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Alaska North Slope Market 

AlasAca Nonh Slope ( A M )  prices have ranged between $17.00 and $M.OO/bbl since last 
Spring. Forthe past six months, concern o v a  the health of the giobal economy, plus uncertainty 
as to when Iraqi exports will return to the wurld market, have led to the price fluctuarions of ANS. 
The price increase this yeaxbas betndrivenmainly by OPEC's clecision to maintain fourth quarter 
production at its summa quota ANS Lower 48 pat+ has averaged just un&r $19.00/bbl so far 
for FY 1993. 

BP Exploration announced its official selling prices for November 1992 as $18.80/bbl 
on the Wcst Cout and S19.4Qmbl on the Gulf Coas~ Rccent spot prices have been running 
$O.lO/bbl lower than the official price. 

Roughly 85 percent of ANS production is sold on the Wcst Coast while 15 pcnznt is 
marketed in the Eastem half of the United States and the Caribbean. As ANS production declines, 
it is arpected that shipments to Eastern U.S. ~ o n s  will cease after 1996. Grearer 
fxmqmmion costs to the mac distant mvkm result in a Gulf Coast derived wellhead pdce 
which is lower maD the Wcst Coast price. ANS spot prices arc graphed below in F i p  6. 
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Beginning with this forecast, the oil price assumptions sraxt with the price of A N S  at the 
U.S. Gulf Coast ANS Gulf is now used as a benchmark insttad of West Texas I n m t e  
0 for the hllowing practical and rhwrctical reasons: 

1. Sandi Light is marbtcci in the US. based on the Gulf ANS spot price. This pmvi&s 
a~toworidwidemarlrcts. 

2. WI'I k a lighter gravity, lower sulfur aDdc than ANS, a d  is thus valued higher. By 
using ANS itself as a marker, any price miations that occur due to qualiry 
differentials ate c h i w e d  and forecasting error can be amibuted solely to incmct 
assumptions about ANS price. . 

We do continue to farecast a WTI price based on the histoxicalreiarionship between \KTI 
and ANS. 

'Iht dimssion of price forecast assumptions starts with the Gulf Coast ANS price and 
omiinestheothnv~les~wnslaterhispDiceinn>thewe~pricef~ANScrrrdeoiL 
The wellhead price determines the vaiue of prcxhaion and thus the state's scvamce tax and 
royaltyincomt. 

I ThepriccafWwtCoastANSisf~basedanitshisoarical r c h h d l i p  to Gulf 
CoknANS. WestCdaaANS scllsata~unrtotheGulfbccauscthc~ceofANS on the 
WeaCorst~acmdeoilgiuttheze.itkthisglmthatneassi~the~tofANSto 
&Gulf. Thesbarttamf~furANSisillusuatedbelow. 

I A m 7  ANSattkU.S.Gulf 8 ANS at the U. S. West Coast 

I I 
Pqc 16 Fall 1992 Rctaaue Sources Book 



Over the longer term, as demand on the 
West Coast grows and ANS production declines, 
the West Coast oil glut will disappear. la this 
foncast West Coast and Gulf Coast oil prices are 
assumed ro converge when the West Coast suxpius 
disappears. The long term fancast for ANS is 
illustrated below. 

T u  8 Scenarios for ANS Oil Price T* 9 Marine Transportation Costs 
Gulf Coast and West Coast Valdez to Lower 48 

(W) ($/bbl) 

EIsel Low Mid High Fimd 
X c a r S e g s t ~ ~ L ' p l i l S e g s t ~  
1993 17.13 17.71 18.11 18.73 1856 19.21 

XCPt Lgg 
1993 1.83 1.83 1.83 

Mid Hioh 
1994 16.35 17.07 18.26 19.07 19.06 19.90 1994 1.95 1.95 1.95 
1995 16.43 17.15 18.91 19.74 19.67 20.52 1995 1.90 1.90 1.94 
2000 19.48 19.48 24.67 24.67 n.cn n.cn 2000 1.68 1.71 1.73 
2005 2265 22B 30.68 30.68 37.14 37.14' 2005 1.46 130 159 

Transportation Costs to Lower 48 Markets 

The weighted (werage Lower 48 shipping 
cost averaged S1.75hbl in FY 1992, $0.40/bbl 
higher than in the @or year. This increase was 
mostly atuibutable to tight m a b t s  in the higher 
cost Gulf trade, what there is signSam charter- 
ing, and results of the Oibpill Pollmion Act of 
1990 (OPA90). 

figme9 
Total 'hnspodon Costs to Lower 48 

Pipeline and W e r  

I 
L I 

F a  1992 Revemue Socuacr Book Page 17 1 

As ANS prodracton declines and West 
Coast p c u o h  demand iacrtaseg, shipments to 
the Gulf will dimhi& This will fne up excess 
tonnage. Consequently, average shippmg costs are 
expected to stay fairly amstant wcr the next few 
years. In the long term the double hulling quire- 
ments of OPA90 will result in increased shipping 



DIFFERENTIAL VAPORIZATION DATA 
ADJUSTED TO SURFACE CONDITIONS 

Nomonclrturo and E q u n l o ~  

pb = Bubblepoint Pressure 
BO = Oil Formation Volume Factor 
Bolb = Formation Volume Factor from field conditions or optimum 

separator flash test 

Bod a Relative Oil Volume from differential vaporization test 
Bodb = Value of Bd at bubblepoint pressure 
RV = Relative Volume from Pressure-Volume relations 

For B, above bubblepoint pressure: 

Bo RV BOfi 

For Bo below bubblepoint pressure: 

Bo (Bod) (Bolb 1 Bodb) 

& = Gas in solution 
Rdb = Sum of separator gas and the stock tank gas from field conditions (or 

optimum) separator flash test 

R d  = Gas in solution from the differential vaporization test 
R d b  = Rd at bubblepoint pressure 



Trrr 
XI 
dP 
RV 
Dens 
Densb 
ROV 
ROVb 
B, 

DIFFERENTIAL VAPORIZATION 
Nomenclatura and Equations 

Bubblepoint Pressure 
Base Pressure 
Base Temperature 
Reservoir Temperature 
Dimensionless Pressure ( Pi / Pb ) 
Pressure Difference ( Pi - Pb ) 
Relative Volume from Pressure-Volume Relations 
Single-Phase Oil Density 
Oil Density at Bubblepoint Pressure 
Relative Oil Volume 
Relative Oil Volume at Bubblepoint Pressure 
Gas Formation Volume Factor 

For Oil Density above bubblepoint pressure: 

For Relative Oil Volume above bubblepoint pressure: 

For Gas Formation Volume Factor below bubblepoint pressure: 



PRESSURE-VOLUME RELATIONS 
Nomanclrture and Equations 

Pb = Bubblepoint Pressure 
Xd = Dimensionless Pressure ( Pi / Pb ) 
dP = Pressure Difference ( Pi - Pb ) 
y f = Y-Function (dimensionless compressibility) 
RV = PV Relative Volume 
GP = Average Single-Phase Compressibility of Reservoir Fluid 

For Relative Volume below bubblepoint pressure: 

For Average Single-Phase Compressibility above bubblepoint pressure: 



Appendix 
Nomenclature and Equations 
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FORMATlON VOLUME FACTOR 

LEGEND 

- M f f ( ~ ~ ~ n t l ~ l  vaporftotlm 
1 0 0 p d g a t 9 0 * F  * t o o p d g o t i r o * ~  

-o- 500 pdg at 90 'F 

W Adjusted to Sepamtor 

Figure 0-2 



Arco Exploration & Production Technology 

SOLUTION GAS/OIL RATIO 
( scf/STbbl ) 

. . .  . . 

