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UNITED STATES GOVERNMENT P @@PR; ET ﬁ ?3\
MEMORANDUM - ST
To: File

Through: Supervisor, Operations Review and Approval
Supervisor, Operations Unit

From: Geologist

Subject: Log Analysis in Support of Reserve Estimate

I have completed log analysis of the first three Kuvlum wells. The results of the last two
Kuvlum wells, Y-0865 #1 and Y-0866 #2, indicated that ARCO Alaska, Inc. (ARCO),
has substantially overestimated the extent and productivity of the field. This is indicated
by the drastic decrease in reservoir quality reported in the second well, Y-0865 #1, and
by the lack of reservoir in Y-0865 #2 where presumably it has been removed by erosion.
However, in drilling Y-0865 #1, ARCO discovered a second reservoir overlying the first.
This result strongly supported the interpretation of Kuvlum reservoir presented by
Chevron U.S.A. during the creation of the Kuvlum Unit. While this second reservoir is
not as thick as the first encountered in the Kuvlum #1 well, Y-0866 #1, it could also add
to the reserve estimate of the Kuvlum Unit. Since the log analysis indicates that the
Kuvlum sands vary laterally, additional drilling is necessary to accurately define the
reservoir and estimate reserves. If ARCO is asked to provide an estimate of the size of
the Kuvlum accumulation, they should be advised to include in their estimate the size
and geographic extent of the new reservoir and also predict where both reservoirs will be
removed by erosion. This could result in either or both expansion and contraction of the

Kuvlum Unit.
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PROPRIZTARY

ENGINEER'S FILE, 5A, OCS Y-0866 WELL NO. 1

MEMO

TO:

THRU:
SUPERVISOR, OPERATIONS UNIT(]L\
SUPERVISOR, ORA

FROM: GEOLOGIST

SUBJECT: :
LOG ANALYSIS IN SUPPORT OF RESERVE ESTIMATE

I have completed log analysis of the first three Kuvlum
wells. The results of the last two Kuvlum wells, Y-0865#1 and Y-
0866#2 indicate that Arco has substantially overestimated the
extent and productivity of the field. This is indicated by the
drastic decrease in reservoir quality reported in the second
well, Y-0865#1, and by the lack of reservoir in Y-0865#2 where
presumably it has been removed by erosion. However, in drilling
Y-0865#1 Arco discovered a second reservoir overlying the first.
This result strongly supported the interpretation of Kuvlum
reservoir presented by Chevron during the creation of the Kuvlum
Unit. While this second reservoir is not as thick as the first
encountered in the Kuvlum #1 well, Y-0866#1, it could also add to
the reserve estimate of Kuvlum Unit. Since the log analysis
indicates that the Kuvlum sands vary laterally, additional
drilling is necessary to accurately define the reservoir and
estimate reserves. If Arco is asked to provide an estimate of
the size of the Kuvlum accumulation, they should be advised to
include in their estimate the size and geographic extent of the
new reservoir and also predict where both reservoirs will be
removed be erosion. This could result in either or both
expansion and contraction of the Kuvlum Unit.




MEMO
August 5, 1994
TO: KUVLUM UNIT FILE

THROUGH: REGIONAL SUPERVISOR, FIELD OPERATIONS
SUPERVISOR, ORA
SUPERVISOR, OPERATIONS UNIT

FROM: GEOLOGIST

SUBJECT: PETROPHYSICAL ANALYSIS OF KUVLUM PROSPECT, Y-0866 No.l

This memo will present a preliminary petrophysical analysis
of the Kuvlum Prospect. The discovery well, OCS-Y 0866 No.1l
(Kuvlum No.l), was drilled by ARCO during the 1992 open water
drilling season. The well was logged and tested productive over
a 155 foot interval. (see attachment No.1l) Subsequently, during
the 1993 open-water drilling season, two additional wells, OCS-Y
0865 No.1l (Kuvlum No.2) and OCS-Y 0866 No.2 (Kuvlum No.3) tested
the limits of the field. Discouraging results from those wells
were reported by ARCO. Currently, no additional drilling is
planned for Kuvlum Prospect.

Stratigraphy:

The Kuvlum reservoir consists of Oligo-Miocene shelfal sands
and underlying channel sands of the advancing delta front. These
sediments were deposited into the Kaktovik sedimentary basin and
resemble the sands encountered in the Hammerhead No.1l well which
occurs along depositional strike to the northwest. The reservoir
sands overly the silts and coal-rich muds of the advancing delta
front. The top of the reservoir is sealed by a well
consolidated, dark grey, silty, micaceous mudstone with local
pyrite and sparse coal. To the northeast in the Kuvlum No.3
well, erosion was observed to have removed the entire interval of
Kuvlum reservoir sands. While to the southwest in well Kuvlum
No.2 the shelfal sands grade to silts and muds.



