ 'si';;i;lified:il's.the
.• - : r •. sc~r' u~:-d"~r···:~he:':9'ir.(fe~"wlih"t~o·s~sfaf'"nid .·ends"'-~:rs·e';·'F'i~ .:".:::.. ' :'0. ' .... : /

.;"./:':".~Le~afh;·.·· ;..-'•..~ r:.. : .:...~.~:.:"..:::...~.:,":. '. . .. ;. .:
: ';. ,'ih~n\~e're ~1~:n~ ~c~u/~n;~~'~n'~~~~'~h';Pi~ei·in~.·the·to..,']
on the pipeline is balanccd by tl,C support of the planc her!

I. I. I. I I. r L
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In th~ case where the ends of the girder are the fixed
ends. the maximum deflexion Yf reads

'under the l>ip~Une." ' .,',.. '.-.' .'
If the scour hole under the pipeline is·~ide enough, the

pipeline sags until it reaches the scour hole. It is well known
that the deflexion of a girder has its maximum value at the mid
span. Decau~e only the deflexion at the mid-span will be dis-
cussed in the following, for simplicity. it is designated to be
Y with omitting "max" (see Fig. 3.B). It is evident that with
the increase of the span the value of y will be larger.

In the case where the ends of the girder are the hinged
edges (sec Fig. 3.B(b». the maximum deflexion Yh reads

Yh·5.~.
·m··EX

th~'sa99i.n~;.velodt.Y"v~· i~·:'in"dit~ct·.'propoitio~ ·to:the.spr"ead"··
velocity·of the scour hole.

As soon as the values of dYp/dt and dY/dL are known. the
spread velo~ity of span can be calculated by

(3.7)

(3.6)

..... '.. ,.." ., ..... ." ...-...) ~
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dL dYp dYp
dt - dt I dL

dL EI dYp
dt - 4aqLJ dt

Leeuwestein et al •.r,ported that the.order of the ~pr~ad
vel~~itYdL/dthad the order of 10-'2 to 10-1 m/h (Cl.P]). F'ron
the engineering point of view the length of the span is mor~ im-
portant than the spread velocity.

Eg. (3.7) can be reformed as

By inserting Eq. (3.4). Eq. (3.6) is recast to be

..

(3.2)

..'.....
70
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t dY I/~
L • [g 1 --..e. dt)

ag 0 dt

Then the span length at any moment t can be calculated by
integrating Eq. (3.8):

(3.3)

It should be mentioned that the only difference between
Eg. (3.~) and (3.3) is the coefficient. which is due to the dif-
ferent conditions at the ends. The maximum defelxion Is de-
creased with the reduction of the freedom at the ends.

Similarly. the maximum deflexion at th~ pipeline Ymax
can be c~lculated by

d(L")----dt
EI dYp
aq dt (J.8)

(J.9)

where a is a coefficient depending on the end situations.
Because the end situation of the real pipeline is supposed to be
the middle between the hinged edges and the fixed ends the value
of a 15 between 1/304 and 5/304.

The sagging velocity of the pipeline is a function of the
deflexlon Yp and the spread velocity of the span. The relation
reads

~
£1

According to the simplified physical model. the scour
process ends when the sagged pipe comes into contact with
the scour hole. It means that the value of Yp is equal to
the scour depth under the pipeline. It reads

in which T is the total time of the sagging process of the
pipeline.

The maximUM length of the span corre~pondin9 t~ the
maxi~um flexibility reads

(1. I J )

(J.10)T :YpJ t dto

L • [E! S )I/~
~ax ag a

s •a

(3.5)

(3.4)

ar,
dt

•• dYp
dL

• a

v ••.dYp
s dt
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As an approximation, taking

The maximum span length Lmax can be compared with the
stiffness length Ls (see Eq. (3.1). By inserting Eq. (3.1), the
Eq. (3.14) reads

• (126 EIO)I'1oEq. (3.11) has become Lmax ---q----

It should be recast as a dimensionless formula

ttl
(:J.Il)

(3.12)

(3.15)

(3.14)

[126 El)I'1oqor-

3
J84'a ••

Lmax--- ..o

and

1'10
[126.D.L~] FIg. 3.10 Sketch of the cross section of the pipeline.

(3.16)

It means that the maximum span length is in direct propor-
tion to the stiffness length of the pipeline.

The bendIng moment relative to the central axis in the
cross section of the circle can be calculated as

It is well known that the safety coelficient of the pipe-
line decre~ses with the increase of the span length.

The data given by Bijker [1] were taken as the input of
the numerical example.

The pipeline is supposed uniform. Fig. 3.10 .hows the
sketch of the cross-section. The outer diameter of the steel
pipe is 1.27 m. the steel wall has the thickness of 25 mm. the
reinforced concrete cover is 6S mill thick.·

The elasticity modulus of steel Is E • 2.1 • lOll N/m2•
As a component pipe, because the elasticity modulus of the

reinforced concrete is smaller than that of the steel. the com-
ponent elasticity is smaller than the elasticity mOdulus of
steel~ From the engineering point of view. in order to get a
higher safety coefficient in the calculation. the value of the
elasticit.y modulus of steel should be taken.

(J.PI

where 01 is the outer diameter of the circle: OJ is the int~rnal
diameter of the circle.

Here a large value of I is chosen to get a higher safety
coe ffici ent.

By inserting 01 • 1.40 m. OJ 1.22 m, the hendin~ moment
of Inertia is I • 0.08 m".

Suppose that the pipeline is filled with 011. The sp~r.i-
fic weight of oil Yoil is taken as 0.8, and the specific w~i9hts
of steel and reinforced concrete 'ste~l' 'concrete are taken as
7.0 and 3.0. respectively.

The unit load q of the pipeline in water could he cal-
culated by

q • [i (°1 - °l) Ysteel + i(ol - °l)Yconcrete +

+ i oj • Yoil - i 01 y] •

f I. : I.... r __ L [ - I _ L L I. L.__ [ .... L...
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(3.18) .

By inserting E. I and q into Eq. (3.1). we get the value
of the stiffness length of the pipeline. Ls - 120 m

Then. the maximum span length is calculated by Eq.
(3.16)1

Lmax '" 133 m.

The. ca lculatec;1resul tse~ms qui1:;er.!!asonable•.

3.5 Summary

A simplified physical model on the three-dimensional scour
in a current· has been proposed. The sagging of the pipeline
pl~ys the key role in the development of the three-dimensional
.acour ,

Experimental results indicate that the Shields parameter
8., the sag9in9 velocity of the pipe Vs and the boundary situ-
ation have some influence on the final scour depth. In general.
the scour depth' in the sagged-pipe case is s:lightlY deeper than
that in the fixed-pipe case. The maximum scour depth is approxi-
mately one diameter of the pipeline.

A for~ula to estimate the maximum length of the span is
given. The numerical example shows that the calculated results
are satisfactory.
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. [.3 )
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CIIAPTER 4

TIlE EFFECT OF THE LEE-\~AKE au TIlE SCOUR OELOW PIPELt:lf::;

4.1 Introduction

The llIOE"egentle slope 15 caused by the stE"on'}tUE"hlllenr:e
(ormed downstream the pipe (see Fig. 2.5). In practice. the
increased turbulence ~ownstE"eam the pipe is.malnly cE"eated' by
the vortex shedding •

. .. 1.1)this chapter •. the cond l t Lona- for the apreaE"anc~ of. thO!!.
.~~rte~·:s~ed~i·~g In.:.tJ:1e:~couE"process belo'; tlle pipe 'are stu<H.ec1
first. After that the results on the VOE"t~x sheddin'} in<lue.,.1
erosion are presented. Then. the experimental results for :1oO!!
vortex-induced velocity near the bed are introduced. A simple
model for the vortex induce~ velocity near the bed is pE"oposed.
and the calculated results are compared with measured dat~. Fi-
nally the effect of the scour on the velocity field induced by
the vortex shedding is presented.

4.2 Experimental set-up.

.. ' ... \.,,

'. . ..' '.

: •• ' • - . ' • •• .' ". .•••• . '.:-:: .• ::~'.~ ••r The ,'e;~~rrllents :.were ·~~i~t~i'~ii"t'p~ct iy,.< i~' the:::~ :;;' ,wi .i~·..:::;'..:-.'
..'; -:.: ~<.:. : "':" .::.:.; ';; '.'.' -. '. : •': : ~ ~ ,. ,.':"-" .--.... . . ~: '~' ~.' : : : :; : ~1"~.' ·:.~;~:·.f~~·~~;::·~~.~~.'t'h~:'~~~d,·b~d.·:~~~d.~~f~~e~i;;~::·F.·i:~·~.·::z.'.i4·j"::.· ·i:~·'.~h~:.:~·~··'"'.' .
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' ..•.• ~:.;~.r ~,.•, . '. . '•. ' t...~.:•• :'.,~:" .::;;: '; '.;' :;: ~".-".~' .~•• ~-~.'., ':' 0." • ',~, •• : .'~' .~. ·'r:'.·."',~,.tl1J,!'Ie.'••tl;li1·'PJpe :~l-II~·wl'tll. dlalll'eters' of ,t~a "",m'<ana ~O -mlll'.~·r~- •.. '.

'.. . ;... .:.... ." .....

L r



1---
I - I -. 1- - ,- 1- 1- 1- 1- ,- 1-

.'
78 79

y(cm) (0) (b)

30 ~
0 y(cm)

0
0 •

10 0 10 ••
0 •
0
0 •0 •

08
,
•

0 I

u(cm/s) u(cm1s)
at Q1

0 10 20 ~ .:0 0 10 20 30

Fig. 4.1 The undisturbed velocity profiles measured far away
from the pipe •
(8) In the 2 m wide flume
(b) In the 0.3 m wide flume.

Plate 4.1 The tilting flume and the terminal of the computer
Spell.
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apectively, have been used. The surface of them were hydrauli-
cally smooth.

Some experiments were conducted in a tilting flume with a
rigid bed. (See plate 4.1) The flume dimensions were 0.3 • 0.3 •
10 II.It has a hydraulically smooth bottom and glass aide walls.
A plexiglass cylinder with a diameter of 30 mal was used as the
pipe model. The surface of the cylinder was also smooth.

The micro-propeller with e diameter of 5 mm was used to
measure the velocity. The velocity time series digitized and
stored on a computer (Spell) were processed off-line.

The sand bed follower was used to measure the bed pro-
files.

Fig. 4.1 (a) and (b) show the measured velocity distri-
butions in the verticai direction in the 2 m wide flume and in
the 0.3 IIIwide flume respectively.

Table 4.1 is the summary of the test conditions. For the
aake of clearness, the tests carried out in the 2 IIwide flume
are designated Wthe loose-bed experimentsW, and the tests car-
ried out in the 0.3 IIIwide flume are designated Wthe rigid-bed

Fig. 4.2 Strouhal number vs. Re number.

of the pipe surface and the boundary close to the pipe.
Fig. 4.3 is t~e spectral density distribution of the velo-

city Ileasured at the upper and the lower edge behind the pipe
which is placed at 1.5 times the pipe diamet~r above a plane
bed. The dominant frequency was 0.57 liz, corresponding to 5t ,.
0.23.

in which f is the frequency of pairs of vortices. f is the func-
tion of the Reynolds number defined by

(4.1)

It' ls·.-weilk.~o~it·.that. the tlow'passing' a stationary cylin~. ." .. . . .
separates at the top and bottom of the cylinder. vortices
shed, forming a wake.

The Strouhal number is defined by
are

experimentsw•

4.3 The occurrence of the vortex shedding

'der

When a pipe is placed close to a plane bed, as pointed out
by Bearman and Zdravkovich [1], the regutar vortex shedding·is
suppressed if the gap ratio between the pipe and~the plane bed
is.less tha?0.3~ ..• •.:... ~ -:.......•...:. . .'. '.'.,.

'..Whe.n'.·the.un~distutbed flow;veloci.ty is large ·enou'Jh.the
bed uhder a pipe is eroded forming a gap. ·Fig. 4.4 shows the s~-
rial spectral density distribution of the streamwise component
of the velocity u measured at the.upper edge behind the pipe
during the scour process.

The following conclusions may be drawn from the figures:
1. When the gap ratio elD ( 0.35, there is'no clear re-

gular vortex shedding. In the early stage of the scour process
there is a relatively high hill downstream the pipe. Although

Re ,.0 u. (4.2). the gap ratio is larger than 0.'3, the space behind the pipe is
v not;"lar9~ en~u9h:for;the. vor.tice~:a.t:the:upp~t:ah~_·io\oler:'e<!ge's

:-:'.;:~~~r~ ,v i~:'t:hd '~~,i~m~"tic ·~illcos\f.y..?f. ~~t~r~ ~i~~ ..·4.•2. ~!'~.~::t.~a.~..••. -: :','.,~.):; .•~!;.~t:~~:~Ad.:~~:);ri.~~~.~~t~.:~:~:;.i.d~t·..A~p.e~[;a"~ee':af;' ~lie·. ~r:-t~~: :.~:
:' :·····f~t;.·:f~~·e·~Yi:i~iie·r·rh' ii' w~d'e',~~:~~e'?fil;;';oids'·~u'''-ber)02 .·c ~e .."." ....':.':'.,:,.h~ddin9.CPf.res'p?l1dedto..t.:';15'..:!i'itl~':whe~-·~l)~"·9.al'~.r.~.~i-p.~s·.:.':.•..': •.
. '....• ~·:·lJJ5~,:the:·S.tiQ·iJh.f:ri'U·ilb.6r,.'.ke';p~ :.co~s-t·an~•. .se.: -='-0. 2.":Xn·:l.i~t~;., ,~·:.~.t~l:·~:':.;;',':-r"'liir9ez:':··~h~n~~O::3'S;~~~C;·tti";tn":~~r~'ifoi/~t':the~:b~d~b~iow'-t~~~p'f~~'," ..'.

~ ••' r ' ..•... ~.•.••..•.~.:..•:•. .' -,' ;•. ~ ..' ':'•• ~ "'l : •• " •••• "...:; ". • • • ".

t~e Strouhal' number 'of the vortices is effected by the roughness the Strouhal number varied. At last, at t • 60 min. the vortex
shedding frequency ~rre9ponUcd to St • 0.20.

[ . L.
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The spectral density distribution of the velocity for
eo/D • 1.5. 9•• 0.019 with the erodible bed.
al Measured at the upper edge behind a pipe:
b) Measured at the lower edge behind a pipe.

Fig. 4.3
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00
, = 0_57 Hz
SI.023

3 f(Hz)

Fig. 4.4 The spectral density distributions of the velocities
.easured at the upper edge behind the pipe (see posi-
tion .) in the scour process. Measured with a Laser
Doppler Anemometer made by DANTEC.
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2. Compared with the total scour process the vortex shed-
ding appearp-d at rathp-r quite early stage. Theref~re the ques-
tion is: what is the role of the vortex shedding in the scour
below pipelines?

4.4 The vortex-induced erosion

the vortex shed frolllthe lower edge of the pipe 'passes 'over,
Meanwhile the sand particles placed directly under the pipe or
placed upstream the pipe did not move. Fig. 4.7 scheMatically
illustrates the observed phenomenon. The observed periodic sedi-
ment movement is in good agreement with the Strouhal nunb~r St =
0.2, confirming that the sediment movement is caused by the vor-
tex shedding.
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To investigate ·the effect of the vortex shedding alone In
the erosion. the transpo=t stage in the present tests Is ~ept
very low. well below the incipient sediment transport. In that
way the influence of factors othe~ than the vortex shedding can
be minimized if not reduced to zero. To this end. the Shields
parameter 9. in the tests with the loose-~ed was chosen to be
0.019.

!~!~!_!h~_!S2~!_!~_~~~_~!!!_~~!~_~~~_!~~!~~~~_~!!~!~2!~_!!~!_!!
~!!L!2~

Fig. 4.5 and Fig. 4.6 show the scour hed profiles obtained
for two different pipe diameters. In the tests the initial gap
between the rlre and. the plan bed varied.

From the fi9ureo the followln? conclusions are straight-
forward:

1. The scour occurs downst.ream the pipe rather than just
under It, which indicates.~hat the ~rosi~h there· is induced by·

'the action of'the leewake,:namely the' vortex ·~heddin9"
2. The scour depth decreases as the pipe position above

the plan bed is higher, indicating that the effect of the wake
decreases as the initial gap increases. Fig. 4.5 (a) and Fig.
4.6 (a) indicate that the scour ceases to exist as the gap ex-
ceeds approximately two times the pipe diameter.

'--.

r

;'". ".•..

Scour bed .profiles at t = 400 min.
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A flow visualization study 'was conducted by injecting dye
if\t-a.the.near':w~ket'egioD of the pipe. The. sediJnent motion was'

• I .:;" .illl~lt;1I:1~o4·s·ly-:~aer.';e((·~Wht~:I):th~,·.·f·lPw·~·.~i~uc.tur·e~-.1IIa:rkea· bY' ~~e ...:". -'. . .. ~
•••.••••• ; •••••• _ ;"" •••• : ••• :-.,. •••••• :::: ••••••••••••••••• ,.~ ••••• ::" ••.••••• , •• ~ "' •• & ••••••••••• _. e.' _ .••••• .-.;•.•• :°"".0°;" •••••

·d!j.e were·.pa!lsing:abQve·the·.bed•.It~was. lIery clear that 'In the
•• ;" ••••••• '" • 0°•••• -;. • .: 0" .: •• ~ ., ••••• .• •.::" _. ";', .--. .: •.•••• ,," •••••• :'

• :•.~o.~t;; ~9iQn. ~lJown.~I'\.rt~. 4.5 ana· f"ig •..-.4.l;•.th~' 8Eldt_ent·tran.-
port is intermittent and occurs p~riodically at the tl'f1ewhen
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.Th~.mean flow veloci ty at a measurement poi nt wi~h r~spect
to the to.·ta{-sam~lin9 ·~i~e T .i:9.defineriby'

~. Some definitions In the analysis of velocity.
During the sampling process. the flow velocity h~d alreAdy

been di9itized. The sampling time interval as l::r = 0.012 S. the
sample size is the total saMpling time T = ~T • 2047 = 24.564
S.

To understand the rore ot" the vort ex shed<ting·in the
scour. it is necessary to study the flow velocity downstr~an
pipe. especially the flow field near the bed •
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where ui is the digitized velocity and n = T/6T + I.
The fluctuation velocity u· was <teflned by

u· • u - U

(4.3)

(4.4)

The root-mean-squllre value of u" (i.e. Ule r.m.s.) or the
so-called flow turbulent intensity e is defined by

-2
O.~~

o
o. -1-_ ..~--~

x
.0

" .ju.'l • ~I (ui - ii")'l/n)
i=l

(4.5)

Fig. 4.6 Scour bed profilcs at t • 200 min. 8•• 0.019.
o - 50 mm.

B. The comparison of the velocities between the upstrl'AlllAnrl
near-wake region

The flow velocity WIlS measured Illong the streaM at 5 mM
Ilbove the bed (cf. Fig. 4.8).

Fig. 4.9 (a) and (b) show a part of two measured samples
of the streamwise component of the velocity u. Fig. 4.9 (a) cor-
responds to the undlsturbed flow veloci ty far upstreao whi Ie (b)
corresponds to the flow velocJty In the section rlown~tream the
pipe with xlD • 3. Fig. 4.9 (b) clearly indicates thal the
sediment bed in the nellr-wake region js exposed to a periodic
velocity field •

.Fi9' 4.7 Se.lflncntmotion caused by the vortex pllssing
ovcrhc ••d.
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Definition sketch for bed velocity measurement.

Bed velocity
measln!ment
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Fig. 4.10 Spectral density distrihution of flow v~locity
measurements in Fig. 4.9.

o
}o

-. ;-,.-;.-.;-..•-.. -. :.' .•..'"'..,..,.""".''''"''-0''''':-'-''''''-' .-.-,.- ..-.."".:-.-.'-.• -•.-. '-.-'.-.• ""-••-. -.•.,.••••;..-.•~..-••..".-.-.•- •.-,.
I "0( Ie ) I 0.5 em

Fig. 4.8

Fig. 4.10 is the spectral density distribution~ of th~
velocity records partly depicted in Fig. 4.9. It is seen clearly
that the dominant frequency of the velocity record shown in fi'J •
4.9·(b) Is nothing but the frequency corresponding to St = O.~l.
..~evealing .the fact that the' periodic velocity field exposed by

.: the b.ed. in 'the::near-walce region is created by the vortex' ..'

shedding.
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Fiq. 4.11 Variation of the near-be" velocity 'I with r'!::p~t:l. l'l
.. the downstream "istance fro", tI,"! (lire •. ~l\.~·is··th~

:.". 't:hreshold"velocitY'for the s"n<l partt"<::lcs·u;;;'<l··i.n the-·
experiments.
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Spectral density distributions of th~ near-b~d.
velocity at various locations downstream th~ pipe in
the rigid-bed experiment. eO/o = 0.6.
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Fig. 4.12 shows the spectral density distribution of the

near-bed velocity for different locations downstrean the pire•
As seen from the figures. the dominant frequency of the vortex
shedd!n? was f • 2.85 HE, which'corresponded to the Strouhal
nu~ber St - 0.22. The serial figures indicate that the vortex
shedding-influenced region alon? the bed extends froa xlD ' I to
"/n _ R " •.• ""'__ , .• __ ••\.. .•.•.- __ In - n I:::

section the properties of the vortex-shedding-induced velocity
near the bed downstream the pipe are investigated further.

Fig. 4.12
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1. In the scour below pipelines the vortex shedding is
present from practically quite an early stage of the scour pro-
cess. Then the near-wake ~ed region downstream the pipe under-
goes the action of the vortex shedding.

2. The vortex shed from the lower edge of the pipe induces
a fluctuating flow field in the near-wake bed region as it is
convected downstream.

3. Every point of the bed downstream the pipe feels this
extra velocity in the form of a periodic signal (se~ Fig. 4.9)
with a frequency corresponding to St - 0.2.

4. This effect causes what might be termed the vortex
shedding induced erosion downstream the pipe. Depending on the
gap ratio the vortex shedding induced erosion ~ay result in sub-
stantial scour as shown in Fig. 4.5 and Fig. 4.6.

i~~~~_~_Qti~!_~~~~~ty
The following conclusions can be drawn from the·experi-

mental information presented in this section:

4.5 The vortex-induced velocity near the bed

Now it is very clear that the vortex-induced velocity
plays an important role in the scour below the'pipe. In this

..
....• -; .•.:.~•... :;',- - .••. ~::~~.""':...•.• ~.• ,0.. ;" ....•• 41.••.. :' •... :." .......• ::-:"'r.:~.~.•. : ..:~•• :"':-:'O!., - •••.. ~.~ •::;: •• t..,V;.:~..

c•. V.ariat·i~~·6fthe velbc·tt);'.in.the ·near..:wake·;.re9·fo~~;.·~·".'.:.
Fi~.: 4:11 shows the:variation of the n~ar-bed·velocity. as

a function of the downstream distance from the pipe. The thres-
hold velocity for sediment particles is plotted as a reference
line in Fig. 4.11. Umax represents the maximum value of the
near-bed velocity seen at the points on the bed when the vortex
that is shed from the lower edge of the pipe passes overhead.

The figure clearly shows that the sediment transport
occurs only when the shed vortex sweeps the bed. This is because
only during these brief periods are the near-bed velocities
large enough to move the sediment. Therefore this figure ex..,.
plains ~hy·.t1:lesediment -t'ransport.ob·s~rved·i";·th·~t'~~tswas'
intermittent and occurred periodically.
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weakly effected by the vortex sheddin~ (see Fig. 4.12 (a». The
spectral density distributions shown in Fig. 4.12 (b) and (c)
indicate that the effect of the vortex shedding is quite strong
in that region. Although the vortex shedding frequency in the
spectral plot at X/D - e can still be ~etected (see Fig. 4.12
(d», it is no longer the dominant frequency. From Fig. 4.12 (d)
to (e) it io seen that the bed is not influenced by the vortex-
induced velocity for the distances x/O ) 8 and x/O ( 1 for the
present experimental conditions.

The vortex-shedding-induced velocity detected at the
points on the bed in the wa~e region is schematically shown In
Fig'. 4.14. For the points on the bed, the velocity seen there
varies periodically depending on the sheddin~ of the vort~x. 7h~
varyin~ amplitude of the velocity is the double amplituc1e of the
vortex-induced velocity denoted by 2 Uv'

t»
Q2 Ua>

Passag9 of
one vorl."u I ( ) I

ti -APtf\ lTh9 double- -- - - - -- - ampilude
2uy

15105-5
o
-10

••
01 Ne.r.h.d _ •••• 9

. JU'bulec. • -~L· ~_ e__-----e-- __ L_.. . .
•"IT

Fig. 4.13 ffFi x eOu:- versus 0 in the rI~id-hed experiment, O. 0 •.6. o

The. velocity seen at a' pqi!1t on the h.etlin ·ttll'n.E".,r-:.
walCe.region ..•.

FI~. 4.15 shows the variation of 2Uv with respect to thc
distance downstream the pipe in various tests of the present
study. It is seen that except very close to the pipe. the double
amplitude of the vortex-induced velocity remains practically
constant along the bed. This implies that the vortex keeps its
entity without undergoing too much change throughout its life-
time. Thus every point underneath the vortex is exposcd to th~
same fluctuating veloci ty as the vortex is convec t ed ,lown-

Fig. 4.14
. .

I,,'t·i').4.13, ..t;he,variation of the relative r.m.s. value'
of the fluctuating 'near-=hed velocity' .{).IT""l with ~esp~ct to the

'. . 11.

distance aton') the bed is plotted In comparison wi th the near-
~ed turbulent level upstream the pipe. It Is seen from this fi-
gure that the excess. r.m.s. velocity created by the vortex shed-
ding ceases to exist at x/D s 8, thus confirming the analysis
shown in Fig. 4.12.

Thus. one may conclude that the x-extent of the vortex-
shedding-influenced re~ion can be taken as 1 < ~ < 8.

The preceding result is significant· In the sense that It
1 i h h stream.expa.ns ~ y t e lee side of the scour hole below the pipe has a.

:.::.:,!,e.r·y·;gep:t.l.e·:.si-o.,e.~·.I~d~~~~;.tii'kr~9thi.!.~~ou~,~ept:f.1:as::-::~all·d:.:.' .: .: ».;.:.' .".:: - .> :'.: ..-:: :'.:..~"':-." : :.
• ""ihi' d'<:J~'h\S1!r"~lirlli·elC·t.tt1":"· 0'''' ,,'--~:":.... ":,_:.•: .. ;r.···d··d..~:'~;"'I:':';"'.'::....:-..' ~".'.:..•.~.::,;.;.. ,.,'.~.:··..•....•._~.i.:1'I.,6..I\, --51.Pre .lll()jle"L:{oC~ t)ie..·voE:-t.ex~indu.cec\~.veit;l.c::i.t.y.•Jiear.•.ttje..~d·:..;...:,:... . ..' .•. <one vor"e.x Sne ·thg- n~£uenced region .. . : . ------------.,....------------------
' ...• ~) Up~.,:.ti~e.··t~~-:ltl~~'. i11~~·qf ..t·~~..6.~lir. ho~C'.ls'a?·pl'~xi~~t1!!iy ". ':' '~., .', .: ...: .•.. ,..... :~:.... : ';>:"" .' :.'J." .••• ;: .'. :••••...~.:: •• :. '~.' .

1:0,. which agrees well with the values ;ep~rte'd In the li'te-' .•.. In· order to calcula'l:e the"vortex shedding~"induce" velocity .
. [6] . . nellr the bed· in the. near.-wllke.region a simple model 'is.proposed.:rature· •.
. : .. ..' 'i~"thi~ s~~t't"cSri: .:...... ..•.

I r. I.
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Fig. 4.15 The <louble amplitude of the vortex-induced near-bed
velocity 2U versus x/D.
(a). (h) an~ (c) correspond to the loose-bed
experiments with gap ratio eO/O • 1.5. 1.0 and 0.35
respectively.
(d) and (e) correspond to the rigid-bed experiments
with the gap ratio cO'O. 1.0 and 0.6 respectively.

(4.7).r • ~ II rlu 2 . '.~ bottom' .

.0 ••••

The strength of the vortex r can be related to the 5he<l-
<ling of the circulation at the separation point at the lower
edge of the cylinder by the following expression (see Dear~an
[2]>:

in which f is the vortex shedding. frequency •.
Ubottom is the velocity just outside the cylinder boundary

layer at the lowei edge of the cylinder and II is a coefficient
corresponding to the fraction of the original circulistion t.h"t
survives the formation of the vortex.

Substituting Eq. (4.7) into Eq. (4.6) and bearing in min1
that St • Df/U •• the following Eq. can be drawn:

- . ".". 9~
~,,".. : ..••.~ : .:•• ':: ..•~. _ :. i •.· .:._;.,.. ....•

. .' .. ~:-.. .... .'. '~:. .. .'.: :
:':,.,:...: :"';"Th'i"~'Ii'a~t~~IIy'·"t:~~·do",~i~:·.at:~li:~de··Qt··tht!'".vel:bcilty ..5:i9M,l,.::in~~..••"'...:.
.. .:. t'r~dtic~d"i~' Fig'.;:4" ].4'••.' .' ...~.::........ . -:" .'.:. .;....".:.... .....

Here. r is the strength ~f the vortex and t is the dis-
tance between the point A and the point where the vortex r.~~tre
is located. The velocity 2l!vcan be considered to rel",linO\p-
proximately constant throughout the wake re~ion alon~ the
bed (1 7 5 < B) as shown in the previous section.
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The <lefJnitJon sketch for the model is shown in Fig. 4.16.
The velocity created aL point A by the vortex just passing over
this point is denoted by 2 Uv• This velocity can be represented
by

2U U
v II (~:tom)~/(D!)'u. • 4"St

in which the undisturbed velocity U. is introduced.
The distance ~ can be approximated by
1 • eO +- 0/4

(·LA)

(4.9)

(4.6) Freds~e and Hansen (1985) presented their measurements
Ubottom/U. for A cylinder placed near a plane wall [3]:

r19~ 4.16 D~finition a~etch for the vorte~~Jn~uce~ velocity
•.•_~,..1.

(4.10)

The Eq. (4.10) is valid within a broad range of eo/D. namely
0.1 < eO/O ( 1.3.

Bearman [2] has summarized the previous results for the
value of a. The range of a is from 0.2 to 0.6. depending on the
shape of the body and the Reynolds number. According to Roshko
(7), II • 0.43 and is the average value for a circular cylinder.
,. anO ~ ••~ •.•_ __ ..• _ ,. ••. ,
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(4.11)

bed, in the ['resent model 4 is chosen to be 0.4.
The vllll1Cof the Strouhal nllmher is taken to he 0.2. neg-

lecting the influence of the roughness of the pipe surface and
the effect of the bed on th~ vortex she~ding.

Therefore, by inserting the values of 4, St and Ubottoml
U•• the Eq. (4.8) can be simplified to he

2Uv 0.36
U•• 1[0

As shown in Fig. 4.14. the vortex-shedding-Induced ve-
locity seen at a point on the bed can he assume" to h~ sinus-
oidal:

(,1-12 )

In the case that the vortex-shed~ing in~uced velocity is
approximately sinusoidal. the relation hetween the al:1plltlhl~{Iv
and the value of a is

It means that the vortex-shedding-induced velocity (I.e. the
double amplitude .2Uv) is directly proportional to the undisturb-
ed velocity H. and Inversely proportionel to the distance 1.

Fig. 4.10 compares the theoretical pred.ctions c~lcllla~ed
by Eqs. (4.11) and (4.12) with the individu~l experiment~l ~~~n
profiles obtained according to the so-called zero-ur-cro~sin~
definition.- . o

u •v
(4.13)

Fig •.4.17· .The·."double amplitude of the vortex shedding· Induced
near-&e~·veloclty versus the 9ap ratio.

The value of uv/u. calculated by Eq. (4.11) is plotted in
Fig. 4.17 where the present experimental results also are plot-
ted.

When eolo • 2 it is seen from Fig. 4.17 that 2Uv/u •• 0.16.
It means that the vortex shedding induced near-bed velocity Is
very limited. It was conflrllled by experiments (see Fig. 4.5 and
Fig. 4.6).

In spite of several approximations made in the ~del de-
!eJ.?plI!en.t,.,th~ •..t~eory,.a.gr.ee~:r:easo'1ably.w~~1~with. th~' 'exped- ,

.1..' ::~.t:n.t.~.•.'''~'.' : ~;~"~'.' '..: .; :~:~':o' '.:,..~:.:~ .: ' ': °0~ .. :. :. '0.: :.. . o'~. ' ••••.•••• ,. : .'~ °:° > ~: '0' .,~;. ..

..,' -: The,d,illc~cpancy b~tw!!·en:.the·t~o: s'erhs'. C?f .t!'lU'e.r:illerit's."
• • •• .: "0' ••••• "0 ~ ., " •••••.•• ~,... • .• __ .• 0 ••••••• °0 '. • • ," • • ••••• .._

, .hown 'in·1"lcj.~"17 'aaY'be ·a·ttr'lbuted'·to 'the 'difference In· the' ....
sizes of t~e cylinder dla.eter and perhaps to the .difference in

.'-:theshear' prc:Jf!nt"in the c:orreliporidln~~flows. ,.t[I

4.7 A comparison experiment

A special comparison experiment was carried out in the 2 m
wide flume. The purpose of the test Is to study the effer.t of
the bed profile on the vortex-shedding-induced near-hed velo-
cl ty.

The pipe .with ·10 em diameter was ·flxed above an erodible
plane bed'wl.~hcjap t"atio -s/»: •. 0.35 : 'The un~isturbe~ q·ow velo-.

·clty V. was··kept ~o'nst~nt, ·.U: ~ 25·':,"/s «, corresponding to'·I) •. ,,"

0.019. for 330 .rin. The velocity and bed profile were measured
at the initial and the final stage of the test.

Fig. 4.19 shows the eroded bed profile after 330 minutes'
running. The deepest position of the scour hole was ahout x/O =
2. The streamwlse dimension of the eroded part is about 50 (fro~
xlo - -1 to xlo - 4).

Two samples for the position x/O = 2 were plotte~ in rig.
4.20. In which Fig. (a) corresponds to the initial stage of the
test, Fig. (b) corresponds to the final stage of t}le test.

.. . JI'h~spectr-al dens·lt)'~i.s~;rrbut;ions.corresp·o"'dln~.•t(l:·'.::. :
.• :....:;,·fl·q.; 4\2' ';;~~epl~t~·ed:.;ijy:F:ig.. ·;~·~'~l;(ii }~a~d'lbt'. ~~·':;p·e~t..I:~-l.YI.:;· >. '. ':..;

..::•...: .' .....·It·.:iS·.e~ti frolft"·Flg·.··-.r•.21 ('a),th~i:·1"n the p]."an~-!J"e~..'case .:. .
.·~h·~v~~'t~i's1iec!:ii~~ ~~s: 'n';'t' ..~~~~.~l"~a~'.=' i·~"~·h·~be~;"iscou'ipr''';:,...•.

cess,·the space below ·the pipe was being more and more suit~hJc
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Fig, 4.20 Samples of near-bed velocity records.

Ca) At the initial stage. (b) At the final sta~e.
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fig. 4.19 The eroded-bed profile. measured after JJO minute.'
running.

Fig. 4.18 Individual mean profiles for the vortex-shedding_
induced near-bed velocity at location x/o • J.

: by theory: I : 20.
Ca) eolO • 1.5. D • 100 mm: (b) eOID • 1.0. D • 100
mm: (c) eOID • 0.6r 0 • 30 mm.

(b)
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Fig. 4.21 The spectral density distributions for the records
shown in Fig. 4.20.
(a) At the initial stage: (b) At the final stage,I
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for the vortex shedding. Therefore the p~ak correspondlng to
the vortex shedding frequency was quite high in Flg. 4.21 (b).

The variations of U. /('fFi and Umaxmeasured at the start
and after 330 minutes' running are plotted in Fig. 4.22.

Fig. 4.22 (a) shows that in the eroded-bed case. the mean
value of the near-bed velocity u in the place downstream the
pipe was reduced due to the increase of the cross section caused
by the erosion on the bed. The smallest value of u corresponded
to the deepest local scour depth. Then. with the Increase of
x/D. U increased too.

There is a similar tendency in Fig. 4.22 (b). In general.
the value of ~ became smaller when the bed was eroded. espe-
cially around the position x/D. 1.5. It could be explained
that. due to the erosion. the distance between the point on the
bed and the vortex centre l is increased, therefore according to
the simple model, the vortex-shedding-induced velocity was smal-
ler than before.