. . . .  

LEGEND 

- Diffwntfol Voporhation 
D 1 0 0 p d g o t 9 0 ' F  
6- l o o p a i q o t i 4 0 * ~  
a- soopdgot90'F 

W Adjusted to Sopamtor 
Figure 0-1 
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DIFFERENTIAL VAPORIZATION 
ADJUSTED TO SEPARATOR CONDlnONS* 

OiVGes 

Ratio Factor Raio 

(A) Cubic Feet of gas at 14.65 psia and 60 'F per Barrel of Stock Tank Oil at $0 'F. 
(8) Barrel of oil at indicated pressure and temperature per Barrel of Stock Tank Oil at 80 OF. 
(C) Cubic Fed of gas at indicated pressure and ternperdure per Cub~c Feet rt 14.65 psi. and 60 O F .  
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*Separator Condniolu 

First Stage 
Second Stage 
Third Stage 
Stock Tank 

~ p s i g a t 9 0 ~  
100pigatoO'F 
25 p i g  at 140 T 
Opsiga6OT 

A 
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DIFFERENTIAL VAPORIZATION 
ADJUSTED TO SEPARATOR CONDITIONS* 

Sol Jion Formaion Formation OiVGas 

Ratio Ratio 
R. (4 80 (8) 

(A) Cubic Fret of gu at14.65 psia m d  60 OF por Barrel of Stock Tank Oil at 60 OF. 
(B) Barrel of oil at indicated prrrrurr and temperature por Barrrl of Stock Tank Oil at 60 'F. 
(C) Cubic Fed of gar at indicated pressure and trmprrrture por Cubic Feel at 14.M pair and 60 'F. 
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+Separator Condltlofu 

First Stage 
Second Stage 

Stock Tank 

100psigatl40T 
25 psig a 140 r 
O p i g a t 6 0 T  
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DIFFERENTIAL VAPORIZATION 
ADJUSTED TO SEPARATOR CONDITIONSC 

OiVGas 
Pressure 

Raio 
fi  (A) 60 (B) 

w 

*Separator Conditions 
I 

I 

(A) Cubic Feet of gas at 14.65 pria and 60 "F per Barrel of Stock Tank Oil at 60 O F .  

(B) Barrel of oil at ind~cated pressure and temparature per Barrel of Stock Tank Oil rt 60 OF. 

(C) Cub~c Feet of gar at indicated pressure and temperature per Cubic Feet at 14.65 pria md 60 O F .  
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First Stage 
Second Stage 

Stock Tank 

l ~ p ~ i g a 9 0 ' ~  
25pigat1407: 
0 psig a 60 T 
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SEPARATOR FLASH ANALYSIS* 

rZOO 119 0.7557 
100 90 453 466 1.030 0.733 0.8365 
25 140 28 29 1.038 0.952 0.8242 
0 60 15 15 34.4 1.238 1.000 c1 0.8518 

Rsfb = 510 

Flash 
Conditions 

prig 1 'F 

lSOO 119 0. no6 
100 90 314 324 1.033 0.772 0.8359 
25 140 33 35 1.039 0.985 0.8239 
0 60 10 10 34.6 1.191 1.000 .. 0.8537 

Rsfb = 369 

800 119 0.7822 
100 90 153 159 1.038 0.817 0.8258 
25 140 35 36 1.039 1.032 0.8172 
0 60 10 10 34.8 1.132 1.000 e+ 0 8467 

Rsfb = 206 

Gas/Oil 
Ratio 

( scflbbl ) 

(A) 

+ Performed on prepared differential vaporization fluids. 
** lnsufticient quantrty for measurement. 

(A) Cubic Feet of gas at 14.65 pda and 60 'F per Barrel of oil at indicated pressure and temperature. 
(8) Cubic Feet of gas at 14.65 pria and 60 'F per Barrel of Stock Tank Oil at 60 O F .  

(C) Barrels of saturated oil at ind~cated pressure and 11 9°F per Barrel of Stock Tank Oil at W F .  
(0) Barrels of oil at indicated prerrure and temperature per Barid of Stock Tank Oil at 60 OF. 

GaslOil 
Ratio 

( scf/STbbl) 

(0) 
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Stock Tank 
Oil Gravity 
a60 T 

(%PI ) 

Formation 
Volume 
Factor 

Bofb (C) 

Separator 
Volume 
Factor 

(0) 

Specific 
Gravity of 

Flashed Gas 

(Air=1.000 ) 

Oil Phase 
Densrty 
( ~ ~ I C C  ) 



Arco Exploration & Production . :hnology 

Composition of Stock Tank 011 
( From Chronutogrqhii Tuhniquo ) 

Hydrogen Sulfide 
Cubon Dioxide 
NlOogon 

I !&thane 
Ethan. 
Propen. 
bBrRlno 
rcBrRlno 
bPontane 
n-Pontano 
Haanor 
HeptMor 
odMe8 
Nonanrr 
o8Gan.8 
Undocaner 
bdomner 
Triduanoa 
T.tradoaner 
Pentadocanor 
H o x a h n e r  
Hoptaduaner 
OcWumer  
N o ~ d u a n o s  
Eioraner 
Hondcounrr 
Docouno* 
Tritounor 
Totmcoranor 
Pontacormor 
Harcouner 
Hopt.eouner 
Octnormor 
Norueomner 
Triroomrnrr 
Hontriacontmoa 
~aCOn lN l08  
TritriaoontMr 
l'otr.hi.eontanu 
Pont.triacontane8 
HoxrOiffionUnor plu 

Sample Characteristics 
'Ban Cuem Soparator Test 

ToW Liquid Moleculu Weight .............................. 205.0 
Totrl Liquid OInrRy (gmlcc) ................................. 0.8538 

Totrl Liquid API Orrvity ......................................... 34.2 

Properties of Heavy Fractions 

HOXMW plw 

H.prrn.8 plw 
oocan.0 plu. 