Lithology:

The sandstones of the Kuvlum reservoir are described as
moderately consolidated, structureless to mottled to crudely
laminated with internal grading, light grey, moderate- to well-~
sorted, subangular, very fine-grained, cherty, quartz sand to
silty sand. Where the sandstones occur with mudstones they are
described as well- to poorly sorted and contain wood/coal
fragments some of which are pyritized.

The sandstones were encountered between 6507' and 6662' for
a total thickness of 155'. Sidewall cores collected within this
interval were described as consisting of sands and mud. From the
results of the coring no internal subdivisions of the reservoir
were evident.

Logging Tools:

The suite of logs utilized for the petrophysical analysis
included: the Array Induction Log in place of the standard
resistivity suite; the Dipole Sonic Log; and the
Lithodensity/Neutron Log. The Array Induction Tool is a recent
addition which permits the identification of zones of deep
invasion and directly reads both R,, and R,. Additionally, a
Formation Microimager log was obtalned to permit an estimation of
the sand count.

Log Editing:

The gamma ray traces of each logging tool were compared and
no depth adjustment was performed. The neutron logs were
compensated with the procedure of Elphick (Elphick,1987). Gamma
ray traces were compensated for mud weight and hole volume.

Shale Analysis:

The gamma ray index of the formation was calculated assuming
a maximum response, in shales, of 88.7 API units and a minimum
response, in sands, of 30.0 API units. The clay volume was
calculated from the gamma ray index using the Clavier formula.

2,172

v (1.7-(3.38-(GR+0.7))°)

oL T

where V., = volume of clay
and GR = gamma ray index



Porosity:

Total and effective porosities were determined from the
density-neutron crossplot. (see attachment No. 2) Total
porosities were calculated as the numerical average (except in
the presence of gas) of the density and neutron log readings.

The total porosity was calculated as the numerical average
of the uncorrected log readings.

where &, = the density log response
and veutron — the neutron log response
then &,..., = the total porosity

QTotal (QDensity + QNeutron) /2

Effective porosities were determined by first removing the
effects of shale and then averaging the shale-corrected
porosities. The density log had a response of 13.5% porosity in
shale; while the neutron log (corrected) had a response of 35.8%
in shale. Both log readings were corrected for shale using the
clay volumne.

where &, is the porosity observed in shales
and V., 1s the shale volume

and ®ncorrected is'the uncorrected porosity .
then &g e corrected 1S the shale corrected porosity
= ¢

Qshale Corrected Uncorrected -(VCL* Qshale)

The effective porosity was taken as the numerical average of
the shale corrected density and shale corrected neutron log
readings.

where Qomﬂtﬁc = the density log response corrected for shales
and o = the neutron log response corrected for shales

NeutronSC R .
then effective = the effective porosity

QEffective = (QDensitySC + QNeutronSC) / 2



Where the presence of gas was inferred from Bpensity > Pheutron
(the crossover effect), &;.., and ®..i.. Were calculated from a
the root mean square formula.

_ 2 2 172
q)Total - (((I)Density + QNeutron )/2)

2

— 2 172
QEffective - ((q)DensitySC + QNeutronSC )/2 )

Formation Water Resistivity:

The formation water resistivity was determined by analysis
of well Y-0866#1 which penetrated the formation beneath the
oil/water contact. The resistivity of the formation water at the
formation temperature was 0.153 ohms. This value was determined
from the chemical analysis of formation water in Kuvlum #2 and
agrees well with the value of 0.155 ohms derived from the
spontaneous potential log using the modified method of Bates &
Konen (1977) (see Asquith).

Dispersed Clay Analysis:

0il saturations within the formation were determined by both
a dual water and a dispersed clay analyses. Dispersed clay
within the sandstones was reported by the sidewall core analysis.
However, the high water resistivity, in excess of 0.1 ohms,
indicated that these values be treated with caution and compared
with results obtained via the dual water method. The amount of
dispersed clay within the formation was calculated from the "Q"
factor (the ration of dispersed to total clay). The equation
chosen to calculate Q did not require the sonic log.

Q = (@Total - QEffective)/QTotal

The volume of dispersed clay (V,...) may then be determined.

Disp
= *
VDisp Q Vclay

and the volume of shale (Vg ) is taken as the remainder of the
clay.