It is Interesting that at the initial stage of the test
the values of Umax measure~ near the bed downstream the pipe
(see Fig. 4.22· (c» were much higher than the threshold flow
velocity for the sand particles on the bed to start moving.
Therefore. the vortex shedding scoured the bed. (-/henthe bed was
notably eroded by the vortex shedcJ1f1g(see Fig.· 4.19), the va-
lues of "max were much smaller than the initial value. In the
scour hole (1.5 < x/D < 3.5). Umax was smaller than the
threshold velocity. nle scour would continue for the range
x/D ) 4, because Umax there was sti 11 Iluger than the threshold
velocity.

The conclusion that 'can be drawn from the comparison ex-
periment is that the vortex-shedding-induced velocity near the
bed downstream the pipe wiil he weakened by the erosion of the
bed.
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4.8 Conclu:dons

The role of the vortex shedding in the scour below plpe-
~ines hns heen investiqatp.d. The results cnn l~ summarized as
follows:

Fiq. 4.22 Comparisons of ii. ,I(fFi a",1II hetween the initial
stage and the final stage ofm~r.e test.
o I measured at the start: 1 I measure~ after JJO
minutes' running. -- : measurer! ••t the positinn f.,r
away from th~ipc. --- U. : unt1isturhc,1velocilj'_
(a) ii: (b) lu' z: (c) ".,ax'
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1. Experiments have.·.demonstlo'atedthat when. the gap under the
pipe is larger than',0.35 and the apace behind the pipe is suit-
able, the vortex shedding occurs. In fact, in the scour process
below pipelines, the vortex shedd!n9 exists from quite early
stages. Therefore the nearwa~e region of the bed normally under-
goes changes due to the action of the vortex shedding.

2. A fluctu~ting velocity field is induced by the vortices shed
from the lower edge of the pipe. Every point of the bed down-
,stre~m. t.he pipe feels, this veloc,it~ field In the form of a pe-
ri~dic' sigrid, 'theStrouhal nom~~,r.'of whiCh is app'rox1mately
equal to 0.2. .

It was found that 'the wa~e hed region 'influenced by the
vortex-induced velocity field extends from x/O .;1 to x/D. 8.
It was. also found th~t i~ this region the magnitude of the vor-
tex-Induced velocity rem~ins approximately constant ~long the
bed.
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3. A simple lIIO~elhas been developed to predict the vortex-in-
duced near-hed velocity. The value.of the vortex-shedding in-

'.duced near-:hcd velocf..ty fs'directly proport,lonal to the un-
disturbed v~locity, but inversely proportional to'th~ initial
gap. (See Eq. (4.11». It was demonstrated'that the IIIOdelgives
fairly good results.

'4. It has been shown that the vortex-shedding-induced erosion
lIIayresult in substantial scour downstream the pipe, and in a
quite gentle downstream slope of the scour hole. On the other
hand, the vortex-shedding-induced velocity field near the bed
will be wea~ened by the erosion on the bed.
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CIIAPTER 5

THe SCOUR DELOW PIPELINES F.:(Posr::o TO 'nSO-OIRECTIOrJI\L rr.ou

5.1. Introduction

The purpose of the present chapter is to extend the in-
vestigation for the unidirectional flow presented in chapter ~
to the. case where the flow direction reverses periodically.
which is called the two-directional floW hereafter. Waves, ti~e
and their combi~ations with current are examples of the two-di-
rectional flow.

"he flow pattern undisturbed by the pipe cou ld be exprr.ss-
ed by

U. - U_.m cos(~t) (5. I)

:'0" . ";.-'

in which t is the time:
u_. m.is the maximum free st ream. ve loci ty:
w is the angular wave fre~uency. defined by w • 2~f.

wh.ere·f is the. Wi! ve freCJ.lle-,~cy'''
.°0 "

The lee-side wake plays an impor~ant role in the scour
under the pipeline exposed to the two-directional flow due to
the reverse of the flow direction.

Although there are some data available on the scour under
pipelines exposed to the current, the data for the two-direc-
tional flow are scarce.

. ..
••• •••• -. •• 0 ••••

I .: :-.; ••• : •••••••••

The main object of the present work is to obtain the expe-
rimental data to cover a reasonably broad range of sediment-
transport stages and to get a better insight into the mech~ni5m
involv«ld .in.1:·hetwo-dl.r.ectional-flow-lndllc~d scour proce ss and
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, .. : f1:~w''direction .could be ' r~v~·rsed. by: 'clJary9~nlj ··the·· bla.d':! .a:'l'J!~ :of.' :,'. '.
.th~ pump·.theflu~e wa~ u~e'd for ~o~~ two-dfree'tionai Cl';w··e~,,~..:..

riments.
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wat:ej~t~·~,~~i•.partiy' 'in)- .2.:'~ ':iide 'flu'me;':_ ~,:.:.

As shown in Fig. 5.1, the oscillating water tunnel is a
U-shaped tube with one closed riser and one open riser.

The flUMe has been described In section 2.4.1. Because the

The sand grain size was the same as in the current .':"150.
The length of the sand bed was extended to 12 ~. while the
thickness is 10 em.

A lIletalpipe of 5 em diameter was p laee'd in the section
with glass side-walls (see Fig. 5.2). The surface of the pip~
was smooth.

For the experiments with the fixed pipe. the scour .Iepth
under the middle of the pipe was measured by a needle-sh~pcJ
meter fixed On the bottom of the pipe.•':'J:lefinal ,scour (Jepth w""s
obtained by the sand bed follOwer (see section 2.4.1 ""noiJ·i').
2.25).

The sagging system i'sthe Game as' in the current C"l~e (:;••e
section 3.3.1).

The flow velocity in the experiMents could be simpli fie,1
to be the model shown in Fig. 5.3. In the experimental situation
Bc was exceeded for the mean velocity U. larger than 0.34 ~/s.

Close to the pipe, the local increase in the bed sh~"r
stress involves that the particles start moving earlier than far
upstream the pipe. Therefore Tw is defined as the tilll~in~erval
when the Ihean velocity was bigger than 0.29 m/s in a perio,l.
Then, for the sake of convenience the sum of the time when Be
was exceeded Is designated teff•

rig. 5.4 Is one of the velocity records measured at 25 em
ahove the bed.

Crus"""
sand b~d p:p~s.IMn

]~.
,s: :S,..: pi .•...

\~~ 15mI e~m Bm-f 0'

-Fig. 5.2 Sketch of the exper~mental. se-t-up in the 2.m ..,i~ce
·.flume.

1
,J.

Wat.,. •••

PIpe _
h

The ...., •••• ..-,
~I •.. ,~_:.

Fig. 5.1 Sketch of the oscillating water tunnel.

:The compress~d ~ir. supp~ie~ by pneumatic machinery is used
to make the flow .oscillate.The walls and the cover of the tun-
nel are made of pllxiglass. The frequency of the oscillating
flow in .the tunnel was kept at the natural frequency of the tun-
.nel f • 0.103 liz.The horizontally working part of the tunnel is
10 metre long (For detail see [4]). The working section Is 36 cm
high by 39 cm wide. Plexiglass cylinders were used as the model
of pipelines. The diameters of the pipe model were from 12 mm to
90 am. Host of the experiments were made with a pipe of 30 mm
diameter. The depth-to-diameter ratio for this pipe is approxi-
mately B, indicating that there is no blockage effect. The sedi-
ment used in the experiments is the same as before. The thick-
ness of the loose bed is 5 to 13 cm for different cylinders.
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FIg. 5.3 Sketch of the flow pattern In the 2 II wide flume.

(S. 3)o-.m
Fig. 5.S shows the ranges for the s.)ndwaves observerl in

the oscillating water tunnel in the absenc ••of a pipe. \-1hcn t~\~

value of 9 Is larger than the critical value 0c' sand p~r-
-.111

ticles on the bed start to move. First, particles move alon1 the
surface of the bed backwards and forwards following the osci)la-
tion of the flow. I~ thai ca~e some ripples are ~ormed. With the
increase of 9 some particles are moving in suspension. while-.DI
the dimensions of sand waves increase. '~en the Shields p~rane-
ter is large enough. suspension dominates the sediment move-
ment forming a plane bed.

where fw Is the friction co~fficlent. t~en the anplitude of the
free stream particle -a- and the bed roughness Ks are known,
the value of f is calculated by Freds~e's theory [1 J.w

The maximum Shields parameter is defined by
U2

f_.m
•• (s-1) 9 d50

••. \ 1("':')

~'·F·. :"• • I •

·Fig.·S.4.A typical velocity record for the two-directional flow
in the 2 m wide flume.

S.J Experlmp.ntal results and discussion

.'
.".. :

Ptan. b.d;

3.5O.OL

Clear wal.r . J B.d wilv~. .1
l .. . . I

Plan. b.d: Rippl": 1
No ndllN!nl motion. I S.,jimMt In bed-teed 1

1 motion and parlly IIn susp.nsion
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By the action of the two-directional flow. sediment par-
ticles move, thereby forming sand waves. It Is found that the
sand waves in the two-directional-flow case have strong Influ-
ence on the scour under the pipe. In order to get an Insight
Into the scour In this Instance. here the sand waves with no
pipe present are discussed first.

In the two-directional-flow case. the maximum undisturbed
flow velocity U_ ie taken as the reference velocity.

The maximu~ ·shear:~e.l?clty~Uf_.111 I.s ~efined:by
. . . . •.....- .:;. .:..F; :..'f.<."'; : ..~.: ...•:.:: ; : .: .. : .
Uf_.~.= {'2.U••......... '. ' •..•. ~...: ~. (5.21.
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A. The clear-water scour
When 9••m is less than Dc (in the experi.ental situation

Dc - 0.04). there is not sediment transport at the place far
away fro", the pipe. Due to the presence of the pipe. the velo-
city in the neighbourhood of the pipe is increased: therefore
the loc~l scour under the pipe may take place.

TIle common feature of the scour profiles in the clear-
water~scour case is the.appearance of the two hills around the

.- .' '" .
·pipe. Fi.l].~·.6is -'~neof the'.typic~l~x"amples··of :~he:equilfbriulll
scour'bed profile. -TIleMil'S-'are for";e'dby ui~-d~po.it.io~·-ofse-
diment p~rticles e~oded frolllthe bed under the pfpe , When the
flow reverses- its direction, there is always an'upstream hill to
force some water to .pass above the top of the pipe. When the
hills are hi~h enough. the.'scour proce9s is stopped.

101

}?--.--~-
l.O )0')0 II 0 II )0-

J~1
30

. J •••.

i

20 •30lcml

Ie'
pipe

:f:::==::::::::~::::::::-~---------:-::~-:
no 110 se 0 !\II m l!\lllctof

Fig. 5.6 Equilibrium scour bed profile for the clear-water case,
o - 90 mm.

Fig- 5.7 Equilibrium scour bed profiles in th~ presence of hp.~
waves, 0 K 30 mm.

B. In the presence of bed waves
.~en the Shields parameter is larger than ec' the scour

under the pipe is the comhined result dlle to the presence of the
pipe ~nd •.thc.movln9 of the Rnnd waves.

Fig. 5.7 shows the typical equilibrium scour bed pro-
files.

Some conclusions can be drawn as follows:

I. The pipe i& the dominating factor of the scour hole. The
Bcour rete in the neighbourhood of the pipe is reJ~tiveJy hi~h
until the scour under the pipe reaches its equilibrium situa-
tion. Although in the presence of sand waves the scour rate
under the pipe is affected by the moving of the sand waves.
experiments indicated that the pipe determined the bed fe~ture
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in the way that the scour hole under the pipe always Is the
trough of the sand waves.

2. In general, .the scour bed profile is symmetrical around the
pipe due to the periodical reversing of the flow direction.

1.1 ,•..:r~.. I.
. 0·': . '.

50 IlQ 1501<1"1150 IlQ 50 0

3. It Is difficult to use the results quantitatively, because
the height of the sand waves Is In the same order as the pipe
diameter, in some case even lar~er than the pipe diameter. The
pipe size is limited by the space In the oscillating water tun-
nel.

Ibl ,•..
1

....

••

••••

•

. ,'.-". .o.:~·e-::;
8•._. '12 .: 410- 0]6..-

•••
••

lei ,...~r~· 1
.'":..

100 50 0 !oO 'CQ 1WICl"Ino

I bed profl'les: in .the no-bed-waves flow.Fig. 5.8 Equtltbr UIIIscour
stage, 0 • 30 1l\JIl.

C. In the no-bed-waves flow stage
When the Shields parameter 8.,m is large enough, say 8.,m

> 3.5, there is not the effect of the sand waves. In that case,
the bed form at a position far away from the pipe ia a plsne
bed, therefore it is called the no-bed-waves flow stage.

.
1. The dimensions "of the scour hole.. .

Fig. 5.0 show~ the ~ypical results.for e.,1II> 4.75.
It is sc~n that'.the·.scour depth Is·larger·t~an the pipe

dlamcter. On the othcr hand,· the streamwise' dllll~n.lon·of the
'scour hole Is 'large comp~red, to' the pipe ~[~.me~e.r.

2. The effect oC the initial gap.
The scour depth obtained for various values of eo/o is

plotted in Fig. 5.9 (a) and (b) In two alternative forms. It Is
seen from Fig. 5.9 (b) that when the pipe Is totally burled Into
the bed (COlo = - 1), there is no ~cour under the pipe. When the
pipe is not ~Iried so deeply, the scour depth is deeper than two
times the pipe diameter, With the increase of the Initial gap,
the scour dcpth becomes shallower.

It .should be mentioned that In the no-bed-waves ..flow cas~ '1
. o'!l 01-...:..-0."':'':'';'-'-_'-'..-'"the"re.·Is'a M<;>vinghy~'r of a mtxtuce ~t ·~and."and !,a1:er'bet~ee~': ~.. .,. .°'10 .0 .,f· : '.10:0 -10 0'.~.'.10 l!i •. U,.
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D. Scour development
Fig. 5.10 shows four typical scour eurve s which describe

the time development of the scour process for three different
fl9w stages. Th~y are sinli'larto the scour proc.e.sl,l.in.the

o ."... 0" .

...• , l.~ ~ .~ •....••• j: , ,~:/~~, .•.•.•~ \; ":./1':<.I.:~~.)~!·,;.'.;". ';:.;:"': .' .., .:.. ~:·:~.';,:.;:;~~:.;~~:·:~::;~:~::l~~·~~··,.;~~.~·:~::·~:~;~';'.~....(.. ....;.~~/.>.~.'~, .~.,
: '.:,- .':.; ,'i t.:·'s·t\O·Ulrl'be ·n.~te~·t~~t·\h:~~'~,.t~st,~·a'~e Im~rtant frolll' th~ .'.
practicai application p~int of vicw~ since the test conditions
here correspond to the most severe wave climate. The results ob-
tained from the tests indicated that the scour depth under the
pipeline may be as deep as several times the pipe diameter in
stormy weather.
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A. The observation
The value of a_.m in the experiments was 0.098. There were

some sand waves on the bed.
Fig. 5.11 shows the scour phenomenon In the aecond half

period observed In the 2 m wide flume. When the flow direction
walt reversed (from'Fig. ~.ll (a)tQ (b» •.the downlttream hill
the upstream hill. which ~ade the altitude of the approach flow
relatively high. As shown in Fig. 5.11 (h) and (c). behind the
~ill the' flow was separated. resultin'} in.the forllation of an
eddy. This ed~y reduced the effective cross section in front of
the pipe. wherehy the flow velocities un~er the pipe were in-
creAlted. Therefore the sediments under the pipe were bOre easily
picked up. so the scour hole quickly became deeper. Later on.
When, owing to the decrease of the upstream hill, the uplttream
eddy disappeared. the scour hole under the pipe did not become
deeper.

D. The scour processes and the equilihriu", bed proflles
Fig. 5.12 shows the development of the scour depth under

the pipe with reupect to the effective time teff for three dif-
ferent value~ of Tw' It is seen that the scour depth was in-
creasing at the early sta9c until it reaches its maximum value.

Fig. 5.10 Scour processes for three different flow stage~.
(a) The clear' water scour. (b) In the presence of
bed waves. (c) (d) In no-bed-waves flow stage•
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Fig. 5.11" The scour f'n~ half period.

.v " • F~9~ 5.13~hOWS. ·the eqlll'ilb~iu••:bed·'pr~flles•.:The-eroded'
bed profiles are "not·symmetr"cal·.:Th~ 'rea~on Ie the'f~IIO~ingt
(1) The flow directIon was from the rIght to the left before the
measurement of the bed profile: (2) The positIon of the pipe was
not in the middle of. the sand bed (see Fig. 5.2): (3) The shapes
of the inlet at the two ends of the flume were not the same.
Fig. 5.4 indicated that although the mean velocIties for the two
directions were very simIlar, the turbulence for the two dlrec- A. The definition of the KC-number and its meaning
tIona was different. The more turhulent flow corresponded to the A characteristic dimensionless parameter in the oscilla-
flow, the direction of w~ich was from the right to the left in ting flow case is the Keulegan-Carpenter number KC. which is
~i9.:.~.•13.' de~i':ledby . :

e.' ~~,~~;~~I:~~'n~~i~h:.th~·'.~o~~.:un~~~ .~,'~:i}(~'~··Ct2e'·, i'~Potil!d ·~oft' .' ': : ~~::"::." .. ";',' ~<;-,t~.~'~:.~D·::~T"'.::
~_. 0 ." ' • ~c.~.rr:.~~-~..:I:~·.;:." ~;.:~~.~..~..~.~.~.. ;!": • ~~~:~ ':~~';:.:.~ :~'\:;p".;... :;:~~'.:::.:~~;~~.:.~'$:;-~~i.~-.~.;'~~':i :.t';~:.>i::." •~v- .• -:t;~.~.;~: ".~~:;..:._~ :,: -';!.:'f4:- 4'0· • :~~ -: ".~. 4 4.<, ~..:. ~ ." ~

" It 1s-seeh frollFig" ,5.14,that t1\eequhlbrl-uil .caul' depth' Dy inseHing'
s••/o is deepe~ than 0.9 for all T • It Is deeper than the .cour.... . " ...w, '...
deptH 'und!!rl:he'··f.lx.ed(lIre'Iri·the·curreriL: ':. . :,r,' .'
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Fig. 5.14 The equilibrium scour depth versus Tw for the fixed
pipc and the sagged pipe •.

. Fig. 5.13 .The.equllibrit,llllacour be~ profile~ for ~ifferent .Tw'
when 9••m = O.O~B, D • 5 cm~ eO/D'. O.
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According to the modified potential flow theory (see Fig.
2.15), the deeper scour depth corresponds to the larger width of
W. Therefore, the final equilibrium scour depth in the lW(l-

B. Why' the equilibrium' scour depth in the two-direct.ional
flow is deeper than that in the current

The unidirectional flo~ corresponds to the case where
J<C •• - •

As pointed out in chapter 2 and 3. there is a wake down-
stream the pipe. It is the wake-induced erosion that causes the
downstream part of the scour hole (2 w2) to be wider than the
upstream part of the .scour hole (= WI)' see Fig. 5.15 (a).

In the two-directional flow case. due to the reverse of
the flow direction, the upstream part of the scour hole in the
first half cycle will be the downstream part of the scour hole
in the next half cycle. In that way, the width of t.he scour hole
W Is larger t.han that observed in the current. (See Fig. 5.15
(b) ).

It means that KC is t.heratio between the amplit.ude of the
oscillating water part.icles a t.othe diameter of the pipe n.

If the value of D is kept constant, the increase in the
KC-numbers means the increase in the oscillation amplitude a •

Due to the oscillation of the flow the vortex shedding
. reverses its. sh.edding direction periodically. It is clear t.hat.

the' ilUrriber..of· the "Bh~'d'vortices i3epe~ds on 'the oscillating
'amplitude'of the' flow a; Therefore. wit.h the Lnc rease of the KC""

. .
number •.the number of the shed vortices is ·increased. which
means that the action of t.hevortex shedding on t.hebed is
enhanced.

Fig. 5.6 t.o·Fig. 5.B show t.he scour bed profiles for KC
17.2 t.o1044.4. Generally. the KC-number for the pipelines in
the sea is about 5 - 100. Due to t.he small diameter of the pipe
in the experiments, the KC number is quite lar9~'
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Fi~. 5.16 Variation of the 'Jap between the pipe and the erode'}
bed e/O versus time t.

fact, the Influence of the sagging velocity Vs on the final
scour depth Is relatively small.

I\s explained In chapter 3, the scour rate was enhanc~" hy

the sagging of the pipe at the early stage. Fig. 5.16 shows the
variation of the scour gap between the pipe and the erodc') b·~r\

wit~ respect to time. It Is seen that the relative gap e/O in-
creased until It obtained a value about 0.45. After that it 9r~-
dually became smaller until the pipe camp. into contact with ~t.c
bed.
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A. The observation

Fig. 5.15 Comparison betwcen the scour bed profiles.
(a) In the current. (b) in the two-directional flow.

directional flow Is, In fact, deeper than that in the current.
. The. tendency depicted in FI'J. 5.~ and Fig •.5.7 shows very.

cleariy that the scour depth will be larger with the Increase of
the KC-number~ Out It should be mentioned that, when the.value
of. J(C is large enough, the variation In KC has only. very limited
e.ffect "qn...U~~ scp~r ·;d~pt~. ii: can he' ~xplalned. by the limit of

;-the' i ifet Im~' of the ..Yo:~,tices. ahed'f'rolli:thepipe:: I't' is co~ fir"~4
ag~ln by the' ~x'perh,~nts ~arcie'd out' in the two-~eter-wide flu-
me: the results shown In Fig. 5.14 indicate that the scour depth
hardly depends on the value of Tw' while the values Tw • 2.5 -
10.0 correspond to the values J(C • 750 - 3000.

.;,

I

D. The· comparl sons
-':Tn~ f·lnal".':lIcour·.bed prof'iles'were 'plotted in .Fig.··.$.l1•..

First, 'as'seen from Fig. 5.14, the 'scour 'hole in t)Ie case
of a sa'Jged pipe is shallower than that for a fixed pi pe expt)se'l
to the two-directional flow.

ttext, comparing with the scollr under a sa'Jged pipe cxpost!.J
to the current (see Fig. 3.12) (h), for the boundary situ~tion
-AM and Vs • 3.1 mm/min), the scour depth in the present r.asp.is
sha llower.

Cenerally speaking, the mechanism for the self-burial in At last, as seen from Fig. 5.14, the scour depth is a
the. two-directional flow case' is !SImilar to that in the current little deeper than that under the fixed pipe in the current.

. ; .~a~e. Wh~~ the:plpe.:;:Omes In't't;contact; with the:·sc(,"r~ole., 'the . -. .. : It Is kr)own tl'!a.t.·l:.neflgw:velocity under the pip.e will ,le-

~.<:i;;:t~~ii;:~fi~}i;::;:Z;;~;;~~~~:;~~~;~,~\:~.~!~9)~~~~;;,:;.;;':,.-..'..',.'::::~;::~:':;~:~~~:;~i:~~t:;i~~~*i;~~7.~~:l~~~:~::;e?~r~t'''~~~hO"
when the 'Jill'Wl\S e/D .• O"J~ In .iost.of the" tests 'the"S899In'J' ,..::.':...':::.,:= '~~:'the'::ii~::;t~~i!fis~s"~~s"'direc't"lo'n;--~li~r:~l~.~~i~~;s ~. ~ I;;' ~IP~~!:-~';~:'

- . . ..' .. . '.. '. . . ~
velocity o( the pipe.Vs.was kept'equal to V • 3.1 ~/~in. I~ the pipe. It Is 'the upstream hill t~at plays the key role in lh~

.'. : -:<,: ":._.";: .............••. :. ~ ","-~'r. '.' ...•..•.•.. ::0. ~ •. J>.~.... -. .
. ," s.\~~lng proc~du""re':oftl1e.plp~il~e exposod 1:0 ·the.two-di.re~tinnal·.
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va'lid\lhen.estj~atingthe· 1lI~~i~~'''~pan'length of .:t.he·.s~l)lIrho t e
in the t~o-directional-flow case. The safety coefficient ~iv~n
by the estimation in the two-directional flow is a little hj'Jh~:-

than that in the current.
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Ibl The conclusions which can be drawn from the present work
are summarized as follows:

1•..in th~.presencl!.._of, the s~nd ··.~ave~:.th,:!'.pipe de ~err.dnes the'
trou~h'of.the 'sa~d'wav~s_-"in'it{·nei"ghbourhood.:· '.

x
1)

Id 2. The wake-induced erosion plays.a significant role in the fi-
nal dimensions of the scour hole, The KC-number has some
influence on tne scour •.

IdJ

3. Except in the clear-water case. the scour depth un.Ie r a fix•.•·!

pipe exposed to the two-directional flow is deeper than that in
the current case. It may bp. several times the pipe dia~~ter Cor
the high sediment transport stages such as no-bed-waves .flow si-

tuations.

Fi9. 5.17 ~he eroded bed profiles under a sa9ged pipe exposed to
the two-directional flow. when 8. m • 0.09B,
o - 5 cm. eolo O. I

flow. Decause the extent of the protrusion of the pipe in the
sagging case is smaller than that in the fixed-pipe case. more
flow passes above the pipe. In the case when the pipe sa9gedin
the current there was no upstreaM hill.

Therefore the scour depth under ..the sagged pipe exposed to
the two-directional flow is. in fact. shallower.

It can thus be concluded that the different ~echanisms are
the following. in the current case the sagging makes the scour
hole deeper (see Fig. 3.12), but in the two-directional-flow
case the sagging makes the scour hole shallower.

4. Due to the shelter act ion of the hi115 on the two siolesoC
the pipe. the scour hole under the sagged pipe exposed to the
two-directional flow is shallower than that under the !ixed pir~
in the two-directional flow and shallower than that under the
sagged pipe in the current.

5. The maximum span length of the scour hole can he estimated hy
Eq. (3.13) in the current case and in the two-directional Clow
case.
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6.1 Introduction

One of the important problems that may result in rla~a~~ of
pipelines is the vibration of the pipeline. This vibration has
received much attention. The boundary near the pipeline has some
influence on it. If the pipeline is suspended in the water at a
position far away from the seabed. the influence of the houndary
can, be neglected. Otherwise. the influ,ence of, iotshould be ,:on-,
sidered. Wilson and Caldw~ll [20] may be the first,investigators
of this problem. In recent years. Tsahalis [16-(8) Jacobs~n fa.
9]. Fredsllleet ale [6] and Sumer et ale [15] gave some informa-
tion about the problem of pipe vibration near a plane bed.

It is known that the vibration of pipelines is caused by
the flow around the pipe. Meanwhile. the loose ,bed·underneath
the pipe may be eroded by the flow.

.In the previous stud'ies about t.he pipe vibration lh~
p-Ipes were ,pla~ed i~o.th.evicinity of a,rigid'plane bed. In p.rac-

otlcc, as -dl scu~s~d In' the previous chapte,rs.the loose ·h.ed
.. " ti~"d~~n'eath' a pipeline can l>e '·.eroded hy' fio~" tc« 'far as the

author knows, no ~tudy about the vibration problem in the vi-
cinity of an erodible bed has been published until now.

Although'the scour below pipelines has been studied a .Lo t ,

the scour below a vibrating pipe has not been studied yet.
The scope of the present chapter is to fill this gap in

the field of the pipeline engineering. The interaction between a
vibrating pipe and an erodible bed is studied. first, the acti0n
of a vibratin1 pipe on a loose bed is studied. then the effp.ct
of an eroded bed on the vibration of a pipe is presented •
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Fig •.6.1 '(a) Sketch of :experime.ntal''Set-up•.(number in metres).
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." (a)'):A pipe"~def ~o;'~red wi'th'smooth'r~bher was p~.~~ed at

B.S m downstream the inlet section of the sand bed. The rli~~ct~r
of the pipe model was 10.1 cm, its length was 1.99 m. As shown
in Fig. 6.1 (b). the pipe was connected to a frame by two ~ol-
ders. The holding frame could only move up and down along two
slideways fixed on a supporting frame. The pipe was rigid, but
it was supported by four soft springs connecting the support
frame and the holding frame, so th~ pipe was flexibly mount~1.
The position of the pipe at any moment was measured by a poten-
tiometer. A:SPC-l computer and·a chart.rec9rder·were used to
'recc;~'dthe ·~ar"iat'io~'of th~ 'pipe ~siti~n~' ;,'he"digitized' dis-
pia'~e~ents'Of'the .p;·pew~'re"an~lyz'e~off':'li~e:..: ..

.The sand bed follower was' used. to mea~ure the bed profile,
and a micropropeller with t~e diameter of 5 mm was used to me~-
sure the'f~ow veloci ty.

The results of Tsahalis [16] indicated that in comparison
with ~he transverse vibration, the inline vibration was SO small
that it could be neglected. Therefore. the system was designed
as"a one-degree system, which means that the pipe is only allow-
ed to vibrate in the transverse direction. IIereafter, onl)' the
transyers'e vibrat'ion'i~ dfscussed~"

The relative density of the pipe. Sp = Ppipe/P, was e<l'lal
to 1. The spring constant per unit len'Jthof the pipe was K =
0.336 m2/s2• The natural frequency of the system was measured in
still water and had very limited variations with the change of
the initial gap. Therefore. the mean value fn = 0.695 Hz was
taken to be the natural frequency of the vibrating system.

The mean structural damping coefficient measured in air
Js C~ • 0.05. The so-called stabi 1ity parameter of the pipP. is
defined by
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Fi'J. 6.1. (h) Sketch of the vibration system.
(1) The support frame: (2) The slideway:
(3) Spring: (4) The bar to adjust the equilibrium
position of t~ pipe: 5) The holding frame:
(6) Potentlom1ter: (7) Pipe model.

1
j
I

2(III+m') (hCs)
p02

in which IIIis the mass of the pipe:
III'is the hydrodynamic mass
p Js the water density.

of the pipe:

r 6. 1 )
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The hydrodynamic mass Is defined by

m' a p • P • I D2 (6.2)

imation, the calculated stability parameter of the r.s based on
the result given by Yamatoto is plotted in Fig. 6.3.

The coefficient p Is a function of the gap between the
pipe bottom and the bed under the pipe. Oy Inserting Eq. (6.2),
K. can be recast as

(6.3)

In the vibrating-pipe case, the reduced velocity i5 an im-
portant dimensionless parameter, connecting the undisturbed ve-
locity U.' pipe diameter 0 and the natural frequency of the
pipe fn• It reads

( 6.41
3 P

u.
Vr ••0 fn
In the. experiments the rang~ of Vr is 2.57 to 1~.2~.
Th~ m~in purpose of the'experiments summa~ized in Tabie

6.1 was to study the effect of the pipe vibration on the scour.
The experiments on the vibration of a pipe in the vicinity

of an eroded bed were summarized in Table 6.2. Finally, some ~x-
periments in the two-directional flow were listed in Table 6.3 •

o
0.4 OJ! OJ!

.: .
6.l'The effect of the pipe vibration on an erodihle bed

Fig. 6 •.2 .Variation 'of ~ydrodynamlc. mass with gap ratio. ~fter
.( 19 J.