1 Und8can.r plur 
P o n t a d u ~  plur 

I Eicounoe PIUI 
Pontrc0un.r plus 
TriaconlNlos plus 
PontAtriacontaner plur 

Page 28 CORE LABO"nT3R ES 



Arco Exploration & ~roduction Technology 

Composition of Stock Tank Gas 
( From ChtOMdographii Tuhniqua ) 

Component 

I Heptanes plur 1.32 100.1 0.730 I 
Component 

Sampling Conditlons 
Hydrogen Sulfide 0.00 
Carbon Dioxide 0.51 14.010 b172 

Nitrogen 0.12 26.013 .#)86 

Mothme 32.a 16.043 2997 
Ethane 16.07 4.274 30.070 .JssI) 

Propme a 1 7  7.172 14.097 .- 
imButme 7.W 2.297 58.123 .5423 
n-8utane 9.83 3.020 30.123 .SO34 
imPentme 3.42 1.245 72.150 .441 
n-Penune 1.78 .641 72.150 .C1305 
Hlxaner 1.50 .579 64.000 .mSO 
Heptaner 0.88 .368 96.000 .= 
Octrner 0.40 1 107.00 .7450 
Nonaner 0.04 .020 121.00 ,7640 
0.tan.s plus Nil 

Totals ........... I 100.00 1 19.797 1 I 

Mol% 

Sample Characteristics 
' W e  Cue* Separator Test 

Mol K 

........................... Critical P r r u r e  (psi.) 624.6 
Critical Temperature CR) ......................... 572.7 

QPM 

...................... Average Molecular Weight 37.87 

MW 

Wculatod Q u  Qrrvity (air = 1 .OW) ...... i . ~ ) 8  

MW 

Page 27 

us 
Dons 

(gmlcc) 

Lis 
Dons 

(gmlcc) 

CORE LABORa'3RIES 

API 
Gravity 



Areo Exploration & production Technology 

Composition of Secondary Separator Gas 
( From ChlOmdogrrphii Tochniqw ) 

Liq 
Component Mol % MW Den8 API 

(gmlcc) Qravity 

Heptaner plur 0.45 101.4 0.732 45.1 

Component 

From: Standing, M.B., 'Volumetric and Phue Behavior of Oil Field 
Hydrocarbon Systemr', SPE (DaIlas),l9i?, 8th Edition, Apprndix II. 

Sampling Condltlons 
(gmlct) 

Hydrogen Sulfide 0.00 
Carbon Dioxide 0.66 44.010 -8172 
Nitrogen 0.00 
Methane 63.64 16.043 2997 
Ethme 12.86 3.421 30.070 .SS8 
Propane 13.50 3.700 44.097 .= 
m+Butme 3.14 1.022 56.123 .5423 
n-Butane 3.61 1.132 58.123 .S34 
irePentane 1.12 .4L# 72.150 .6241 
n-Pentans 0.56 .202 72.150 .6305 
Hexmer 0.46 .I78 04.000 .6850 
Heptaner 0.28 .I17 96.000 .7220 
Octanes 0.13 .059 107.00 .74W 
Nonaner 0.04 .020 121.00 . 7 W  
Docanes plus Trace 

Totals ........... I 100.00 1 10.259 1 1 

MolK 

25 pslg 
140 'F 

Sample Characteristics 
'Base Cue' Separator Test 

QPM 

Awage Molwulu Weight ...................... 

Caleulrtod O u  Gravity (air = 1.000) ...... 

MW 

Q u  Orwily 
............................................... Factor, Fg 

Supor Compreuibility Factor. Fpv 
........................... at m p l i n g  condition8 

Ou Z-FKtor 
........................ d runpling condition8 

u q  
0.m 

Qlorr W d n g  Value 
(MU/& dry 988) ................................... 1 539 

CORE L A B O W T ~ R I E S  



Arco Exploration & ~roductio.. Technology 

Composition of Primary Separator Gas 
( From Chromatographic Tochniqw ) 

Component 

Sampling Conditions 

Component 

100 prig 
90 'F 

Hydrogen Sutfide 0.00 
Cubon Dioxide 0.46 44.010 .8172 

Nitrogen 0.15 26.013 .8066 
Methane M.88 16.043 2997 
Ethan. 5.M 1.556 30.070 
Propane 4.17 1.143 44.097 .SO65 
i@o.Butrne 0.81 .2W 56.123 .5(123 
r+But.ne 0.W .301 58.123 .5834 
ia+Pentme 0.30 .lo9 72.150 .6241 
n-Pontm. 0.15 .054 72.150 ,6305 
Hexanes 0.13 .050 64.000 .- 
Hoptaner 0.08 ,033 96.000 .7p0 
Octanes 0.04 .Of8 107.00 .7450 
Nonanes Trace 
Decamr plus 0.02 .011 141.00 .7840 

Totals ........... I 100.00 1 3.539 1 I 

MolW 

Sample Characteristics 
'8- C.u* Separator To4 

Heptanu plus 0.14 10S.6 0.739 44.2 
k a n r  plus 0.02 141.0 0.784 38.3 

Mol% 

clnicd Preuure (pria) ............................. 644.5 
Critical Temperature CR) ......................... m.7 

QPM 

Average Molecular Weight ...................... 19.39 

MW 

C.ku1.t.d G u  Gravity (air - 1 .OOO) ...... 0.670 

MW 

Gravity 
Factor, Fg ............................................... 1.2221 

Super Comprrrribility Factor. Fpv 
d runpling conditionr ........................... 1.008 1 
aU 2-F actor 
d umpling eonditionr ........................ 0.984 

Lis 
Donr 

(gm/tt) 

Liq 
Dens 

(gmlcc) 

Grou Heating Value 
(8nJ18d dy gu) ................................... 1 172 

API 
Gravity 

From: Standing. M.B., Volumdric and Phue Bohrvior of Oil Field 
Hydrocarbon Systems'. SPE (DaIIas),l97?, 6th Edition, Appendix 11. 
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Arco Exploration & Production TL -.lnology 

RFL 920279 

SEPARATOR FLASH ANALYSIS 

Collected and analyzed in the laboratory by gas chromatography. 