Vsh = (1-Q) * Vclay



Water Saturations with Dispersed Clay Method:

When Q is known, the water saturation of the reservoir is
calculated from the dispersed clay equation.

)/ (1-Q)

2,172

S..= ((((0.8/8%)*(R/R;))+(Q/2)%)

Water Saturations with Dual Water Analysis:

A Dual Water Analysis may be necessary when dispersed clay
is associated with high formation water resistivities ( > 0.10
ohm-m ). In the current petrophysical analysis a dual water
analysis was also performed. The total porosity of the adjacent
shale was first calculated.

Brop = 8%y + (1-6)®y = 0.202 (20.2%)

Where &,, is the total porosity of the adjacent shale,
%,y is the density log porosity of that shale,
®,sy 1s the neutron log porosity of that shale,
and § 1s a proportional constant generally equal to 0.7.

The total porosity of the formation is then calculated from the
effective porosity and the volume of shale.

o = @, + (Vg * &pgy)

where &; is the total porosity of the formation,
%, is the effective porosity of the formation,
Vsy is the volume of shale,
and %,y is the total porosity of shale previously calculated.




Next, the clay-bound water saturation (S,) is derived.

Sp = Vau* (Zren/21)

The value of the bound water resistivity (R,) is subsequently
determined for the formation.

R, = Ry, * &, ° = 3.92%(0.202)° = 0.160 ohm-m.

where Ry, is the resistivity of the dispersed shale phase
determined from a crossplot of V, vs R;.(see attachment No.3)

The apparent water resistivity in the shaly sand (R,) is found
from the equation:

2
Ry = Ry*e,
The total water saturation corrected for clay is then
2 172
Sqg = b + (b +(Ry/Rp))
where b = (S (1-(R,/R,)) .

The effective water saturation of the shaly sand (S,) may now be
determined from the equation:

See = (Syp = Sp)/(1-Sy)



PERMEABLE SANDS (sand count):

The agreement between the dispersed clay and dual water
methods suggests that the dispersed clay model is valid for the
Kuvlum reservoir. Producible sands may be determined for
dispersed clay reservoirs from a crossplot of Q versus ... .. .-
From such a crossplot producible sands were distinguished. The
actual equation used:

IF 2*%®.¢ctive— @ > 0.1 THEN the sands are producible;
IF 2%®.4¢.vive— Q > 0.0 THEN the sands are producible with

stimulation;
IF 2*%®.(. (ive— Q@ < 0.0 THEN the sands are non-producible.

This equation is only valid for sands with the field and
represents an extrapolation from the crossplot of Dresser. (1979)
The calculated value of producible sands was 96.5 feet of
producible sands in the interval between 6,507 to 6,662 ft. TVD.
This value is also in close agreement with the 96 feet (corrected
to 93 feet) obtained from the formation microscanner. This also
appears to confirm the validity of the dispersed clay model.

Pay Determination:

Pay intervals within the formation were identified by the
following criteria:

(1) Effective porosity (%) greater than 10%
(2) Water saturation (S,,) less than 50%
(3) 2*¢ Q > 0.1

Effective



These criteria served to define three major potential zones of
production. Additionally, two intervals appear capable of
production only under stimulation. The intervals are numbered
from the bottom to the top:

Zone 1 (6662-6608) 54 feet Major Zone of Production
Zone 2 (6608-6557) 51 feet producible under stimulation
Zone 3 (6557-6530) 27 feet Major Zone of Production
Zone 4 (6530-6519) 11 feet producible under stimulation
Zone 5 (6519-6507) 12 feet Major Zone of Production

Zone 1 is the largest producing interval within the well and
additionally contains the highest porosity and lowest shale
contents. The interval appears subdivided into two subintervals
from 6662-6624 and 6624-6607 which may well act as distinct flow
units. Minor producible intervals occur in Zone 2 which, however
may not be laterally continuous in the vicinity of the well. The
second and third major producible intervals, Zones 3 and 5, are
probably continuous in the vicinity of the well due to their
increased thickness. Zone 4 which separates these reservoirs may
be non-productive due to reduced permeability and serve as a
barrier to vertical fluid flow. Hence, the value of the gas/oil
contact at 6518 feet TVD should only be considered an upper limit
and gas may occur to 6530 feet TVD in other locations.

The calculated values for the total field as well as the
respective zones are presented in Table 1.