.:..

~~~~!_!h~_!S~~~_!~!!~~~S~~_~~_~~~_EiE£_~i~~~~i~~~i~. - . .
·~~i~!~~S!!~~!!~!!2~

."." :
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O.sOJ!0.4
o

Variation of the stability parameter with gap ratio.Fig. 6.3

A. The sco~r process for different values of 9.
The scour processes of a fixed pipe and a free pipe wer~

plotted in Fig. 6.4 for 9•• 0.048 and 9. ~ 0.098.
The conclusion which can be drawn from the figures is that

the scour depth influenced by the pipe vibration is much deeper
than that In the fixed-pipe case.

It should be mentioned that the scour curves with the free
pipe are quite different in Fig. 6.4 (al and (bl.

It is seen from Fig. 6.4 (aI, when 9• .: 0.048, in the ear-
ly stage of the scour process (until t •• 200 min). the differe~ce

.~:. .; ..:: :P~i~~:{,.a',r~t~ent j.~~..tl~~.,tlH!oti.,·Y~~t~to'::e.t"ai. ,.'[~~lC~l-' ." .'~'twe.~n'.tbe. U~~d· •..pi~e'cu~ve:·and, ~he.·:·f~ee,:"pipecur ve' .•~~~ :ye~y ':'..;:',
"'r' . 'ou:i:at1t<f'1::l14i'vl1'tH'tlci . at ·it"·~ft:lrtjj·"I·rf'X .. '.' ····;~·······~7·'( ... ' ..,~..•.. ,'.,':.ri~i·t~d>Cori~·e-r;~eii.;:·~h-~ne:·..~;O~·09~;::·t'he:·s~oui·;d~~~lt'·~a:l·:;tii;)Clt·". ':.•.•
~:~:.'.;~~~>;~~~~,;::~h~~t:;~~~e..~~;..:i~~,i~!-;~~,.:!~s.~:'·''.F,,(~::,;.~~.~;:.:;:~:~Z~.~:~~J'·~:·.~'::.:"'f: "'. ·\'~~~:C.;'~~•.~:.t~~t·.:J'n.~h;e'~i ~·~7~).p.\c;ase',~j·r~*_~:"q~.~~e:~4~.1y ~s~a9'!:~': ,
. .'eroded by the flow. the 'value 'of IIdJ ffers fro.ft· th~t In' th~·. ' of the scour pr.ocess.

" ,p~~n.e-~.e~..c~s.e, ellpe<;lall.y':w~~~ ,~h!!-.:?aP.''18:S~~,~,l.As an ..·~p~.r.~,x-

L. [.. r. l. I.... L I. L L r.
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./

The difference could be explained as follows:
It was the pipe vibration that made the scour hole much

deeper than that in the fixed-pipe case. The vibration of the
pipe Is in close relation with the vortex shedding from the up-
per and lower edges of the pipe. If there is not enough ~pacc
below the pipe. there is no regular vortex shedding. Althou~h
the gap under the.pipe is larger than 0.3 [1], a suitable after-
body is necessary for the occurrence of sustained oscill~tions
of the pipe (13). The time needed for a flow to create a suit-
able space below the pipe depends on the undisturbed velocity of
the flow. Decause 9•• 0.048 only a little larger than the cri-
tical value 9c it too~ a very long time to move away the hill
downstream the pipe.

Doth in the case of 9••• 0.048 and 9•• 0.090 and when
SaID. 0.7 the pipe started its sustained vibration with appre-

Fig -. 6.4
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ciable ampll tude •..

It is seen clearly from Fig. 6.4 that when. the pipe start-
ed its large-amplitude vibration, the scour hole was eroded much

quicker and deeper than before, which demonstrated that the pipe
vibration has a very strong influence on the scour below the
pipe.

hI .

I
I

-3o
-2 . ~ It :30rTinl

..:L.~ ..L. .~3---.=-
----. 0 ~.--, ~~, ~-

loJ

x
_-- 0

SID

1 SIO

Comparison between scour holes, 9. = o.O~O. vr = 7.19,
eolo • O. ---: fixed pipe. ---: fre~ pipe.
(a) ~he ~arly stage, t - 3Q min•.

'(b) The equilibrium stage.

down by the acce~erated flow. Next, some sand par~icl~s' dir~ct~~·
under the pipe move out of the·scour hole in srrspens f on , Ilo['e-
ov~r,·:the effec.t of the ':lee-wake on' the scou·r··d~wrist['ea"! tile
pipe ·is.·more· violent in th~ vibrati~g-pipe case.

Fig. 6.8 shows the synchronous records of the pipe .!ispli'l-
cement and the velocity measured at the position close to the
upstream slope (see Fig. 6.7). It is evi~ent that every ti~e
when the pipe moved up the flow above the upst['c.,m slop<' .,~c,:lp-
rated co['respondlngly.

Fig. 6.6

loJ
It:30minl

x--- ......... 0.---'-0
2 J t;

o

The comparisons of scour holes between the fixed-pipe case
and the free-pipe case were plotted in Fig. 6.5 and'Fig. 6.6 for
0. = 0.40 nnd 9•. = 0.0~0 respectively. The interesting thing is
that both final. equilibrium scour depths were about the diameter
of the pipe in the case that eOlo = O.

. .

B.·:'n1e pipe-:-vi.1;lr·atloii~'fr'IC'Iucedscour.' .•... ..'. ", .'.
. ' : . : •... .:'Wn~~oO·~.:"!l.he-.:p-ipe<~lbi;llt.iriii·".ha~·e'50- ~tr'o~cf'a~ 'l!ff~~t"(;~ .• :; .• ?,
.. ,~~h~·~:b~,d~'~~,~~l:r·?:..~~~:·~~:r·::.~;.··~·~;·.·::.:..:.. :,;~ ~..~::> > -,,': ,<:;

The'·pipe "vibration:Jnduces- extra ·er05i~n.·ny the lItrong
action of the oscl·11atlo,:, of th~ pipe, flt:st, all b~d lpad t'-'•.

."; .parHcl:c~ .on 'th~' u~5~~e."•••'s'lo~e oi' tlle'. ~co'li~ h'ole a~'~':"'r~;hec" .

Fig. 6.5 Comparison between scour holes; 9. - 0.048, Vr • 5.1

eOID - O. ---: fixed pipe, --: free pipe.
(n) The early stage, t - 30 min:
(b) The equilibrium stage.
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A sample of the syncronous records.
(a) The velocity record measured at the position
close to the upstream slope of the scour hole:
(b) The record of the pipe displacement. "0"
r.orresponoed to the equilibrium position of the pipe
in still water.

6.9 (c». The suspended particles are moved downstream by the
flow.

Uhen the pipe moves dC'wnward. some water body must be
pumped out of the scour hole quickly in two directions (See rig.
6.9 (d». At that IIlOment.the flow velocity ahove the upstr~~~
slope has its minimum value. therefore the bo:d load fron th" "p-
stream is rather smaller than be f ore , Heanwhl Ie the flow above
the downstream slope has much higher value. Therefore more sand
particles move out of the scour hole. The result is that the

Fi~. 6.? shows the flow pattern and the sediment movement
f n the acour hole foliowlrig the pir>:e:vU>r'at1on,,·The dashed arrow
drawn inside the pipe shows the moving direction of the pipe.
The blilck arrows show the extra flow ve Loc Ity induced .by the
pipe vibration.

The flow in the scour hole is determined by the upstream
flow and the hcd profile in the case of fixed pipe (see Fig.
6.9. (a». In the vibratlon-pipc case. there ie another dominant
factor for the flow in the scour hole: the oscillation of the
pipe. The action of the pipe in the scour hole Is similar to
that of a piston. When the pipe moves up In the scour hole. an
extra water body Is urgently needed. The pressure above the
bottom of the Bcour hole Is rather low. so sOlliesand particles
move in suspcnsion. Meanwhile. some extra water rushes into the
scour hol~ from upstream and downstrcilm carrying eome eand par-
ticles in bed load. (See Fig. 6.9 (b».

When the pipe reaches Its hl9hest position. the flow Is
the same as in the fixed-pipe case with a large gap (see Fig.

I
I,
I
i
I
i

I
I
I
I

I
I

I.
I

I
I.

Fig. 6.9 The pattern of the flow an~ seoiment move~ent in the
scour hole during the osci !Jation process oC the
pipe.
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bed ls much eroded. Due to the reversing of the flow direction, 

a small ripple with a sharp crest could h~ observed in the down

stream part of the scour hole. 

The displacement of the pipe in the vertical direction can 

be describe<) by 

y ,. Amax sin(wt) (6.5) 

in which /\max is the maximum amplitude of the pipe oscillation: 

w is the angular frequency of the pipe oscillation, w • 2af. 

For a unit length of the scour hole along the direction of 

the pipe axis, the fluctuating part of the discharge in the 

scour hole is 

AO • 4~ n2 1Y, 
dt 

It reads 

(6.6) 

(6.7) 

The anipl i tutie of the pipt!. vi bra ti.on plays an important role in 

the scouc process. 

c. The pipe .vibration ·In the scour process· 

... The .. vibrat.iori problem will bt!. discusse'd In· de.tail later 

on. 11'~re t-~~--.ana·l~sls o~· ~he (,i'pe 'vlb~a-tlon' in ·~he early 11~~9e 
of the scour process is presented for 90 ··o.098, vr. 7.19, 

e0/o .. o. 
The spectral density distribution In the first JO minutes 

were plotted in Fig. 6.10. 

Fig. 6,11 shows the variation of the mean amplitude and 

frequency response in the scour process. 

It is seen that the pipe started its vibration quite 

early. The arnplltude had a jurnp at t = 20 min. When t • 23 min, 

the me<in.amplitude .of the pipe- vibrations was _0,54 D. Meanwhile 

., 
I 

l 
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Fig. 6.10 The sprectral density distribution of the pip'! 
vibration in the early stag~ of the scour process 
started from a plane bed, e. = 0.098, Vr = 7.19, 
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following way: First, the pipe resting'on the plane bed was .fix-
ed. Then the flume was run with a steady discharge corresponding
to 8. = 0.090 for 30 minutes.

......

..
Fig. 6.13 Scour depth versus the initial gap' in th~.seri;\l

tests Bl to 85'.

With the decrease of the gap ratio. the scour .iepth was
larger. which is similar to the tendency in the fixed-pipe case
(see Fig. 2.36).

The bed profiles for tests 81 to 05.
(a) For the positive gaps, eolo ) 0:
(b) For the negative gaps, eo/O ) O.

.)
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,- -" -0-0 -QX)A - T~ ,...,.al br<l

~:\:2?= __~-~;;';''''
Fig. 6.14
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For the serial tests 81 to OS, every time the test started
from the initially eroded bed profile. the discharge was in-
creasin9 evenly step by step corresponding to the increase of Vr
from 2.57 to 10.28. The total test time was around 30 min. Ex-
cept the initial gap ratio, other factors were kept constant
(see Table 6.2.), Therefore, the effect of the initial gap on
the scour in the vibrating-pipe case can be studied.

The scour depths for the tests 01 to 05 are plotted in
Fig. 6.13. It Is clear that the initial gap has some appreciable
Influence on the scour. Fig. 6.14 (a) and (b) plot the scour bed
profiles measured at the end of each test for the positive and
negative gaps respectively.

Fig_ 6.12 The comparison between the self produced bed profiles
in different tests.

Fi9.: 6.12'·gives t~i;h~d profiles made"In' aboV--e-lIientioned
way Illustrating that the scour hole is reproducible. Hereafter,
the bed profile is designated "the initially eroded bed pro-

• file".
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was as deep as in the fixed-pipe case corresponrling to 234 ~in.

running.

The scour process in the test A6 with the free pipe,
eolo .'- 0.3, started from the initially eroded bed
profile.

\
05 Fixed pipe,

t- 234 min

"-,
H-1 -I -. ~. 1 1 ~ ••~,,~•••X

. [ ,.;;-.::::;:.~_.: -_.:~:.:.:.:.~~'-. --; 0

t SID ·······;;-..:I~··
Fig. 6.16
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50o
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The variation of the dominating frequency f in the
test A6 with the free pipe. eOIO = - 0.3. started fro~
the initially eroded bed proflle.

Fig. 6.17

':''': :

Comparison between the eroded bed profiles which
started from the same Initially eroded bed profile,
0. = 0.063, e./O - - 0,3.
(il) For the fixed pipe (the test 1.5), '(b) tor the
free pipe, V~ - 5.65 (the test A6).

The observation on the serial tests with the initially
eroded bed profll~ Indicated that when the initial gap eolo was
sll~l1 'enoug'h and: t!"e. !:e·duce~ve.lOcl ty was· suftable', the pipe
was ·•••alcirilJ·an i •••pa·Ct on 'the erod~d hed, reslJlti'~g':ln .~ore

serious scour.

Fig. 6.15

I
As seen In Fig. 6.15, both the test of the fixed pipe and f

the free pipe started fro~ the initially eroded bed profile. The I
undisturbed veLocity was the same, corresponding to Vr • 5.65, t
9•• 0.063. The test with the fixed pipe was run for 234 min, ,
the relative scour depth directly under the pLpe was 0.75 (see 1
Fig. (a». AlthoulJh the test with the free pipe was run only i In Fig. 6.17 the dominant frequency showed that the ni\tu-
95 min. the relative scour depth concerned was as deep as 0.97 t ral frequency of the pipe tends to incline.
(See fiq. (b». l. In ':ig. 6.18, the di •••ensionless scour depth SaID for t·oth

.": '.:' ·.:.Fi1J·•..6.•1~ ls:.t~.~ .s:~our.pro~ess·.ln·.tJ1e.;fre~-ptpe.'Case.·.For ". ':.' . fixed andfr·ee·.pipes ar~ p~o~ted against the .inlt,lal ga·p ra.tio "

.': ::,. :t~~ ~~~ ::~f. ~o~p~'-t<~'sbn;'<the·.';j·~our~-<1C:P~h:-eorr'e;spn~ding ;·to.:th~ .•. ". "':' <..,,:.....".,:\~~r':.ei·.~:O~·~9.~•.:-,I~.~1s..ci'~"r·; th~~.·:~,Jt~::i,I)I.~{~):·:.ii~p>;"~;.fp.'COilj:·"~".l'~~'"':'.<
". :~ : fix'~d pip,. ·case~a·iI.drll\"n~a.i1~"~~d~:llli~d.·l1ne;·'ri\i~"to the' im~ac{:~i' ~ :1.:.:'the pipe. eate90rY;·.U ~e.' vibra'ting pi pe 'o'r ('jxed' pi I":~'-'.co"trol ';.:':.: \
!'. th~~i~o~the~~ou~holi!~'\h~':SCOu';:'r~t~~as~~'hi9h'1~~he'····· .. 1··· ··:thetin·~lsc~ur'·.aePt~.:···· :., ,:' .\ . :.

fr~e-plpe. case that after ~O,min. the scour depth under the pipe f. ;..':..... :. . " :": ... "' .. , . :'1.
I:,.. . I
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Comparisons between scour bed profiles in
unidirectional flow, two-directional flow with fixo!'cl
or free pipe. 0 ,. 10 cm, eo/D = 0, ll.,m = 0.098,
Vr,lI'I. 7.19.

SID

Idl

t>

1. -4 -)

o
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As described in section 5.2.2 t.he flow direction in the
2 m vide flume can be reversed. The pattern of the. tvo-direc-
tional flow was shown in Fig. 5.3.

The comparison shown in Fig. 6.19 (a) sU9gested that tefl
wall more influential than Tw on the scour below the pipe.

~~~;~_~~_~£~~~_!~!!~~~~~~_~~_!~~_E!e!_!!~~~!!~~_!~_!h!_!~~:
~!~!~!!~2~!_!!2~

Fig. 6.18 Final 6cour depth versus·the"initial gap for 9••
0.099. Vr • 7.2. ---I The theoretical result for the
fixed-pipe case for 9•• 0.10. ---I The empirical
resul t for the free-pipe case.

In Ule sagging process, the mid-span of the pipeline is
lower than the original plane bed, which corresponds to the

.case that the. gap·'Is negative·; The 'mid-span is· responsive to. t.he·-·
flow induced vibratIon. When the pipe vibrates, ·the u~derneath
scour hole i6 quite deep, especially when the impact of the
pipeline on t.he scour hele takes place. A deep scour hole helps
"the self-burial of the pipeline, but the vibration may cause
fatigue of the pipe, and the impact may result. in t.he break of
t.he pipeline.
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Comparison between eroded bed profiles corresponding
to different reduced velocities in test 81 started
from the initially eroded bed profile.

Fig. 6.21

Fig. 6.20 Sketch of the flow in the series tests Bl to 05.

In Fig. 6.21 the eroded bed profiles of test Al 'measured
after sampling were plotted. Because it too~ a relatively lon~
time to erode the bed substantially, the chanqes of the eroded
bed profiles underneath the pipe corresponding to diffcrcnt va-
lues of Vr were rather limited. Obviously, well downstream th~
pipe, there was some change in the scour bed profile~, .but this

'should be expected to have no influence on the pipe vibration.

I

I
I
I·•
1·•j
)
I
i
I
i
·
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2. Due to the sinking of the pipe, the position of the free pipe
in the scour hole is rather lower than that of the fixed pipe.
It makes th~ ~i~charge pas5ing.u~der th~ p~pe.smaller~

6.4 The effect of an eroded bed on the behaviour of the pipe

The comparison of Fig. 6.19 (c) shows that the scour rate
with the free pipe in the two-directional flow ia.smaller than
that with the fixed pipe in the unidirectional flow.

In the two-directional flow case, as shown in Fig. 6.19
(d) the scour depth in the free-pipe case was much shallower
than that in the fixed-pipe case.

The conclusion is the following I If the flow is two-direc~
tional. and the pipe is free to vibrate. the scour rate is
small. and the final equilibrium scour depth is shallower than
that in the unidirectional flow and that for the fixed pipe in
the two-directional flow.

The explanation ie the .following':
1. 'When ,the flow reverses 'it~ direction, there always is an
upstream hill limiting the discharge passing under the pipe.

J! ~in~ ~o .the.~inkin9 into .the scour hole and the effect 'of
the hill downstrea~ the pipe, the vortex shedding ie:.uppre ••ed
i~ t~~ t~~-~irectional.fiow .case•.~herefo~~ th~ free pipe cannot

,.Cb~~inuo~s~y.vibrate·~ith 'appreciabl~ amplrtu~~ resu~ting:i~
deep sci>~r. .; . . -

The 's~ries tests 81 to 85 (see Table 6.2) were carried
out with a free pipe. The scour hole used is the initially erod-
ed bed intro~uced in section 6.3.1 n.

j /\. 1\ negatfve' 11 ft force
The reduced flow velocity w~s increased step by step from. t '. AII,dem·o~stra.ted.by,.fredl!~e.and Han~ien ·rSJ. ·",hen,.a:·.pip~'i~ '.:

.:..".Vr•.·, ~.57.:t.,O,.I.O.~~o;.l~e~,...F~9,:.:.~,.~~Q,).~'·The.,~~t..a.:l.ft,ea,lJ.u~e.me,:nt,..ii.me ",' ,':."" .:".: ".', ..... ' " ..... ". •... " .In t,be v.iJ::.inJ,ty.o~·-:·a:pll!ne."bed·i··.the~p,i-pefs·:~x'posed 'to '.'tn·ui'~~rd .....

....,!.n•.~}~~\~~~~~.:~·bn~r.~~, ;ml!1.\:: ~~:i-.:::,.•• :~:;.::.:"~•. ::....;: .....: .. :'.".>,' ". :~;•: .:":::' :':"-.~....' ...;.. ~i·it··f~rC:~.,.·~e:~u·!le:th~ ·l!~a~~~~'io·n'p~.in~.~f ·.tl1t·fi~w'(s"~on:'th~ :
••.•; .' ,.~.' ,1~wer·~a·;t·;;t·th~·cYiinder (se;; Fig. '6~22 (a)). 'The'rcfore, if

I1 the,pipe is free, it will move upward.

L: r" r ; L_, L. l l r. r . L r' L.
[ r ' - ~
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The record of the pipe position in thr. early sta1e
for 0•• 0.098. Vr = 7.19. eolO = O.

Fig. 6.23

o 10

D. The equilIhriulII positIon of the pipe In the early staqe of
the scour process.

In the experilllents where the pipe was resting on a plane
bed it was observed that at the start of 'the tests, due to the
upward 11ft force, the pipe moved upwards. As soon.as there was
a scour hole under the pipe, the pIpe moved downwards due Lo the
negative lift force. ~i9' 6.23 is one of the typical record ••

In the case that a pipe is placed in the vIcinity of an
eroded ~ed, the calculatIon (see Fig. 2.131 and the flow visua-
lizatIon experIments wIth dye have Indicated that the .tagnation
point of the flow is on the upper parl of the cylInder (see Fig.
6.22 (b)).

The wake behind the pipe varies with different bed forms
below the pipe. It is demonstrated by tests that even though the

'initial gap eolo was 0.9. the pipe was still exposed to a nega-
tIve lift force (cf. Fig. 6.25).

OwIng to the negatIve 11ft force, the pipe 18 moving down-
ward until it fInds a new equilibriulII posI.tion.

-Q,2Y/D

-0.1

The equilibrium position o{ the pipc in the earty
stage of the scour process 9. = 0.090. Vr 7.19.
eolO ••O.

Taking the pipe position in still water as th~ datum, the
instantaneous equIlibrium position o{ the pipe Y in flow was
calculated from the amplitudes of the pipe vibration. Fig. 6.~4
plotted the varIation of the equilibrium position Y io the early
stage of the scour process. It is seen that. due to the erosion
of the bed, the equilibrIum position of the pipe was varying. At
first, the pipe sank as deep as 0.17 O. Lat.er on it rose gra-
dually, but its equilibrium position was always lower than the
original equilibrium position in still water. The lowest posi-
tion corresponded to the maxi~um downward force on the pi~ in
the early stage of the scour process.

Fig. 6.24

Sketch of the stagnation point of the flow on the
cylinder (a) with a plane bed; (b) with an eroded
bed.

Fig. 6.22
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C. The variation of the equilibrium position of the pipe with
tho Init Iar (]11[1 lind tho reduce<:!ve Joelty In the current.

In fact, the equl UbrJulll posl lion of the pipe in flow not
only depends on.~he initilll equillbriulllposition in still water,

. but also. on the reduced vel.oel ty •.
Fig. 6.25 showed the vllrlatlons of th~ equilibrlulllposi-

tion with the reduced velocity for 5 different gap ratios
eO/D. It should be remembered that Y originates from the equili-
brium position of the pipe in still water.

--....-.-:: - -- -- ---.•.....•........... ..•....•
•• e •• ~•••••••••

Itia seen that the pipe managed its equilibrium position
in flow in quite different ways depending on the initial gap and
the reduced velocity.

When the gap was large enough, for example eO/D s 0.9, the
equilibrium position WIlS always lower than or equal to its ori-
ginal position in still water, which demonstrated than even
though the pipe was placed quite far away from the eroded bed,
it was still exposed to the negative lift force.

When the gap was not 60 large, sometimes the pipe moved up-
wards. The range of the reduced velocity Vr, in ",hich the c'lui-
librium position of the pipe was higher than the origin~l posi-
tion in still water, was enlarged with the decrease of the ini-
tial gap ratio eolo until eolo s O.

In fact the moving upwards of the equilibrium position of
the pipe corresponded to the pipe vibration with appreciable
amplitude. When the reduced velocity Vr was larger than 8, the
pipe vibration was limited. the equilibrium position of the pipe
was much lower than the original position.

The variation of the equillbrlulllposition of the pipe
wrth the reduced velocity for different initial gllp
ratios: 0.9, 0.3, ~, :-0.15, -0.3. .

- - - - ,.e..~-o--er _ - - _
0·0 '".til

'o--O~

D. The explanation of the 6hift of the equilibrium positio~
of the pipe in flow.

1. The formal explanlltion.
The instantllneou~ equilibrium position of the pipe was

calculated air-t~e.mOiddl~:of .the'douole ampliturle. Dased on the
equUibrium position of. the pipe in still water the amplitude of
the pipe vibratyon in flow can be split up into two parts. an
upper amplitude and a lower amplitude (cf. Fig. 6.26). ~~en the
amplitude was appreciable, although the pipe was exposed to the
negative lift force, because the lower amplitude was smaller
than the upper amplitude, the equilibrium position of the pipe
in flow was higher than the original position in still "'ater.

Fig. 6.27 is the record of the pipe vibration for 0. =
0.063, in the case of eolO - -0.3. In the sample the lower
amplitude is kept constant due to the impact on the scour hole.
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Fig. 6.25
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h aample of the pipe vibration in test 81. 9.
0.090, Vr = 7.19. eolO = o.
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The bed boundary has a strong influence on the behaviour
of the vibrating pipe. Except in the impact case, generally
speaking. the pipe does not contact the scour hole directly.
When the pipe is moving down the pipe gives the water body
around it an acceleration in the vertical direction. In turn,
the accelerated water body creates an extra pressure field on
the surface of the pipe to constitute an additional resistance
to the body motion. The action of the water can be expressed as

'a sQ:-called .hYdrodYna.lllic;::mass' .tiining.·the accelerati.on 'of_.the. '.
p Lpe , As pointed out by Yamatoto et. ale [19]. ~the hydrodynamic'
mass coefficient p is the function of the gap ratio in the plane
bed case (see Fig. 6.2). When the gap 'eo/o = 0, the maximum
value of p equals 2.29. In the eroded bed case, due to the ef-
fect of the geometry of the scour hole, the value of a ~y be
higher than that in the plane-bed case.

The serious increase of the hydrodynamic mass in close
proximity to the scour hole means the increase of the resistance
to the motion of the pipe. It seems that in the close proximity
of the scour hole, the pipe is exposed to a lift force directed
away from the scour hole. Therefore the lower amplitude is
rather smaller than the upper amplitude.

tude?
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A sample of the pipe vibration in test 85.
9•• 0.063. Vr • 5.65. eolo • -0.3.

E. The equilibrium position of the pipe in the two-directional
flow

Due to the presence of the upstream hill, the decline of
the pipe equilibriuJn position in two-directional flow is more
serious than in the unidirectional flow. It is seen from Fig.
6.28 (a) that when there was a scour hole under the pipe, the
pipe sagged quickly. and" then kept the low position in the s~our
hole. Consequently, the vibration of the pipe is restrained a
lot, resulting in a small amplitude.

Starting from an eroded bed made by the two-directional
flow. test C4 was run to find the infl~ence of the reduced
velocity on the pipe. Fig. 6.29 pointed out that there was a
systematic decrease of the equilibrium position with the
increase of the reduced velocity Vr,m'
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(a)
The amplitude response of the pipe in th~ tests n1 to pS

was plotted in Fig. 6.30 (a) in the form of the double amrlit~~~
2A. The frequency response was plotted in Fig. 6.30 (b). Th~
spectral density distributions of pipe displacement corre5pon~-
ing t~ different gaps were shown in Figs. 6.31 and 6.3~.
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Fig. 6.28 The variation of the equilibrium position of the pipe
an~ the amplitude in the scour process of the two-
directional flow. Vr m = 7.19 T • 2 5 lIlin
e 10 • o. • • w • •
a9 YIO versus Teff: bl AID versus Teff•
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Fig. 6.29 The variation of the equillbcium position of the pipe
with the reduced velocity in test C4.

Fig. 6.30 The variation of the amplitude response and the
frequency of the pipe in the reduced velocity.
(a) 2A/D versus Vr: (b) flfn versus Vr•
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Spectral density distribution of pipe di.placement
versus reduced velocity for the initial gap ratios a
eO/D • O. 0.3. 0.9.
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Fig. 6.32. Spectral density distribution versus reduced velocity
for the initial gap ratio eO/D - -0.15. -0.30.

A. Three stages of the pipe state with respect to the pipe
vibration

Previous studies [13. 6) about the vibration of the pipe
in close proxi.lty to a plane bed indicated that there was a
-lock-in- phenomenon where the response frequency and the vortex
shedding frequency collapsed into a single frequency close to
the natural frequency of the pipe.

I%=oo~

fIHZ)1P'j)

\D

Fig. 6.31
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[r"hestage of the pipe The range of the Relative ampli
vibration reduced velocity tude AID

!The pre-vibration stage 0 - 3.5 < 0.1
The lock-In stage 4 - 7.8 - 0.6
The loc\o:-out stage 8 - < 0.3

I

'Present tests indicated that when the pipe close to an
eroded bed was vibrating, the lock-in phenomenon occurred too.
ifuen the pipe was in the lock-in state, the amplitudes were
appreciable.

The reduced velocity Vr has a very important influence on
the lock~in phenoaenon. The general comparison shown in Fig.
6.30 indicated that the state of the pipe with respect to the
pipe vibration can be classified in three stages, which is sum-
marized in Table 6.4.

vibration was close to the natural frequency, flfn = 1.0 - 1.2.
Especially when Vr < 6, the frequency followed the equation flfn
a 0.2 Vr quite well. Later on, with the increase of Vr, the
frequency flfn < 0.2 Vr• For different gaps, the values of flfn
scattered. A larger gap corresponded to a higher frequency.

~~1~1_~!_~~e~~!!~~_~!~~_~~!_~~!~!~!_!~_1~J
The present results with a gap ratio eOlo = 0.3 and -0.3

were plotted in Fig. 6.33 and 6.34 respectively to make a com-
parison, with the data given in (6).

It is evident that the behaviour of the pipe near an erod-
ed bed was quite different from the behaviour of the pipe near
a plane bed:

1. The pipe in the vicinity of an eroded bed had an evident
lock-out state. The amplitude was smaller than that with a plan~
bed. When the reduced v~locity is quite high, due to the eff~ct
of the scour hole, the ripe cannot vibrate with appreci~ble
amplitude.

~ The frequency in the eroded-bed case was smaller than that
with a plane bed.

·The serious .systematic decrease of amplitude response and
frequency revealed that the eroded bed had a strong ability to
restrain.the vibration of the pipe.

6.5 The influence of the pipe sagging on the pipe vibration'

Corresponding to thp three stages of the pipe state. the
reduced velocity can be split up into three different regions.
The influence of the pipe saggin9 on the behaviour of the pipe
is different in each region. The amplitude response ~/o and
the initial gap ratio eolo in Fig. 6.35 and 6.36 respectively •

If a pipe exposed to d steady unidirectional flow is
sag9in9 • from gap ratio eolo = 0.9 to -0.3. its behaviour in dif-

.ferent' 'regions oi the' reduced velocity varies. In the pre-vibra-~.:':':;::.-,.::: ..~ti.Q~..t~g:l-!Jri/tb~_a~~i.~~t\.lde·~esponse.decre~s~dr6110':".i~<j :the,.d~.-uen

. .:..; '. 'cr'e~s~"oi-:~h~ ~ap"llntil' th·~·.·~·m·~litud~.w~~·e~~~i..tc;'C<·He·~~..:nii~:·
::.''.' 'freqlien~' re'sp;;nse'»o;·~e·c·rea·s:ea·t06:.": <:> •. : ' .•.

..!"0 ",

0" .0 •••••

The range of Vr and the amplitude response of. the
pipe in three stages.

Table 6.4

B. The influence of the initial gap on the lock-in phenomenon.
.lis shown in·FIg •.6.;30, a. larger gap cdn;-esponded'toa .wi.,.

'oder'loc~~in r~rige. ''lhe~·:·eO/D.;' 0.9, the·.differerlce;between ~he
lock-in and the lock-out was not so clear as in the small-gap
case. In that case the influence of the boundary was rather
limited. ''lhen the initial gap is larger, the lock-in phenomenon
corresponds to smaller reduced velocity. eolD ~ -0.3 is an
exception due to the impact of the pipe on the scour hole.

In the lock-in region of the reduced velocity Vr, the
amplitude response 211/0 varied only little with the variation of

.the initial gap ratio eo/O.
. On the other hand, when the pipe Is not in the lock-In

.st~~~,~h~ a!ftpllt~de r~spO~se of :the pipe was larger with the
1 ;"i.n~·rE!~s·e·~f' :t"h. f! _!la'po_':' .~.:.:.' .: ",,:~.:._. . , ~.:~'. ~.::•• ~ .";:, ,.... ".' .':.'

. - ••.. :.0 .:" eo...... .',"; .:.". - .•.. :"'-..
...••.. ".-..... ' .' ...'

C·.··The freqliency. response
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In the lock-out region, the phenomenon was similar to that
in the pre-vihration region during the sagging process. The amp-
litude and frequency decreased.

The situation was very different in the lock-in region.
The amplitude response and frequency response almost did not
change during the sagging process. It should be mentioned that
this situation is quite dangerous: when a pipe vibrating with
appreciable amplitude sags deeply into a scour hole, then, due
to the appreciable amplitude of the vibration, the impact of the
pipe on the bed may result in the damage of the pipe.

Ce)

(6.9)
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03 03 1i'

o
-0.3 -015 0

::P::E;'"'' Iv,·tl281
08 ~

-0.3-015 0 0.3 03 0

QB

a'

Fig. 6.36 Frequency flf
versus the Initial gap ~~tlo
eolo in different regions of
Vr: a) in the pre-vibration
region b) in the lock-in regio~
c) in the lock-out region.
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Fig. 6.35 Amplitude response AID
versus the initial gap ratio COlD
in different regions of Vr:
a) in the pre-vibration region
b) in the lock-In region
c) In the lock-out region.

The eroded bed used in the test C4 was in the final scour
bed profile created by ·the two-directional flow in the test C3.

In the test C4, the value of I~Cwas kept constant,
KC • 1900.

FrOID Eq. (5.4), KC reads

6.6 The pipe vibration in the two-directional flow

Comparison between
[6) and present test
with eolO • -0.30.
a) amplitude AID:
b) frequency f/fn•

Fig. 6.34Comparison between [6]
and present test with
eOlo • 0.3.
a) amplitude AID:
h) frequency f/fn•

Fig. 6.33

In which Vr,lIl is the J1\axilnuDivalue of the reduced velocl ty.
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Corre~PQ~~lng to th~i~arJ~~lon.of V:;m (~.57- 7.19) the
range of the period is Tw • 6.0 ~ 20.8 min.

The maximum amplitu"e an" the frequency. response were
plotted in Fig. 6.37.

It is very cle~r that in the two-"irectlonal flow, there
,,~sa lock-in pheno~enon, hut the lock-in region of Vr,. was
~ulte narrow, and the maxl~um amplltu"e response was only about
0.1 D. Compared to the vibration of the pipe In the unidirec-
tional flow. it is rather small.

The results sU'J'Jestthat In the two-directional flow the
eroded bed with two hills on each si"e of the pipe has a very
strong restrictive action on the pipe vibration.

In short, the eroded bed has a strong res:rictive action
on the pipe vibration. especially in the two-directional flow.

The sagging phenomenon was analysed from the scour point
of view, and the vibration characteristics in the sa'Jging pco-
~ess was discussed.

In unidirectional flow, the final scour "epth is a~olJt th••
diameter of the pipe. Because the vortex shed"in'J an" th~ vihra-
tion of the pipe need a certain space under ~nd behind th~ pir~.
the on-set o~ the pipe vibration and its amplitude response ar~
Influenced by the undlsturhe~ velocity. A relatively SMall ini-
tial 'Jap causes a relatively deep scour hole and n~y have the
accompanying impact phenomenon.

In the two-directional flow. due to the shelt~r action of
the hill upstream the pipe and the sa'J'Jlngforced by th~ !low.
the scour rate is smaller than that In the unidirectional flow,
and the final scour depth wi 11 be shallower.

In the vicinity of an eroded b~d. the pipe is expos~d to ~
ne'Jative lift force. ~~en a pipe is vibrating with arpr~ciable
amplitude, the lower amplitude Is much s~aller than the u~rer
amplitude, resulting in the moving up of the e~uilibriuo posi-
tion o~ the pipe due to the stron') resistance of the ••ater oo",{
in the scour hole •

There are three different stages of the pipe state with
respect to the pipe vibration: the pre-vibration stage. the
loc~-In stage and the loc~-out sta'Je. The corresponding re'Jion$
in the reduced velociiy vary with the initial 'Jap ratio. Com-
pared to the vibration of the pipe near a plane hed. if th~ pip·
Is in the vicinity of an eroded bed. the pipe vibration h~5 a
narrower lC1clt:-in·.reglon·.~fVr•· 9mallec ampli tude r'e~ponsean.1
the fre~uency re9ponse Is close to the natural fce~uency of th~
pipe.

• V,
II

1.6 flfn
1.,
1.2

10
011
0.6
0.4

0.15 [~
0.10

005

o •
o 2

0.2

o ~
o 2 , fi II

f1ilX Imum amp 11tude and freq'lency response versus
re.tuced ve locity in tes t C4.

Fig. 6.37
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The distance between the pipe centre ~nd the rl~ne (2

The amplitude of the free stream particle (5.3.4).

;ihe mean amplitude of the pipe vibration (6.3).

The maximum amplitude of the pipe oscillation (6.3).
~. (p-r .)/,

The relative pressure coefficient cp = lT~ (2.2.:

~he diameter of a pip~ (1.1).

The outer diameter of a reinforced conc r o t e :>ipo:! (3 •. :.

The diameter of a stp.el pipe (3.4.2)

~he Inner diameter of ~ ro:inforced concrp.te pjr~ (3:~.

Ilean graIn diameter of sedilllent particles.

The gap betwen a pipe iln~ a bed (2.3).

The initial gap between the pipe anti the od')in'll r>l;HO

bed (2.3).

and en,2 The diro:ctlons of a p"ir of <Iollhl~ <Iipol.~s (2.3i

The modulus of elasticity of a pipeline (3.J).

The Darcy-Heisbach friction factor (2.3.2).

The frequency of pal rs of vortices shed fran <1 pipe C·:
The dominant frequency of the pipe vihr~tion (6.3.11.

';"he natural frequency of the pipeline (G.3.l.l.

The friction coefficient in the'Wilve C:l5': (5.31.

The acceleration of gra~ity (J.l):

The local bed level (See FiCJ. 2.101 (2.3).

The dimensionless bed I~vel (2.3).

The unJt of the frequency (4.2).

The flow depth (2.1).
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The slope of head loss (2.2.2)
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1

L

m'
~,l
n

p

q

q*

The distance between the measurement point and the vortex
centre (4.6).
The length of a flow line (2.2.2)
The span length of a pipeline (3.1).
The maximum span length of a pipeline (3.4.1).
The mass of a pipe (6.2.1)
The hydrodynamic maas of a pipe (6.2.1)

and ~,2 The strength of a pair of.double dipoles (2.3).
The porosity of sediment (2.3).
The number of the digitized velocity in one sample
(4.4.3).
The local pressure on a bed (2.2.2).
Tl~ pressure on the bed far away from a pipe (2.2.2).
The bed load transport rate in volume (2.3).
The submerged load on the unit length of a pipeline
(3.1).

The dimensionless bed load transport rate, q* • 9- (2.3).q.

t*

u'

The dimensionless time t* • t/to (2.3).
The sum of the time when 0c was exceedecJ (5.2)
The dimensionless time based on q. (2.4).
The dimensionless lime based on qlocal (2.4).
The total time of the sagging process of the pirclin~
(3.4.1).
The period of waves (5.2).
The x-directional component of velocity (2.3)~
The digitized instantaneous velocity u (4.3).
The maximum value of u in a sample (4.4.3).
The instantaneous value of the vortex-s;eclding-in<.:lIc~~
velocity (4.6).
mean value of u (4.3).
fluctuation velocity (4.3).
The velocity close to the bed directly under a pipp. (2,

The velocity in the vicinity of the lower edge of a pi
(2.3.1).
The friction velocity (2.3).·.i

The y-directional component of velocity (2.3).

.~The maximum shear velocity defined by Uf• m. ; U••
(5.3.1). . •
The veloc1 ty in the vicinfty of the upper edge of .,pi:

(2.3.1).
The velocity of the ground water flow (2.2.2).
The amplitude of the vortex-shedding-induced velocity
(4.5.2).
The undisturbed velocity at the place well upstrea~ ~
(2.1).

The maximum value of U. in the two-directional flo~ (r

v

U••m

U.

a pipe

(4.1) •

PnlneThe relative density of a pipe. Sp. ~, (6.2.1).

The relative densiti of sediment (2.3).
The scour depth directly under a pipe (2.3).
The final equi lIbrium scour depth di rectly under
(1.1).

AI!

The calculated sediment transport rate (2.3.5)
max The maximum sediment transport rate of the bed load

just under the pipe (2.4).
l)sedlment A typical scale of sediment transport rate (2.4).
q. The far field rate of .sediment transport (2.2).

o U
The Reynolds number deflnecJ hy Re.• ---;-

qcalc
I)local,

velocity in the two-.

pipel iOP..

(6.2.2) •U.The reduced velocity. Vr Z ---Ofn •

reducedThe maximum value of the
tional flow (6.3.2).
The strength factor of the vortex body.
The sa9g1ng velocity of the mid-span of a
The width of a scour hole (2.3.2).
The upstream part of a scour hole (5.3.4).

tl me (2.3).

I) 2 (1- n) .-,..'
·I'hp. time pllrameter, to • -~_ •..., (i.3).q.

The local scour depth (See Fig. 2.10).

OfThe Strouhal number, St • U' (4.3).
t

s (x)

St
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·a The coefficient of distance (2.3).
The coefficient of the flexlblilty of a pipeline dependl~g
on the bed situation of 'a pipeline (3.4'.1).
The coefficient corresponding to the fraction of the
original circulation that survives the formation of the
vortex (4.6).