Flash 
Conditions 

prig I OF 

(A) Cubic Feet of gar at 14.65 pria and 60 'F per Barrel of oil at indicated prerrure and temperature. 
(8) Cubic Feet of gas at 14.65 psi8 and 60 'F per Barrel of Stock Tank Oil at 60 'F. 
(C) Barrels of saturated oil at 3019 prig and 119 OF per Barrel of Stock Tank Oil at 60 OF. 
(D) Barrels of oil at indicated prersure and temperature per Barrel of Stock Tank Oil at 60 OF. 
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GaslOil 
Ratio 

( rdlbbl ) 

(A) 

GasIOil 
Ratio 

( r d l ~ ~ b b l )  

(e) 

Stock Tank 
Oil Gravry 
at 60 T 
(%PI) 

Formation 
Volume 
Faaor 

Bofb (C) 

Separator 
Volume 
Factor 

(0) 

Specific 
Gravity of 

Flashed Gas 
(Airm1.000 ) 

Oil Phase 
Densry 

( ~ W C C )  



Arco Exploration & Production Technology 

1.011000 + 1.017m ( do ) 
m e b ~ a l f l - h a L ~  

Statistical Summary 

r rpuand: 0.9WaSS 
Confidence lntenrol (+/-): 0.005 
Confidence: 99 X 

Viscosity Analyses 

Fig- C-2 

CORE UBORATWES 



Arco Exploration & Production Technology 

RR 920279 

RESERVOIR FLUID VlSCOSlTlES 
( cp at 119 'F ) 

CORE UBORATORIES 

kralytlcal Gtpmulon (below bubbkpolnt) 
3.623 EOO + -3.IUE-M ( A ) + 4.74E-10 ( A )-la + -3.9S8E-02 ( A )4 .5  

Nobr f l I r d a m 8 d a D ) n r u n . ~  

Statistical Summary 

r bquared: 0.999 1 6 1 
Confidmce Intorvat (+/-): 0.023 
Confidence: 99 X 

Viscosity Analyses 

Figurs C-1 



Arc0 Exploration & Production Technology 

RFL 920279 

RESERVOIR FLUID VISCOSITY 
(a 119'F) 

Calculated OiVGas 
Pressure Viscosity 

Viscosity* Ratio 

Gas Viscosity data calculated from correlation of Lee A.L. Gonzalez M.H., and Eakin B.E.. The  

Viscosity of Natural Gases', Journal of Petroleum Technology, August. 1966. pp. 997-1000. 
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Pmssure, psig 

Analytical Expreamion 
I 

0.998 154 
Confidence Interval (+/-): 0.003 
Confidence: 

Differential Vaporization 

Figure 0-5 

I 
CORE LABORATORIES 



k c 0  Exploration 6 Production Technology 

RFL 920279 

GAS GRAVrJY 
( at 119 O F )  

1.00 
I I I t I 

L m m D  

.95 LoboratoyDob 

I ------- - Confldenco UmA 

I 
An0IytJool &pfw&l 

Saturation Prossun 

0 9 0  . 3,019 prlg t 

----.-- 

-- .a --- 

.do - 
0 

I 
500 1000 lSO0 

I 
2000 2500 5000 

P-n. Pdg 

hdytid tcp- 
2177mo + -la221E-Ol ( )-om + 3.0%€* ( A ).Qm + -921-1 ( W - x d )  ) 

Ma Xd I r (mdrC1 /Cr t  

Statistical Summa y 

r oqwrrd. 0.999009 
hfidoncm lntorvol (+/-): 0.0656 
Confidona: 99 % 

Differential Vaporization 

 fig^ 0-4 

1 

COfZE UBORATORIES 



Arco Exploration k Production Technology 

k#)ytloal tcprrcl.lon (blow bubbkpoint) I 

. 

CORE W R A T O R I E S  

0.82934 + 4.833E-03 ( P! w.1 + -1.241E-05 ( PI b1.1 + 2820E-11 ( PI )125 
,IMr R b m M d a r D l r u n , I I I  

Statlatical Summary 

r sqwnd: 0.999603 
Confidencs lntwvol (+/-): 0.0005 
Confidonca: 99 % 

D'rffemthl  Vaporization 

Figurn 0-3 



Arco Exploration & Production Technology 

RFL 920279 

AndyUccd Expmalon (bolo* bubbkpoint) I 

6.41OE-02 (flbl.1 + 3.038EOO (R)-(U + 1.46OE-06 (w2 
Nvtm R b d m d a p r u n . p l l  

Staff stical Summary 

r squared: 0.999990 
Confldmce Intetval (+/-I: 1 . .  - 
Confidence: 99 % 

Oiicrtntial Vaporization 
Figure 0-2 - 

CORE LABORAT0 Rl ES 



Arco Exploration & Production Technology 

RELATIVE OIL VOLUME 
( at 119 *F 

0 Labomtory Data 
1.25 -- 

-----__ Confidence Urnits - Analytical Expmmion 

Satura tion Pressure 
3.01 9 prig 

0 500 1000 lsoo 2000 2500 3000 3500 

Pressure, wig 

Anofytlcol hprc#.ion (below bubblepoint) I 

1.029EOO + 8.01 OE-05 (Pi) + 2.1 JOE-02 (Pi)-0.4 + -1.435E-02 (Pi)-O.Y 
rrac PIbdrlhrdo,Dcuun.#i( 

Statistical Summary 

r squared: 0.999995 
Confldence Interval (+/-): .0002 
Confidence: 99 X 

Differential Vaporization 

Figure 8-1 

i 
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Arco Exploration & Production Technology 

RFL 920279 

DIFFERENTIAL VAPORIZATION 
(a 119r) 

Gravity of Residual Oil r 34.2 *APl at 60 O F  

Density of Residual Oil = 0.8531 gmlcc a 60 *F 

Pressure 
peio 

(A) Cubit Feet of g u  at 14.65 pria and 60 'F per Barrel of residual oil at 60 *F. 
(8) Barrel of oil at indicated prerrure and temperature per Barrel of residual oil .I 60 T. 
(C) Barrels of oil plw liborated g u  at indicated pressure m d  temperature per h e l  of midual oil rt 60 Of. 

(D) Cubic Feet of gas at indicated pressure and temperature per Cubic Feet at 14.65 p8ia and SO O F .  

Page 22 CORE LABORATORIES 

Solution 
W O i l  
Ratio 

(A) 

Relative 
Oil 

Volume 
Bod (8) 

Relative 
Total 

Volume 
Btd (C) 

Oil 
Ow& 
gm/ce 

Dwiation 
Factor 

Z 

Ou 
Formation 
Volume 
Factor 

@) 

Incremental 
Gas 

Grwrty 
(Air-1.000) 



Arco Exploration & Production Technology 

RFL 920279 

9.39X-04 (Xd) + 1.918000 
tlodr U [ d I r r n P I / M  

~ t ~ a i c o ~  Summarv I 
- 

r bquored: 0.998527 
Confidence Interwl (+/-): 0.0227 
Confidence: 08 % 

Pmsurs-Volume Relations 

Fiqure A-2 

CORE UBORATOFUES 



Arco Exploration & Production Technology 
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Statistical Summary 

r squared: 0.99998 1 
Confidence Interval (+/-): 0.0000 
Confidence: 99 X 
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CORE LABORATORIES 



Arco Exploration & Production Technology 

RFL 920279 

PRESSURE-VOLUME RELATIONS 
(at 119 T) 

(A) Reletive Volume: V / V W  or volume at indicated preuure per volume at aaturrtion proaoure. 