Zone Gross Ft. | Net Pay B iective Swe fluid
1 54.0 feet | 51.5 feet 22.5% 34.9% oil
2 51.0 feet | 11.5 feet 18.2% 46.2% 0il
3 27.0 feet | 23.5 feet 18.9% 43.6% oil
4 11.0 feet | 00.5 feet 17.3% 45.1% oil ?
5 12.0 feet | 09.5 feet 18.6% 39.9% gas
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MM U.S. Department of the Interior
Minefa[s Manawmen( SQN'ce OMB APPROVAL NO. 1010-0045
EXPIRES OCTOBER 31. 1991

SUBMIT. Onginal,
two copies, and ane public

SUNDRY NOTICES AND REPORTS ON WELLS information copy.

1. FIELD NAME 2. MMS LEASE, UNIT ORCOMM. NO. (6) |3. MMS OPERATOR NUMBER (5)
Wildcat Y 0866 0 0635
4. OPERATOR WELL NUMBER (6) 5. APINUMBER (10) or (12) SIDE COMPLETION  |6. TYPE WELL (1) |7. CORRECTED ELEVATION (5)
STATE (2) COUNTY (3) WELL CODE (5) TRACK(2)] CODE (3)
1 55 171 00008 NA E -169' (ML-RKB)

8. OPERATOR NAME AND ADDRESS (SUBMITTING OFFICE) 9. CURRENT WELL DEPTH (5) 10. CORRECTED WATER DEPTH (5)
ARCO Alaska, inc.
PO Box 100360 MD 8500 TVD 8500 103
Anchorage, AK 99510-0360 LEAVE BLANK :
11. CORRECTED LOCATION OF WELL (12) 12. OPERATING AREA CODE (2) |13. BLOCK NUMBER (6)

Surface: 5884° FWL and 5598° FSL of Block 673 ) Fi - 0673

Production zone: NA 14. MAP OR OFFICIAL PROTRACTION DIAGRAM NUMBER (7)

Total depth: NA R M o

NR -4, Flaxmanltsland &' '
15. OPERATOR LEASE, UNIT OR COMMUNITIZATION NAME 16. RIG/PLATFORM NAME N ' IR 117. RIG TYPE (2)
[

Kuvium BeauDri! - Kulluk SS

18, WELL STATUS, e.g., shut-in, drilling_ stc. 10. LAST CASING STRING: size, ib/t, grade, 20. APPROXIMATE START DATE (6) YYMMDD
and setting depth (MD)
Testing BOP Equipment 9-5/8°, 53.54, L-80, BTC ©@ 8450' MD 92 09 18

21. PRESENT PRODUCTION ZONE, iF ANY, AND PRODUCTIVE CAPABILITY

NA

22. CHECK APPROPRIATE ACTIVITY: | Fracture/acidize 0 Artificial Lift 0 Other (£

Pull or after casing D Repair well D Perforate @
Data correction D Sidetrack D Deepen D Plug back D
Change plans D Reenter o complete D' Muttiple complete D' Recomplete . D'
Request approval E
Subsequent report D Note: Submi a separate Wetl (Re) Completion Report and a subsequent report of operations on this form for each compietion.
Alternatively, submit a Well (Re) Completion Report for each completion with a narrative as in Rem 23 of this form.

- [23. DESCRIBE PROPOSED OR COMPLE TED OPERATIONS (Clearty state all pertinent details in this space and on the reverse, and/or on an attachment, and give
pertinent dates, including estimated date for starting any proposed work. If well is directionally drilled, give subsurface locations and measured and true vertical

depths for ali markers and zones pertinent to this work.

1. Attached with this Sundry request for approval to complete / test the subject well is a general testing procedure and test string schematic. it should be noted that sand procuction
problems are no longer anticipated due to data obtained during logging operations.
2. Pressure data indicates that the reservoir to be tested has a pressure equivalent to an 8.8 ppg EMW. Anticipated brine weight for the test i§ 9.5 ppg, (+/-240 psi overbalanced.}

3. The perforated interval outlined in Attachmert 5 may be compressed upon futher evaluation of the open hole logs.

Attachments: 1 Genetal Procedure
2 Tool Operation Pressures
3 Test String Schematic
4 Test String Desctiption

5 Perforation Interval
Form MMS-331 (November 1991) CONTINUED ON REVERSE
(Supersedes Form MMS-331 (July 1088) COMPLETE REVERSE SIDE, SIGN, AND DATE Page 1

which will not be used)

-




, mnu MMS-331 SUNDRY NOTICES AND REPORTS ON WELLS
23. DESCRIBE PROPOSED OR COMPLETED OPERATIONS (continued fram page 1)

Page 2

‘SUBSURFACE SAFETY VALVE:  SUBSURFACE CONTROLLED [ ] SURFACE CONTROLLED [0 sevaroeptHor

MANUFACTURER: MODEL NO. SERIAL NO.