P The coefficient of the hydrodynamic mass of pipe (6.2).
Y The oreclfJc gravity of water.
Yateel The Ap~clflc gravity of steel (3.4).
Yc:oncrete The speclf,l,c'Juvlty of concrete (3.4).
r The otrengtho'f the vortex (4.6).
A- The Increment of * (2.2.2).
AI/ The head loss (2.2).
AT The samplJ.ng time Interval (4.4.3).
AY The cUstanc:e (see FIg: 2.12).
c The value to judge the discrepancy hetween q. and qcalc:

along the upstream part of, the scour ~ole. (See eq. 2.46).
(2.3.5).

t:s Tho structural damping coeffl\::lent(6.•2).

The SI!'clds,rarillneteri0 ."'p·;;r:-l1-,'-'(2.3).
~, 50

The critical Shields para8teter, helow which sediment
transport does not take place (2.3).

..,

The conjugate of • (2.i).
The module of • (2.3).

The operator (2.3).

(2.3).
7he bed shear stress (2.3)

The dimensionless sediment trans~oct rate ~ • ----~~----
( 2 • 3 ) • I~ -1 ) c! 5;r
The real rart of the complex potential w (2.3) •
The Imaginary part of the complex potential w (2.3).
A par,t of '~ due to the c:ontrlbutlon ofF.q. (2.3).
The J~a9lnary part of the comple~ potential at point ~ on
the boundary hex) (2.3). '
1\part of 40lc d~e to the contribution of Eq. (2.4).
The complex potential (,2.3).'
The angular wave freque·ncy. 101· 211f (5.1).
The anquhr frequency of the pipe vlbcatlon (6.3),
The complex potential In the absence of a pipe (2.3).
The complex potential (2.3)
The co~plex potential Induced by a pair of dipoles (2.3).
The complex potential ~Iven by a vortex body (2.3).

The operator (2.3).

The summary of the elel'lcntsfrom nu~her j 0 to

The Integration from t • 0 to t • T (3.4.1).

The local value of 9 under the pipe (2.3).
The"value of 9 at the place well upstCC.1l'1the pi:,'!
(2.3) •

'i'he maxii!lum va 1ue of O. In ~hc two-d.i eee e i ona 1 EltlW
(S.3.11.
The permitl\bllJ.tyc;.oefflcle.ntof the gcound 'Mteci,l!
( 2.2'> •
The Kinematic viscosity of the watec.
density of water.
density of pipe.
The turbulence intens Ity. a • ~. 14.3)
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0

(2.3) •

hole (5.}). 4) •

plpell ne ·(3.2.3).
+ iy, :(2.3).
of 'd~ubl~ dipoles
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THOMAS'(QSEERS
November 19, 1990

Mr. Michael Craig
Regional Civil Engineer
Unocal Corporation
1800 30th Street, Suite 200
Bakersfield, California 93301-1921

Dear Mike:

ENGINEERING.
ANAlYSIS & DESIGN

r:

Per your request we have performed a three dimensional structural analysis of
the production deck - west extension of Platform Gina. The purpose of the
analysis was to verify the structural adequacy of the west extension for
supporting the batch sweetener system for operating and seismic loading.

Computer Model
Approximately half of the production deck and subdeck along with the
associated kickers and columns were modeled. The platform finite element
model, summarized in Appendix A, consists of beam, pipe and shell
elements. The wide flange members were modeled with beam elements, and
the columns and kicker braces were modeled with pipe elements. The deck
plating was modeled with shell elements.

Loads
The platform loading consists of three primary loads: dead load, equipment
load and live load. Structural dead load was input by accelerating the
members with a 1.0g acceleration in the positive Z direction.

Equipment loads applied to the model include, but not limited to, the gross
separator skid, sweetener carry over scrubber skid, batch sweetener skids,
sweetener chemical tank skids, sweetener chemical pump skids, and
emergency generator.

A 15 psflive load was applied to the entire west extension to account for
miscellaneous piping and light traffic. Concentrated loads were applied at the
north end of the extension for the stairs. One hundred percent of the drill deck
stair loads and 50% of the subdeck stairs loads were input.

Seismic considerations were addressed by applying a 1.75g
(lg(dl+l1) ± 0.75g(seismic) vertical acceleration to the dead and live loads.
Results from the global response spectrum seismic analysis (Thomas and
Beers Report 102) indicate that the actual vertical acceleration component is
±0.30g for a strength level earthquake and ±O.53g for a ductility level
earthquake. Therefore a ± 0.75g seismic acceleration is a reasonable
assumption for this temporary (one year) batch sweetener loading. Note that
all masses were concentrated at the deck level, thus no rotary inertia effects of
the tanks/equipment are included.

572 Pol; Srreer
Ventura Ca. 9300 J
(80S) 652{)655
FAX (805) 652{) 170



Structural Evaluation Method
The Gina west extension was evaluated using the criteria set forth in the AlSC
Steel Construction Manual-Allowable Stress Design and the API RP 2A
Recommended Practice for Planning, Designing and Constructing Fixed
Offshore Platforms. The results are expressed in terms of the AISC
Interaction Ratio (IR), where the resulting ratio must be less than one. Details
of the equation can be found in AlSC Section HI (9th Ed.).l This equation is
summarized below for the general case. Modifications to this equation were
made as appropriate for individual cases to adjust the allowable bending
stresses or simplify the equation. Allowable stresses are increased by 70% for
seismic loads. Punching shear calculations for the kicker to column
connection are based on API RP 2A (18th Ed.) criteria.f

Results and stress evaluation are presented in Appendix C.

Results

1. Operating Loads (Dead load plus Live load)

Member/Connection
Wl2x45
W2lx73

10.750 x lJ2" Kicker
'Kicker to Column

Kicker to W21 (Weld)
Kicker to W21 (Stiffener)

2. Seismic Loads (1.75g-Seismic Load)

IR
0.40
0.47
0.62
0.93
0.90
0.37

Member
Wl2x45
W2lx73

10.750 x lJ2" Kicker

Connection
Kicker to Column (Comp)

Kicker to Column (Tension)
Kicker to W21 (Weld)

Kicker to W21 (Stiffener)

IR
(1,7 Allowable Increase)

0.41
0.48
0.63

IR
(1.7 Allowable & 1.15 Material Increase)

0.83
o (No net uplift)

0.80
0.34



Conclusions

1. Operating Conditions: The platform extension (members and connections)
is adequate for new operating loads (Batch Sweetener System).

2. Operating plus Seismic Loads: Assuming a 1.75g total vertical
acceleration, the platform extension members will be adequate for operating
plus seismic loads.

Recommendations

1. The tops of the 60" D.D. by 18' high (22'·6" total height) batch sweetener tanks
should be secured to the drilling deck to prevent lateral motion during a
seismic event. The tops of the 36" D.D. by 10' high (13'·6" total height) gross
separator tank should be guyed to the production deck to prevent similar
lateral motion.

Please do not hesitate to contact us if you have any questions regarding our
analysis and recommendations. .

Respectfully Submitted,

~1~~A
Rick Beers, P.E.
Partner
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131 -54.782 4.1502 -3.5711 -5.8700 13.591 -5.2910 -1.3131 4.6258 10.089 -1.7888
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51 6.5616 -0.49709 3.0612 1.2071 3.7713 -4.7655 -2.7174 -0.67020 2.8905 -3.8847
92 3.3360 -0.25272 -3.8633 0.50367 4.1143 -4.6197 -4.2595 -0.88765£-01 4.0956 -4.6010
77 1.3866 -0.10505 4.3177 -0.15901 4.3716 -4.5817 -0.99609£-02-0.10069E-01-0.85017E-01-0.12508
72 2.2520 -0.17061 -4.2112 -0.63108E-01 4.1037 -4.4449 -4.7057 -0.20136E-01 4.5552 -4.8964
60 1.8289 -0.13855 4.1317 -0.16558 4.1588 -4.4359 6.0446 0.22068 6.1267 -6.4038
93 2.8866 -0.21868 -4.1066 -0.88703E-Ol 3.9767 -4,4140 -4.6700 0.14819£-01 4.4662 -4.9035
80 2.1021 -0.15925 4.0599 0.78629£-01 3.9792 -4.2978 6.5232 -1.1593 7.5232 -7.8417
54 8.6948 -0.65870 -3:5689 -0.33391£-01 2.9436 -4.2610 -2.9249 -0.11712£-01 2.1779 -3.4953
95 3.0312 -0.22964 -3.8863 -0.86220£-01 3.7429 -4.2021 -1.6235 0.33476 1.7286 -2.1879
SO 9.7311 -0.73720 2.2021 -1.1461 2.6110 -4.0854 3.0696 -1.0479 3.3803 -4.8547
52 9.1103 -0.69018 -2.7058 -0.66969 2.6853 -4.0657 -3.0606 0.17710E-Ol 2.3882 -3.7685
53 8.9389 -0.67719 -3.0618 0.17673E-Ol 2.4023 -3.7567 -3.5584 -0.33457E-01 2.9147 -4.2690

100 -1.4383 0.10896 3.7730 0.42161£-01 3.9242 -3.7062 5.8359 -0.52655 6.4715 -6.2535
94 2.5231 -0.19115 -3.4438 0.14920E-01 3.2675 -3.6498 -2.5115 -0.85859E-01 2.4062 -2.7885
55 8.8294 -0.66889 -2.8200 -0.11661£-01 2.1628 -3.5006 -0.48930 -0.10970 -o.69896E-01 -1.2679
57 4.8868 -0.37021 2.1984 0.87656 2.7047 -3.4452 0.82690 -0.77816 1.2348 -1. 9753
91 5.9459 -0.45045 1.8774 -0.8n08 2.3191 -3.2200 -2.4838 0.50413 2.5375 -3.4384
71 2.2147 -0.16778 2.6753 0.37118£-01 2.5447 -2.8802 -4.2415 -0.62987£-01 4.1367 -4.4723
76 2.4155 -0.18299 -2.5764 -0.43134£-01 2.4365 -2.8025 4.3104 0.31308£-01 4.1587 -4.5247

113 -2.6266 0.19899 -2.9661 -o.29639E-01 3.1947 -2.7968 -2.8499 0.21021£-01 3.0699 -2.6720
112 -3.5100 0.26591 -2.9901 0.24018E-01 3.2800 -2.7482 -2.9646 -0.29648E-01 3.2602 -2.7284
114 -1.9167 0.14521 -2.8640 0.20958E-01 3.0302 -2.7398 -2.:002 0.38298E-03 2.1458 -1.8554

1 ANSYS- ENG:''lEEiUIIGANALYSISSYSTEM RtVISIO:l 4.4 ANACAPAC::z.'.?U':. MAY1,1989
ANSYS(R) COPYRlGr.~(Cl 1971, 1978, 1982, 1983, 1985, 1987, 1989' ~~SON ANALYSISSYSTEMS, INC. AS UNPUBLISHEDWORK.
PROPRIETARYDATA- UNAUTHORIZEDUSE, DISTiUBUTIONORDUPLI~TION IS PROHIBITED. ALL RIGHTS RESERVED.
,OR SUPPORTCALL RICK BEERS PHONE(805) 652-0655 TWX

unocal qlna west extension: real 13, wl2x45

•• * •• POST1 ~~ STRESS LISTING •••• *

LOADSTEP 1 IT£RATION- 1 S£CTION- 1
TIME- O.OOOOOE+OO LeADCASE- 1

10.7808 0C1' 4,1990 CP- 9.717

S3I !"EXJ FBYJ SlJ
-2.6069 -0.15372£-01 0.76033E-01 0.10602
-2.4602 -3.0054 0.24267£-01 3.4523
-2.3881 0.88536 0.55330£-01 1.2870
-2.3474 0.81203 -0.97767 1.4012
-2.2147 2.1925 -1.1473 3.0934
-1.9333 6.4256 0.20410 6.4763
-1.8591 -o.42054E-02 0.65359 0.40600
-1.8411 -o.:C894E-01 0.21523 0.24436
-1.7959 -0.85033 0.21107£-02 1.0508
-1. 7693 5.2663 0.18595 5.1238
-1.6580 -2.6900 -0.27936 3.4536
-1.5970 2.7:68 -0.57857 3.1625
-1.5065 0.13121 -0.85529 3.4724
-1.4769 1.5141 -0.14271 2.1498
-1.4243 -0.10045E-01 0.51910E-ol 0.15435
-1.3630 -0.91610£-02 0.28775 0.33188
-1.3304 1.0798 -0.81038£-01 1.3499
-1.1475 2.:978 -0.15994 1.8094
-1.0299 -o.99782£-02-0.44962E-01 0.11059
1.0110 0.77931 -0.11252 2.2067

-0.97222 1.2075 0.12736 2.0175
-0.96528 -1.3856 -0.32735 4.3590
-0.92824 1.4924 0.11981 1.9045
~0.87651 -0.52840£-02 0.14524 0.22027

0.85038 0.49189 0.26876 2.5837
-0.63963 6.3883 -0.88036E-01 6.5787
0.63519 1.5525 0.11550 2.8660

-0.57647 0.16326 0.26738£-01 0.46908
-0.51573 0.69321 -0.12667 1.1571
-0.39362 1.3774 -0.63595E-01 1.4068
-0.26702 4.0349 0.76958E-01 4.0940
0.14119 -2.1396 -0.14769£-01 2.3557

-0.12512 -0.27251£-02 0.44911E-01 0.11508
0.99687E-01-0.37561 0.22754 0.83576

-0. 97347E-01 3.7479 0.41474£~01 3.8234

ELEM
108
111

97
96
49
86
58
88

115
66

110
70

119
128
124

68
129

56
130
126
122
132
123

98
120
106
121
117
116

69
79

109
118

89
99

FJ(
-0.18632
-5.5786
-4.5709

5.1279
3.2512
2.0247
3.3237

-0.24070
-2.6178

4.3357
-6.3913

1.7539
-32.814
-6.5077
-1.2196

-0.46160
-2.4967

7.2385
-0.73460
-17.356
-9.0099
-34.928
-3.8582

-0.92066
-24.065
-1.3514
-15.813
-3.6839
-4.4514
0.45066
0.23489
-2.6574

-0.89021
-3.0704

-0.45029

FA! FBXI FBY! SlI
0.14115£-01 2.5365 0.84542E-01 2.6352
0.42262 -2.7288 -0.15406 3.3055
0.34628 2.5565 0.17780 3.0806

-0.38848 -1.6233 0.33563 1.5705
-0.24630 -0.11031£-01 1.9574 1.7221
-0.:5339 -1.7188 -0.61122E-01 1.6265
-0.25179 0.82913 -0.77823 1.3556
0.18235E-01 1.7276 0.13173 1.8775
0.19832 -1.9938 0.41476£-03 2.1926

-0.32846 -1.3227 -0.11814 1.1123
0.48419 -2.1276 -o.14639E-01 2.6264

-0.13287 1.4018 -0. 62333E-01 1.3313
2.4859 -1.3260 2.6664 6.4783

0.49301 1.8689 0.10101 2.4629
0.92394E-01 1.4921 0.24662£-01 1.6091
0.34970E-01 1.2393 -0.15864 1.4330
0.18915 1.5166 0.29056£-02 1.7087

-0.54837 -0.48944 -0.10969 0.50756E-01
0.55651£-01 1.0808 -0.47976£-02 1.1412
1.3148 -0.13135£-01 0.29067 1.6186

0.68257 1.5520 -0.10282 2.3374
2.6461 -3.2829 -0.32850 6.2575

0.29229 1.2078 0.12711E-Ol 1.5128
0.69747£-01 0.89110 0.55162£-01 1.0160
1.8231 0.12093 -0.85179 2.7958

0.:0238 -0.73924 0.27712E-020.84439
1.1979 0.48841 -0.74328£-01 1.7607

0.27909 0.71572 -0.13984 1.1346
0.33723 -0.85072 0.22411£-02 1.1902

-o.34141£-01-0.17997E-01 0.34149 0.32534
-0.17794£-01-0.32253E-Ol 0.21697 0.23143

0.20132 -0.83072£-02 0.51815E-01 0.26144
0.67440£-01 0.16603 0.26526E-01 0.26000
0.23261 -0.19674£-01 0.11325 0.36553
0.34113E-oI-0.36971E-01 0.94489E-01 0.16557

S3J
-0.77790£-01
-2.6071

-0.59440
-2.1782
-3.5860
-6.7830

-0.90959
-0.20789
-0.65412
-5.7807
-2.4852
-3.4283

1.4994
-1.1638
0.30439E-01

-0.26194
-0.97164
-2.9061
0.71117E-03
0.42300

-0.65232
0.93317
-1.3199

-o.80779E-01
1.0624

-6.3740
-0.47009
0.89087£-01

-0.48266
-1.4751
-4.1296
-1.9531
0.19804£-01

-0.37054
-3.7552



125
59

127
90
78

-23.802
0.62386
-11.307
-8.1088
0.13557

1.8032 -1.3970 0.32609 3.5262 0.60121E-OI-0.40366E-02 0.27513£-02
-0.47262E-01-0.27310£-01-0.19442£-02-0.16009£-01-0.76516£-01 4.1093 -0.16590

0.85658 0.77697 0.15297 1.7865 -o.73366E-01 1.8675 -0.11473
0.61431 -0.35133 0.22959 1.1952 0.33382£-01 0.87160 -0.33238

-0.10271£-01-0.44923£-02-0.10863£-01 0.50845E-02-0.25626£-01-0.10360E-02 0.26501

1.8100
4.2280
2.8388
1.8183

0.25577

1.7964
-4.3225
-1.1257

-0.58967
-0.27632

('
MINIM1MS
£LEMENT
YAW£

131
-54.782

50
-0.73720

84
-9.2589

131
-5.8700

59 84
-0.18009£-01 -9.4259

83
-9.2395

80
-1.1593

77 83
-0.85017E-Ol -9.3994

MAXIMUMS
£L£MENT 50
VALUE 9.7311

131
4.1502

81
6.5349

119
2.6664

131
13.591

126
1.0110

80
6.5232

131
4.6258

131
10.089

125
1.7964

PRINT £LEME:N'I'STRESS ITEMS PER tu:.~
1 ANSYS - £NGINE£RING ANALYSIS SYSTEM REVISION 4.4 ANACAPA ca-!?UT. I'.AY1,1989

ANSYS(R) COPYRIGh~(Cl 1971, 1978, 1982, 1983, 1985, 1987, 1989 SWANSON ANALYSIS SYST~~S, INC. AS UNPUBLISHED WO~~.
PROPRIETARY DATA - UNAUTHORIZ£O USE, DISTRIBUTION OR DUPLICATION IS ?ROHIBIT£O. ALL RIGHTS RESERVE!l.
,OR SUPPORT CAU. RICK B£ERS PHONE (80S) 652-0655 TWX

unocal qina west extension: real 12, w21x73
ow." POSTl E:I.EMENTSTRESS LISTING •••••

LCAD ST£P 1 ITERATION- 1 S£CTION- 1
TIME- 0.00000£+00 LOAD CASE- 1

10.7811 OCT 4,1990 CP- 10.250

ELEM
148
151
147
146
149
152
141
137
143
135
134
140
150
142
136
133
145
144
138
139

!"X
4.1097

-32.529
4.7016
5.4336
4.9372

-31.990
-18.790

13.673
9.8018

-22.522
-18.259
-16.697

8.3522
-25.711
-33.567
-20.595

9.6846
2.4098
3.1554

-19.642

,AI
-0.19115

1.5130
-0.21868
-0.25272
-0.22964

1.4879
0.87397

-0.63594
-0.45590

1.0476
0.84925
0.77659

-0.38848
1.1959
1.5613

0.95792
-0.45045
-0.11208
-0.14676

0.91356

,BXI
-9.0392

5.4877
-7.5630
-6.8049
-6.8622

5.5766
-7.7387

5.5180
5.2187

-6.2581
-5.71e8
-5.7642
-2.8767
-3: 8163
-3.4949
-1.1640
0.33249
0.76481

-0.19456
-0.63695

,BY! SlI
0.15308£-01 8.8633
-4.4721 11.473

-0.91007E-Ol 7.4354
0.51675 7.0689

-o.88459E-01 6.7210
-3.0447 10.109
0.90435£-01 8.7031

-0.64765 5.5297
0.69722 5.4600

-0.19339 7.4991
-0.47636 7.0444

0.37519E-Ol 6.5763
0.34435 2.8326
0.67467 5.6866

-0.92771 5.9838
2.0620 4.1840

-0.91525 0.79729
-0.47770E-OI0.70049
-0.74665E-OI0.12247

0.67985 2.2304

S3I
-9.2456
-8.4468
-7.6727
-7.5744
-7.1803
-7.1334
-6.9552
-6.8016
-6.3718
-5.4039
-5.3459
-5.0252
-3.6095
-3.2951
-2.6613
-2.2681
-1.6982

-0.92466
-0.41599
-0.40324

FBXJ ,BYJ SlJ S3J
-7.3972 -0.88089E-01 7.2941 -7.6764
-1.1572 3.7020 6.3722 -3.3462
-8.5553 0.15204E-Ol 8.3518 -8.7892
-7.5027 -0.91071E-01 7.3411 -7.8465
-2.8770 0.34345 2.9908 -3.4501

-0.62997 1.4335 3.5514 -0.57552
-3.8167 0.14494 4.8356 -3.0877

-0.19358 0.19964 -0.24272 -1.0292
0.76629 -0.18210 0.49249 -1.4043
-3.4959 0.60454E-02 4.5495 -2.4544
-6.2579 0.25412 7.3612 -5.6627
-7.7382 -0.48031E-Ol 8.5628 -7.0096

1.4124 -1.0031 2.0270 -2.8040
5.3413 -1.3890 7.9262 -5.5345
5.5338 1. 6086 8.7037 -5.5811

-5.7175 -0.71467 7.3901 -5.4742
-7.3485 0.51722 7.4153 -8.3162

-0.14549£-01-0.95277E-02-0.88007E-OI-0.13616
-o.15986E-01 0.90870£-01-0.39907£-01-0.25362

-5.7624 -0.14203 6.8180 -4.9909

t
MINIMlMS
tLtME..'lT 136
VAWE -33.567
M1\XIMUM.S
ELEMENT 137
VALUE 13.673

137
-0.63594

136
1.5613

148
-9.0392

152
5.5766

151
-4.4721

133
2.0620

138
0.12247

151
11.473

148
-9.2456

139
-0.40324

147
-8.5553

136
5.5338

142
-1.3890

151
3.7020

137
-0.24272

136
8.7037

147
-8.7892

144
-0.13616

PRINT ELl:I"'-NTSTRESS IIt:!'.5PER tu:.'lEN'l'
1 ANS'fS - ENGINEERING ANALYSIS S'fSTEM REVISION 4.4

ANSYS (Il.lCOPYRIGHT (C) 1971, 1978, 1962, 1983, 1985, 1987, 1989
PROPRIETARY DATA - UNAUTHORIZ£O USE, DISTRIBUTION OR DUPLICATION
,OR SUPPORT CALL RICK B£ERS PHONE (605) 652-0655 TWX

ANACAPA CCM.'UT. MAY 1,1989
S'o'/ANSONANALYSIS SYSTEMS, INC. AS UNPUBLISHED WOR.I{.

IS ?ROHIBITED. ALL RIGHTS RESERVE!l.

unocal qil'.awest extension: real 6, qirder 3
••••• POSTl ELEMENT STRESS LISTING •••••

LCAD STEP 1 IT£RATION- 1 SECTION- 1
TIME- O.OOOOOE+OO LOAD CASE- 1

10.7811 oc: 4,1990 ep- 10.600

tLEM !"X' ,AI FBXI ,BY! SlI
2 -24.932 0.68307 -0.31114 -o.42523E-02 0.99847

33 -23.558 0.64542 0.27514 -o.11564E-01 0.93212
30 -15.067 0.41279 -0.78115E-Ol 0.47100E-ol 0.53801
34 -29.438 0.80651 0.52428 -0.85397£-01 1.4162
37 -18.460 0.50575 0.35101 0.83606E-Ol 0.94037

1 -13.750 0.37671 -0.20007 -0.10850 0.68527
38 -13.388 0.36679 0.24078 0.11372 0.72130

MINIMlMS
£LEMENT 34 38 2 1 30
VALUE -29.438 0.36679 -0.31114 -0.10850 0.53801
MAXIMUMS
tLtME..'l'l'38 34 34 38 34
VALUE -13.388 0.80651 0.52428 0.11372 1.4162

S3I FBXJ ,BYJ SlJ S3J
0.36768 0.60327 0.14118£-01 1.3005 0.65683E-Ol
0.35872 -0.32549 0.25904E-02 0.97351 0.31734
0.28758 0.41751 0.21674£-01 0.85198 -0.26393E-01
0.19683 -0.18457 0.10401 1.0951 0.51792
0.71136E-OI-0.72189£-01-0.93035£-01 0.67098 0.34053
0.68139E-OI-0.12199 -0.20421 0.70291 0.50503£-01
0.12281E-OI-o.22157 -0.96481E-Ol 0.68484 'O.48737E-01

38 33 1 37 30
0.12281£-01-0.32549 -0.20421 0.67098 -0.26393£-01

2 2 34 2 34
0.36768 0.60327 0.10401 1.3005 0.51792

PRINT ELEME:N'I'STRESS ITEMS ?tR ELEMENT
1 ANSYS - ENGINEERING ANALYSIS S'fSTEM REVISION 4.4 ANACAPA CCMPUT. MAY 1,1989

ANSYS(R) COPYRIGHT (C) 1971, 1978, 1982, 1983, 1985, 1987, 1989 SWANSON ANALYSIS SYSTEMS, INC. AS UNPUBLISHED WOR.~.
PRCPRIE':'ARYDATA - UNAUTHORIZ£O USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.
,OR SUPPORT CALL RICK BEERS PHONE (805) 652-0655 TWX

unocal qina west extension: real 7, qirder 2
••••• POSTl tu:.'lEN'l'STRESS LISTING •••••

LOAD STEP 1 IT£RATION- 1 SECTION- 1
TIME- 0.00000£+00 LOAD CASE- 1

10.7811 ocr 4,1990 ep- 10.867

tLEM
7
6

11

!"X
-5.7034
-3.0936
-5.6785

,AI ,BXI
0.11752 -1.5828
0.63745£-01 2.1855
0.11701 -1.6725

FBY!
2.8707

-1.6960
1.8613

SlI
4.5710
3.9452
3.6508

53I
-4.3360
-3.8177
-3.4167

,BXJ
-0.59749

-1.5803
2.3171

FBYJ
-1.5798

2.2971
-1.6492

SlJ
2.2948
3.9412
4.0833

S3J
-2.0598
-3.8137
-3.8493



35 -4.8258 0.99439E-Ol-0.65392 -1.3598 2.1131 -1. 9142 0.15956 -1.0556 1.3136 -1.1147 C\O8 9.8125 -0.20219 0.15385 -0.93474 0.88640 -1.2908 -0.57654E-Ol 0.16649 0.21946E-01-0.42634
36 -1.4604 0.30093E-01-0.40478E-01-0.14387 0.21444 -0.15426 -1.6753 0.78223 2.4876 -2.4274

MINIMJMS
EtE.'lEN1' 7 8 11 6 36 7 36 11 8 11
VALUE -5.7034 -0.20219 -1.6725 -1.6960 0.21444 -4.3360 -1. 6753 -1. 6492 0.21946E-Ol -3.8493

!W<IMlMS
EtE:MEN'I' 8 7 6 7 7 36 11 6 11 8
VALUE 9.8125 0.11752 2.1855 2.8707 4.5710 -0.15426 2.3171 2.2971 4.0833 -0.42634

~RINT tLEMENT STRtSS ITtMS PER ELE!-!E.'lT
1 ANSYS - tNGWttRING ANALYSIS SYSTEM REVISION 4.4

ANSYS(R) COPYRIGHT (C) 1971, 1978, 1982, 1983, 1985, 1987, 1989
PROPRItTARY DATA - UNAUTHORIZED Ost, DISTRI9UTION OR DUPLICATION
FOR SUPPORT ~ RICK BEtRS PHON!: (80S) 652-0655 TWX

ANACMA C~UT. MAY 1,1989
SWANSONANALYSIS SYSTEMS, INC. AS UNPUBLISHED WORK.

IS PROHI8ITt;). ALL RIGh'1'S RESERVED.

unocal gina west extension: real 5, w24x68

*•• *. POSTl tLE.~'lT STRtSS LISTING

LOAD STEP 1 ITtRATION- 1 SECTION- 1
TIME- O. OOOOOE+OO LOAD CASE- 1

10.7814 OCT 4,1990 CP- 11.150

ELEM FX FAI FBXI F8YI SlI S3I F8XJ FBU SlJ S3J
29 -22.580 1.1234 2.7663 0.78635 4.6761 -2.4293 5.3986 -0.74126 7.2632 -5.0164
28 -21. 419 1.0656 -1.0849 0.35311 2.5036 -0.37239 -0.92054 -0.20000 2.1862 -0.54918E-Ol

9 -29.195 1.4525 -1. 7434 0.11192E-Ol 3.2071 -0.30214 5.3236 -0.33217E-Ol 6.8093 -3.9044
22 -21.816 1.0854 -0.92189 -0.33538 2.3427 -0.17188 2.7683 0.38793 4.2416 -2.0708

MINDM1S
EtE:MEN'I' 9 28 9 22 22 29 28 29 28 29
VALUE -29.195 1.0656 -1.7434 -0.33538 2.3427 -2.4293 -0.92054 -0.74126 2.1862 -5.0164

MAXIMUMS
ELEME.'lT 28 9 29 29 29 22 29 22 29 28
VALUE -21. 419 1.4525 2.7663 0.78635 4.6761 -0.17188 5.3986 0.38793 7.2632 -0.54918E-Ol

PRINT ELE:ME.'lTSTRESS ITI:.•.•ts PER ELE.'!E.'lT
1 ANSYS - E.'lGINEERING ANALYSIS SYSTEM REVISION 4.4 ANACAPAC:M'UT. MAY 1,1989

ANSYS(R) COPYRIGHT (C) 1971, 1978, 1982, 1983, 1985, 1987, 1989 SWANSONANALYSIS SYSTEMS, INC. AS UNPUBLISHED WORK.
PROPRIETARY DATA - UNAUTHORIZED OSE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGh'1'S RtSERVED.
FOR SUPPORT CALL RICK BEERS PHON!: (805) 652-0655 TWX

unocal gina west ~ension: real 70 10.75 x .50 pipe

*.* •• POSTl ~'lT STRESS LISTING * ••••

LOAD STEP 1 ITERATION- 1 SECTION- 1

(
TIME- O.OOOOOE+OO LOAD CASE- 1

ELEM FAI F8I FAJ FBJ
24 -8.1623529 3.1126983 -8.2166904 1.8402618
25 -6.2592697 1.9535010 -6.2049322 3.2269014

MINIMUMS
ELEMtN'l' 24 25 24 24
VALUE -8.1623529 1.9535010 -8.2166904 1.8402618

M1\XIMUMS
E:LEMtN'l' 25 24 25 25
VALUE -6.2592697 3.1126983 -6.2049322 3.2269014

10.7814 OCT 4,1990 CP-

r
335
113

11.383

PRINT E~rr STRESS ITI:.'1S PER ELE.'IDlT
1 ANSYS - tNGIN!:ERING ANALYSIS SYSTEM REVISION 4.4 ANACAPA C~UT. MAY 1,1989

ANSYS(RI COPYRIGHT (C) 1971, 1978, 1982, 1983, 1985, 1987, 1989 SWANSONANALYSIS SYST~S, INC. AS UNPUBLISHED WORK.
PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.
FOR SUPPORT CALL RICK 8EERS PHON!: (80S) 652-0655 TWX

unocal gina west ~ension: reals 21,22,31,32, 42* columns

*.* •• POSTl ELE.~'lT STRESS LISTING *.*.*

LOAD STEP 1 ITERATION- 1 SECTION-
TIME- O. OOOOOE+OO LOAD CASE- 1

ELtM FAI FBI FAJ FBJ
48 -0.85391916 1.6508209 -0.86580550 0.80469228E-Ol
46 -0.73220066 1.1947794 -0.74408699 0.15955522
43 -0.58432964 0.55614498t-Ol -0.60131012 1.5374524
44 -0.50218217 0.11027301 -0.51915265 1.3503767

3 0.3056047B 0.89298023 0.25551236 0.80547060
4 0.28168198 0.51814560 0.23158956 0.54420120

40 0.20566394 0.65608217 0.18783443 1.1435027
42 0.18640829 0.44326969 0.16857878 0.74069148
47 0.70995535E-ol 0.78503460 0.25148239E-01 1.5751661
39 0.65635112E-Ol 0.96707452 0.57144872E-Ol 0.63943638
45 0.46318378E-Ol 0.64907654 0.47108189E-03 1.1383337
41 0.45772272E-01 0.75012360 0.37282032E-01 0.52869409

MINDM1S
E.LEME:.'lT 48 43 48 48
VALUE -0.85391916 0.55614498E-01 -0.86580550 0.80469228E-01

M1\XIMUMS
ELE.'lEN1' 3 48 3 43
VALUE 0.30560478 1.6508209 0.25551236 1.6374524

10.7814 OCT 4,1990 CP- 11.700

PRINT EI.EME:NTSTRESS ITEMS PER ELEMENT
1 ANSYS - tNGINEERING ANALYSIS SYSTEM REVISION 4.4

ANSYS (Rl COPYRIGHT (C) 1971, 1978, 1982, 1983, 1985, 1987, 1989
PROPRIE!ARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION
FOR SUPPORT CALL RICK BEERS PHONE (805) 652-0655 TWX

ANACMA CCM'UT. MAY 1,1989
SWANSONANALYS'S SYSTZMS, INC. AS UNPUBLISHED WORK.

IS PROHIBITED. AI.!. RIGHTS RESERVED.



unoca1 gina west extension: Rea1s 34,37

••••• POST1 ELE.'lEN'l' STRESS LISTING

other pipe braces 10.7814 OCT 4,1990 CP- 11.967 C.\ \

LeAD STEP 1 ITERATION- 1 SECTION- 1
TI.'lE- O.OOOOOE+OO LOAD CASE- 1

UEM FAI FBI FAJ FBJ
13 -1.1467623 0.91169265E-Ol -1.2010998 0.69519400
12 -0.88202946 0.23311379 -0.93636700 0.80787227
16 -0.45317676 0.56091172 -0.50751430 0.20613130
14 -0.33455039 0.47208542 -0.38866792 0.12912120
17 0.17403526 0.10160461 0.11969773 0.30692976
15 0.64511446E-Ol 0.15263264 0.10173912E-01 0.27365341

MINIMUMS
ELEMENT 13 13 13 14
VALUE -1.1467623 0.91169265E-01 -1.2010998 0.12912120

MAX!MJMS
ELE.'lEN'l' 17 16 17 12
VALUE 0.17403526 0.56091172 0.11969773 0.90787227

PRINT ELEMENT STRES S ITE.lIS PER ELE.'lEN'l'
1 ANSYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.4 ANACAI'A CCfo!PUT. MAY 1,1989

ANSYSIR) COPYRIGHT (C) 1971, 1976, 1982, 1983, 1985, 1987, 1969 SWANSONANALYSIS SYSTEMS, INC. AS UNPUBLISHED WO~~.
PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR OUPLICATION IS PROHIBITED. ALL RIGHTS RESE:RVED.
FOR SUPPORT CALL RICK BEERS PHONE (8051 652-0655 TWX

unocal gina west extension: real 71, shells/deck plate

••••• POST1 ~-N! STRESS LISTING •••••

LOAD STEP 1 ITERATION- 1 SECTION- 1
TI.'lE- O.OOOOOE+OO LOAD CASE- 1

ELEM StIT
156 3.1038146
165 2.8753950
157 2.4731091
178 2.3576108
184 2.2486420
158 2.0702852
196 2.0440718
207 1.9949326
190 1. 9683667
171 1.9594287

MINIMUMS
E:I.EMENT 171
VAJJJE 1.9594287

MAX!MJMS
E:I.EMENT 156
VALUE 3.1038146

10.7817 OCT 4,1990 CP- 12.250

PRINT REAC'!ION FORCES PER NODE
1 ANSYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.4

ANSYS (R) COPYRIGHT (C) 1971, 1978, 1982, 1983, 1985, 1967, 1989
PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION
FOR SUPPORT CALL RICK BEERS PHONE (605) 652-0655 TWX

ANACAI'A CCt1!'UT. MAY 1,1989
S"o'iANSONANALYSIS SYSTEMS, INC. AS UNPUBLISHED WO~~.