Pressure 
wig 

(6) Where: Y-Function = (Prat - P) 
(Pabr) (V/Vsat - 1) 
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VOLUMETRIC DATA 
(a 119- 

Saturation Pressure (Psat) 3019 pig 
Densrly a Pmt 0.7448 gm/cc 
Thermal Exp @ SOOO psig 1.02191 V a t l l S T / V a l 7 O T  

AVERAGE SINGLE-PHASE COMPRESS181UTIES 

Pressure Range Compressibility 
vlvlpoi 

Page 20 CORE LABORATORIES 



Arco Exploration 4k Production ' ~hnology 

Composition of Low Temperature Distillation Residue 
( From Chromdognphk Technique ) 

Sample Characteristics 
Pb Adjwtod heombination 

TOW Uquid Mokeukr Weight .............................. 231.0 
TOW Liquid Donricy (gm/cc) ................................. 0.8664 
ToW Liquid .......................... , ......... , ,.. 31.8 
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Hydrogen Sulfide -00 .00 
Carbon Dioxide .00 .OO 
N)hogm .00 .w 
Mothme .00 .W 
Ethane .00 .00 
Propane .W .00 
b B u h n e  .00 .00 
n-Buhne .OO .00 
bPentane .W -00 
n-P~nmle .00 .00 
H.uner 1.07 .JB .665 84.0 0.49 
H e w n n  6.47 2.69 ,722 96.0 3.23 

0Cwl.r 10.09 4.a .74S 107.0 5.44 
Nonane8 7.24 3.19 .784 121.0 4.30 
k a n e s  6.63 3.96 .778 134.0 4.41 
Undrcaner 5.39 3.43 7 147.0 3.77 
Dodumrr 4.71 3.20 .W 161.0 3.SS 
Tridecurer 5.4s 4.13 1 l n . 0  4.41 
Tetr-ner 5.13 4.22 .= 1m.O 4.45 
Pentrdrann 5.29 4.72 ,832 208.0 4.91 
H O X ~ ~ C ~ M I  3.130 3.65 .ma 222.0 3.n 
Heptadeeaner 3.39 3.4 .W7 237.0 3.56 
Octaduaner 3.36 3.65 ,652 251.0 3.71 
Nonadwaner 2 3.20 .US7 263.0 3.32 
Eicwner 2 .a  2.71 ,062 n5.0 2.72 
Honoieouner 2.01 2.53 .a67 291.0 2.53 
Docorme8 1 2.43 .8?2 305.0 242 
Tricouner 1.61 2.21 ,677 318.0 2.16 
Trbaeouner 1.44 2.07 1 931.0 204 
Pentacounrr 1.45 216 .W5 345.0 2.11 
thxaeouner 1.07 1.67 .609 358.0 1.63 

Heptuormea 1.20 1 .94 ,693 374.0 1.88 
0CtKoun.r 1.05 1.76 .- 0 1.70 
Nonesomnu .91 1.56 .a99 402.0 1 .Q 
T r i m n e 8  S9 1 ,902 416.0 1.71 
Hentriacontmer .W 1.m .QOO a . 0  1 . ~ 0  
Dotriacontaner .67 1.29 .909 444.0 1.23 
Tri(rireomrulrr .62 1.23 .912 450.0 1.17 
Tetratriacont.nu .5? 1.16 ,914 472.0 1 . 1  
Pentatriacontaner .48 1.00 ,917 466.0 0.94 
Hex.triaeont.ne8 plu 9.87 21.56 1.021 504.2 16.29 

tot& ..,...... 1 ~oo.oo 1 too.00 j 1 r oo.oo 

% % 

P r o ~ f l l u  01 Heavy f factions 

Pkrr F- 

M d W t O m r i l y W V d  
(gmlec) % 

HoUMIpIw 100.00 100.00 0 . w  31.8 n1 .o 
k p t m w p l w  90.93 OO.61 0.867 31.7 232.6 
D e 8 u n e p l ~  n.13 88.4s 0.- 20.3 272.0 
Undocum plur ~B.SO 04.49 0.1101 27.3 2a.8 
Pent.d.ormr plur 47.62 60.43 0.912 23.6 336.8 
Eie#.mr plua 20.m 50.65 0.940 19.0 404.9 
P r n t a c ~  plur 19.72 I . 7 0  0.964 15.3 453.3 
Triacomnoa plur 14.04 29.59 0.- 11.7 486.7 

P.ntdri- plur 10.35 r2.54 1.016 7.7 503.4 

Md 
% % 

W t o . n r i C y * A P I M W  
(Qdec) 



Arco Exploration & Productioh , rchnology 

Composition of Heptanes Plus Fraction 
( From Chromdographic Tochniqw ) 

I 
Hydrogen Sulfide 
Cubon pixido 
Nibogrn 
Mothano 
Ethuto 
Propane 
im-8uturo 
* 8 u t ~ e  
bPontano 
n-Pontano 
Hamnor 
Hoptmnor 
octanes 
Nonutor 
k m o s  
Undocaner 
Dodwnor 
Tridurnea 
Tmtraduanor 
Pontduanor 
Hoxadwanoa 
Hoptadocmos 
Octadocanrr 
Nonadocanor 
Eicounos 
Honoicormor 
Docormos 
Tricoranoa 
Totrrcorutor 
Pontacesanor 
H.utounor 

Sample Chrrrcteristics 
Pb Adjwtod heombination 

ToW Uquid Mokeulu Weight ......................... ... . 232.6 
TOW Uquid (gmlcc) ............................. ... 0.8670 

ToW Liquid API Orwily ....................................,.. 31.7 

Dotriacontanor .6B 1.30 .909 444.0 1.24 
Tritriacontanor -62 123 .912 $56.0 1.17 
T rtr.ttircontanu .n 1.16 .914 472.0 1.1~ 
PonWriacontanos .16 1.00 ,917 486.0 0.95 
HexatriaconUner plus 9.98 21.64 1.a1 504.2 18.38 

PI- - plw 
u- plw 
Pentadomnm plw 
Ei- p lw  
P.ntaooo~.r p lw  
Trircontmnm plw 
PentmiaconUnoa vlur 

Page 18 CORE LABORATDRIES 
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Arco Exploration & Production Technology 

Composition of Reservoir Fluid* 

Not.: HePI.n.8 PJUI MW and Oonriry are meuured vdwr.  
Corrected tor hwmm minw fraction identified in rmidue an*&. 