»WAWG PUBLIC L AW 97-451 provides civil and criminal penatties for faise or inaccurate reporting. Failure fo report as required
. under the terms of the lease, permit, or contract may result in suspension of operations or other enforcemant actions.

CONTACT NAME (First, MI, Last)

PHONE NUMBER (10) EXTENSION NUMBER (4)
Lowel! A Crane {907) 265-1544

AUTHORIZING NAME (First, MI, Last) TITLE
Mike a’ Wmtree

New Ventures Area Drilling Engineer

DATE YYMMDO (6)
m& 9209 15

(THIS SPACE IS FOR FEDERAL OFFICE USE)
CONDITIONS OF APPFOVAL FOR SPECIAL CIRCUMSTANCES: ARE ATTACHED D NONE D

DATE (6)

[J aeeroveDBY: WwwoD

* [J acceprepsy: TMLE

PAPERWORK REDUCTION ACT STATEMENT

The Paperwork Reduction Act of 1980 (44 U.S.C. 3501 et seq.) requires us to inform you that: This information is being collected
fo obtain knowledge of the equipment and procedures to be used during well-completion, workover, and production operations.
" This information will be used by the District Supervisor 1o evaluale and approve or disapprove the adeguacy of the equipment and
~.procedures to salely perform the proposed operations. Response to this request is mandatory (43 U.S.C. 1334).

‘Public reporting burden for this form is estimated to average 1/2 hour per response, including the time for reviewing instructions,

gathering and maintaining data, and completing and reviewing the form. Direct comments regarding the burden estimate or any

. other aspect of this form to the Information Collection Clearance Officer, Mail Siop 631, Minerals Management Service, 12203

- ‘Sunrise Valley Drive, Reston, VA 22091; and Office of Information and Regulatory Aftairs, Office of Management and Budget,
~Washington, DC 20503.




ATTACHMENT 1

KUVLUM TEST PROCEDURE
PRIOR TOTEST: CONFIDERTIAL

1)  Measure initial formation pressure using formation tester.
1)  Obtain rotary sidewall cores for rock strength analysis and brine compatability test.

iii) Develop Sand Strength Analysis Log using data from Sonic Dipole and LDT.
Correlate to sidewall core rock strength data.

iv) 1f 9-5/8" casing has been drilled thru, run corrosion log to ensure casing strength
(RD circ valve set at 5000 psi).
E T STRING/PERFORATE: M ?W
1) Replace mud with clear brine. *")
A
2) RIH with test string/TCP guns. Tie in to perf interval, set packer.

3) Open OMNI circ valve and inject diesel down tubing to create an underbalance
(volume to be determined by onsite New Ventures Engineer). Shut OMNI circ valve.

4) Fire TCP guns with well shut in at surface.

%x, 5) RIH with SRO probe assembly and latch in place to monitor bottomhole pressure.
P .
&” 2 °  BEGINTEST.
QU ’ 7. 6) Open well to flow. Limit drawdown per sand strength analysis to minimize sand -~ 12he=
/y" production. Stabilize rate (target = 1000 - 2000 BOPD). Flow at stabilized rate for 24 Q,{ o "i?/
0?9‘4 hours. |
< ’ 1 7)  Shut in for pressure buildup. Shut in time to be determined by onsite New Ventures :
YL a ' Engineer (estimated 12 - 96 hours).
elﬁ
%‘7\
8) Open well ¢ to condition for bottomhole sample. Shut in well. RIH with
MSST/HU radio/Pres/Temp, obtain sample in 0il column, POOH.

?Ze 9) Gradually open well to high rate for maximum flowrate test. Flow time to be based on
rate and available tank capacity. Shut in well. @000 s
T~— — > 1‘[‘57)«.—

W 10) Reinject all produced liquids into formation using mud pumps.

IF WELL WON'T FLOW/LOADS UP:
11) POOH with SRO probe assembly.

12) Hold open tester valve with annulus pressure. RIH with wireline and remove jet
pump isolation dummy (below tester valve).
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KUVLUM TEST PROCEDURE (CONT.)

13) RIH with jet pump on wireline (below tester valve) and latch in place. POOH with
WL. :

14) Increase annulus pressure to open jet pump valve and begin injecting power fluid
down annulus.

15) Afier hydrocarbon appears at surface, drop annulus pressure to shut pump. Monitor
flowrate. When rate stabilizes, RIH with WL and pull jet pump. RIH with SRO
probe assembly and latch in place.