IS PROHIBITED. ALL RIGHTS RESERVED.

unoca1 gina west extension: Reaction forces

••••• POST1 REACTION FORCE LISTING •••••

LOAD STE? 1 ITERATION- 1 SECTION- 1
TIME- O. OOOOOE+OO LOAD CASE- 1

THE FOu.cwrNG X, Y, Z FORCES ARE IN GLOBAL CCCRDINATES

10.7617 OCT 4,1990 CP- 12.367

NODE FX FY FZ MX MY HZ
12 6.3638680 4.0668978 36.282132 230.03007 -627.35057 77.703721
22 9.9225946 -7.2646713 39.363515 -578.25411 -995.86521 -33.355265

144 9.5663462 -0.76677043 2.3728795 -4.4301988 225.94361 0.67741661
149 13.387780 0.40034450E-Ol 2.0048081 -0. 92677998E-02 90.949578 -2.8590081
150 21.419022 0.14478191 -0.25183204 0.75003725E-01 -167.32932 -5.5458426
151 29.194606 0.16602674E-02 -1.4006275 0.85026878E-02 -268.89695 -0.17561470
152 23.557995 -0.26957373E-02 2.4004799 0.97176787E-03 103.92508 0.29071495
183 -16.103546 0.80573284E-02 2.2239790 -1.4939278 179.88443 -0.46198883
187 -19.309098 0.26516826£-02 0.77922411 0.76442658£-01 181.32049 -0.49653269
377 -44.340478 24.757189 114.76109 -1579.0559 -2615.6729 -75.655808
380 -33.679090 -20.987135 99.083102 1462.6453 -2051.7086 116.84060

TOTAL 0.27000624£-12 -0.98410169E-12 297.61875 -470.40707 -5944.8004 76.962391

PRINT NODAL OIS?LACEMENTS
1 ANSYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.4

ANSYS(R) COPYRIGHT(C) 1971, 1978, 1982, 1983, 1985, 1987, -1989
PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION
FOR SUPPORT CALL RICK BEERS PHONE (805) 652-0655 TWX

ANACAI'A CCfo!PUT. MAY 1,1989
SWANSONANALYSIS SYSTEMS, INC. AS UNPUBLISHED WORK.

IS ?ROHIBITED. ALL RIGHTS RESERVED.

unoca1 gina west extension: max1mu:n displacements

••••• POST1 NODAL DISPLACD-lEN'l' LISTING •••••

LOAD STEP 1 ITERATION- 1 SECTION- 1
TIME- O.OOOOOE+OO LOAD CASE- 1

THE FOLLCWING X, Y, Z DISPLACEMENTS ARE IN GLOBAL COORDINATES

10.7819 OCT 4,1990 CP- 13.033

NODE OX t1Y UZ
554 -0.24442955£-01 0.10742238£-01 -0.51618041

RO'!X ROT'! RO'!Z
-0.14884642E-02 0.95762899E-03 -0.14677647E-04



556 -0.24887109E-01 0.12173911£-01 -0.49860160
564 -0.23070138E-01 0.10397458£-01 -0.48706718
544 -0.24785458E-01 0.10851435£-01 -0.46654902
546 -0.25439133E-01 0.12185526£-01 -0.45568304
566 -0.23433625E-01 0.12176445£-01 -0.45253881
534 -0.24972782E-01 0.10901116£-01 -0.43245471
536 -0.25794059E-01 0.12199852£-01 -0.42483887
553 -0.24365179E-01 0.99600025E-02 -0.39121694
552 -0.24372809E-01 0.94106751E-02 -0.38308477
563 -0.23017078E-01 0.95352039E-02 -0.38070061
562 -o.23046164E-01 0.84910056£-02 -0.36377846
543 -0.24589397E-01 0.10097436£-01 -0.35949354
555 -0.24670329£-01 0.11633258£-01 -0.35207506
542 -0.24501558E-01 0.96954724E-02 -0.34634284

M1'.XIMU!'.s
NODE 536 536 554
VALUE -0.25794059E-01 0.12199852E-01 -0.51618041

-0.12084136£-02 -0.42375496£-03 -0.20836441E-04
0.21756279£-02 0.94755029£-03 -0.20921972£-04

-0.26077323£-02 0.75062421£-03 -0.15778244£-04
-0.23320968£-02 -0.51815696£-03 -0.27348851£-04

0.23317637£-02 -0.16052612£-03 -0.18837536£-04
-0.30612927£-02 0.65526702£-03 -0.13561503£-04
-o.27961463E-02 -0.48520845£-03 -0.30764026E-04
-0.97715358£-03 -0.16191694£-02 -0.11700017£-04
-0.11089126£-02 -0.26919356£-02 -0.10156533£-04

0.12407915£-02 -0.14719208£-02 -0.25199684£-04
0.15647289E-02 -0.27543715£-02 -0.25123721E-04

-0.16504206£-02 -0.14975836£-02 -0.71682183E-05
-o.62656380E-03 0.18657682£-03 -0.14020230E-04
-o.19314324E-02 -0.249280a7C.-02 0.92120478£-0.6

534 562 536
-o.30612927E-02 -0.27543715E-02 -0.30764026E-04

c.Xl.

••••• ROUTINE COMPLETED

/scr ENCOUNTEREDON rILE18

***** RUN COMPLETED ***** CP-

CP - 13.233

13.2333 TIME- 10.7819



Appendix D:

Platform Gina (West Extension)
Key Computer Input



FTi.t: 01

*Pipe equiv. to 48.5 x

*Pipe equiv. to 46.5 x

*Pipe equiv. to 48.5 x

*Pipe equiv. to 48.5 x

*Pipe equiv. to 46.5 x

(bmll
*l?ipe 42 x 2.0 bml
*Pipe 42 x 1. 75 bml
*Pipe 42 x 1.50 bml

*Pipe 12 x .375 awl
*Pipe 14 x .375 awl
*Pipe 26 x .50 awl

above water line (awl)
*Pipe 48.50 x 1.75 awl
*Pipe 42 x 1.5 awl
*Pipe 42 x 1.0 awl
*Pipe 18 x .375 awl
*Pipe 16 x .375 awl
*Pipe 12 x .375 awl
*Pipe 18 x .50 awl
*Pipe 14 x .375 awl

below water line (bwl)
*Pipe 48.5 x 1.75 bwl
*Pipe 46 x .50 bwl
*Pipe 36 x .625 bwl
*Pipe 30 x .75 bwl
*Pipe 30 x .50 bwl
*Pipe 22 x .875 bwl
*Pipe 22 x .625 bwl
*Pipe 22 x .375 bwl
*Pipe 20 x .875 bwl
*Pipe 20 x .625 bwl
*Pipe 20 x .375 bwl
*Pipe 14 x .375 bwl
*Pipe equiv. to 46.5 x

r,27,12.75,.375
r,28,14.00, .375
r,29,26.00, .500
c*** submerged pipes
r,30,48.50,1.7S
r,31,42.00,1.50
r,32, 42.00, 1.00
r,33, 18.00, .375
r,34,16.00, .375
r,35,12.75,.375
r,36,18.00,.500
r,37,14.00,.375
c*** submerged pipes
r, 40, 48.50, 1. 75
r, 41, 46.00, .50
r,42,36.00,.625
r,43,30.00, .75
r,44 30.00, .50
r,45,22.00,.875
r,46,22.00, .625
r,47,22.00, .375
r,48,20.00, .875
r,49,20.00,.625
r,50,20.00, .375
r,51,14.00, .375
r,52,
, 42 x 1.5 inside
r,53,
1.75 , 42 x 1.5 inside
r,54,
, 42 x 2 inside
r,55,
1.75 , 42 x 2 inside
r,56,
1.75 , 42 x 1.75 inside
r,57,
, 42 x 1.75 inside
c*** piles below mudline
r,60,42.00,2.00
r,61,42.00,1.75
r,62,42.00,1.50
c***·*
r,70,10.75,.5 *Pipe 10" x KS (,5)
c*****
r, 71, .3125
c*** material properties
ex,1,30e3
nuxy,1.3
dens,1,7.37e-7
c·***
c****
nread
eread
c****
edelete,20
,23
,21
,27
,10
,26
c****
n,501,-453,-240,498
n,502,-486,-240,498
n,503,-528,-240,498

awl
awl
awl
awl
awl
awl
awl

*w30x99

* girder 3

*wt8x44.5

*not used
*w30x1l6

*w24x68

* girder 2

* girder 4

* girder 1

* girder 5

*62 x 1.25

*w21x73

*w12x45

*Pipe 14x.5
*w16x26

*L5x3x.25

*Pipe

*wt6x22.5

*w36x150

.75
1.25
1.00
.625
.625
.50
.375

*Pipe 62 x
*Pipe 42 x
*Pipe 42 x
*Pipe 26 x
*Pipe 20 x
*Pipe 18 x
*Pipe 16 x

Iprep7
Inopr
Ishow,4014
Ititle,gina - temp sweet loading on west prod.
cantilver
Iview,l,l,l,l,l
langle, 1, -120
c**** set element types
et,1,4 *not used
et,2,4 *drill deck beam elements
et,3,4 *production deck beam elements
et,4,16 *production deck floor pipe braces
et,5,4 *subdeck beam elements
et,6,16 *subdeck pipe elements
et,7,16 *Elev +12' submerged pipes
et,8,16 *Elev -40' submerged pipes
et,9,16 *Elev -95' submerged pipes
et,10,16 *trusses a,b,1,2,3 pipes
et,11,16 *trusses a,b,1,2,3 submerged pipes
et,12,63 *deck shells
c**** set real constants
r,l,
r,2,34.2,164,4930,30.01,10.495"
rmore,,6.43
r,3,29.1,128,3990,29.65,10.450"
rmore,,3.77
r,4,13.1,81.3,67.2"13.35,10.365,,
rmore" .5
r,5,20.1,70.4,1830,23.73i8.965"
rmore,,1.87
r,6,36.5,125.7,6799,36,10"
rmoze , 7.36
r,7,48.53,543,10461,36,15.5"
rmore,,12.7
r,8,66.4,937,14808,36,16.5"
rmore, ,34.3
r,9,56.43,796,12774,36.3125,16.5"
rmoze , 22.8
r,10,78.64,1125,17454,36.3125,16.5"
rmore,,63.3
r,1l,62.00,1.25
pipe
r,12,21.5,70.6,1600,21.24,8.295"
rmore,,3.02
r,13,13.2,50.0,350,12.06,8.085"
rmore;,1.31
r, 14,14, .5
r,15,7.68,9.59,301,15.69,5.50"
rmore" .26
r,~6;2.875,1.3,15.87,6,3"
with plate llv
r, 17, 8.625,.5
8.625x.5
r,18,44.2,270,9040,35.85,11.975
rmore" 10.1
r,19,6.61,25.0,16.6,9.8,8.05"
rmore".2
r,20,62.00,.75
r,21,42.00,1.25
r,22,42.00,1.00
r,23,26.00, .625
r,24,20.00,.625
r,25,18.00,.500
r,26,16.00, .375



0'2..

n,S04,-S70,-240,498 nasel,,144
n,S05,-612,-240,498 d,all,all
n,506,-654,-240,498 nall
n,507,-696,-240,498 c***W
c"'*"'* ersel,real,71
nqen,2,10,501,S07,1,0,72 ep,all,2, .000104
nqen,2,20,501,507,1,0,96 eall
nqen,2,30,501,507,1,0,168 c'****
nqen,2,40,501,507,1,0,180 acel,0,0,384
nqen,2,50,501,507,1,0,204 c****
nqen,2,60,501,507,1,0,276 ersel,,71,72
nqen,2,70,501,507,1,0,330 easel,,51,52
nqen,2,80,501,507,1,0,384 ep,all" .06275
nqen,2,90,501,507,1,0,438 eall
nqen,2,100,501,507,1,0,480 erse1,,61,62
c**** ep,all" .1255
type, 3 eall
mat,l c****
real, 13 ersel,,54,74,20
e,501,511 ep,all" .03993
eqen, 10,10,-1 eall
eqen,7,1,-10 ersel,,64
e,501,502 ep,all" .07986
eqen, 6,1,-1 eall
eqen, 2,100,-6 c***
e,200,501 ersel,,100,101
e,153,601 easel,,103,104
c.•..•.** easel,,80,81
real, 12 easel,,83,84
e,521,522 ep,all".1l224
eqen, 6,1,-1 eallr eqen,2,60,-6 ersel,,90,91
e,525,535 easel,,93,94
eqen,6,10,-1 ep,all".22448
e,196,521 eall
e,154,581 c*****
c**** ersel,,86,87
real, 18 easel,,66,67
type,3 ep,all" ,07593
e,174,173 eall
real,2 ersel,,76,77
e,173,183 ep,all" .15185
e,174,187 eall
c***'" shells c****
type, 12 f,576,fz,-.5
real, 71 f,586,fz,-.5
mat,l c***
e,501,511,512,502 ersel,,59,79,20
eqen, 6,1,-1 ep,all" .020833
eqen,10,10,-6 eall
Iqopr ersel,,69
nummrq,node,2 ep,all" .041667
Inopr eall
iter,l,l,l c.•..•.*.•.
c***'"displacements f,607,fz,-1.5
nrsel,,187 f,606,fz,-2.22
nasel,,183 f,605,fz,-.72
nasel,,380 afwrite,l,l
nasel,,377 finish
nasel,,22 linput,27
nasel,,12

( ,
nasel,,152
nasel,,149
nasel,,150,151



EI-EN1Efl'TS F'"f!-{)M cAy) 0:;
29 30 0 0 0 0 0 0 1 3 6 15 0
31 32 0 0 0 0 0 0 1 3 6 16 0
22 38 0 0 0 0 0 0 1 10 22 19 0
12 40 0 0 0 0 0 0 1 10 22 20 0

143 144 0 0 0 0 0 0 1 3 2 72 0
153 154 0 0 0 0 0 0 1 3 7 77 0
154 143 0 0 0 0 0 0 1 3 7 78 0
193 194 0 0 0 0 0 0 1 3 7 97 0
151 196 0 0 0 0 0 0 1 3 5 98 0
154 198 0 0 0 0 0 0 1 3 12 99 0
196 200 0 0 0 0 0 0 1 3 7 100 0
194 174 0 0 0 0 0 0 1 11 34 133 0
193 173 0 0 0 0 0 0 1 11 34 134 0
281 173 0 0 0 0 0 0 1 11 37 141 0

29 183 0 0 0 0 0 0 1 11 37 142 0
32 174 0 0 0 0 0 0 1 11 37 145 0
31 187 0 0 0 0 0 0 1 11 37 146 0
30 310 0 0 0 0 0 0 1 3 4 155 0
30 312 0 0 0 0 0 0 1 3 4 156 0

335 336 0 0 0 0 0 0 1 3 13 168 0
196 338 0 0 0 0 0 0 1 3 12 169 0
312 310 0 0 0 0 0 0 1 3 5 170 0
198 ' 338 0 0 0 0 0 0 1 3 12 171 0
338 174 0 0 0 0 0 0 1 10 70 172 0
173 198 0 0 0 0 0 0 1 10 70. 173 0
198 335 0 0 0 0 0 0 1 3 12 365 0
338 336 0 0 0 0 0 0 1 3 12 366 0
150 312 0 0 0 0 0 0 1 3 5 367 0
310 154 0 0 0 0 0 0 1 3 5 368 0

30 281 0 0 0 0 0 0 1 3 6 369 0
.. 310 143 0 0 0 0 0 0 1 3 4 379 0

( 312 144 0 0 0 0 0 0 1 3 4 380 0
152 31 0 0 0 0 0 0 1 3 6 386 0

32 200 0 0 0 0 0 0 1 3 6 387 0
143 193 0 0 0 0 0 0 1 3 7 388 0
194 196 0 0 0 0 0 0 1 3 7 389 0
281 153 0 0 0 0 0 0 1 3 6 390 0
149 29 0 0 0 0 0 0 1 3 6 391 0
200 1130 0 0 0 0 0 0 1 10 21 565 0

38 200 0 0 0 0 0 0 1 10 21 568 0
153 1148 0 0 0 0 0 0 1 10 21 574 0

40 153 0 0 0 0 0 0 1 10 21 575 0
1138 377 0 0 0 0 0 0 1 11 31 583 0
1152 380 0 0 0 0 0 0 1 11 31 586 0
1148 173 0 0 0 0 0 0 1 11 32 598 0

173 1152 0 0 0 0 0 0 1 11 32 599 0
1130 174 0 0 0 0 0 0 1 11 32 602 0

174 1138 0 0 0 0 0 0 1 11 32 603 0



'f

Moor=S F«0 {'I\ CAD 04
f 12 -420.000000 240.000000 738.000000 0.0000 0.0000 0.0000

22 -420.000000 -240.000000 738.000000 0.0000 0.0000 0.0000
29 -132.000000 240.000000 498.000000 0.0000 0.0000 0.0000
30 -180.000000 240.000000 498.000000 0.0000 0.0000 0.0000
31 -132.000000 -240.000000 49B.000000 0.0000 0.0000 0.0000
32 -288.000000 -240.000000 49B.000000 0.0000 0.0000 0.0000
38 -420.000000 -240.000000 561.000000 0.0000 0.0000 0.0000
40 -420.000000 240.000000 561.000000 0.0000 0.0000 0.0000

143 -420.000000 96.0000000 498.000000 0.0000 0.0000 0.0000
144 O.OOOOOOOOOE+OO 96.0000000 49B.000000 0.0000 0.0000 0.0000
149 O.OOOOOOOOOE+OO 240.000000 49B.000000 0.0000 0.0000 0.0000
150 O.OOOOOOOOOE+OO 144.000000 498.000000 0.0000 0.0000 0.0000
151 O.OOOOOOOOOE+OO -144 .000000 498.000000 0.0000 0.0000 0.0000
152 O.OOOOOOOOOE+OO -240.000000 49B.000000 0.0000 0.0000 0.0000
153 -420.000000 240.000000 49B.000000 0.0000 0.0000 0.0000
154 -420.000000 144.000000 498.000000 0.0000 0.0000 0.0000
173 -420.000000 240.000000 306.000000 0.0000 0.0000 0.0000
174 -420.000000 -240.000000 306.000000 0.0000 0.0000 0.0000
183 O.OOOOOOOOOE+OO 240.000000 306.000000 0.0000 0.0000 0.0000
187 O.OOOOOOOOOE+OO -240.000000 306.000000 0.0000 0.0000 0.0000
193 -420.000000 60.0000000 498.000000 0.0000 0.0000 0.0000
194 -420.000000 -60.0000000 498.000000 0.0000 0.0000 0.0000
196 -420.000000 -144.000000 498.000000 0.0000 0.0000 0.0000
198 -612.000000 144.000000 498.000000 0.0000 0.0000 0.0000
200 -420.000000 -240.000000 498.000000 0.0000 0.0000 0.0000
281 -288.000000 240.000000 498.000000 0.0000 0.0000 0.0000
310 -340.000000 144.000000 498.000000 0.0000 0.0000 0.0000
312 -60.0000000 144.000000 498.000000 0.0000 0.0000 0.0000
335 -696.000000 144.000000 498.000000 0.0000 0.0000 0.0000
336 -696.000000 -14 4.000000 498.000000 0.0000 0.0000 0.0000

(
338 -612.000000 -144.000000 498.000000 0.0000 0.0000 0.0000
377 -420.000000 -240.000000 204.000000 0.0000 0.0000 0.0000
380 -420.000000 240.000000 204.000000 0.0000 0.0000 0.0000

1130 -420.000000 -240.000000 468.000000 0.0000 0.0000 0.0000
1136 -420.000000 -240.000000 264.000000 0.0000 0.0000 0.0000
1148 -420.000000 240.000000 466.000000 0.0000 0.0000 0.0000
1152 -420.000000 240.000000 264.000000 0.0000 0.0000 0.0000
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1.0 SUMMARY

This report presents the significant results of a structural evaluation of Platform
Gina prepared for Unocal Oil and Gas Division. The structural evaluation was
performed in order to investigate the feasibility of the platform system to support
loads anticipated from higher rig loads, wave loads from additional wells, and
equipment loads from new south and west cantilevers, resulting from the
proposed development of the West Hueneme Gas' Reservoir. The analyses were
performed with the finite element method, utilizing the general purpose
computer program ANSYSTM. The platform was analyzed under three design
load conditions-gravity, extreme storm, and seismic, developed in accordance
with the latest guidelines of API RP 2A (1).

Again, the purpose of the evaluation was to determine the feasibility of new.
reservoir development, involving expanded drilling and production activities from
Platform Gina. The main criteria in evaluating the feasibility was the ultimate
safety factors of the platform piles with respect to axial capacity. The general
states of stress in the structural members were also reviewed, and all of the
evaluation criteria are consistent with the guidelines provided in API RP 2A.

Our preliminary structural evaluation indicates that Platform Gina has adequate
structural reserve capacity to support the proposed drilling and production
equipment associated with additional reservoir development. Pile safety factors
were found to be within the recommended allowables, and stresses in the
structural members are acceptable, based on a comparison to basic allowable
stresses. It should be noted that if it is decided to proceed with the new
development, additional detail design will be required to check for items such as
local buckling, punching shear, etc.

Table 1.1 is a summary of the pile reactions from all of the analyses that were
performed. Critical values and their corresponding factors of safety are
highlighted in bold italic for easy reference. The allowable safety factors are 2.0 .
for maximum gravity loads, 1.5 for extreme storm and strength level seismic
loading, and 1.0 for ductility level seismic loads. As seen in the table, Platform
Gina has an adequate factor of safety for all of the load cases that were evaluated.
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Table 1.1. Platform Gina· Axial Pile Reactions at the Mudline in Kips
(+ Compression; • Tension)

Pile Location

Load Case Bl B2 B3 Al A2 A3
1. Maximum Gravity 1040 1296 1072 989 1494 1361

•Ult. Safety Factor 3.35

2.Operating Gravity 926 1065 821 821 1125 944
3.Extreme Storm -33 1565 2400 -1055 659 1961

•Ult. Safety Factor 2.08 2.27

4. Seismic (Strength)

- CQC "x" (E-W) ±1381 ±40 ±1374 ±1331 ±25 ±l338
- CQC "y" (N-S) ±l013 ±111O ±1041 ±1031 ±l108 ±1044
- CQC "z" (vertical) ±215 ±270 ±207 ±210 ±325 ±273
- SRSS Combined ±l727 ±l143 ±l736 ±1696 ±1155 ±l719
- Operating + SRSS 2653 2208 2E57 2517 2280 2663

•Ult, Safety Factor 1.88

- Operating - SRSS -801 -78 -915 -875 -30 -775
<Ult, Safety Factor 2.62

5. Seismic (Ductility)

- CQC "x" (E-W) ±2182 ±48 ±2181 ±2102 ±39 ±2121
- CQC "y" (N-S) ±1592 ±1709 ±l630 ±1589 ±1702 ±1644
- CQC "z" (vertical). ±408' ±503 ±407 ±415 ±590 ±503
- SRSS Combined ±2732 ±1782 ±2753 ±2667 ±1802 ±2731
- Operating + SRSS 3658 2847 3574 3488 2927 3675

•Ul t. Safety Factor 1.36

- Operating - SRSS -1806 -717 ·1932 -1846 -677 -1787
•Ult. Safety Factor 1.24



2.0 INTRODUCTION

The subject of this report is the structural evaluation of a 6-pile oil drilling and
production platform known as Platform Gina, C.C.S. P-0202. Gina is located
offshore, near Port Hueneme, California in a water depth of 95 feet. Its
orienta tion is shown in Figure 2.1, as are the reference numbers and letters for
the main structural vertical frames.

The purpose of the Platform Gina structural evaluation was to establish the
feasibility of drilling and producing several additional wells if preliminary testing
data supports reservoir development. Some possible locations for the new well
slots are shown in Figure 2.2, and a preliminary process equipment layout is
depicted in Figure 2.3. As shown, the additional process equipment will
necessitate a new production deck extension on the south side of the platform.

Structural evaluation was necessary because the drilling loads and weight of the
additional process equipment for the new development are significantly higher
than the original design loads. Global pile foundation safety factors were the
primary criteria used in the structural evaluation.

Analyses of Platform Gina were performed with the finite element method,
consistent with the requirements of API RP 2A (1), utilizing the general purpose
finite element program ANSYSTM.The computer model includes elements for all
of the main structural components, as well as special elements at the mud-line
modeling the pile/soil interface. While a secondary objective of the analytical
study was a review of stress levels in the structural members, an exhaustive
stress evaluation was postponed until the detail design stage. If reservoir
development is justified, the detailed design will be performed in accordance with
API RP 2A and API Spec 6A (1,2).

The main body of this report has three sections. Section 3 is a description of the
analytical load cases, and Section 4 presents the details of the finite element
models that were used in the evaluation, with explanations of the differences for
each load case. The significant analytical results are discussed and summarized
in Section 5, and a list of references is contained in Section 6.

3



Figure 2.1 Platform Gina-General elevations and orientation plan.
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Figure 2.2 Platform Gina-Possible new well slot locations.
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Figure 2.3 Preliminary production deck process equipment layout.
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3.0 LOAD CASES

Three load conditions were considered in evaluating Platform Gina-maximum
gravity loads, extreme storm loading, and seismic loads. The sections that follow
provide details for each of these three load cases.

3.1 Maximum Gravity Loads

A primary component of the maximum gravity load case is simply the dead
weight of the platform itself. This includes the weight of the jacket framing
members, main structural members of the deck superstructures, fill beams, deck
plate, and any other permanent structural component. By using the appropriate
material density and element properties in the finite element model, the overall
platform weight is automatically calculated by the computer program. To account
for connections and miscellaneous details in the structure, the material density of
the structural components was assumed to be 5 per cent above that normally used
for steel. The total dry weight of the permanent structural components of the
platform was calculated to be 3,544 kips.

To calculate the maximum equipment gravity loads, it was assumed that all
process equipment associated with the new reservoir development had been
installed, and that a full scale drilling program was in progress. Based on these
assumptions, the equipment weight at each of the deck levels was calculated and
included in the analysis. Conservatively, all of the equipment live loads were
assumed to be at their maximum operating values.

Layouts of the equipment on the drill, production, and sub-decks are presented in
Figures 3.1 and 3.2. The numbers on each piece of equipment in the figures
correspond to the list ofloads presented in Tables 3.1-3.3. As indicated in the
tables, the total weights of the deck equipment are 4,035 kips, 811 kips, and 189
kips for the drill, production and sub-decks, respectively, giving a total equipment
weight of 5,037 kips.

Besides specific equipment loads, a 20 psf uniformly distributed load was included
at each of the three decks. This uniform load accounts for miscellaneous piping,
equipment, people, etc. An exception is on the west and south production deck
extensions, where a 5 psf uniform load was assumed. The reduced load was
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used because it was recognized that the equipment footprint on these extensions
would not allow for much additional miscellaneous equipment.

The total mass associated with the maximum gravity load case, including the
dead weight of the platform and the maximum equipment loads, was calculated
to be 8,581 kips.

3.2 Extreme Storm Loads

Weather data used in the storm load analysis were taken from a report entitled
Platform Gina - Extreme Storm Criteria (3). Weather loads consist of wave,
current, and wind induced forces, associated with an extreme storm event with
return period of 100 years. The analytical water depth of 98 feet includes a storm
surge of 3 feet, and the design wave height is 42 feet with a period of 15 seconds.
The current is assumed to be 1.5 knots at the surface, varying linearly to 0.5 knots
at the sea floor, and the design one minute average wind speed is 60 knots at a
reference height of 33 feet above mean sea level.

It was conservatively assumed that all the components of the weather act
collinearly, i.e., the wind, wave, and current are all assumed to have the same
heading with respect to the platform. The platform orientation is at 5° 36'
counter-clockwise from true north as indicated in Figure 2.1, and the design
weather heading is at 2820 30' clockwise from true north. This means that the
design storm approaches Platform Gina at 18.1° clockwise from the west side of
the platform. This orientation, as well as a general schematic of the storm loads
are depicted graphically in Figures 3.3 and 3.4.

Forces exerted by the current and waves in the extreme storm were calculated
using the Morison equation. This equation calculates the total force as the sum of
two terms-a drag force and an inertial force. For cylindrical members,
coefficients of 0.7 and 2.0 were used for the drag and inertia terms, respectively.
Water particle velocities and accelerations were calculated using Stoke's fifth
order wave theory.

Forces on cylindrical members of the platform caused by the water motion were
automatically calculated by the finite element computer program, but the forces
acting on the sub-deck as the wave passes were calculated by hand. In these

8



calculations, the entire projected area between the sub-deck and production deck
was assumed to carry load with a drag coefficient of 2.0.

A similar procedure was used to calculate forces acting above the water surface
caused by wind. The technique presented in RP 2A 2.3.2 was used to calculate
wind forces acting on the platform projected areas, assuming a shape coefficient
of 2.0. Hand calculations of the wind and wave forces are included in Appendix
A.
3.3 Seismic Loads

Seismic evaluation of Platform Gina was accomplished with the response
spectrum analysis method. Which spectrum to use in evaluating the seismic
response of Platform Gina was addressed by Staal, Gardner, and Dunne, Inc. in
their report Seismic Hazard Analysis-Platform Gina (4). In that report, it was
concluded that the response spectrum in Figure C2.3.6-2, from API RP 2A, for
shallow strong alluvium soils (type B) could be used in the analysis. The API
spectrum is given in terms of spectral accelerations that are normalized to 1.0
gravity. The values must be further modified depending upon which zone the
platform is located in. Platform Gina is located in seismic zone 4 so the ordinates
in Figure C2.3.6-2 were multiplied by 0.25. The resulting spectrum was used to
perform the strength level seismic analysis, with an effective damping ratio of
5%.

In addition to the strength level analysis, a ductility level analysis was performed
to ensure that the platform has adequate reserve capacity to prevent collapse
during a rare intense earthquake. Twice the strength level earthquake loads are
used in the ductility analysis with an effective damping ratio of 8%. The response
spectra used in the seismic analysis of Platform Gina are presented in Figure 3.5.
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Table 3.1. Platform Gina « Drilling Deck Load Summary

(kips) (kips)
(kips) Operating Operating

Item Dead Load Live Load Total
1. Flare Boom 13.0 0 13.0
2. Flare Scrubber 5.0 2.4 7.4
3. Cement Pods (3) 45.0 255.0 300.0
4. Crane Pedestal 50.0 0 50.0
5. Cement Unit 6.7 38.3 45.0
6. Logging Unit 35.0 30.0 65.0
7. Emergency Generator 45.0 0 45.0
8. Pre-Hydration 15.0 85.0 100.0
9. Drill Rig 1000.0 1000.0 2000.0
10. Mud Dock 30.0 200.0 230.0
11. Active Mud 45.0 255.0 300.0
12. Pipe Rack 50.0 200.0 250.0
13. Mud Pumps (2) 22.5 127.5 150.0
14. SCR House 65.0 0 65.0
15. Reserve Mud Tanks (2) 40.5 229.5 270.0
16. Tools 7.0 0 7.0
17. Quarters (25 psfi'flr) 32.0 48.0 80.0

. 18. Helipad 58.3 0 58.3

Totals 1565.0 2470.7 4035.7

Notes:
• Structure weight increased 5% to account for misc. connections and equipment.
• 20 psf uniform load
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Table 3.2. Platform Gina· Production Deck Load Summary
11

Item
1. Test Separator
2. Gross Separator
3. Treated H20 Vaporizer
4. Make-up H20 Vaporizer
5. HTM Heater
6. HTM Expansion Tank
7, 8, 9. Gas Compressors (3)
10. Lube Oil Cooler
11. Discharge Gas Cooler
12. Treated H20 Transfer Pump
13. HTM Transfer Pumps (2)
14. Amine Unit Skid #1
15. Amine Unit Skid #2
16. Selectox/Claus Unit
17. Glycol Dehydration Unit
18. Sulfer Tank & Pump
19. MeC Room
20. 4160V Transformer
21. Lab
22. Emergency Generator
23. 'Air Compressor Skid
24. Transformer (480 V)
25. Electrical Gear
26. Office / Control Room
27. Shop
28. Well Room Manifold
Totals

(kips)
Dead Load

8.5
8.5
1.4
.7

8.0
2.5

75.0
3.0
5.0

.5
2.0

80.0
70.0

160.0
26.0

6.0
10.0
25.0

3.0
5.0

19.0
7.6

70.0 .
22.0

8.0
10.0

636.7

(kips)
Operating
Live Load

2.2
2.2
5.9
1.4

.7
1.5

o
.3
o
o
o

46.0
86.0

0.0
8.0

21.0
o
o
o
o
o
o
o
o
o

0.0
175.2

(kips)
Operating

Total
10.7
10.7
7.3
2.1
8.7
4.0

75.0
3.3
5.0

.5
2.0

126.0
156.0
160.0
34.0
27.0
10.0
25.0

3.0
5.0

19.0
7.6

70.0
22.0

8.0
10.0

811.9

Notes;
• Structure weight increased 5% to account for misc. connections and equipment.
• 20 psf uniform load except 5 psf on west and south extensions.



Table 3.3. Platform Gina - Sub-Deck Load Summary

12

Item
1. Chemical Tanks & Pumps
2. Storage Closet
3. Triplex Pumps
4. Waste Water Tank
5. Shipping Tank
6. Septic Tank
7. Air Tugger
8. Transfer Pumps
9. Chemical Tank
10. Belly Tank
11.* Boat Landings (2)

Totals

(kips)
Dead Load

5.4
3.0

10.0
15.0

7.4
2.0
2.0
1.0

o
20.0
40.0

105.8

(kips)
Operating
Live Load

18.4
.5
o

15.0
4.6
4.0

o
o

1.3
40.0

o

83.8

(kips)
Operating

Total
23.8

3.5
10.0
30.0
12.0
6.0
2.0
1.0
1.3

60.0
40.0

189.6

Notes;
• Structure weight increased 5% to account for misc. connections and equipment.
• 20 psf uniform load
* Boat Landings are located at MWL



Figure 3.1 Drill deck equipment layout for maximum gravity loads.
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Figure 3.2 Production and sub-deck equipment layout for maximum gravity
loads.
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Figure 3.3 Extreme storm analysis weather heading orientation.
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Figure 3.4 Weather components modeled in the extreme storm analysis.
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Figure 3.5 Response spectra for seismic analysis of Platform Gina .
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4.0 FINITE ELEMENT MODELS

4.1 Basic Three Dimensional Model

The three dimensional global analyses of Platform Gina were performed with the
finite element model shown in Figure 4.1. Each analytical load case required
specific refinements to the basic model of Figure 4.1, and these modifications are
described in Sections 4.2 . 4.4. This section describes the features of the finite
element model that were common to all of the analyses.

The basic model consists of several element types. Geometrically, the locations of
the elements are at the center-lines of the beams, and connections are at the
center-line intersections. Standard beam elements were used to model the
primary framing members of the deck floor systems, and pipe elements were
used for the platform tubular structural members. At each deck level, plate
elements were included to apply uniformly distributed loads and to model the
stiffness of the filler beams and deck plate. The weight of individual pieces of
equipment was distributed to the appropriate nodal locations and modeled with
lumped mass elements. The finite element model ends just below the mud-line,
but the stiffnesses of the piles and soil were included in the model with spring
elements.

ANSYS has a special type of pipe element (submerged pipe, STIF 59) that allows
hydrodynamic loading. This type element was used to model the structural
components that are below sea level. The submerged pipe element formulation
automatically accounts for buoyancy, current and wave forces, internal mass,
pressure effects, etc. It was assumed that all of the bracing members of the jacket
are full of air and sealed, resulting in a significant buoyant force.

The jacket legs are modeled as equivalent pipe elements that represent the
combination of the pile, jacket, and grout, with the center bore filled with sea
water. The grout was assumed to contribute only mass, and no strength to the
composite section of the combined jacket leg/pile columns. All of the elements
below sea level were assumed to have 3 inches of marine growth on their exterior
surface.
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The piles and soil below the muclline were modeled with spring elements in the
axial, lateral, and rotational directions. The stiffness of the springs was derived
from data provided by Staal, Gardner, and Dunne (5). The specific value of the
spring stiffness varied for each type of analysis and is discussed in the sections
below that describe the differences in the finite element models.

4.2 Gravity Load Finite Element Model

The finite element model used to analyze the maximum payload gravity load case
included masses for all of the platform equipment filled to capacity. The analysis
was performed by applying an acceleration of 386.4 inls2 in the vertical direction,
modeling the effect of gravity. No other loads were considered for this load case,
i.e, the wind, wave, current, and seismic loads were assumed to be zero.
However, the buoyancy effect of being submerged was included, since the finite
element model was constructed from submerged pipe elements.