Component 

Sample Chrrrcterlstics 
Pb Adjurtrd Recombination 

Page 17 

(gmlm) , 

Hydrogen 0.00 
Hydrogen Sulfide 0.00 
Cubon Dioxide 0.27 0.110 44.010 0.8112 
Nitrogen 0.07 0.020 1.013 0.- 
W 8 n e  45.49 6 . W  16.043 03941 
Ethane 3.59 1.000 ' 30.010 0.35s 
Propane 3.75 1 . W  44.091 0.- 
i.&June 1.21 0.- s.123 0 . ~  
n.8utuw 2.01 1.090 58.123 0.SW 
i.Pent4ne 0.93 0.620 72.11 0.6241 
fkPenUn8 1.05 0.700 72.15 0.- 
b ~ 8 ~  202 1 . w  84.00 0.- 
Hept.n.8 plus 39.61 85.900 233.00 0.m70 

I 1m.m I 100.m I 

W% 

CORE LABORATORIES 

Wt% MW 
Uq 

b n a  



Arco Exploration & Production Tehnology 

m 920279 

Equilibrium Ratios 
(at 706 'F) 
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Arco Exploratlon & Production .I ethnology 

Composition of Low Temperature Distillation Residue 
( From Chromdogrrphic Technique ) 

Page 16 
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Hydrogen SuUidr -00 .00 
Cubon Dioxide .00 .00 
Nlrogen .00 .00 
Mothme .00 .00 
Ethan. .00 .00 
Propme .00 .00 
bBut.ne .00 .00 
n-8Utane .04 .Ol .S83 58.1 0.02 
1-Pontule .07 .02 .624 72.2 0.03 
+Pentan@ .03 .O1 .630 72.2 0.02 
Hexmer .71 .25 .685 64.0 0.31 
Hepunes 5 . 6 ~  2.27 .122 96.0 2.74 
OCtMr 9.00 4.03 ,745 107.0 4.73 
Nonm.8 7.05 3 . S  .764 121.0 4.07 
k m e r  6.81 3.82 . 134.0 4.29 
Undocam 5.59 3.14 .769 147.0 3.81 
Dod.Hner 4.64 3.26 .#K) 161.0 3.56 
Tridocanea 5.50 4.03 .611 175.0 4.34 
Trbadocrnrr 5.07 4.03 .= 190.0 4 . 1  
Pen(rdocrnr 5.15 4.42 .a32 206.0 4.67 
Chxadocaner 4.00 3.72 .WQ 222.0 3.67 
Hei.p(.d.cmer 3.1 3.55 7 237.0 3.60 
Oct.docrner 3.66 3 . 1  452 251.0 3.96 
Nonadecanea 2.99 3.29 .bSI 263.0 3.35 
Eicounea 2.46 2.83 462 275.0 2.67 
Heneicouner 2.20 2.68 .867 291.0 2.70 
Docounea 2.01 2.56 .872 305.0 257 
T r i c 0 ~ ~ 8  1.78 2.37 .a77 318.0 2.36 
Tetf.counea 1.59 2.20 .881 331 .O 2.18 
P e m 0 r r ~ 8  I.# 2.2s . 345.0 2.22 
Harnouner 1.20 1.60 .6b9 358.0 1.76 

H.pcroorm- i n  i .a . 374.0 1.w 
1.18 1.01 . 3b0.0 1 . 1  

~ . C O U M I  1 1.81 .- e . 0  1.76 
Triacont~ea 1 1.60 . 416.0 1.71 
Wacon(.nrr .OD 1 .  .906 UO.0 1.55 
Dotriaeonunea .ts 1.42 .SO8 444.0 1.36 
Tribistont.nes .m 1.32 .912 41.0 i .n 
Totrmiacontanoa .56 1.10 .St4 472.0 1.05 
Pmtrtri.eont.nes .U .b9 ,017 486.0 0 . 1  
Hurtriatonturea pl 9.56 21-01 1.017 8 18.25 

Ta9k ..,...... I 1oo.oof 1oo.ool I loo.00 

M d W t o W t S i I y W V d  
(gdcc) % 

S8mpl. Chrracteristlca 
Cylinder No. w3A8814 

TaW Uquid MokGulu Weight ........................... .. 239.0 
Toul Liquid Dmnrity (gm/cc) ............................... 0.8736 
ToW Liquid API Orwily ........................................ 30.5 

Proportlm of Haavy Fractions 

h F n c l l k n  

Haurm plw 99.1  99.96 0.874 30.4 239.2 
H.- ptw 98.15 99.71 0.874 30.3 2 4 . 4  
hanea plua 77.47 m.8S 0.891 27.3 277.2 
Undocumplw 10.66 86.03 0.897 26.3 291.0 
Pentdocmm plus 49.86 71.27 0.918 22.6 343.0 
Eicoum plw 30.26 52.43 0.- 17.8 414.0 
Penmomno8 plw 20a 39.19 0.975 13.6 470.1 
Triacontmoa plw 13.93 30.04 1.006 9.2 514.7 
Pent.triacont.rm plur 1O.W 22.80 1.042 4.3 544.1 

J 

~d 
% 

m 
% 

anily 
(gdec) 

OAR MW 
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Composition of Heptanes Plus Fraction 
( From Chromdographii Tochniqm ) 

Page 15 CORE lABORATORIES 

cQmPOn.nt 
% 

Hydrogen SuUido .00 .00 
Carbon Dioxide .00 .00 
Nitrogen .00 .00 
Mothano .00 .00 
Ethane .00 -00 
Propmo .00 .00 
bbutano .W .00 
rcBut8no .00 .00 
bPontano .00 .00 
fbP.nt.nr .00 .00 
Hoxanos .00 .00 

Hoptanor 5.71 2.28 .122 96.0 2.76 

Ochnos 9.00 4.04 .745 107.0 4.74 
Nonanor 7.09 3.57 7 121.0 4.00 
Docanes 687 3.63 . 134.0 4.30 
Undocanor . 5.64 3.45 .?W 147.0 3.02 
Dodocanor 4.60 3.27 .800 161 0 3.50 
Trid.c.nor 5.55 4.04 .all 175.0 4.35 
T~ad.e.nor 5.11 4.04 .= 190.0 4.29 
Pontaduanrr 5.17 4.42 .N2 206.0 4.65 
Hoxadocanos 4.04 3.73 .ma 2r2.0 3.89 
H.et.d.canos 3.61 3.56 6 4  237.0 3.67 
Oetrd.eaner 3.71 3.87 .852 231.0 3.97 
Nonadocanrr 3.02 3.30 ,857 263.0 3.37 
Eicounor 2.4 2.04 .ate 275.0 2-00 
Honoicosanrr 2.22 2.69 .C167 291 .O 2.71 
Docoranor 2.03 257 . 305.0 2.W 
T~~COI.MI 1 .  2% . 318.0 237 
Totracoouror 1.61 2.21 1 331.0 2.19 
Pontreos8nrr 1.57 226 .= 345.0 223 
Hoxacomnor 1.21 1-81 .- 358.0 1.78 
Hopc.couner 1 1.98 ,893 374.0 1 .W 
Ochcounos 1.19 1.92 .696 m.0 1.87 
Nonwounos 1.09 1.02 .ma $02.0 1.n 
Triaconunos 1.05 1.61 .## 416.0 1.76 
Hontriaeontmos .W 1.60 .a06 430.0 1.55 
DOtfi8~0nt.n~ .n 1.42 .go@ w . 0  1.s 
Tritriaton(.nrr .69 1.32 .912 458.0 1.27 
Totmtriacontmrr .56 1.10 314 472.0 1.05 
Pontrtri.contanos .U .69 .917 408.0 0.1 
Hox.triacon~nor plus 9.64 21.97 1.047 546.8 18.35 