16) Continue test as in steps 6 through 10.

i

. -




KUVLUM DOWNHOLE TEST EQUIPMENT
Operating Requirements

Tool

LPR-N Tester Valve
OMNI Circ. Valve
Jet Pump Assembly

RD Safety Circ Valve

Tool

Champ III Packer
Differential Firing Head

Preparation
OMNI ball open

None

Set pump w/WL

None

Preparation
Reach test depth

Set packer

To Open ' To Close

Apply 1500 psi to annulus Drop annulus pres below 1500 psi
Cycle annulus pres @ 1500 psi Cycle annulus pres @ 1500 psi

Pull isolation dummy, Drop annulus pres below 2000 psi
apply > 2200 psi to annulus

Apply 5000 psi to annulus Can't reclose once open

T ir

Raise to set position, rotate 1/2 turn right, apply tubing weight
Apply 2000 psi to tubing

v
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ATTACHMENT

HRS HRS - INSTALLATION
Haliiburton Ressrvor Services
COMPANY: ARCO ALASKA {COMPANY REP: _ MR. B. BERG DATE: 8-25-92
- WELL NAME
g UM #1° FIELD  W/C - NORTH TATE: ALASKA|
55 CASING  |sizE 9-5/8° |WEGHT _S3.5# IGRADE __L-80 TOP
: SIZE WEIGHT RADE TOP
55 Jmm SIZE 3-1/2° |WEGHT 1298 | THREAD PH-6 GRADE
s vannan fspr ¢ JsPF 12 loHARGE  32GMOP | EXRLO. ROX
” RFORATION INTERVA MP DEG. F
— = :'; S : .J:lm 1.0, 0.D. gﬁ!u FT, gm |
4 HAS TEST TREE 3.06
ST
Py TIFE_JOINT 250 | 787 9.45]
o 3-1/2' PH6P X 5-3/4 4 M
“ -1/2 PH-8 & SP NEEDEDL 2.75 | 3.50
R,_4-1/2° 4ST8 P X 3-1/2 PH-6
3 WIRELINE LUBRICATOR VALVE 300 | 10.75 .95
3 X-OVER, 3-1/2° PH-6 X 4-1/2° 4 STB
3 - - . 278
3 X-OVER_4-1/2° 4 STB X 3-1/2° PH-6
s T 13.00
3.00 | $.00 3.00
3 ADJUSTABLE FLUTED HANGER '3.00
3 48 13.1/2° PHEPX41/24STRACMER 1250 1o 146
45 13-1/2° 27513
3 44 | %0 3-1/2 FANX3-1/2 e BOX [275 | 475 0.85|
N 43 |sup JONT 225 | so 13.1 ‘
q 42 {sLp JONT 2251 s. 13.1 ‘
41 |RADICACTIVE MARKER 2.68 ) 4.75 — 201
40 [RD SAFETY CIRCULATING VALVE 2.25 | 5.03 7.53]
2 39 [X-OVER 4-1/2° WPN X 3-1/2" IF BOX ]
2 38 |2. 61 S 225 1650
2 37 I1X-OVER, 3-1/2° IF PN X 4-1/2° IF BOX
2 36 | DRAIN VALVE 2.25 | 5.03 .97
APR OMMNI VALVE 2.25 | 5.03 21.15
2 P «1/2° IF PIN X 3-1/2° IF_BOX
23 2 - JOINTS OF 6 1/2° OC'S 225 | 50 61.97
X-OVER, 3-1/2° IF PIN X 4-1/2° IF BOX
DRAIN VALYE 225 | 5.03 97
2 | MODEL "E* VALVE 187 1S 13.53
20 LPR-N TESTER VALVE 225 | so03 | 1
1 MP R 1751 S, _7.00
19 INSTREAM BUNDLE CARRIER 2251 5.50 rad
[FULFLD BUNCLE CARRIER 2251538 1L
4-1/2° If PN X 3-1/2° IF BOX
7 24 |2-sTANDS OF 8-1/2° OC'S 225 | .50 180,001
15 23 | X-OVER, 3-1/2° IF PN X 4-1/2° IF BOX
1 G JOHN JARS 237 | s03 514
b 2251 40
1254 20 4 1/2° \F PN X
1" ATTS BYPASS [XF] 4
ANNULAR PS! TRANSFER RESERVORR
1 9 5/8° RTTS PACKER 4001825 6.48
9 ANNULAR PRESSURE TRANSFER SUB | 2.37 1 6.12) L
8 BELOW PACKER SAFETY JONT
7 X * 8RD P X 3-1/2° IF 1.87 1,
6| 2.7/8° X 10" TURING SUB 2.44 13.06 10,00
s g 11 _12-7/8° BALANCED ISOLATION TOOL | 2,49 13.75 22
) 10 127/8° X 10 TUBNG SUB 244 | 3.06 10,001
®,l 3 9 |2 7/8° APF MECH. TUBING RELEASE 1.88 | 338 1.8
2 a_ 12 - 2 7/8° TUBING JOINTS 2.44 ] 3.06 Y
i © M
Y PR Als. 3
'i?-::‘{:f-"ig 5 | BLANK SECTION OF GUN N/A | 6.00 5.00
I 4 [VANNGUN TOP SHOT N/A | N/A 0.00
PETD = §° X 12 SPF 32GM DP VANNGUN n/a | 6,00 0.00
TVD - PR = VANNGUN BOTTOM SHOT _ WAL NA 0.00!
TVD - TOP SHOT = 1 |BULL PLUG N/A | 6.00 75