Nonlinear springs were used to model the pile/soil interface at the mud-line. As
previously noted, the values for the spring stiffnesses were taken from curves
provided by Staal, Gardner, and Dunne. Figures 4.2-4.5 show the static force
versus deflection curves that were used in the pile/soil interface elements. Note
that different curves apply in the axial compression, axial tension, lateral, and
rotational degrees of freedom.

4.3 Extreme Storm Load Finite Element Model

There are two main differences between the gravity load case and the extreme
storm. load case finite element models. First, the wave, current, and wind loads
were included in the extreme storm analysis. Secondly, the gravity loads were
reduced to levels more closely associated with operating rather than maximum
design loads.

The weather-induced loads, as described in Section 3.2, were added to the model
by specifying the wave height and period, current profile, and wind velocity and
direction. The only physical change required to the finite element model was the
addition of the well conductors. Although the conductor and casing weights are
self-supporting, and therefore not necessary in the gravity analysis, the lateral
reactions at the platform conductor guides from environmental loads had to he
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included in the extreme storm load analysis. This was done by independently
modeling the 20 inch conductors with submerged pipe elements, and coupling the
conductor nodes to the platform nodes in the lateral directions at the conductor
guide locations. Figure 4.6 shows the location of the conductor elements in the
finite element model.

On the drill deck, the hook load is assumed to be zero during the extreme storm,
and the rest of the equipment loads are 75% of the values used in the maximum
payload analysis (both dead and live loads). The production and sub-deck live
loads were reduced by 25%, and the uniformly distributed deck loadings were also
reduced to 75% of the values used in the maximum gravity analysis. With the
exception of the drill deck equipment loading, all of the dead load remained as it
was in the maximum gravity analysis.

4.4 Seismic Finite Element Model

While the overall finite element model used to perform the seismic response
spectrum analysis o'fPlatform Gina is the same as used in the other analyses, a
considerably different approach was required. The analytical procedure is a three
step process. First, a modal analysis was performed to determine the natural
frequencies and mode shapes of the platform. Fifty master degree of freedoms
were used in the eigenvalue extraction process in the lateral (x and y) directions
and 150 were used for the vertical (z) direction. Master degrees offreedom are
chosen based on the relative ratio of mass to stiffness at each degree of freedom.
By selecting the degrees of freedom with the largest mass to stiffness ratios, the
lowest frequencies with the highest response participation are calculated. The
required number of degrees of freedom is governed by the total effective mass, in
each direction, represented by the master degrees of freedom. It should be fairly
close to the actual mass of the structure that is being modeled.

The next step in the analysis was to determine the spectral response of each
significant vibration mode, and to combine them for each of the three principal
directions. In the finite element program ANSYS, the significance level of each
mode is based on a calculated value called the mode coefficient. The mode
coefficient is an "effective amplification factor" that multiplies the calculated
eigenvector to give the actual displacements in each mode. A mode is considered
significant if its mode coefficient is greater than a fraction of the maximum mode



coefficient of all modes. In the analysis of Platform Gina, a significance fraction
of 0.005 was used in the horizontal direction, and 0.07 in the vertical direction.
The adequacy of this significance fraction was checked by summing the mass
fractions in each direction. Significant modes were combined with the complete
quadratic combination (CQC) method. A summary of the results of the modal
analyses for each direction is contained in Appendix B.

The third step in the seismic analysis process was to combine the directional
responses (x, y, and z) from the second step of the analysis using the square root of
the sum of the squares (SRSS) method. The resulting response represents the
maximum values expected during the design level earthquake.

The response spectrum solution algorithm requires a linear finite element model.
Therefore, the non-linear pile/soil spring elements used in the gravity and
extreme storm analyses had to be modified to linear springs. Conservative axial
stiffness values were calculated from the curves shown in Figures 4.2 and 4.3
based on preliminary estimates of the results. In the lateral and rotational
directions, different curves were provided for cyclic loading, as opposed to static.
These curves, used to calculate the linear spring rates in the seismic analyses,
are presented as Figures 4.7 and 4.8.

Another refinement necessary for the seismic model was the addition of the
appropriate internal casing string mass to the conductor elements, as well as
lumped masses for the wellheads at the top of the conductors. It was assumed
that the dry weight of the conductor and internal casing strings was 490 plf and
that each wellhead assembly weighed 5 kips. Subsequent to the analysis, it was
found that the actual weight of the wellhead was 6.08 kips and that the fully
grouted weight of the conductor and casing strings is 467.6 plf. However, due to
the preliminary nature of the analysis, the estimates used in the analysis were
determined to be acceptable.
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Figure 4.1 Basic three dimensional finite element model of Platform Gina.Figure 4.1 Basic three dimensional finite element model of Platform Gina. 



Figure 4.2 Axial compressionversus deflectionat the pile top.
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Figure 4.3 Axial tension versus deflectionat the pile top.
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Figure 4.4 Static lateral force versus deflection at the pile top.
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Figure 4.5 Static moment versus rotation at the pile top.
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Figure 4.6 Finite element model of Platform Gina with 20 inch conductors.
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Figure 4.6 Finite element model of Platform Gina with 20 inch conductors. 



Figure 4.7 Cycliclateral forceversus deflectionat the pile top.
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5.0 ANALYTICAL RESULTS

As in the previous sections of this report, the analytical results are presented in
three sections corresponding to the type of analysis that was performed-gravity,
extreme storm, and seismic. The analytical results were evaluated with respect
to the criteria of API RP 2A. The primary evaluation criteria is the ultimate axial
pile factor of safety. This is most important because it is the one structural
capacity that cannot be increased with structural modifications. The design
ultimate axial pile capacities for Platform Gina are 5000 kips in compression and
2400 kips in tension (pullout).

5.1 Gravity Analysis

The basic factor of safety required in the gravity analysis is 2.0, with respect to the
ultimate capacity of the pile. Table 5.1 presents the pile reactions for the
maximum gravity load case. As indicated, the highest maximum compressive
reaction is 1,494 kips at location A2, corresponding to an ultimate safety factor of
3.35. Since the gravity load case does not include any lateral or upward loads, the
pullout safety factor is not applicable.

Table 5.1. Pile reactions at the mudline under maximum gravity loads.

Pile Location
Direction B1 B2 B3 Al A2 A3

1. Axial z (kips) 1040 1.296 1072 989 1494 1361
•VIt. Safety Factor 3.35

2. Lateral x (kips) -14 -1 14 -1 15 2:)

3. Lateral y (kips) -15 -2 4 6 26 3)

4. Moment x (in-kips) -113 62 -16 23 64 -183

5. Moment y (in-kips) -134 -94 192 -281 -66 244



The displaced shape of the platform under the maximum gravity loads is
presented in Figures 5.1-5.3. The maximum displacement is 1.3 inches,
occurring in a beam on the drill deck. The displaced shape plots show that the
finite element model is moving in the appropriate direction for this analytical load
case, and they indicate the relative magnitude of motion in various parts of the
platform.

A review of the stresses in the structural members indicated that all stress levels
are within the basic allowable stress of23.1 ksi (.66Fy). As in the case of
displacement, the highest stresses were found to occur in the drill deck beams,
and are associated with the large drilling loads. More extensive member stress
checks will be performed during detailed design, with more specific drill deck
load distributions, if the new reservoir development is pursued.

5.2 Storm Loading Analysis

Table 5.2 is a summary of pile reactions from the extreme storm analytical
results. The required factor of safety is reduced to 1.5 for the extreme
environmental load case. As shown in Table 5.2, the piles have a comfortable
margin, since the minimum safety factor is 2.08 in compression, and 2.27 for
pullout.

Table 5.2. Pile reactions at the mudline under extreme storm loads.

Pile Location
Direction B1 B2 B3 Al A2 A3

1. Axial z (kips) -34 1565 2400 -1055 659 1961
<Ult. Safety Factor 2.08 2.27

2. Lateral x (kips) -349 -382 -319 -330 -374 -322

3. Lateral y (kips) Erl 89 62 89 113 115

4. Moment x (in-kips) -3000 -2748 -2971 -3011 -2694 -2696

5. Moment y (in-kips) -7903 -9306 -8526 -8268 -9334 -8187
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The magnitudes of the axial pile reactions are as expected based on simple
equilibrium equations and the heading of the weather. The minimum pile
reaction (maximum pullout) occurs at location AI, on the north-west corner of the
platform, and the maximum (compression) is on the opposite, south-east corner.

The displacement of the platform under the extreme storm loads is depicted in
Figures 5.4 and 5.5, where the maximum displacement is 4.10 inches. As in the
previous displaced shape plots, the general trend and relative magnitudes of
displacement can be readily observed.

The allowable stress level is increased by 1/3 for the extreme storm load condition,
leading to a basic allowable stress of 30.8 ksi if yield is 35 ksi (413 x .66Fy). A
review of stress levels in the finite element results for the extreme storm load case
indicated no stres~es above the basic allowable for the primary structural
members in Platform Gina.

5.3 Seismic Analysis

Seismic analysis of Platform Gina actually involved several separate analyses.
Pseudo-dynamic response spectrum analyses were performed as described in
Section 3, with two levels of earthquake loading-a strength and a ductility level.
The results of these response spectrum analyses were then combined with
operating gravity loads to determine the analytical seismic results.

As noted in Section 3, response spectrum. analysis is a three step process. First, a
modal analysis is performed; second, the modal responses are combined for each
of the three orthogonal directions; and third, the directional responses are
combined into an overall response. Appendix B contains the significant results
from each step in the seismic response spectrum analyses of Platform Gina.
Included are natural frequencies, mode shapes, and summaries of the seismic
responses in each direction. The results discussed in the following sections are
limited to the total seismic response as determined by combining the directional
responses with the SRSS method and adding them to the operating gravity loads.

5.3.1 Strength Level Analysis

Table 5.3 is a summary of the pile reaction forces that were calculated from the
response spectrum analysis of the strength level earthquake. Since the response



spectrum method combines modal responses, the response values are
magni tudes only, and can act in opposite directions (±). The reactions in Table 5.3
must be added to the gravity reactions to obtain the expected maximum strength
level earthquake responses. Table 5.4 are the pile reaction forces for the gravity
load case. Note that these reactions are not the same as the maximum gravity
reactions that were presented in Section 5.1. Rather, they represent the nominal
reactions of the platform, with the same gravity loads used in the seismic
analysis.

Table 5.3. Pile reactions at the mudline under strength level seismic loads.

Pile Location
Direction BI B2 B3 Al A2 A3

1. Axial z (kips) ±1727 ±1I43 ±l736 ±l696 ±1155 ±1719

2.Lateral x (kips) ±239 ±275 ±237 ±245 ±285 ±246

3.Lateral y (kips) ±162 ±199 ±215 ±159 ±198 ±223

4. Moment x (in-kips) ±5995 ±5409 ±6860 ±6149 ±7067 ±7421

5. Moment y (in-kips) ±6554 ±7847 ±7015 ±7026 ±8135 ±7125

Table 5.4. Pile reactions at the mudline under nominal gravity loads.

Pile Location
Direction Bl B2 B3 Al A2 A3

1.Axial z (kips) 917 1059 812 812 1120 936

2.Lateral x (kips) 86 -3 -82 82 4

3.Lateral y (kips) 87 89 62 89 113 115

4. Moment x (in-kips) -201 -2 -49 12 118 -73

5. Moment y (in-kips) 7 1 183 -160 -34 183
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Adding the results of the strength level earthquake and the nominal gravity loads
together gives a maximum compressive pile reaction of 2,663 kips at pile location
A3. This leads to an ultimate axial safety factor of 1.8.8 with respect to the
recommended allowable of 5,000 kips-well above the recommended minimum of
1.5. The maximum tensile pile reaction is 915 kips uplift at pile location B3,
giving a factor of safety of 2.62 to the pullout capacity of 2,400 kips. Again, tbis
factor of safety is well above the minimum value of 1.5 recommended in API RP
2A.

The displaced shape of the platform under the strength level earthquake loading
is presented in Figures 5.6 and 5.7. As with the pile reactions, these
displacements represent only absolute values and should not be interpreted as
actual displaced positions. All of the displacements in the figures are shown in a
positive direction, 'and would not occur at the same instant in time. However, the
plots do provide a useful means of comparing relative maximum displacements
at various locations throughout the structure.

As ill the gravity and storm analyses, the stress levels in the structural
components were reviewed and found to be acceptable, based on a simple
comparison to basic allowable stresses.

5.3.2 Ductility Level Analysis

The ductility seismic analysis of Platform Gina was id~ntical to the strength level
analysis except that larger seismic loads were applied to the structure. Although
the magnitude of the seismic ductility loads are two times the strength level loads,
the reaction forces did not double. This is because a higher damping coefficient

.(8%) was used in the ductility level analysis.

Table 5.5 is a summary of the analytical pile reactions for the ductility level
analysis. When the axial reactions are added to the nominal gravity reactions
(Table 5.4), a maximum compressive pile reaction of 3,675 kips is calculated for
the ductility level earthquake, corresponding to an ultimate safety factor of 1.36.
The maximum uplift force is 1,932 kips-a safety factor of 1.24. Since the purpose
of the ductility analysis is to ensure that collapse of the structure is prevented, a
minimum safety factor of 1.0 is allowable. As was the case in the strength level

31



analysis, the factors of safety are therefore acceptable, based on the guidelines in
API RP 2A.

Several areas in the platform were found to have stress. levels above yield for the
ductility level seismic analysis. This stress level is not necessarily unacceptable,
since the evaluation criteria for the ductility analysis is collapse. Yielding in
parts of the structure can be tolerated in an intense seismic event if the platform
has adequate structural redundancy. If it is decided to pursue the new field
development, these issues will be addressed during the design phase of the
project.

Table 5.5. Pile reactions at the mudline under ductility level seismic loads.

Pile Location
Direction BI B2 B3 Al A2 A3

1. Axial z (kips) ±2732 ±1782 ±2753 ±2667 ±1802 ±2731

2. Lateral x (kips) ±373 ±440 ±370 ±389 ±462 ±391

3. Lateral y (kips) ±260 ±324 ±349 ±258 ±323 ±363

4. Moment x (in-kips) ±lO,755 ±9738 ±12,O38 ±11,O89 ±12,478 ±12,746

5. Moment y (in-kips) ±11,395 ±13,549 ±12,198 ±12,205 ±14,O53 ±12,508
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Figure 5.1 Displaced shape plot under maximum gravity loads-is a view.
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Figure 5.2 Displaced shape plot under maximum gravity loads-east view.
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Figure 5.2 Displaced shape plot under maximum gravity loads-east view. 
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Figure 5.3 Displaced shape plot under maximum gravity loads-north view.
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Figure 5.4 Displaced shape plot under extreme storm loads-east view.
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Figure 5.5 Displaced shape plot under extreme storm loads-north view.
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Figure 5.6 Displaced shape plot under strength seismic loads-east view.
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Figure 5.7 Displaced shape plot under strength seismic loads-north view.
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THOMAS & BEERS

r IPROJECT -------------- ENGINEER ~

SUBJECT FILE NO.

A1
DATE .1/ 17 /'7("7

I

SHT. 3 OF :5

w'EST
I...J 0 .[<..TIl-

A1tJO,= FALG" F-A~E r=x.. i=Y- =

5u t3 - j) t:=z..1z,

/73 / St.,.S- /.08>·0 2-13, ·39 - &,c::r, 7~

it 4 /5tD.5" /1-8.7(0 .-46·b'L

/83
fa 8.'0 to4 ,to 4- -21./5



LIST FORCES FOR ALL SELECTED NODES Al cP
NODE LABEL FORCE CFORCE

1 FX 2.25000000 O.OOOOOOOOOE+OO
1 FY -0.740000000 O.OOOOOOOOOE+OO
4 FX 1.88000000 O.OOOOOOOOOE+OO
4 FY -0.620000000 O.OOOOOOOOOE+OO

12 FX 10.3600000 O.OOOOOOOOOE+OO
12 FY -3.39000000 O.OOOOOOOOOE+OO
22 FX 8.48000000 O.OOOOOOOOOE+OO
22 FY -2.77000000 O.OOOOOOOOOE+OO
65 FX 2.12000000 O.OOOOOOOOOE+OO
65 FY -0.690000000 O.OOOOOOOOOE+OO
70 FX 0.750000000 O.OOOOOOOOOE+OO
70 FY -0.250000000 O.OOOOOOOOOE+OO
72 FX 0.750000000 O.OOOOOOOOOE+OO
72 FY -0.250000000 O.OOOOOOOOOE+OO

132 FX 2.12000000 O.OOOOOOOOOE+OO
132 FY -0.690000000 O.OOOOOOOOOE+OO

35 FX 1.41000000 O.OOOOOOOOOE+OO
35 FY -0.460000000 O.OOOOOOOOOE+OO

149 FX 2.81000000 O.OOOOOOOOOE+OO
149 FY -0.920000000 O.OOOOOOOOOE+OO

MORE (YES,NO OR CONTINUOUS)=
cant

NODE LABEL FORCE CFORCE
153 FX 10.5100000 O.OOOOOOOOOE+OO
153 FY -3.44000000 O.OOOOOOOOOE+OO
200 FX 8.40000000 O.OOOOOOOOOE+OO
200 FY -2.75000000 O.OOOOOOOOOE+OO
202 FX 0.700000000 O.OOOOOOOOOE+OO

,. 202 FY -0.230000000 O.OOOOOOOOOE+OO
211. FX 2.10000000 O.OOOOOOOOOE+OO
211. FY -0.690000000 O.OOOOOOOOOE+OO
315 FX 2.10000000 O.OOOOOOOOOE+OO
315 FY -0.690000000 O.OOOOOOOOOE+OO
173 FX 213.390000 O.OOOOOOOOOE+OO
173 FY -69.7500000 O.OOOOOOOOOE+OO
174 FX 148.760000 O.OOOOOOOOOE+OO
174 FY -48.6200000 O.OOOOOOOOOE+OO
183 FX 64.6400000 O.OOOOOOOOOE+OO
183 FY -21.1300000 O.OOOOOOOOOE+OO

t .'
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Appendix B: Seismic Analysis Results
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B.l Selected Significant Natural Vibration Mode Shapes



Figure n.i Strength level seismic modal analysis-mode 2.
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Figure B.2 Strength level seismic modal analysis-mode 3.
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Figure B.3 Strength level seismic modal analysis-mode 4.
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Figure B.4 Strength level seismic modal analysis-mode 7.
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Figure B.5 Strength level seismic modal analysis-mode 8.
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Figure B.B Strength level seismic modal analysis-mode 9.
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Figure B.7 Strength level seismic modal analysis-mode 10.
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Figure B.B Strength level seismic modal analysis-mode 11.
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Figure B.9 Strength level seismic modal analysis-mode 12.
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Figure B.10 Strength level seismic modal analysis-mode 13.
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Figure B.II Strength level seismic modal analysis-mode 24.
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B.2 Strength Level CQC Directional Response
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Figure B.12 Strength level x direction CQC combined response.
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Figure B.13 Strength level y direction CQC combined response .
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Figure B.14 Strength level z direction CQC combined response .
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B.3 Modal Analysis Data Summary
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8/9
••••• CENTROID, MASS, AND MASS MOMENTS OF INERXIA •••••

••• MASS SUMMARY BY ELEMENT TYP£ •••

CALCULATIONS ASSUME ELEMENT MASS AT ELEMENT CENTROID
TOTAL MASS - 21.719

TYP£ MASS
1 0.759371
2 0.414356
3 9.48716
4 1.57384

10 9.48441
RANGE: OF ELn1ENT MAXIMUM STIFFNESS IN GLOBAL COOROINATE:S

STR..E'NC,TH
LEVEL

MO tJff:L
A-N4L~SIS:.

X f Y !) /lZf:=e:.-T{DAJ S
-50 rt1CDF

MOM. OF INERTIA
ABOUT CENTROID

MeM. OF INERTIA
ABOUT ORIGIN

48.036
-6.1716

149.41

CENTROID
xc -
YC -ZC -

IXX - 0.1032E+08 IXX - 0.9830E+07
IYY - 0.1137E+08 IYY - 0.1083E+08
IZZ - 0.4109E+07 IZZ - 0.4058£+07
IXY - -0.2216£+06 IXY - -0.2280£+06
IYZ - -0.2500£+06 IYZ - -0.2700£+06
IZX· 0.1495£+06 IZX - 0.3054£+06

ONLY TH£ FIRST REAL CONSTANT MASS TERM IS USED FOR THE STIF21 ELEl'L'lTS•

(.

~AXIMUM· 0.136687E+09 AT EL~'lT 264.
MINIML"M- 0.483000E+03 AT E:LE:.'!ENT 717.

INTEGER STORAGE: REQUIREMENTS FOR E~'lT FORMULATION CP- 112.302 TIME- 9.51556
FIXED DATA - 12734 TEMPORARY DATA - 0 TOTAL- 12734
FIXED AVAIL- 1001000 TEMPORARY AVAIL- 1001000 TOTAL AVAIL- 1001000

••• ELEMENT STIFFNESS rOR~LATION T~£S
TYPE NUMBER STIF TOTAL tp AVE CP

1 232 4 6.034 0.026
2 57 16 2.033 0.036
3 377 59 12.451 0.033
4 65 63 15.034 0.231
5 6 14 0.000 0.000
6 6 14 0.033 0.006
7 6 14 0.017 0.003
8 6 14 0.033 0.006
9 6 14 0.017 0.003

10 105 21 0.167 0.002

TIME AT END OF ELEMENT STIFFNESS FORMULATION CP- 112.319

MAXIMUM IN-CORE WAVE FRONT ALLOWED FOR REQUESTED MEMORY SIZE- 700.
INTEG~ STORAGE: REQUIREMENTS FOR WAVE FRONT MATRIX SOLUTION CP- 728.565 TlME- 9.69000

FIXED DATA - 12734 TEl'~ORARY DATA - 453152 TOTAL- 465886
FIXED AVAIL- 1001000 TEMPO~~Y AVAIL- 1001000 TOTAL AVAIL- 1001000

MAXIMUM IN-CORE WAVE FRONT- 474.

M1'.TRIXSOLUTION TIMES
READ IN ELEMENT STIFFNESSE:S CP- 10.066

NODAL COORD. TRANSFORMATI~'l CP-
MATRIX'TRIANGULARIZATION CP-

1.165
-27800.465

TIME: AT END OF MATRIX TRIAN:::nARIZATION CP-
EQUATION SOLVER MAXIMUM PIVOT- 0.20300Et09 AT NOOE
£QUATION SOLVER MINIMUM PIVOT- 31.688 AT NOOE

728.598
525. ROTX

32. tr!

TIME AT START OF EIGENVALUE EXTRACTION CP- 728.748

NUMBER OF MODES AVAILABLE FROM REDUCED MATRICES- 50.

EIGENVALUE EXTRACTION TIME CP- 3.717
INTEGER STORAGE REQUI~'lTS FOR EIG~~ALDE EXTRACTION CP- 734.248 TIME- 9.69194

FIXED DATA - 12734 TEMPORARY DATA - 12550 TOTAL- 25284
FIXED AVAIL- 1001000 TEMPORARY AVAIL- 1001000 TOTAL AVAIL- 1001000

1 ANSYS - ENGINEERING ANALYSIS SYSTEM REVISION 4.4 ANACAl'A CCMPUT. MAY 1,1989
ANSYS(R) COPYRIGHT(Cl 1971. 1978, 1982, 1983, 1985, 1987, 1989 SWANSON ANALYSIS SYSTEMS, INC. AS UNPUBLISHED WORK.
PROPRIETARY DATA - tlNAtn'HORIZEDUSE:,DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.
FOR SUPPORT CALL RICK aEERS PHONE (805) 652-0655 TWX

platform .;1na - X direction modal analysis 9.6919 NOV 11,1990 CP- 734.348



••••• E:IGE:NVALUE:(NATURALFRE:QUE:NCY)SOLUTION ••••• B20
MODE: FREQUE:NC'Y (CYCLES/TIME)

1 0.652947706
2 0.851908053

( 3 0.962775993
4 1. 09388110
5 1.30987012
6 1. 41917696
7 2.31135591
8 2.46417188
9 2.63554271

10 2.82761656
11 2.91872519
12 3.06989391
13 3.56552524
14 3.66076753
15 3.74036274
16 3.77880965
17 3.89172809
18 3.99978281
19 4.24312173
20 4.32794175
21 4.88802852
22 5.12997006
23 5.21069846
24 5.29188113
25 5.34084105
26 5.36374058
27 5.63018922
28 6.05778910
29 6.33714848
30 6.40787457
31 6.53906834
32 6.57545334
33 6.91451279
34 7.14873759
35 7.36819831
36 7.41718105
37 7.54878988
38 7.59404899
39 7.81226131
40 7.96981425
41 8.38477778
42 8.79502856
43 8.84227159
44 9.06713327
45 9.12067388

C
46 9.34315507
47 10.1488871
48 10.4102489
49 11.3993748
50 18.5087274

..... RE:DUCED~~S DISTRIBUTION

ROW NODE OIR VALUE

1 2003 OX 0.54381
2 394 UZ 0.34189E-Ol
3 940 O'Y 1.0011
4 485 OX 0.11332
5 425 UZ 0.93493E:-Ol
6 922 UZ 0.39162E-Ol
7 2001 OX 0.48613
8 12 O'Y 6.1057
9 960 UZ 0.51926E:-Ol

10 501 OX 0.11397
11 448 OX 0.50142
12 222 OX 5.6899
13 211 UZ 0.18108
14 825 O'Y 0.25453
15 460 O'Y 0.84707
16 2005 O'Y 0.58889
17 468 OX 1.2768
18 583 OX 0.11286
19 599 OX 0.12539
20 4 UZ 2.9652
21 448 U'Y 0.67058
22 493 OX 0.11641
23 919 OX 1.3884
24 2 O'Y 0.92511
25 452 OX 0.90727
26 78 OX 6.2106
27 2001 O'Y 0.62801
28 1022 uz 0.55724E:-Ol
29 464 U'Y 1.8459
30 591 OX 0.11828
31 466 U'Y 1.2666
32 201 OZ 0.27233
33 50 UZ 0.11195
34 316 OZ 1.2562
35 78 UZ -0.10812
36 420 OZ 0.67341E:-Ol
37 466 OX 0.92228



38 1027 UX 1. 4803
39 2005 UX 0.56594 B 2./40 446 OX 1.1133
41 426 UZ 0.78391£-01
42 68 tJY 4.0098
43 11 tJY 0.32638£-01

( 44 1021 tJY 1. 7584
45 392 UZ 0.35003£-01
46 51 UZ 0.16402
47 937 UZ 0.67151£-01
48 1070 UY 1.7585
49 822 tJY 0.25579
50 1021 OX 1.6524

MASS(X. Y, Z l . 23.44 21. 95 5.365

X D) re...Ez,lION
••••• RESPONS£ SPeC"!'RtlMCALCULATIONSUMl'.ARY

CUMUI.ATIVE
MCD£ FREQUENCY SV PARTIC.FACTOR Moo£ CO£F. H.C. RATIO £FF£CTlVE MASS Hl\SS FRACTION

1 0.6529 75.6963 0.1603£-01 0.7210£-01 0.004761 0.257000£-03 0.110578£-04
~2 .0.8519 98.7635 -4.393 -15.14 1.000000- 19.3024 0.830521

*3 0.9628 111.6175 0.4300£-01 0.1312 0.008660 0.184887£-02 0.830600

~ 4 1.094 126.8179 -0.2483 -0.6666 0.044016 0.616569£-01 0.833253
5 1.310 151.8601 0.2212£-01 0.4959£-01 0.003274 0.489167£-03 0.833274
6 1.419 164.5334 -0.3026£-01 -0.6262£-01 0.004134 0.915620£-03 0.833314

'!/l" 7 2.311 241.5000 0.1199 0.1373 0.009066 0.143767£-01 0.833932

'.>4- 8 2.464 241. 5000 -1. 734 -1. 747 0.115375 3.00820 0.963364
9 2.636 241.5000 -0.8543£-01 -0.7523£-01 0.004968 0.729759£-02 0.963678

*' 10
2.828 241.5000 0.2056 0.1573 0.010386 0.422654£-01 0.965497

'll.11 2.919 241.5000 0.1326 0.9524£-01 0.006288 0.175899£-01 0.966253

-jI! 12 3.070 241.5000 -0.4720 -0.3064 0.020231 0.222808 0.975840
13 3.566 241.5000 0.6690£-01 0.3219£-01 0.002126 0.447607£-02 0.976033
14 3.661 241.5000 0.2424£-01 0.1106£-01 0.000731 0.587500£-03 0.976058
15 3.740 241.5000 0.9743£-01 0.4260£-01 0.002813 0.949222£-02 0.976466
16 3.779 241. 5000 -0.1393 -0.5967£-01 0.003940 0.194015£-01 0.977301

-'iC 17 3.892 241.5000 0.4693 0.1896 0.012517 0.220282 0.986779
18 4.000 241.5000 0.4878£-01 0.1865£-01 0.001232 0.237942£-02 0.986881
19 4.243 241.5000 0.9698£-02 0.3295£-02 0.000218 0.940584£-04 0.986885
20 4.328 241.5000 0.1286£-01 0.4200£-02 0.000277 0.165384£-03 0.986893
21 4.888 241:5000 -0.2850£-01 -0.7297£-02 0.000482 0.812299£-03 0.986928

22 5.130 241.5000 0.1087 0.2527£-01 0.001669 0.118177£-01 0.987436

23 5.211 241.5000 -0.1673 -0.3770£-01 0.002490 0.280042£-01 0.988641
24 5.292 241. 5000 -0.1613 -0.3523£-01 0.002326 0.260042£-01 0.989760
25 5.341 241.5000 -0.3061 -0.6564£-01 0.004334 0.936704£-01 0.993790
26 5.364 241.5000 0.3012 0.6404£-01 0.004229 0.907169£-01 0.997693
27 5.630 241.5000 0.9810£-02 0.1893£-02 0.000125 0.962422£-04 0.997697
28 6.058 241.5000 0.1866£-01 0.3111£-02 0.000205 0.348300£-03 0.997712

(- 29 6.337 241.5000 -0.1662£-01 -0.2532£-02 0.000167 0.276198£-03 0.997724
30 6.408 241.5000 0.3273£-01 0.4876£-02 0.000322 0.107100£-02 0.997770
31 6.539 241.5000 0.3106£-01 0.4444£-02 0.000293 0.964836£-03 0.997812
32 6.575 241.5000 0.4247£-01 0.6009£-02 0.000397 0.180391£-02 0.997890
33 6.915 241.5000 -0.1156 -0.1479£-01 0.000977 0.133610£-01 0.998464
34 7.149 241.5000 -0.5332£-02 -0. 6382£-03 0.000042 0.284262£-04 0.998466
35 7.368 241.5000 -0.3461£-01 -0.3900£-02 0.000258 0.119815£-02 0.998517
36 7.417 241.5000 -0.7532£-02 -0.8376£-03 0.000055 0.567371£-04 0.998520
37 7.549 241.5000 -0.3687£-01 -0.3958£-02 0.000261 0.135960£-02 0.998578
38 7.594 241.5000 0.5050£-01 0.5357£-02 0.000354 0.255015£-02 0.998688
39 7.812 241.5000 -0.3597£-01 -0.3605£-02 0.000238 0.129373£-02 0.998743
40 7.970 241.5000 -0.2154£-01 -0.2074£-02 0.000137 0.463921£-03 0.998763

41 8.385 230.4176 -0.1123 -0.9321£-02 0.000615 0.126067£-01 0.999306
42 8.795 219.6696 0.2268£-01 0.1631£-02 0.000108 0.514195£-03 0.999328
43 8.842 218.4959 0.1760£-01 0.1246£-02 . 0.000082 0.309871£-03 0.999341
44 9.067 213.0773 0.5949£-01 0.3905£-02 0.000258 0.353883£-02 0.999494
45 9.121 211.8265 -0.1049 -0.6769£-02 0.000447 0.110122£-01 0.999967
46 9.343 206.7824 -0.2529£-01 . -0.1518£-02 0.000100 0.639766£-03 0.999995
47 10.15 190.3657 0.1509£-02 0.7064£-04 0.000005 0.227657£-05 0.999995
48 10.41 185.5863 -0.5293£-02 -0.2296£-03 0.000015 0.280127£-04 0.999996
49 11.40 169.4830 0.9346£-02 0.3088£-03 0.000020 0.873417£-04 1.000000
50 18.51 104.3832 -0.6557£-03 -0.5061£-05 0.000000 0.429954£-06 1.00000

SUMOF EFFECTIVE MASSES- 23.2416

SIGNIFICANC£ FACTORFOR EXPAND£DHOD£S - 0.10000£-02

(



y D/ J'.2.~TloA.}
eZ2.