~olab ..-...... im.ooI roo.ooI f lw.00 

M d W t o m d t y M W V d  
(om/=) % 

Sample Characteristics 
Cylinder No. wSO614 

ToW Liquid Mokeulu WoigM ............................. 240.4 
ToW Liquid Donoily (gmlce) ................................ 0.8740 
ToW Liquid W Orwily ...................................... 30.4 

ProprUes of Heavy Fractions 

Pkr F m d o m  

HO~~MOO plw 100.00 100.00 0.874 30.3 240.3 
0 8 ~ 1 0 8  plw 70.12 m.11 0.~1 27.3 2n.2 
U ~ p l w  71.25 M.28 0.691 26.3 291.0 
Pa&- plur S0.07 71.48 0.918 22.6 343.1 

Eieomn08 @US 34.52 52.60 0.948 17.8 41 4.0 
Pont.coautoa plua 20.36 39.91 0.975 13.6 470.1 
Triaconunu plur 14.04 34.11 1.006 9.2 514.7 
Pont.tri8cont.naa plur 10.00 P.86 1.Wl 4 4 544.1 

Md 
% 

HR 
% 

Wi 

(gmicc) 

'W MW 
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Composition of Separator Uquid* 

Note: Heptures plus MW m d  0anrNy m mouured values. 
Corrected for hOXan.8 minus fraction i & n M  in rrridrn analysis. 

, 

Sampllng Condttlons 

Sample Chrrrcterlstics 
Cylinder No. W3A8814 

Component 

Avcnege Mohcular Weight ...................... 21 3.9 
sMIpl~ b ~ i t y  (.t 60 'F) ........................ 0.8575 

Psge 14 

Hydrogen 0.00 
Hydrogen Sulfide 0.00 
Carbon Oioxtde 0.03 0.010 44.010 0.8172 
N i e n  0.01 0.000 28.013 0.- 
Mothano 2.65 0.200 16,043 02997 
Ethane 0.74 0.100 30.070 0.- 
Propane 1.72 0.350 44.087 0.5065 
i.Buune 0.90 0.240 58.123 0.- 
n-Butane 1.70 0.460 1.123 0.5834 
i-Pentan. 1.40 0.470 72.15 0.6241 
n-Pentane 1.37 0.460 72.15 0.6305 
Hexanes 3.71 1.460 84.00 0.6850 
Heptaner plur ~ . n  oe.2~0 240.00 0.~40 

I 100.00 I lW.00 I 

MolW 

CORE LABORnT3RIES 

WK MW 
M 

OOM 
(gmlee) 
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Composition of Low Temperature Distillation Residue 
( From Chtomdographii Techniqw ) 

Page 13 CORE LABORATORIES 

c o m p o r n M  MOI 
% 

Hydrogen Suffide .00 .00 
Cubon Dioxide .00 .#) 
Nitrogen .00 .00 
Methane .00 .00 
Ethane .00 -00 
Propane .00 .00 
bButme .00 .OO 
+Butane .0) .01 ,583 SB.1 0.02 
hoPentme .10 .03 ,624 72.2 0.04 
n9etme .10 .W .650 72.2 0.04 
hxrnor 1.21 .U .685 84.0 0 .S  

H.p(.n.r 6.62 2.75 .722 96.0 3.33 
O*.nr 10.40 4 .  .745 107.0 5.67 
Nonrnor 7.73 4.05 .764 121.0 4.64 
Doeme8 7.29 4.23 .t7b 134.0 4.76 
Undocaner 5.65 3.72 ,789 147.0 4.12 
Dod.uner 4.94 3.44 .- 161.0 3.76 
Ttidocanr 5.50 4.17 ,811 175.0 4.50 
Tmadoc8n.r 4.01 4.04 .= 190.0 4.29 
Pentadetanos 4 . a  4.31 . 206.0 4.53 
Hmradetana 3.80 3.65 .838 a . 0  3.80 
hpbdocmer 3.33 3.42 .847 237.0 3.53 
0tt.d.can.r 3.35 3.64 .852 251.0 3.73 
Nonadetanrr 2.71 3 . 0  .857 263.0 3.14 
Eieoun.r 2.22 2.64 . 275.0 2.68 
Wmtconnrr 1.95 2.46 . a 7  291 .O 2.48 
~0e-m 1.n 2.34 .m =.o 2.34 
Tfkaanm 1 . 1  2.13 ,877 318.0 2.13 
Totratou~r 1.37 1.m 1 331.0 1.94 
ponbe0un.r 1.23 1.a .aa w.o 1.81 
Henmeabnes I .  1 .  .m w . 0  1.63 

h- 1 .  1.71 ,803 374.0 1.67 
OctrcouMI .m 1 .Om 308.0 1.61 
Nona- .90 1 . S  .699 402.0 1.52 
Triaconhnea .a 1.55 . 416.0 1 .SO 
hntriaeomuwr .73 1.35 . a . 0  1 .JO 
Dohiacont.nrr .62 120 .909 444.0 1.15 
Tritri.conUnos .S 1.11 312 430.0 1.07 
~m8triatomm.r .a .el .s14 472.0 0.87 
PemrW.cont.nrr .35 $73 917 0 0.70 
Hoxdri.contrnor pl 9.63 23.38 1.070 560.3 19.12 

Tobk .., ...... I loKOof 1oo.aol 1 10O.ooA 

W 
w 

Sample Chrrrcterlstics 
Q l i w  No. 1 W71D 

Total Uquid Mokular WeigM ............................. 231 o 
T W  Uquid 0.nriCy (gmlot) ................................ 0.8746 