Y K. CODER {3000

*C* ST., SUTE 200  ANCHORAGE, ALASKA 99503 | PHONE: 907-261-77S0f FAX: 907-562-161

3




m
£

NPV NV NN NODNNDNONNN & o cdocd oedood ok b oad oob e
g‘pm\lmU'l-b@Ndiowm\‘mm&wwdo@m\lmmﬁww—ﬁ

BULL PLUG

6" 12 SPF TUBING CONVEYED GUNS
ANNULAR PRESSURE FIRING HEAD

TIME DELAY FIRER

2 - 2 7/8" TUBING JOINTS

27/8" APF MECHANICAL TUBING RELEASE
2 7/8" X 10' TUBING SUB

2 7/8" BALANCED ISOLATION TOOL

27/8" X 10' TUBING SUB

27/8° PIN X 3 1/2° IF BOX CROSSOVER
BELOW PACKER SAFETY JOINT

3 1/2" IF PIN X 3 1/2° 8 RD BOX CROSSOVER
ANNULAR PRESSURE TRANSFER SUB

9 5/8" RTTS PACKER '
ANNULAR PRESSURE TRANSFER RESERVOIR
RTTS BYPASS

- 4 1/2° IF PIN X 3 1/2" IF BOX CROSSOVER

VR SAFETY JOINT

BIG JOHN JARS

3 1/2° IF PIN X 4 1/2" IF BOX CROSSOVER
2 - STANDS 6 1/2" DRILL COLLARS

4 1/2° IF PIN X 3 1/2*" IF BOX CROSSOVER
FUL FLO BUNDLE CARRIER

IN STREAM BUNDLE CARRIER

JET PUMP RECEPTICLE

LPR-N TESTER VALVE

MODEL E VALVE

DRAIN VALVE

3 1/2" IF PIN X 4 1/2" IF BOX CROSSOVER
2 - JOINTS 6 1/2° DRILL COLLARS

KUVLUM #,

ID
(IN)

N/A
N/A
N/A
N/A
2.440
1.880
2.440
2.440
2.440

1.990
2.370

4.000
2.370

3.000

2.250
2.250

2.250

2.280
2.250
1.750
2.280
1.875
2.280

2.250

OL STRING

D LENGTH CONNECTION

(IN.)

3.380
6.000
3.750
3.375
2.870
3.375
2.870
3.750
2.870

6.000

6.120
8.250
6.125
6.120

4.680
4.625

6.500

5.380
5.500
5.632
5.030

(FT.)

0.75

?
3.70
2.00 2 7/8° PIN UP
60.00 27/8°P X B
189 278"'PXB
1000 278" PXB
224 27/8°8RDPXB
10.00 27/8°PX B

750 31R°IFPXB

1.50 3 1/2" 8RD PIN X 4 1/4" IF BOX
648 41R2°IFPXB
434 412°IFPXB
420 412°IFPXB

468 31R°IFPXB
5.15 31R°IFPXB

180.00 4 12" IFP X B

8.00 312°IFPXB
800 312°IFPXB
700 31R°IFPXB
1594 31R2°IFPXB

13.530 13.53 312" IFPXB

5.030

4.750

275 31R°IFPXB

60.00 4 12°IFPXB

Page 1
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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