* •••• R£SPONSr; SP~CTRUM CALCULATION SUMMARY *.*.*. CUMULATIVe:
MOCI: FRI:QUENCY fN PAA!IC.FAC'l'OR Mool: COI:F. M.C. RATIO EFFEC7IVE MASS MASS FRAC7ICN

LoC..Q~ 1 0.6529 75.6870 1.959 8.810 0.794831- 3.83822 0.174987
(- -1\<2 0.8519 98.7505 0.3456E-Ol 0.1191 0.010748 0.119462E-02 0.175042

>j(. 3 o •9628 111.6024 3.634 11.08 1.000000 13.2088 0.777240
:L 4 1.094 126.8002 0.4055 1.088 0.098199 0.164423 0.784736

1-4 ~-t:.:. 5 1.310 151.8381 -0.5313 -1.191 0.107446 0.282256 0.797605
k>t:.u.e "'" 6 1.419 164.5092 -0.9083 -1.879 0.169552 0.825050 0.835219

7 2.311 241.5000 -0.1957E:-02 -0.2241E-02 0.000202 0.383008E-05 0.835219
"II< 8 2.464 241.5000 0.1032 0.1039 0.009378 0.106462£-01 0.835705
4J,. 9 2.636 241.5000 1.754 1.545 0.139387 3.07752 0.976011

10 2.828 241.5000 o .1297E-Ol 0.99251:-02 0.000895 0.1682751:-03 0.976019
11 2.919 241.5000 0.1373E-Ol 0.9863E-02 0.000890 0.188644E-03 0.976027
12 3.070 241.5000 0.6440E-Ol 0.4180E-Ol 0.003771 0.414731E-02 0.976216

~13 3.566 241.5000 0.5202 0.2503 0.022582 0.270567 0.988552
14 3.661 241.5000 0.39151:-01 0.1787E-01 0.001612 0.153265E-02 0.988622
15 3.740 241.5000 -0.6170E-02 -0.2698E-02 0.000243 0.380744E-04 0.988623
16 3.779 241.5000 0.11551:-01 0.4946E-02 0.000446 0.133297E-03 0.988629
17 3.892 241.5000 -0.2855E-02 -0.1153E-02 0.000104 0.814880E-05 0.988630
18 4.000 241.5000 0.1696E-Ol 0.6486E-02 0.000585 0.287745E-03 0.988643
19 4.243 241.5000 o .2210E-02 0.7508E-03 0.000068 0.488338E-05 0.988643
20 4.328 241.5000 0.9121E-02 0.2979~-02 0.000269 0.831855£-04 0.988647
21 4.888 241.5000 -0.3677~-01 -0. 9414E-02 0;000849 0.135187E-02 0.988709
22 5.130 241.5000 0.4205E-Ol 0.9775E-02 0.000882 0.176837E-02 0.988789
23 5.211 241.5000 0.1156 0.2604E-Ol 0.002350 0.133615E-Ol 0.989398

-¥-24 5.292 241.5000 0.3503 0.7652E-Ol 0.006903 0.122696 0.994992
25 5.341 241.5000 -0.3360E-Ol -0. 7206E-02 0.000650 0.112902E-02 0.995044

~26 5.364 241.5000 -0.2616 -0.5562E-01 0.005018 0.684274~-01 0.998163
27 5.630 241.5000 0.2988E-Ol 0.5766E-02 0.000520 0.892729E-03 0.998204
28 6.058 241.5000 -0.5993E-03 -0.9990~-04 0.000009 0.359131E-06 0.998204
29 6.337 241.5000 0.1133E-Ol 0.1727E-02 0.000156 0.128477~-03 0.998210
30 6.408 241.5000 0.5844E-01 0.8706E-02 0.000785 0.341486~-02 0.998366
31 6.539 241.5000 -0.1041 -0.1489E-Ol 0.001343 0.108319~-01 0.998859
32 6.575 241.5000 0.1178 0.1667E-01 0.001504 0.138787E-Ol 0.999492
33 6.915 241.5000 0.1672E-01 0.2139E-02 0.000193 0.279581E-03 0.999505
34 7.149 241.5000 -0.8309E-03 -0.9946E-04 0.000009 0.690402E-06 0.999505
35 7.368 241.5000 -0.9567E-02 -0.1078E-02 0.000097 0.915267E-04 0.999509
36 7.417 241.5000 0.5651E-02 0.6283~-03 0.000057 0.319322£-04 0.999511
37 7.549 241,5000 -0.1677E-Ol -0. 1800E-02 0.000162 0.281130E-03 0.999523
38 7.594 241.5000 0.3682E-Ol 0.3905E-02 0.000352 0.135551£-02 0.999585
39 7.812 241.5000 0.1180E-Ol 0.1183E-02 0.000107 0.139191E-03 0.999592
40 7.970 241.5000 -0.3056E-Ol -0.2944E-02 0.000266 0.934136E-03 0.999634
41 8.385 230.4176 0.2476E-Ol 0.2056E-02 0.000185 0.613048E-03 0.999662
42 8.795 219.6696 -0.6949E-Ol -0. 4998E-02 0.000451 0.482843E-02 0.999882
43 8.842 218.4959 0.4607E-Ol 0.3261E-02 0.000294 O.212228 ~-02 0.999979
44 9.067 213.0773 0.6925E-02 0.4546~-03 0.000041 0.479502E-04 0.999981
45 9.121 211.8265 0.7731E-02 0.4986~-03 0.000045 0.597610~-04 0.999984

(
46 9.343 206.7824 0.9839E-02 0.5904E-03 0.000053 0.968143E-04 0.999988
47 10.15 190.3657 -0.1255E-01 -0.5877E-03 0.000053 0.157608E-03 0.999995
48 10.41 185.5863 -0.9714E-02 -0. 4214E-03 0.000038 0.943575E-04 1.000000
49 11.40 169.4830 -0.2046E-02 -0.6760~-04 0.000006 0.418674E-05 1.000000
50 18.51 104.3832 0.1027E-02 0.7928E-05 0.000001 0.105518E-05 1.000000

SUM OF eFFECT~ MASSES- 21.9343

SICNIfICANCE FACTOR FOR EXPANDED MODES - 0.50000E-02

(



••••• EIG~NVALU~ (NATURAL FREQUENCY) SOLUTION •••••
MOD~ FREQUENCY (CYCLES/rIME)

B23

(

I··~

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25 .
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

0.652932036
0.851526745
0.961897827
1.09217055
1.30964891
1.41836797
2.31052776
2.44233749
2.64312393
2.780460'09
2.90098300
3.03627655
3.14213254
3.55583799
3.74270939
3.77356567
3.87652050
3.95188435
4.15873659
4.24191554
4.32495742
4.53974296
4.75847048
4.90198444
5.18172791
5.24934020
5.29413788
5.31813386
5.59328078
5.90033168
6.02424201
6.19571140
6.33620203
6.35691809
6.46096212
6.62000778
6.70517192
6.79816753
7.00244819
7.14840621
7.43394773
7.54818728
7.63590044
7.70193101
7.81895022
7.94421517
8.00988837
8.05224524
8.20254190
8.32542424
8.45458449
8.58988581
8.65516460
8.95440075
9.00124017
9.12098630
9.26117112
9.37730358
9.47023395
9.52707975
9.53373906
9.68674359
10.0082461
10.2805214
10.4149832
10.6806906
10.8037913
11.5167697
11.7991100
11.9160433
12.1130400
12.2737333
12.3849615
12.7883975
12.8731904
12.9884375
13.6439470
13.8405321
13.9695230
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.2872452

'S-n2..~ ~1"~
LEVEL
rt-to ~A--L
-A-fJA-ej SI~

,S() rt-1 (.) o f::= ) rJ C:LU tJ IIJ ~

ALL Lu 'rf..1,o E'(.) ~ fK; ~ E:~
IN I~ I, '1::)/ r~t:.c.ncJf\/



96 14.7181045 1:>24-
97 14.9414264
98 15.5916008
99 lS .8712217

100 16.1161942
101 16.4469908

(
102 16.9342406
103 17 .5377890
104 17.7415741
105 17.9486172
106 18.6131603
107 19.4563156
108 19.5482503
109 19.8206846
110 20.1291397
111 21.0093484
112 22.1226243
113 22.8236122
114 22.9474834
115 23.3276828
116 23.5574623
117 24.5353608
118 25.3233323
119 25.5048504
120 27.1164243
121 28.2437265
122 28.6788226
123 29.4447810
124 29.6786271
125 29.7309034
126 35.3882238
127 36.4053270
128 40.4601031
129 40.9169799
130 42.3771444
131 44.0961355
132 47.7937840
133 49.5606416
134 50.4534183
135 52.5687857
136 56.0222743
137 57.1773958
138 61.0461970
139 61.8764033
140 66.4197868
141 69.6181986
142 71. 8560647
143 79.7129164
144 80.4698539
145 81.5519068

r: 146 87.1929493
147 97.5893213
148 118.307375
149 148.532093
150 166.040141

REDUCED MASS DIS'l'RIBU'I'ION

ROW NODE: OIR VAWE:

1 402 OZ 0.15810£-01
2 7 OZ 0.32458
3 66 OZ 0.19989
4 51 OZ 0.58153£-01
5 316 OZ 0.25443
6 149 OZ -0.79117£-01
7 420 t1Z 0.61925£-01
8 745 OZ 0.38972£-01
9 752 OZ 0.48430£-01

10 68 OZ 0.39863
11 957 OX 1.0900
12 45 OZ 0.43815£-02
13 58 OZ 0.34687£-01
14 80 OZ 0.17703
15 338 I1Z 0.24144
16 125 OZ 0.11728
17 65 OZ 0.51102
18 198 t1Z 0.91118£-01
19 599 OX 0.6964lE:-01
20 178 OZ 0.92174£-02
21 152 OZ 0.27292
22 493 OX 0.11995
23 130 UZ -0.17807
24 49 OZ 0.65015£-01
25 174 OZ 1.3945
26 132 UZ -0.11263
27 2802 UZ 0.84733£-01
28 59 OZ 0.14043
29 2005 OX 0.52433
30 84 OZ -0.16714
31 2 UY 0.92321
32 2005 UY 0.64888
33 458 OX 1.4489
34 14 UZ -0.60387
35 489 OX 0.58279£-01
36 194 t1Z 0.17816
37 583 OX 0.12063



38 213 UZ 0.13885 BZ5"39 15 UZ 0.30048E:-Ol
40 212 UZ 0.12785
41 183 UZ -0.22415
42 2864 UZ 0.84733E:-Ol
43 453 UZ 0.66422
44 1027 me 1.4591
45 937 UZ 0.68314E:-Ol
46 13 UZ 0.11454
47 2799 UZ 0.84733£-01
48 78 UZ 0.62259E:-Ol
49 2795 UZ 0.84733£-01
50 6 UZ 0.32251
51 63 UZ 0.923511:-02
52 68 UY 4.1309
53 449 UZ 0.73894
54 392 UZ 0.482721:-01
55 922 UZ 0.41220E:-Ol
56 2796 UZ 0.84733£-01
57 180 UZ 0.334141:-01
58 2840 UZ 0.84733£-01
59 425 UZ 0.10134
60 1070 UY 1.7420
61 98 UZ 0.13203
62 25 UZ 0.636461:-01
63 2791 UZ 0.84733£-01
64 200 UZ 0.33644
65 426 UZ 0.10422
66 30 UZ -0.37717£-03
67 222 me 5.6806
68 394 UZ 0.38927E:-Ol
69 176 UZ 0.16921£-01
70 448 UY 0.64820
71 2800 UZ 0.847331:-01
72 2792 UZ 0.847331:-01
73 151 UZ 0.22409
74 372 UZ 0.54289£-01
75 196 UZ 0.34839
76 126 UZ 0.38714
77 960 UZ 0.45676£-01
7B 61 UZ -0.72526£-01
79 47 UZ 0.858181:-0)-
80 825 UZ 0.14468
81 154 UZ -0.22740
82 448 me 0.53939
83 5 UZ 0.548891:-01
84 2839 UZ 0.84733£-01
85 75 UZ 0.49939
86 919 me 0.99365
87 825 UY 0.25410
88 211 UZ 0.10654

( 89 485 me 0.12844
90 310 UZ 0.83153£-01
91 11 UY 0.32360£-01
92 150 UZ -0.37542£-01
93 28 UZ 0.97426£-01
94 46 UZ 0.30772£-01
95 162 UZ 0.57016£-01
96 70 UZ -0.19573
97 48 UZ -0.18582£-01
98 193 OZ -0.26352£-01
99 2798 OZ 0.84733£-01

100 501 me 0.11257
101 34 UZ 0.62111£-01
102 463 OZ 0.61040
103 2868 UZ 0.84733£-01
104 2 OZ 0.95036
105 460 me 0.72520
106 460 UY 0.93399
107 452 me 1.0139
108 452 UY 1.0029
109 457 UZ 0.32910
110 462 OY 0.90498
111 2001 me 0.51206
112 940 UY 1.1291
113 822 UZ 0.19689
114 175 OZ 0.63604£-02
115 466 me 0.84033
116 466 UY 1.1608
117 201 UZ 0.11934
118 822 UY 0.25526
119 50 OZ 0.57902£-01
120 336 UZ 0.15449£-01
121 24 UZ 0.28074£-01
122 2797 CZ 0.84733£-01
123 173 UZ 0.90592
124 4 uZ 1.4152
125 498 me 0.12580
126 179 uZ 0.51605£-01
127 108 UZ 0.10120
128 52 uZ 0.39764£-01
129 2860 UZ 0.84733£-01
130 177 UZ 0.33891£-01
131 12 UY 6.5237

(' 132 11 uZ 0.13566
133 9 UZ 0.54066£-01
134 67 UZ 0.29978
135 315 UZ 0.15312
136 206 uZ 0.47192
137 210 UZ 0.32079£-01



138 22 UZ 0.27091
139 20 UZ 0.44945 '"62~140 1 UZ 0.88449
141 78 UX 6.0112
142 1021 UY 1.9728
143 1021 OX 1.6301
144 2801 UZ 0.847331:-01

( 145 19 UZ 0.29366
146 16 UZ -0.31223
147 12 UZ 0.88722
148 23 UZ 0.181771:-01
149 60 UZ 0.74692E-01
150 72 UZ 0.27952

*SI ~PIF( cA.-r-JT r11o-oES
MASS (X, Y, Z l - 23.20 22.26 18.29

••**** RESPONSI: SPI:CTRtlM CALCULATION SUMMARY •.•**** ~ 1) I ~t:c.TJ ot-!
CUMULATIVE

MODI: FREQUENCY SV PARTIC.FACTOR MOOI: COI:F. s.c. RATIO I:FFI:CTIVE MASS MASS FRACTION

1 0.6529 37.8544 -0.21101:-02 -0.47451:-02 0.011302 0.445157E-05 0.2426521:-06
2 0.8515 49.3668 0.1632E-Ol 0.2815E-01 0.067040 0.2664051:-03 0.1476421:-04
3 0.9619 55.7648 -0.17841:-01 -0.2723E-Ol 0.064853 0.3181281:-03 0.3210511:-04

~4 1.092 63.3164 0.29461:-01 0.3962E-Ol ..0.094355 0.8681741:-03 0.7942861:-04
5 1.310 75.9229 0.74291:-02 0.83291:-02 0.019838 0.5518321:-04 0.8243661:-04
6 1.418 82.2249 0.8425E-02 0.8723E-02 0.020775 0.709872E-04 0.8630601:-04

~~
2.311 120.7500 -0.6659 -0.3815 0.908703 0.443467 0.2425941:-01
2.442 120.7500 0.8162E-01 0.4185E-Ol 0.099681 0.6662261:-02 0.2462251:-01

9 2.643 120.7500 -0.38371:-01 -0.16801:-01 0.040007 0.1472021:-02 0.2470281:-01
10 2.780 120.7500 -0.25111:-01 -0.99351:-02 0.023663 0.6306111:-03 0.247371E-Ol
11 2.901 120.7500 0.58151:-01 0.21131:-01 0.050331 0.338088E-02 0.2492141:-01
12 3.036 120.7500 0.73931:-01 0.24531:-01 0.058421 0.5466121:-02 0.2521941:-01
13 3.142 120.7500 -0.14081:-01 -0.43611:-02 0.010387 0.198183E-03 0.2523021::-01

~14 3.556 120.7500 0.1541 0.37281:-01 0.088800 0.2375551:-01 0.265251::-01
15 3.743 120.7500 0.1116 0.24371:-01 0.058049 0.124596£-01 0.2720421::-01
16 3.774 120.7500 0.1211 0.2601E-Ol 0.061938 0.1465851:-01 0.2800331:-01
17 3.877 120.7500 0.1000 0.2036£-01 0.048495 0.100076E-01 0.2854881:-01

.:/ool, 18 3.952 120.7500 2.144 0.4199 .- 1.000000 4.59610 0.279079
X-19 4.159 120.7500 -2.160 -0.3820 0.909908 4.66674 0.533459

20 4.242 120.7500 -0.1483 -0.25221:-01 0.060056 0.2200591:-01 0.534659
""* 21 4.325 120:7500 0.2253 0.3683E-Ol 0.087729 0.5074441:-01 0.537425
.::t. 22 4.540 120.7500 2.119 0.3145 0.748933 4.48935 0.782136

23 4.758 120.7500 0.1319 0.1781E-01 0.042430 0.1739351:-01 0.783084
~ 24 4.902 120.7500 -0.9441 -0.1202 0.286199 0.891246 0.831665

25 5.182 120.7500 -0.2135 -0.2432E-Ol 0.057912 0.455625E-01 0.834148
~ 26 5.249 120.7500 0.3820 0.42401:-01 0.100979 0.145899 0.842101

27 5.294 120.7500 -0.1049 -0.11451:-01 0.027265 0.1100451:-01 0.842701
~28 5.318 120.7500 -0.7298 -0.78921:-01 0.187965 0.532554 0.871730

(- 29 5.593 120.7500 0.1375 0.1344E-01 0.032008 0.188956E-01 0.872760
-\lII-'"30 5.900 120.7500 -0.4158 -0.3653E-01 0.086997 0.172856 0.882182

31 6.024 120.7500 -0.1592 -0.1342E-01 0.031958 0.2534751:-01 0.883564
32 6.196 120.7500 0.1452 0.11571:-01 0.027552 0.2107881:-01 0.884713
33 6.336 120.7500 -0.29171:-01 -0.2222E-02 0.005293 0.850861l:-03 0.884759
34 6.357 120.7500 -0.5311E-01 -0.40201:-02 0.009575 0.2820991:-02 0.884913
35 6.461 120.7500 -0.9213E-01 -0. 6751E-02 0.016078 0.848841E-02 0.885376
36 6.620 120.7500 0.9880E-01 0.6895E-02 0.016423 0.97613lE-02 0.885908
37 6.705 120.7500 -0.8106E-02 -0.5515E-03 ·0.001313 0.657146£-04 0.885912
38 6.798 120.7500 -0.2101 -0.1390E-01 0.033111 0.4412401:-01 0.888317
39 7.002 120.7500 -0.2185 -0.1363E-01 0.032465 0.4775351:-01 0.890920
40 7.148 120.7500 0.1660E-01 0.9938E-03 0.002367 0.2756711:-03 0.890935
41 7.434 120.7500 -0.4172 -0.2309E-01 0.055001 0.174097 0.900425
42 7.548 120.7500 -0.7224E-02 -0.3878E-03 0.000924 0.5218301:-04 0.900428
43 7.636 120.7500 0.9045E-02 0.4745E-03 0.001130 0.818068E-04 0.900432
44 7.702 120.7500 -0.2742E-03 -0. 1414E-04 0.000034 0.751790£-07 0.900432
45 7.819 120.7500 0.1211 0.60561:-02 0.014424 0.146534£-01 0.901231
46 7.944 120.7500 0.1462 0.7085E-02 0.016875 0.2137271:-01 0.902396
47 8.010 120.6009 0.2142E-01 0.1020E-02 0.002429 0.458799£-03 0.902421
48 8.052 119.9665 0.3338 0.1564E-01 0.037259 0.111416 0.908494
49 8.203 117.7684 0.1361 0.6034£-02 0.014371 0.185196£-01 0.909503
SO 8.325 116.0301 0.6627£-01 0.2810£-02 0.006693 0.4391651:-02 0.909743
51 8.455 114.2575 0.2310 0.9352£-02 0.022273 0.533462£-01 0.912651
52 8.590 112.4578 0.1148 0.4432£-02 0.010556 0.131791£-01 0.913369
53 8.655 111.6097 -0.79591:-02 -0.3004£-03 0.000715 0.6334151:-04 0.913373
54 8.954 107.8799 -0.3467£-01 -0.1182£-02 0.002814 0.120193E-02 0.913438
55 9.001 107.3185 -0.1856£-01 -0.6229£-03 0.001484 0.344657E-03 0.913457
56 9.121 105.9096 0.7089£-01 0.2286£-02 0.005444 0.502516E-02 0.913731
57 9.261 104.3065 0.1247 0.38401:-02 0.009146 0.1553921:-01 0.914578
58 9.377 103.0147 0.1683 0.4994£-02 0.011894 0.283237£-01 0.916122
59 9.470 102.0038 -0.7422£-01 -0.2138£-02 0.005093 0.550850E-02 0.916422
60 9.527 101.3952 0.41451:-02 0.1173£-03 0.000279 O.17177lE-o4 0.916423
61 9.534 101.3244 -0.67791:-01 -0.1914£-02 0.004559 0.459596£-02 0.916673
62 9.687 99.7239 0.2410 0.6489£-02 0.015455 0.581005£-01 0.919840
63 10.01 96.5204 0.6397£-01 0.1561£-02 0.003719 0.409161£-02 0.920063
64 10.28 93.9641 -0.5586£-01 -0.1258£-02 0.002996 0.312014£-02 0.920234
65 10.41 92.7510 0.1338E-01 0.28981:-03 0.000690 0.179018E-03 0.920243
66 10.68 90.4436 -0.67891:-01 -0.1364£-02 0.003247 0.460970£-02 0.920495
67 10.80 89.4131 0.2142£-01 0.4156£-03 0.000990 0.4587981:-03 0.920520
68 1l.52 83.8777 0.1006 0.1611£-02 0.003838 0.101179£-01 0.921071
69 11.80 81.8706 0.7399£-03 0.1102£-04 0.000026 0.547518£-06 0.921071
70 1l.92 81.0672 -0.1090 -0.1576£-02 0.003753 0.118719£-01 0.921718
71 12.11 79.7488 -0.7314£-02 -0.1007£-03 0.000240 0.534883£-04 0.921721
72 12.27 78.7047 0.9844£-01 0.1303£-02 0.003103 0.969115£-02 0.922249

( 73 12.38 77.9978 0.3038£-01 0.3914£-03 0.000932 0.923153£-03 0.922300
74 12.79 75.5372 -0.3228£-01 -0.3777£-03 0.000900 0.104227£-02 0.922357
75 12.87 75.0397 0.3552£-01 0.4075£-03 0.000970 0.126198£-02 0.922425
76 12.99 74.3738 -0.7230£-01 -0.8073£-03 0.001923 0.522665£-02 0.922710
77 13.64 70.8006 -0.2658£-01 -0.2561£-03 0.000610 0.706601£-03 0.922749
78 13.84 69.7950 0.1379 0.1273£-02 0.003032 0.190268&-01 0.923786



79 13.97 69.1505 0.12801:-01 0.11491:-03 0.000274 0.1637481:-03 0.923795 B2.780 14.07 68.6777 -0.3024 -0.26591:-02 0.006333 0.9145941:-01 0.928780
81 14.07 68.6777 0.72281:-01 0.6355E-03 0.001514 0.522385E-02 0.929065
82 14.07 68.6777 -0.21921:-01 -0.1927E-03 0.000459 0.4805121:-03 0.929091
83 14.07 68.6777 0.6063 0.5332E-02 0.012698 0.367652 0.949132
84 14.07 68.6777 0.2913 0.2561E-02 0.006100 0.848348E-01 0.953756
85 14.07 68.6777 -0.2519 -0.2215E-02 0.005275 0.634359E-Ol 0.957214

( , 86 14.07 68.6777 o .4620E-Ol 0.4062E-03 0.000968 0.213457E-02 0.957330
87 14.07 68.6777 0.4654 0.4092E-02 0.009746 0.216561 0.969135
88 14.07 68.6777 0.2494 0.2193E-02 0.005223 0.621979E-Ol 0.972525
89 14.07 68.6777 -0.2040 -0. 1794E-02 0.004272 0.416082E-01 0.974793
90 14.07 68.6777 -0.1124 -0.98841:-03 0.002354 0.1263501:-01 0.975482
91 14.07 68.6777 -0.4474 -0.3934E-02 0.009370 0.200179 0.986393
92 14.07 68.6777 0.43531:-01 0.3828E-03 0.000912 0.1894841:-02 0.986497
93 14.07 68.6777 -0.3014 -0.26501:-02 0.006312 0.908300E-Ol 0.991448
94 14.07 68.6777 0.1726 0.1517E-02 0.003614 0.297801E-01 0.993071
95 14.29 67.6128 0.2677E-01 0.22461:-03 0.000535 0.716852E-03 0.993110
96 14.72 65.6335 0.8408E-01 0.64531:-03 0.001537 0.7070151:-02 0.993496
97 14.94 64.6525 0.5247E-Ol 0.38491:-03 0.000917 0.275318E-02 0.993646
98 15.59 61.9564 0.4166E-01 0.26901:-03 0.000641 0.1735941:-02 0.993740
99 15.87 60.8649 -0.88531:-01 -0.54181:-03 0.001291 0.7837501:-02 0.994167

100 16.12 59.9397 -0.1243 -0.72681:-03 0.001731 0.1546051:-01 0.995010
101 16.45 58.7341 0.73451:-02 0.40401:-04 0.000096 0.5394591:-04 0.995013
102 16.93 57.0442 -0.22661:-01 -0.11421:-03 0.000272 0.5132831:-03 0.995041
103 17.54 55.0811 0.26231:-01 0.11901:-03 0.000283 0.6878571:-03 0.995079
104 17.74 54.4484 -0.1771 -0. 7760E-03 0.001848 0.313641E-01 0.996788
105 17.95 53.8203 0.9343E-01 0.39541:-03 0.000942 0.8728481:-02 0.997264
106 18.61 51.8988 0.2745E-Ol 0.1042E-03 0.000248 0.753619E-03 0.997305
107 19.46 49.6497 0.1734E-01 0.5762E-04 0.000137 0.300776E-03 0.997321
108 19.55 49.4162 -0.1488E-Ol -0.4875E-04 0.000116 0.221465E-03 0.997334
109 19.82 48.7370 0.4586E-01 0.1441E-03 .0.000343 0.210325E-02 .0.997448
110 20.13 48.3000 0.3896E-02 0.1176E-04 0.000028 0.151771E-04 0.997449
111 21..01 48.3000 -0.76251:-01 -0. 2113E-03 0.000503 0.581349E-02 0.997766
112 22.12 48.3000 -0.1888E-02 I -0.47191:-05 0.000011 0.356385E-05 0.997766
113 22.82 48.3000 -0.1561 -0.3666E-03 0.000873 0.243615E-01 0.999094
114 22.95 48.3000 0.8126E-01 0.18881:-03 0.000450 0.660249E-02 0.999454
115 23.33 48.3000 0.37901:-01 0.8520E-04 0.000203 0.143612E-02 0.999532
116 23.56 48.3000 -0.1477E-04 -0.3256E-07 0.000000 0.2181781:-09 0.999532
117 24.54 48.3000 0.5309E-Ol o .1079E-03 0.000257 0.281821E-02 0.999686
118 25.32 48.3000 -0.8095E-02 -0.1544E-04 0.000037 0.655358E-04 0.999689
119 25.50 48.JOOO -0.2605E-01 -0. 4900E-04 0.000117 0.6788581:-03 0.999726
120 27.12 48.3000 -0.4065E-01 -0. 6763E-04 0.000161 0.165210E-02 0.999816
121 28.24 48.3000 -0.2026E-01 -0.3107E-04 0.000074 0.4105101:-03 0.999839
122 28.68 48.3000 0.1435E-Ol 0.2134E-04 0.000051 .0.205893E-03 0.999850
123 29.44 48.3000 0.1900E-01 0.2681E-04 0.000064 0.360825E-03 0.999870
124 29.68 48.3000 -0.4679E-02 -0.64991:-05 0.000015 0.2189291:-04 0.999871
125 29.73 48.3000 0.168U-ol 0.2326E-04 0.000055 0.282516E-03 0.999886
126 35.39 48.3000 -0.27761:-01 -0. 2712E-04 0.000065 0.770361E-03 0.999928
127 36.41 48.3000 -0.2970E-01 -0. 2741E-04 0.000065 0.881949E-03 0.999976
128 40.46 48.3000 0.90281:-02 0.6747E-05 0.000016 0.815084E-04 0.999981

r 129 40.92 48.3000 0.2053E-02 0.1500E-05 0.000004 0.4213351:-05 0.999981
130 42.38 48.3000 -0.89501:-03 -0.6097E-06 0.000001 0.800945E-06 0.999981
131 44.10 48.3000 0.15751:-01 0.99091:-05 0.000024 0.248009E-03 0.999995
132 47.79 48.3000 0.54211:-02 0.2903E-05 0.000007 0.293868E-04 0.999996
133 49.56 48.3000 0.60951:-02 0.30361:-05 0.000007 0.371487E-04 0.999998
134 50.45 48.3000 -0.23961:-02 -0.11521:-05 0.000003 0.574206E-05 0.999999
135 52.57 48.3000 0.23971:-04 0.1061E-07 0.000000 0.5744151:-09 0.999999
136 56.02 48.3000 -0.55791:-03 -0.2175E-06 0.000001 0.3112351:-06 0.999999
137 57.18 48.3000 0.1105E-03 0.4134E-07 0.000000 0.122012E-07 0.999999
138 61.05 48.3000 -0.1300E-02 -0.42691:-06 0.000001 0.1691131:-05 0.999999
139 61..88 48.3000 0.68781:-03 0.21981:-06 0.000001 0.4730921:-06 0.999999
140 66.42 48.3000 -0.2495E-02 -0.69201:-06 0.000002 0.622585E-05 0.999999
141 69.62 48.3000 -0.37341:-02 -0.9425E-06 0.000002 0.1394141:-04 1.000000
142 71.86 48.3000 0.1453E-02 0.34421:-06 0.000001 0.2109971:-05 1.000000
143 79.71 48.3000 -0.5780E-03 -0.1113E-06 0.000000 0.334040E-06 1.000000
144 80.47 48.3000 0.5504E-03 0.1040E-06 0.000000 0.302888E-06 1.000000
145 81.55 48.3000 o .4283E-03 0.78791:-07 0.000000 0.183426E-06 1.000000
146 87.19 48.3000 -0.1088E-03 -0. 1750E-07 0.000000 0.118277E-07 1.000000
147 97.59 48.3000 0.4655E-04 0.5980E-08 0.000000 0.216655E-08 1.000000
148 118.3 48.3000 -0.6032E-03 -0.5272E-07 0.000000 0.363822E-06 1.000000
149 148.5 48.3000 0.3719E-04 0.2063E-08 0.000000 0.138329E-08 1.000000
150 166.0 48.3000 -0.2771E-04 -0.1230E-08 0.000000 0.767896E-09 1.000000

SCM OF EFFECTIVE MASSES- 18.3455

SIGNU'ICANC;; FACTOR FOR EXPANDED MODES - 1.5000

(



•• **.* •• *•• * •••• * •••• DUCTILITY LEVEL MODAL ANALYSIS - X DIRECTION ••••• *.** ••••••••••••••

••••• CENTROID, MASS, AND MASS MOMENTS OF !NERl'!A •••••
CALCULATIONS ASSUME ELEMENT MASS AT ELEMENT CENTROID
TOTAL MASS - 21.719

B28

••• MASS SUMMARY BY ELEMENT TYPE
TYPE MASS

1 0.759371
2 0.414356
3 9.48716
4 1.57384

10 9.48441
Rk~GE OF gL~LNT MAXIML~ STIFFNESS IN GL08AL COORDINATES

CENTROID
XC - 49.036
YC - -6.~ 716
ZC - 149.41

ONLY THE FIRST

MOM. OF INERTIA
ABOUT ORIGIN

IXX - 0.1032E+08
IYY - 0.1137£+08
IZZ - 0.4109£+07
IXY - -0.2216£+06
IYZ - -0.2500£+06
IZX - 0.1495£+06

REAL CONSTANT MASS TERM IS USED

MOM. OF INERl'IA
ABOUT CENTROID

IXX - 0.9830E+07
IYr - 0.1083E+08
IZZ - 0.4058E+07
IX! - -0.2280E+06
IYZ - -0.2700E+06
IZX - 0.3054E+06

FOR THE STIF21 ELEMENTS.

PUc'TI LII'j
LEVE"L

('vto CAL

~-A-L~S\S

X~ Y1 'P, y2..SC.TI oN S

50 MDoF

MAXIMUM- 0.136687£+09 AT ELEMENT 264.
MINIMUM- 0.483000E+03 AT ELEMENT 717.

INTEGER STORAGE REQUI~~NTS FOR E~M~~T FOR~LATION cp- 112.669 TIME- 14.23389
FIXED DATA - 12734 T~.PORARY DATA - 0 TOTAL- 12734
FIXED AVAIL- 1001000 TEMPOaARY AVAIL- 1001000 TOTAL AVAIL- 1001000

••• EL~ STIFFNESS FORMULATION TIMES
TYPE NUMBER STIF TOTAL CP AVE CP

1
2
3
4
5
6
7
8
9

10

232
57

377
65

6
6
6
6
6

105

4
16
59
63
14
14
14
14
14
21

5.917
2.050

12.217
15.117

0.000
0.017
0.017
0.033
0.017
0.150

0.026
0.036
0.032
0.233
0.000
0.003
0.003
0.006
0.003
0.001

TIME AT END OF ELEMENT STIFFNESS FORMULATION CP- 112.702

MAXIMUM IN-CORE WAVE FRONT ALLOWED FOR REQQESTED MEMORY SIZE- 700.
INTEGER STORAGE REQUIREMENTS FOR WAVE FRONT MATRIX SOLUTION cp- 732.515 TIME- 14.41250

FIXED DATA - 12734 TEMPORARY DATA - 453152 TOTAL- 465886
FIXED AVAIL- 1001000 TEMPORARY AVAIL- 1001000 TOTAL AVAIL- 1001000

MAXIMUM !N-cORE WAVE FRONT- 474.

MATRIX SOLUTION TIMES
READ IN ELEMENT STIFFNESSES CP-

NODAL COORD. TRANSFORMATION CP-
MATRIX TRIANCllLARIZATION cs-

11.199

1.098
-27951.791

TIME AT END OF MATRIX TRIANGtlLARlZATION CP-
EQUATION SOLVER MAXIMUM pIVOT- 0.20300E+09 AT NODE
EQUArION SOLVER MINIMUM PIVOT- 31. 688 AT NODE

732.548
525. ROTX
32. O'!

TIME AT STJeRT OF EIGENVALUE EXTRACTION cp- 732.681

NUMBER OF MODES AVAILABLE FROM REDUCED MATRICES- SO.