31 4 1/2* IF PIN'X 31/2" IF BOX CROSSOVER

OMNI VALVE

DRAIN VALVE

3 1/2° IF PIN X 4 1/2* IF BOX CROSSOVER
2 - JOINTS 6 1/2* DRILL COLLARS

4 1/2" IF PIN X 3 1/2° IF BOX CROSSOVER
RD SAFETY CIRCULATING VALVE

RA SUB

SLIP JOINT

SLIP JOINT

3 1/2° IF PIN X 3 1/2* PH-6 BOX CROSSOVER
3 1/2° PH-6 TUBING

3 1/2" PH-6 PIN X 4 1/2* 4 STUB BOX XO

ADJUSTABLE FLUTED HANGER

SLICK JOINT

SUB SEATEST TREE N

4 1/2" 4 STUB X 3 1/2" PH-6 CROSSOVER

1 JOINT 3 1/2" PH-6 TUBING

3 1/2" PH-6 PIN X 4 1/2" 4 STUB BOX XO
WIRELINE LUBRICATOR VALVE

4 1/2" 4 STB PIN X 3 1/2* PH-6 BOX XO

3 1/2° PH-6 TUBING AND SUBS AS NEEDED
3 1/2° PH-6 PIN X 5 3/4" 4 STUB ACME BOX
STIFF JOINTS

SWIVEL

TEST HEAD

XO TO LUBRICATOR

2.250
2.280
2.680
2.250
2.250
2.750
3.000

3.000
3.000

2.750
3.000
2.750
2.500

2.880
2.650

5.030

5.030

4.750
5.030
4.500
5.030
5.030
3.500
14.000
5.000
13.000
3.500
10.750
3.500

7.870

21.15 312 IFP X B

2.75 312 IFPXB

60.00 4 1/2*IFP XB

752 312°"IFPXB

200 312°IFPXB

13.16 312°IFP X B

13.16 312" IFP X B

312°PH6PXB

3.00 4 1/2° 4 STUB ACME BXP
6.00 4 1/2" 4 STUB ACME BXP
5.62 4 1/2" 4 STUB ACME BXP
30.00

5.95 41/2°4 STUBACMEBXP

9.45

31/2° IF

# AINSWHOVLLY
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PRARTICAL ASPECTS OF PRESSURE ANALYSIS

\
i

123

\* i
d
Pws Pws Pws //
-
-~
log C(1+at) /A1] 1 log L{t+av) /a1] 1 log [(t+a1) /At] 1
IDEAL - Sec. 3.1 " SKIN AND/OR WELL DEEP PENETRATING
FILLUP- Sec.3.2,3.6 HYDRAULIC FRACTURE-
Sec. 10.5
7 //
o p A
Pws Pws Pws
log [(t+at) /8t] 1 tog [(t+at) /812 1 log [(t+at) /A1] 1
BOUNDARY (one well in INTERFERENCE (multiple PHASE SEPARATION
a bounded reservoir) - wells in g bounded IN TUBING— Sec. 3.6
Sec. 3.3 reservoir)- Sec.7.2
”
- //
, ra - /
Pws Pws Pws
-
tog ClteAn) /At] 1 tog [{t+an) /1] 1 fog C(1+At) /At] 1
FAULT OR NEARBY STRATIFIED LAYERS LATERAL INCREASE
BOUNDARY-Sec.10.1 OR FRACTURES WITH IN MOBILITY-
TIGHT MATRIX - Sec.10.2

sure from Bottom Hole Pressure Build-up Character-

Fig. 11.6 Example buildup curves.

istics”, Trans.,, AIME (1950) 189, 91-104.

5. Russell, D. G. and Truitt, N. E.: “Transient Pressure
Behavior in Vertically Fractured Reservoirs”, J. Pet.

Tech. (Oct., 1964) 1159-1170.

6. Odeh, A. S. and Nabor, G. W.: “The Effect of Pro-
duction History on Determination of Formation Char-
acteristics From Flow Tests”, J. Pet. Tech. (Oct., 1966)
1343-1350.

7. Nisle, R. G.: “The Effect of a Short Term Shut-In on a

Sec. 103, 10.4

Subsequent Pressure Build-up Test on an Oil Well”,

Trans., AIME (1956) 207, 320-321.

8. Lozano, G. and Harthorn, W. A.: “Field Test Confirms
Accuracy of New Bottom-Hole Pressure Gauge”, J. Per.

Tech. (Feb., 1959) 26-29.

9. Jones, L. G.: “Reservoir Reserve Tests”, J. Pet. Tech.
(March, 1963) 333-337.

10. van Poollen, H. X.: “Radius of Drainage and Stabil-
ization Time Equations”, OQil and Gas J. (Sept. 14,
1964) 133.
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