EIGENVALUE EXTRACTION TIME cs- 3.917
INTEGER STORAGE REQUIREMENTS FOR EIGENVAIDE EXTRACTION CP- 738.398 TIME- 14.41528

FIXED DATA - 12734 TEMPORARY DATA - 12550 TOTAL- 25284
FIXED AVAIL- 1001000 TEMPORARY AVAIL- 1001000 TOTAL AVAIL- 1001000

1 ANSYS - ENGINEERING ANALYSIS S'lSTEM REVISION 4.4 ANACAPA CCHt'UT. MAY 1,1989
ANSYS(R) COpYRIGHT(Cl 1971, 1978, 1982, 1993, 1995, 1997, 1999 SWANSON ANALYSIS SYSTEMS, INC. AS UNPUBLISHED WORK.
PROPRIETARY DATA - UNAUTHORIZED USE, DISTRIBUTION OR DUPLICATION IS PROHIBITED. ALL RIGHTS RESERVED.
FOR SUPPORT CALL RICK BEERS PHONE (80S) 652-0655 TWX

platform qina - X direction response spectrum analysis, ductility level 14.4156 NOV 13,1990 Ct'- 738.581



B zq
••••• EIGENVALUE (NATURALFREQUENCY)SOLUTION •••••

MODE FREQt1ENC'l (C'lCLESI'I'IME)

1 0.642683394
2 0.797627081
3 0.890690540
4 1.08303411
5 1.30707100
6 1.41063211
7 2.30872811
8 2.46402228
9 2.63157701

10 2.82711815
11 2.91835927
12 3.06793477
13 3.56633957
14 3.65180640
15 3.73989928
16 3.77773801
17 3.88607295
18 3.95729816
19 4.24090504
20 4.31900239
21 4.57452938
22 5.11670726
23 5.22908109
24 5.24288522
25 5.33349370
26 5.34888458
27 5.57121897
28 6.04486821
29 6.21720459
30 6.29872113
31 6.48459241
32 6.58371566
33 6.87467749
34 7.14839916
35 7.33908469
36 7.38647889
37 7.48712228
38 7.58515604
39 7.67770584
40 7.86587970
41 8.09380339
42 8.41922954
43 8.77002049
44 8.95784200
45 9.06598160
46 9.33781637
47 10.1133242
48 10.4075605
49 11.3768352
50 18.4852221

*••• " REDUCEDMASS DIS'I'lUBtr:ION *****

ROW NODE DIR VALUE

1 2003 UlC 0.55430
2 201 UZ 0.31216
3 940 t1'l 1.0076
4 485 UlC 0.11301
5 425 UZ 0.99997£-01
6 922 OZ 0.39026£-01
7 2005 O'l 0.57469
8 12 O'l 6.3133
9 960 UZ 0.51139E-Ol

10 501 UlC 0.11668
11 448 UlC 0.49407
12 2001 UlC 0.48958
13 211 UZ 0.22998
14 426 OZ 0.88282E-01
15 460 O'l 0.80624
16 822 O'l 0.25624
17 468 UlC 1.2977
18 583 UlC 0.11377
19 222 UlC 5.6773
20 4 UZ 3.2070
21 448 O'l 0.69123
22 493 UlC 0.11719
23 919 UlC 1.4080
24 2 O'l 0.92523
25 452 UlC 0.90263
26 78 UlC 5.1228
27 2001 O'l 0.65387
28 394 0% 0.35281E-01
29 464 t1'l 1.9001
30 825 t1'l 0.25506
31 466 O'l 1.2410
32 68 t1'l 4.0702
33 11 O'l 0.32567£-01
34 316 UZ 1.3846
35 591 UlC 0.11839
36 599 UlC 0.12475



37 466 UX 0.91683 B3°
38 1027 UX 1.4736
39 2005 UX 0.57777
40 446 UX 1.0848
41 937 OZ 0.68876£-01
42 372 OZ 0.52951£-01
43 80 OZ 0.14449
44 1021 tJY 1.8059
45 392 OZ 0.38657£-01
46 SO OZ 0.12050
47 420 OZ 0.73607£-01
48 1070 OY 1.7664
49 51 OZ 0.15906
50 1021 UX 1.6733
MASS(X,Y,Z) - 23.38 22.30 6.106

***** RESPONS£ SPECTRUM CALCULArION SUMMARY **'**** X D J f2..E. C-T }O Ai
CUMOLJl.TIVE

MODE FREQUENCY SV PARTIe. FACTOR MOOE COEF. M.C. RATIO EFFECTIVE MASS MASS FRACTION

1 0.6427 125.6382 0.1684E-Ol 0.1297 0.004748 0.283512E-03 0.121672E-04

:i 0.7976 155.9278 -4.401 -27.32 1.000000 19.3686 0.831231
0.8907 174.1205 0.5560E-Ol 0.3091 0.011313 0.309084£-02 0;831364

~4 1.083 211.7211 0.2109 0.9642 0.035291 0.444745E-01 0.833272
5 1.307 255.5172 -0.2259E-Ol -0.8558E-Ol 0.003132 0.510345E-03 0.833294

:W~ 1.411 275.7619 0.2923E-Ol 0.1026 0.003756 0.854501E-03 0.833331
2.309 407.2000 -0.1271 -0.2459 0.008999 0.161446E-Ol 0.834024

+8 2.464 407.2000 1.733 2.944 0.107746 3.00270 0.962887
9 2.632 407.2000 0.7267E-Ol 0.1082 0.003962 0.528120E-02 0.963114

->;110 2.827 407.2000 -0.2047 -0.2642 0.009668 0.418996E-01 0.964912
~11 2.918 407.2000 0.1323 0.1603 0.005866 0.17511lE-01 0.965663
*12 3.068 407.2000 0.4544 0.4980 0.018226 0.206485 0.974525

13 3.566 407.2000 0.7423E-Ol 0.6020E-Ol 0.002203 0.551005E-02 0.974761
14 3.652 407.2000 0.2457E-Ol 0.1901E-01 0.000696 0.603923£-03 0.974787
15 3.740 407.2000 0.9146£-01 0.6745E-Ol 0.002469 0.836534£-02 0.975146
16 3.778 407.2000 -0.1513 -0.1094 0.004003 0.228986E-Ol 0.976129

-oH. 7 3.886 407.2000 -0.4769 -0.3257 0.011921 0.227421 0.985889
18 3.957 407.2000 -0. 9669E-ol -0.6368£-01 0.002331 0.934814£-02 0.986290
19 4.241 407.2000 -0.1955E-02 -0.1121£-02 0.000041 0.382223£-05 0.986290
20 4.319 407.2000 -0.2832E-Ol -0.1566E-01 0.000573 0.801891E-03 0.986325
21 4.575 407.2000 0.5108£-01 0.2518E-Ol 0.000921 0.260905E-02 0.986436
22 5.117 407.2000 0.2092 0.8244E-Ol 0.003017 0.437821E-Ol 0.988315
23 5.229 407.2000 -0.1063 -0.4010E-Ol 0.001468 0.113010E-Ol 0.988800
24 5.243 407.2000 0.1930 0.7243E-Ol 0.002651 0.372562E-ol 0.990399
25 5.333 407.2000 0.2738 0.9929E-Ol 0.003634 0.749795E-ol 0.993617
26 5.349 407.2000 -0.3070 -0.1107 0.004050 0.942243E-Ol 0.997661
27 5.571 407.2000 -0.2699£-02 -0.8969£-03 0.000033 0.728407£-05 0.997661
28 6.045 407.2000 -0.2947E-Ol -0.8320£-02 0.000305 0.868677E-03 0.997698
29 6.217 407.2000 -0.3221E-ol -0.8595E-02 0.000315 0.103739E-02 0.997743
30 6.299 407.2000 -0.1242E-Ol -0.3228£-02 0.000118 0.154196£-03 0.997750
31 6.485 407.2000 -0.4592£-01 -0.1126£-01 0.000412 0.210830E-02 0.997840
32 6.584 407.2000 0.4309E-01 0.1025E-Ol 0.000375 0.185644£-02 0.997920
33 6.875 407.2000 -0.1123 -0.2450E-Ol 0.000897 0.126069E-ol 0.998461
34 7.148 407.2000 0.3675£-02 0.7417£-03 0.000027 0.135027E-04 0.998461
35 7.339 407.2000 0.2437£-01 0.4667£-02 0.000171 0.593969£-03 0.998487
36 7.386 407.2000 -0.1421£-01 -0.2687£-02 0.000098 0.202043£-03 0.998495
37 7.487 407.2000 -0.3956E-Ol -0.7279£-02 0.000266 0.156477£-02 0.998563
38 7.585 407.2000 -0.3800E-Ol -0.6812£-02 0.000249 0.144383E-02 0.998625
39 7.678 407.2000 0.2291£-01 0.4010£-02 0.000147 0.525080£-03 0.998647
40 7.866 407.2000 -0.3845£-01 -0.6411£-02 0.000235 0.147876£-02 0.998711
41 6.094 403.3556 -0.3668E-02 -0.5721£-03 0.000021 0.134547£-04 0.998711
42 8.419 390.6233 0.1146 0.1600£-01 0.000586 0.131440£-01 0.999275
43 8.770 377 .8616 0.2959£-01 0.3682£-02 0.000135 0.875337£-03 0.999313
44 6.958 371.4023 0.4679£-01 0.5486£-02 0.000201 0.218965E-02 0.999407
45 9.066 367.7935 -0.1154 -0.1308£-01 0.000479 0.133258£-01 0.999979
46 9.338 359.0575 -0.2002£-01 -0.2088£-02 0.000076 0.400729E-03 0.999996
47 10.11 336.4889 0.3474£-03 0.2895£-04 0.000001 0.120691£-06 0.999996
48 10.41 328.7276 -0.5012£-02 -0.3853£-03 0.000014 0.251239E-04 0.999997
49 11.38 305.7515 0.8406£-02 0.5030£-03 0.000018 0.706566£-04 1.000000
50 16.49 205.9870 -0.2918£-03 -0.4455£-05 0.000000 0.851269£-07 1.000000

SUM OF EFFECTIVE MASS£S- 23.3014

SIGNIFICANCE FACTOR FOR EXPANDED MOD£S - 0.50000£-02
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**- •.•••*.* •• *.* ••-••• DUCTILITY LEVI:L MODAL ANALYSIS - Y DIRECTION ••••••••••••••••••••••••• 83/

•.•••• RESPONSI: SPI:CTRUM CALC:OLATION SUMMARY ...... 'I 'D Ir2.EC-T I01-1 CUMl.7L<'.TIVE
MODI: FREQUE:.'lCY SV PARTIC. FACTOR MODI: COI:F. M.C. RATIO I:FFI:CTIVEMASS MASS FRACTION

4C 1 0.6427 125.6227 2.326 17.92 0.915729 5.40897 0.244477
..,.. 2 0.7976 155.9075 0.50381:-01 0.3127 0.015983 0.2538021:-02 0.244592
.,.; 3 0.8907 174.0973 3.520 19.57 1.000000 12.3895 0.804575
,oL 4 1.083 211. 6917 0.2683 1.226 0.062684 0.7197801:-01 0.807829
~ 5 1.307 255.4803 -0.4269 -1.617 0.082643 0.182233 0.816065

* 6 1.411 275.7215 -0.6934 -2.434 0.124382 0.480797 0.837797
7 2.309 407.2000 -0.12531:-02 -0.24251:-02 0.000124 0.1570481:-05 0.837797

* 8 2.464 407.2000 0.96131:-01 0.1633 0.008347 0.9241021:-02 0.838214
~ 9 2.632 407.2000 1.736 2.585 0.132126 3.01267 0.974382

10 2.827 407.2000 0.11241:-01 0.14501:-01 0.000741 0.1262321:-03 0.974388
11 2.918 407.2000 0.12061:-01 0.146lE-Ol 0.000747 0.1455541:-03 0.974394
12 3.068 407.2000 0.58791:-01 0.64431:-01 0.003293 0.3456701:-02 0.974551

'¥' 13 3.566 407.2000 0.5265 0.4270 0.021823 0.277225 0.987081
14 3.652 407.2000 0.38101:-01 0.29471:-01 0.001506 0.1451981:-02 0.987146
15 3.740 407.2000 -0.66541:-02 -0.49071:-02 0.000251 0.4427941:-04 0.987148
16 3.778 407.2000 0.14961:-01 0.108lE-01 0.000553 0.2238211:-03 0.987159
17 3.886 407.2000 -0.10861:-01 -0.74171:-02 0.000379 0.1179401:-03 0.987164
18 3.957 407.2000 0.18871:-01 0.12431:-01 0.000635 0.3559141:-03 0.987180
19 4.241 407.2000 0.25391:-02 0.14561:-02 0.000074 0.6445831:-05 0.987180
20 4.319 407.2000 0.11681:-01 0.64571:-02 0.000330 0.1363511:-03 0.987186
21 4.575 407.2000 0.858lE-02 0.42301:-02 0.000216 0.7363841:-04 0.987190
22 5.117 407.2000 0.53481:-01 0.2107£-01 0.001077 0.2859941:-02 0.987319

'*" 23
5.229 407.2000 -0.4458 -0.1682 0.008595 0.198768 0.996303

24 5.243 407.2000 0.1081 0.4056£-01 0.002073 0.116857£-01 0.996831
25 5.333 407.2000 0.28571:-01 0.1036£-01 0.000529 0.816374E-03 0.996868
26 5.349 407.2000 -0.1685 -0.6076£-01 0.003105 0.284054£-01 0.998152
27 5.571 407.2000 0.38671:-01 0.12851:-01 0.000657 0.149514£-02 0.998220
28 6.045 407.2000 -0.74941:-02 -0.2115E-02 0.000108 0.561632E-04 0.998222
29 6.217 407.2000 0.3115E-01 0.8312£-02 0.000425 0.970256E-03 0.998266
30 6.299 407.2000 0.6285E-Ol 0.1634£-01 0.000835 0.395075E-02 0.998445
31 6.485 407.2000 0.2614E-Ol 0.64121:-02 0.000328 0.683368E-03 0.998475
32 6.584 407.-2000 -0.1426 -0.33941:-01 0.001735 0.203403£-01 0.999395
33 6.875 407.2000 o .3683E-Ol 0.80381:-02 0'.000411 0.1356541:-02 0.999456
34 7.148 407.2000 -0.2284£-03 -0.46101:-04 0.000002 0.5216981:-07 0.999456
35 7.339 407.2000 -0.723lE-02 -0.1385£-02 0.000071 0.522906£-04 0.999458
36 7.386 407.2000 0.1523£-01 0.2879£-02 0.000147 0.2318961:-03 0.999469
37 7.487 407.2000 0.3074£-01 0.5656£-02 0.000289 0.944828E-03 0.999512
38 7.585 407.2000 0.32571:-01 0.58391:-02 0.000298 0.106071£-02 0.999560
39 7.678 407.2000 0.3050£-02 0.5336£-03 0,000027 0.930063E-05 0.999560
40 7.866 407.2000 0.2411£-01 0.4020E-02 0.000205 0.581478E-03 0.999586
41 8.094 403.3558 -0.1567£-01 -0.2444£-02 0.000125 0.245655E-03 0.999597
42 8.419 390.6233 0.3181£-01 0.4440£-02 0.000227 0.101156E-02 0.999643
43 8.770 377 .8616 -0.8684E-Ol -0.1081£-01 0.000552 0.7541271:-02 0.999984
44 8.958 371. 4023 -0.58541:-03 -0.6863£-04 0.000004 0.342651£-06 0.999984
45 9.066 367.7935 0.6344£-02 0.719l£-03 0.000037 0.402475E-04 0.999986
46 9.338 359.0575 0.9366£-02 0.9769£-03 0.000050 0.87719lE-04 0.999990
47 10.11 336.4889 -0.1146£-01 -0.9553£-03 0.000049 0.1314141:-03 0.999996
48 10.41 328.7276 -0.9450E-02 -0.7264£-03 0.000037 0.892941£-04 1.000000
49 11.38 305.7515 -0.2218E-02 -0.13271:-03 0.000007 0.492081£-05 1.000000
50 18.49 205.9870 0.1198£-02 0.1829£-04 0.000001 0.143522£-05 1.00000

SUM OF EFF£CTIVE MASS£S- 22.1247

SIGNIFICANCE FACTOR FOR EXPANDED MODES· 0.50000E-02
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••••• EIGENVALUE (NATURAL FREQUENCY) SOLUTION •••••
MODE FREQUENCY (CYCLESITIME)

832

t, "-l

1
2
3
4
5
6
7
8
9

10
11
1213
14
15
1617
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

0.642649373
0.797320421
0.889834284

1.08089136
1.30679919
1.40979430
2.30761672
2.43846108
2 "64161463
2.77620408
2.87619475
3.02590349
3.14166384
3.55204929
3.69938345
3.74449911
3.77412830
3.86985495
4.06658605
4.23960077
4.31177611
4.42559893
4.71145553
4.87340498
5.07518807
5.22644827
5.23977201
5.29396273
5.47068948
5.85479033
6.02080761
6.16330907
6.33318342
6.34213203
6.43174308
6.60128963
6.66936185
6.75368684
6.96658976
7.14833349
7.38073135
7.52735347
7.61040810
7.68336257
7.75246327
7.90485290
7.97945845
7.99541937
8.16322759
8.26150604
8.41464494
8.55037864
8.63464220
8.92097149
8.96690508
9.09172449
9.21688642
9.35412349
9.44994208
9.52099513
9.52468599
9.65489574
9.96565166
10.2347747
10.4112597
10.6310262
10.7852076
11.4856596
11.7924269
11.8807760
12.1026065
12.2570054
12.3762230
12.7785921
12.8524513
12.9685908
13.6395797
13.7825656
13.8903715
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911
14.0656911

Du ~T ILIT'!
LEVEL
fV10Dki-
A--f-.J4-L~SIS

- 1':)0 M()OF INCLUOIA,Jy

ALL LUJ't1i/EV M~SB:.
IN



95 14.2699831 833
96 14.5783030
97 14.8221664
98 15.5782449
99 15.7859772

100 15.9972988
101 16.4343053
102 16.8469130
103 17.4865116
104 17.5537312
105 17.8748226
106 18.5410979
107 19.3877294
108 19.537.4408
109 19.7765043
110 20.1221874
111 20.8500497
112 22.0980897
113 22.2479254
114 22.7286390
115 23.1616918
116 23.4196262
117 24.3614342
118 24.9614450
119 25.3350623
120 26.9200438
121 28.1893137
122 28.6183388
123 29.2175663
124 29.6704586
125 29.6958776
126 34.8051518
127 35.8620973
128 39.7379389
129 40.9026737
130 42.1824347
131 43.9305795
132 47.7644589
133 49.4391540
134 50.4415793
135 52.5553280
136 55.9491015
137 57.0866154
138 61.0415422
139 H.8065097
140 66.0323753
141 69.5539199
142 71.8781016
143 79.7132204
144 80.4716969
145 81.5515101
146 87.1908609
147 97.5886236
148 118.040862
149 148.530914
150 166.040533

REDUCEDMASSDISTRIBUTION •••••

ROW NOD£ OIR VALO£

1 402 UZ 0.15593£-01
2 7 UZ 0.32008
3 125 UZ 0.11542
4 51 UZ 0.58221£-01
5 316 UZ 0.26284
6 149 UZ -0.83435£-01
7 960 UZ 0.45374£-01
8 745 UZ 0.38962£-01
9 .52 UZ 0.48094£-01

10 68 UZ 0.40243
11 957 OX 1.0912
12 45 UZ 0.30178£-02
13 58 UZ 0.34683£-01
14 80 UZ 0.17660
15 338 UZ 0.24349
16 2802 UZ 0.84733£-01
17 65 UZ 0.51853
18 198 UZ 0.84548£-01
19 599 OX 0.68673£-01
20 178 UZ 0.91716£-02
21 152 UZ 0.28558
22 493 OX 0.11994
23 130 UZ -0.18231
24 49 UZ 0.65086£-01
25 34 UZ 0.64614£-01
26 2 UZ 0.95119
27 66 UZ 0.20275
28 2791 OZ 0.84733£-01
29 2005 OX 0.52101
30 84 UZ -0.17096
31 2 UY 0.92328
32 2005 UY 0.65144
33 458 OX 1.4538
34 14 UZ -0.61350
35 489 OX 0.57690£-01
36 194 UZ 0.18737



37 15 OZ 0.300331:-01 834-38 213 OZ 0.13717
39 25 OZ 0.613931:-01
40 174 OZ 1.7507
41 183 OZ -0.24616
42 2864 OZ 0.847331:-01
43 453 oz 0.75665
44 1027 OX 1.4591
45 937 oz 0.688421:-01
46 13 OZ 0.11505
47 2799 OZ 0.847331:-01
48 78 OZ 0.610771:-01
49 2795 UZ 0.847331:-01
50 6 OZ 0.32503
51 63 UZ 0.814401:-02
52 68 t1Y 4.1546
53 449 OZ 0.89855
54 392 UZ 0.487301:-01
55 59 UZ 0.14043
56 2796 OZ 0.847331:-01
57 180 UZ 0.334151:-01
58 2840 OZ 0.847331:-01
59 425 UZ 0.10391
60 1070 t1Y 1.7759
61 98 UZ 0.13231
62 394 OZ 0.387641:-01
63 420 OZ 0.624961:-01
64 200 OZ 0.33659
65 426 UZ 0.10741
66 30 OZ -0.190651:-02
67 222 OX 5.7231
68 922 OZ 0.411061:-01
69 176 UZ 0.101881:-01
70 448 t1Y 0.64890
71 2800 OZ 0.847331:-01
72 2792 UZ 0.847331:-01
73 151 UZ 0.22952
74 506 OX 0.12904
75 196 OZ 0.35307
76 212 UZ 0.12127
77 372 OZ 0.545321:-CU
78 61 OZ -0.743071:-01
79 47 OZ 0.880041:-01
80 825 OZ 0.14298
81 154 OZ -0.23479
82 448 OX 0.53379
83 5 OZ 0.550351:-01
84 2839 OZ 0.847331:-01
85 75 OZ 0.49936
86 919 OX 0.99444
87 825 t1Y 0.25423
88 211 UZ 0.950891:-01
89 485 OX 0.12803
90 310 OZ 0.831551:-01
91 11 UY 0.323241:-01
92 150 UZ -0.463921:-01
93 28 OZ 0.10028
94 46 OZ 0.323971:-01
95 162 UZ 0.57327E-01
96 70 UZ -0.20161
97 48 UZ -0.189471:-01
98 193 OZ -0.347731:-01
99 2798 OZ 0.847331:-01

100 501 OX 0.11218
101 940 t1Y 1.1445
102 463 OZ 0.60066
103 2868 UZ 0.847331:-01
104 126 OZ 0.39222
105 460 OX 0.74059
106 460 t1Y 0.93780
107 452 OX 0.99982
108 452 t1Y 0.99445
109 457 OZ 0.24664
110 462 OY 0.91739
111 2001 OX 0.51576
112 822 UZ 0.19650
113 132 UZ -0.11865
114 175 OZ 0.641311:-02
115 466 OX, 0.84155
116 466 f1't 1.1778
117 201 OZ 0.11705
118 822 f1't 0.25537
119 50 OZ 0.578701:-01
120 336 UZ 0.154561:-01
121 24 UZ 0.277741:-01
122 2797 UZ 0.847331:-01
123 173 UZ 1.0001
124 4 OZ 1.4119
125 498 OX 0.12581
126 179 OZ 0.582781:-01
127 108 lIZ 0.10294
128 52 lIZ 0.396851:-01
129 2860 lIZ 0.847331:-01
130 177 lIZ 0.338901:-01
131 12 t1Y 6.5887
132 11 OZ 0.13766
133 9 UZ 0.542261:-01
134 67 lIZ 0.30158
135 315 lIZ 0.15799
136 206 lIZ 0.49134



137 210 UZ 0.265571:-01 835138 22 UZ 0.27070
139 20 UZ 0.45045
140 1 UZ 0.88644
141 78 me 6.0470
142 1021 UY 2.0153
143 1021 me 1.6446
144 2801 UZ 0.847331:-01
145 19 OZ 0.29202
146 16 OZ -0.31624
147 12 UZ 0.89757
148 23 uz 0.180691:-01
149 60 OZ 0.746921:-01
150 72 UZ 0.28427

MASS (X,Y, Z) • 23.31 22.47 18.89

-*--- RESPONSI: SPI:CTRUM CALCULATION SUMMARY --*--* ~ PI \'2.EGTICN
CUMULATIVE

MODI: FREQUENCY SV PARTIe. FACTOR Mool: COI:F. M.C. RATIO £FF£CTIVE MASS MASS FRACTION

1 0.6426 62.8087 -0.2019£-02 -0.7777£-02 0.005811 0.407599£-05 0.215398£-06
2 0.7973 77.9267 0.1487E-01 0.4616E-01 0.034488 0.221001E-03 0.118943E-04
3 0.8898 86.9695 -0.1289E-01 -0.3587E-01 0.026798 0.166188E-03 0.206766E-04
4 1.081 105.6445 0.3203E-01 0.7336E-01 0.054810 0.102577£-02 0.748842£-04
5 1.307 127.7263 -0.6395E-02 -0.12121:-01 0.009053 0.408982E-04 0.770455E-04
6 1.410 137.7939 0.56991:-02 0.1001E-01 0.007477 0.3247371:-04 0.787616E-04

.Jf'7 2.308 203.6000 -0.7521 -0.7284 0.544256 0.565713 0.299741£-01
$8 2.438 203.6000 -0.1083 -0.9393£-01 0.070180 0.117281E-01 0.305939E-Ol

9 2.642 203.6000 0.4319E-Ol 0.3192£-01 0.023850 0.186540E-02 0.306925£-01
10 2.776 203.6000 -0.4895E-01 -0.3276£-01 0.024474 0.2396401:-02 0.308191£-01
11 2.876 203.6000 -0.9294E-01 -0.5794£-01 0.043290 0.863740E-02 0.312756E-Ol
12 3.026 203.6000 -0.1097 -0.6182E-01 0.046187 0.120449E-01 0.319121£-01
13 3.142 203.6000 -0.2818E-Ol -0.1473E-01 0.011003 0.794355E-03 0.319541E-ol

;r.14 3.552 203.6000 -0.4090 -0.1672 0.124912 0.167286 0.407944E-01
;to15 3.699 203.6000 -3.552 -1.338 1.000000 12.6140 0.707386
:#-16 3.744 203.6000 -0.6780 -0.2494 0.186330 0.459699 0.731679
~17 3.774 203.6000 -0.5300 -0.1919 0.143383 0.280930 0.746525

18 3.870 203.6000 -0.5742£-02 -0.1977£-02 0.001477 0.329702£-04 0.746526
~19 4.067 203."6000 1.085 0.3385 0.252927 1.17827 0.808793

20 4.240 203.6000 0.9539E-Ol 0.2737£-01 0.020450 0.909993E-02 0.809274
21 4.312 203.6000 -0.2443 -0.6777£-01 0.050634 0.596813£-01 0.812428

~ 22 4.426 203.6000 1.084 0.2854 0.213264 1.17505 0.874524
23 4.711 203.6000 -0.5132E-Ol -0.1192£-01 0.008909 0.263390E-02 0.874663

*24 4.873 203.6000 -0.4470 -0.9706£-01 0.072522 0.199804 0.885222
25 5.075 203.6000 -0.3095 -0. 6197E-01 0.046303 0.957993£-01 0.890285
26 5.226 203.6000 0.3771 0.7119£-01 0.053191 0.142178 0.897798
27 5.240 203.6000 0.2957 0.5555£-01 0.041507 0.874634E-01 0.902420
28 5.294 203.6000 0.8802E-ol 0.1620£-01 0.012103 0.774835£-02 0.902829
29 5.471 203.6000 -0.6444E-02 -0.1110£-02 0.000830 0.415191£-04 0.902832
30 5.855 203.6000 -0.2796 -0.4206£-01 0.031427 0.781624£-01 0.906962
31 6.021 203.6000 -0.8848E-Ol -0.1259£-01 0.009405 0.782789£-02 0.907376
32 6.163 203.6000 -0.7790E-ol -0.1058E-01 0.007902 0.606866£-02 0.907697
33 6.333 203.6000 -0.1397E-Ol -0.1797£-02 0.001342 0.195249E-03 0.907707
34 6.342 203.6000 -0.3963E-01 -0.5081E-02 0.003797 0.157067£-02 0.907790
35 6.432 203.6000 -0.8370E-01 -0.1043E-01 0.007796 0.700545E-02 0.908160
36 6.601 203.6000 o .9404E-01 0.1113£-01 0.008315 0.884321£-02 0.908627
37 6.669 203.6000 -0.3728E-Ol -0. 4322E-02 0.003230 0.138984E-02 0.908701
38 6.754 203.6000 0.1584 0.1791£-01 0.013383 0.250945E-01 0.910027
39 6.967 203.6000 -0.1645 -0.1748E-01 0.013064 0.270752E-01 0.911458
40 7.148 203.6000 -0.1322E-01 -0.1335£-02 0.000997 0.174900£-03 0.911467
41 7.381 203.6000 -0.3365 -0.3185E-01 0.023801 0.113216 0.917450
42 7.527 203.6000 0.8438£-02 0.7681E-03 0.000574 0.712074E-04 0.917454
43 7.610 203.6000 0.9249E-02 0.8235E-03 0.000615 0.855364£-04 0.917458
44 7.683 203.6000 0.7397E-03 0.6462E-04 0.000048 0.547171£-06 0.917458
45 7.752 203.6000 0.7197£-01 0.6176E-02 0.004614 0.518003E-02 0.917732
46 7.905 203.6000 -0.1839 -0.1517E-01 0.011337 0.338010E-01 0.919518
47 7.979 203.6000 0.13781:-01 0.1116E-02 0.000834 0.189977E-03 0.919528
48 7.995 203.6000 0.1869 0.1508E-01 0.011268 0.349484£-01 0.921375
49 8.163 200.2812 -0.7781E-01 -0.5924E-02 0.004426 0.605502E-02 a.921695
50 8.262 198.3404 0.1265E-01 0.9313E-03 0.000696 0.160062E-03 0.921704
51 8.415 195.3982 -0.1823 -0.1274E-01 0.009520 0.332285E-01 0.923460
52 8.550 192.8705 -0.6901E-01 -0. 4612E-02 0.003446 0.476272E-02 0.923711
53 8.635 191.3376 0.1212E-01 0.7878£-03 0 •.000589 0.146880E-03 0.923719
54 8.921 186.3254 -0.2140E-01 -0.1269E-02 0.000948 0.457958E-03 0.923743
55 8.967 185.5484 -0.1950£-01 -0.1140£-02 '0.000852 0.380268E-03 0.923763
56 9.092 183.4730 -0.5221£-01 -0. 2936E-02 0.002193 0.272603E-02 0.923907
57 9.217 181.4431 -o.9999E-01 -0.5409E-02 0.004042 0.999729E-02 0.924436
58 9.354 179.2740 0.1360 0.7058£-02 0.005274 0.184961£-01 0.925413
59 9.450 177.7935 0.5537E-01 0.2793E-02 0.002087 0.306633£-02 0.925575
60 9.521 176.7132 -0.2718E-01 -0.1342£-02 0.001003 0.738806E-03 0.925614
61 9.525 176.6574 -0.3364£-01 -o.1659E-02 0.001240 0.113160E-02 0.925674
62 9.655 174.7164 0.1509 0.7166E-02 0.005354 0.227791E-01 0.926878
63 9.966 170.2702 0.38701:-01 0.1681£-02 0.001256 0.149774E-02 0.926957
64 10.23 166.6181 -0.4667E-01 -0.1880E-02 0.001405 0.217821£-02 0.927072
65 10.41 164.3163 0.1067E-01 0.4096E-03 0.000306 0.113775E-03 0.927078
66 10.63 161.5470 -0.4662E-01 -0.1688E-02 0.001261 0.217329E-02 0.927193
67 10.79 159.6653 0.1895E-01 0.65881:-03 0.000492 0.359023E-03 0.927212
68 11.49 151. 6961 0.76691:-01 0.22341:-02 0.001669 0.588154E-02 0.927523
69 11.79 148.4772 0.1085E-01 0.2934E-03 0.000219 0.117672E-03 0.927529
70 11.88 147.5782 0.8518E-01 0.2256E-02 0.001685 0.725486E-02 0.927912
71 12.10 145.3734 0.1511£-02 0.3798&-04 0.000028 0.228216&-05 0.927912
72 12.26 143.8816 -0.7394£-01 -0.1794E-02 0.001340 0.546703E-02 0.928201
73 12.38 142.7528 -0.2156£-01 -0.5089&-03 0.000380 0.464632&-03 0.928226
74 12.78 139.0844 -0.27621:-01 -0.5959E-03 0.000445 0.762733£-03 0.928266
75 12.85 138.4337 0.2305E-ol 0.4893£-03 0.000366 0.531335&-03 0.928294
76 12.97 137.4241 -0.52751:-01 -0.10921:-02 0.000816 0.278207&-02 0.928441
77 13.64 131.8974 -0.2489E-ol -0. 4469E-03 0.000334 0.619359£-03 0.928474



78 13.78 130.7829 -0.1107 -0.1931£-02 0.001443 0.122622£-01 0.929122 83(0
79 13.89 129.9564 0.1316£-01 0.2245£-03 0.000168 0.173133£-03 0.929131
80 14.07 128.6368 -0.6104 -0.1005£-01 0.007511 0.372608 0.948822
81 14.07 128.6368 0.2530 0.4167£-02 0.003114 0.640180£-01 0.952205
82 14.07 128.6368 0.4711 0.7760£-02 0.005798 0.221981 0.963936
83 14.07 128.6368 0.4457£-01 0.7341£-03 0.000548 0.198667£-02 0.964041
84 14.07 128.6368 -0.3805 -0.6267£-02 0.004683 0.144812 0.971693
85 14.07 128.6368 -0.1400 -0.2306£-02 0.001723 0.196030£-01 0.972729
86 14.07 128.6368 0.1914 0.3152£-02 0.002355 0.366271£-01 0.974665
87 14.07 128.6368 0.4586 0.7554£-02 0.005644 0.210346 0.985781
88 14.07 128.6368 -0.4058 -0.6683£-02 0.004994 0.164670 0.994483
89 14.07 128.6368 0.9127£-01 0.1503£-02 0.001123 0.832990£-02 0.994923
90 14.07 128.6368 0.1240 0.2042£-02 0.001526 0.153774£-01 0.995736
91 14.07 128.6368 -0.7164£-03 -0.1180£-04 0.000009 0.513253£-06 0.995736
92 14.07 128.6368 0.8055£-02 0.1327£-03 0.000099 0.648773£-04 0.995739
93 14.07 128.6368 0.9618£-02 0.1584£-03 0.000118 0.925131£-04 0.995744
94 14.07 128.6368 0.1026 0.1689E:-02 0.001262 0.105175E:-Ol 0.996300
95 14.27 127.1363 0.1773£-01 0.2804£-03 0.000210 0.314419£-03 0.996316
96 14.58 124.9441 0.6298E:-Ol 0.9378£-03 0.000701 0.396622£-02 0.996526
97 14.82 123.2689 0.5127£-01 0.7287£-03 0.000544 0.262846£-02 0.996665
98 15.58 118.3783 0.3833£-01 0.4736£-03 0.000354 0.146942£-02 0.996742
99 15.79 117.1092 -0.8871£-01 -0.1056E:-02 0.000789 0.786862E:-02 0.997158

100 16.00 115.8488 0.7230£-01 0.8290£-03 0.000619 0.522732£-02 0.997435
101 16.43 113.3359 0.1638£-02 0.1742£-04 0.000013 0.26845lE-05 0.997435
102 16.85 111.0721 0.2324£-01 0.2304£-03 0.000172 0.540268E:-03 0.997463
103 17.49 107.7549 -0.1284 -0.1146£-02 0.000857 0.164926£-01 0.998335
104 17.55 107.4191 0.6648£-01 0.5871£-03 0.000439 0.442006£-02 0.998568
105 17.87 105.8463 0.4643£-01 0.3896£-03 0.000291 0.215608£-02 0.998682
106 18.54 102.7409 -0.1858£-01 -0.1407£-03 0.000105 0.345280E:-03 0.998701
107 19.39 99.0751 0.1557£-01 0.1040£-03 0.000078 0.242530E:-03 0.998713
108 19.54 98.4569 -0.9594£-02 -0.6268£-04 0.000047 0.920488£-04 0.998718
109 19.78 97.4874 0.3449£-01 0.2178E:-03 0.000163 0.118977£-02 0.998781
110 20.12 96.6000 0.1372£-02 0.8290E:-05 0.000006 0.188182£-05 0.998781
111 20.85 96.6000 -0.7214£-01 -0.4061£-03 0.000303 0.520432£-02 0.999056
112 22.10 96.6000 0.2361£-01 0.1183£-03 0.000088 0.557370£-03 0.999086
113 22.25 96.6000 0.1110 0.5489E:-03 0.000410 0.123273E:-01 0.999737
114 22.73 96.6000 0.2910£-01 0.1378£-03 0.000103 0.846664£-03 0.999782
115 23.16 96.6000 0.3711£-02 0.1693£-04 0.000013 0.137732£-04 0.999783
116 23.42 96.6000 0.1430£-01 0.6380£-04 0.000048 0.204532E:-03 0.999793
117 24.36 96.6000 -0.3608£-01 -0.1487E:-03 0.000111 0.130145E:-02 0.999862
118 24.96 96.6000 -0.2884£-03 -0.1133£-05 0.000001 0.831884£-07 0.999862
119 25.34 96:6000 0.2160£-01 0.8234£-04 0.000062 0.466556E:-03 0.999887
120 26.92 96.6000 0.2604£-01 0.8791£-04 0.000066 0.677879E:-03 0.999923
121 28.19 96.6000 0.1244£-01 0.3829£-04 0.000029 0.154634£-03 0.999931
122 28.62 96.6000 -0.6621£-02 -0.1978£-04 0.000015 0.438349E:-04 0.999933
123 29.22 96.6000 0.1177£-01 0.3375£-04 0.000025 0.138638£-03 0.999940
124 29.67 96.6000 -0.3845£-02 -0.1069£-04 0.000008 0.147828£-04 0.999941
125 29.70 96.6000 -0.9946£-02 -0.2760£-04 0.000021 0.989181£-04 0.999946
126 34.81 96.6000 -0.2202£-01 -0.444 9£-04 0.000033 0.485035E:-03 0.999972
127 35.86 96.6000 -0.1882£-01 -0.3581£-04 0.000027 0.354205£-03 0.999991
128 39.74 96.6000 0.5685£-02 0.8809£-05 0.000007 0.323168£-04 0.999993
129 40.90 96.6000 0.1614£-02 0.2360£-05 0.000002 0.260456£-05 0.999993
130 42.18 96.6000 0.1554£-02 0.2137£-05 0.000002 0.241575£-05 0.999993
131 43.93 96.6000 -0.9864£-02 -0.1251£-04 0.000009 0.973078£-04 0.999998
132 47.76 96.6000 -0.3466£-02 -0.3717£-05 0.000003 0.120099£-04 0.999999
133 49.44 96.6000 -0.3814£-02 -0.3818£-05 0.000003 0.145460£-04 0.999999
134 50.44 96.6000 -0.1345£-02 -0.1294£-05 0.000001 0.180925£-05 0.999999
135 52.56 96.6000 -0.7540£-04 -0.6680£-07 0.000000 0.568492£-08 0.999999
136 55.95 96.6000 0.4311£-03 0.3370£-06 0.000000 0.185862£-06 0.999999
137 57.09 96.6000 -0.5100£-04 -0.3829£-07 0.000000 0.260070£-08 0.999999
138 61.04 96.6000 0.8375£-03 0.5500£-06 0.000000 0.701362£-06 0.999999
139 61.81 96.6000 -0.3546£-03 -0.2272£-06 0.000000 0.125766£-06 0.999999
140 66.03 96.6000 0.1812£-02 0.1017£-05 0.000001 0.328211£-05 1.000000
141 69.55 96.6000 0.2305£-02 0.1166£-05 0.000001 0.531382£-05 1.000000
142 71.88 96.6000 -0.8998£-03 -0.4262£-06 0.000000 0.809710E:-06 1.000000
143 79.71 96.6000 -0.3719£-03 -0.1432£-06 0.000000 0.138286£-06 1.000000
144 80.47 96.6000 -0.3490£-03 -0.1319£-06 0.000000 0.121835E:-06 1.000000
145 81.55 96.6000 -0.2713£-03 -0.9980£-07 0.000000 0.735799£-07 1.000000
146 87.19 96.6000 -0.6961£-04 -0.2241£-07 0.000000 0.484602£-08 1.000000
147 97.59 96.6000 0.3041£-04 0.7813£-08 0.000000 0.924769£-09 1.000000
148 118.0 96.6000 -0.3957£-03 -0.6948£-07 0.000000 0.156556£-06 1.000000
149 148.5 96.6000 0.2377£-04 0.2637£-08 0.000000 0.565080£-09 1.000000
150 166.0 96.6000 -0.1769£-04 -0.1570£-08 0.000000 0.312937£-09 1.00000

SUM OF EFF£CTIVE MASS£S- 18.9231

SIGNIFICANCE FACTOR FOR EXPANDED MODES - 0.70000£-01

~ SlG, IJ ll=/C-A+JT tvt lrO i.:: S