........................................ Total Uquid API Orwhy 30.3 

Proportier of Heavy Fractions 

(gdec) 
MW V& 

w 

Pkr F n o t k n  

H.x~oaplur 99.76 QO.93 0.875 30 2 231 4 

Hoptum plw 80.55 99.49 0.676 30 0 2 3  2 
~ e c u w  plw ~5 .80  w .a  0.697 26 3 ns o 
Undocum phrr 5 1  6 3  0.904 25 1 5 
Prnbd.unrr plw 45.31 60.28 0.829 20 8 3 4  1 

Ei- plw 27.29 50.16 0.964 15 3 424 7 
Pentmo8m.r plw 18.43 3U.63 0.995 10 7 484 3 

Triac0ntM.r plw 13.20 j0.23 1 028 6 1 528 9 

Pentrtriaeon(Mr plur 9.W 24.11 1064 1 4  5577 

MOI 

% 
m 
% (gmlcc) 

*API MW 
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Composition of Heptanes Plus Fraction 
( From Chromatographic Tadmiquo ) 

Page 12 CORE LABORATORIES 

ComPOrnnt 

Sample Characterlatics 
Qfind.1 No. 1 S3471 D 

ToW Liquid Md.tu lu  Weight ............................. 233.2 
ToW Liquid Dmrily (gm/cc) ................................ 0.8760 
ToW Liquid AP( arwW ........................................ 30.0 

Properties of Heavy Fraction8 

Hydrogen SuUido .00 .00 
Cubon Oioxido .OO .00 
Nitrogon .00 .00 
Mwthano .00 .00 
Ethan. .00 .00 
Propane .00 .00 
b8ut .n.  .W .00 
*Bum. .a0 .00 
bP0nt.n. .00 -00 
mPont.no .00 .00 
Hoxanor .00 .a0 

Hoptanor 6.70 2.76 .fp ~ 6 . 0  3.35 
0ean.r 10.58 4.85 ,745 107.0 5.70 
Nonrnor 7.64 4.07 .764 121.0 4.67 
Docanor 7.40 4.25 . n 8  134.0 4.78 
Unduanor 5.93 3.74 .789 147.0 4.15 
Oodrcrnor 5.01 3 .600 161.0 3.79 
tridrcmor 5.58 4.19 .a11 175.0 4.53 
Totmduanor 4.m 4.06 .a22 190.0 4.33 
Pontrdocanor 4.90 4.33 .832 206.0 4.55 
Hexadocanor 3.86 3.67 .839 222.0 3.63 
Hoptrdocanor 3.38 3 . u  .847 237.0 3,s 
Ott.dumor 3.40 3.66 .852 251.0 3 .n  
Nondumor 2.75 3.10 . a 7  283.0 3.17 
Eicorr;noa 2.25 2.m .662 n5.0 2.69 
Honoico&anor 1 2.47 . 291.0 2.50 
Doeomnor 1 2.35 .W2 W . 0  2.36 
Tricounor 1.57 2.14 .a77 318.0 2.14 
Totru01.nor 1.39 1.97 1 331.0 I.% 
Pont8comnor 1.24 1.64 .W 315.0 1.112 
Huacormor 1.08 1.66 . 358.0 1.64 
iioptacounor 1.07 1.72 . 374.0 1.69 
0cUcoun.r 1.00 1.W .ma 386.0 1.62 
Nonrcounor .91 1.57 .8@9 402.0 1.53 
Triacontmor .87 1.W ,902 416.0 1.52 
Hontriacont8na 4 1.36 ,906 430.0 1.31 
0otriacont.n.r .64 1.21 .#)9 444.0 1.16 
Tribiacont8n.r .57 112 .912 458.0 1 
T.bmiacont.nor .45 .91 .914 472.0 0 
Pontrttiaconianor .35 .73 1 7  486.0 0.70 
Hoxa t r i aco~o~  plur 9.78 23.50 1.070 560.3 19.23 

Tabk ........... I loo.ool1oo.aol /1w.m 

% 

Pkr F n d k n  

w 

Hopt.mrplw 100.00 100.00 0.876 30.0 233.2 
0.euua plur 74 .a  86.32 0.897 26.3 275.1 
Und.cunr plw 61.48 64.07 0.- 25.1 290.5 
Pontrdacutor plua 45.90 68.62 0.929 20.8 w.1 

E i o o ) . ~ ~  plw n.m ~0.42 0.964 15 3 424.7 
Pontrcour\.l plus 18.70 38.64 0.995 10.6 w.3 
Triacont.m plus 13.40 30.39 1.029 6.1 528.9 
Pontrtriacont8nor plur 10.13 24.23 1.065 1 4  557.7 

Md 
% 

M d W t l 3 ~ i t y H V d  
(gm/co) 

Wt 
% 

% 

DwWy 
(gdcc) 

'API MW 
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Composition of Separator Oil* 

Note: Cc.p.nu plur MW and Donrity are meuurod v d w .  
Corrected for huaner minw fraction idontifiod in rnidw analysis. 

Component 
Sampllng Conditions 

127 pslg 
106 'F 

Hydrogen 0.00 
Hydrogen Sutfide 0.00 
Cubon Dioxide 0.05 0.010 44.010 0.6172 
Nitrogen 0.00 
M.tnane 2.31 0.180 16.043 0.2991 
Ethane 0.69 0.100 30.070 0.3558 
Propane 1.61 0.540 44.097 0.506s 
i-Butane 0.63 0.230 58.123 0.5623 
tkhtuw 1 . 1  0.420 58.123 0.5634 
i-Pontane 1.27 0.440 72.15 0.6241 
+Pentme 1.47 0.110 72.15 0.- 
Houner 3.W 1.230 64.00 0.6MO 
Hoptanes plus 6716 96.540 231.00 0.- 

I 100.00 ( l00.00 I 

Mol% 

Sample Chrrrcterlrticr 
Cylinder No. 193471 0 

Average Mol.cular Weight ...................... 208.6 
Sample Donrity (at 60 'F) ........................ 0.8596 

W% 

Page 11 CORE LABORATORIES 

MW 
Liq 
0.n 

(Qm/ec) 
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mQPa210 

Composition of Separator Gas 
( From Chnwndographk Twhniqw ) 

Sampling Conditions 

Component 

Sample Chrrrcterirtics 
Cylindu No. CLHI7e 

C.lcukl.d Ou Qrrviry (air = 1 .OW) ...... 0.832 

Hydrogen Sulfide 0.00 
Carbon Oioxidr 0.48 44.010 .a172 
Nitrogen 0.12 28.013 .- 
M.thane 78.87 16.043 -7 
Ethane 5.49 1 30.070 .SS 
Propme 5.48 1 . m  44.097 .50db 
-Butane 1.62 .S27 58.123 .S23 
n-Butme 2.41 .756 58.123 .SO34 
bPent8ne 1 .  . 72.150 .6241 
~Pentane 0.80 .a 72.150 ,630s 
H . ~ ~ M S  1.27 .4ao e4.m .mso 
H8pt.nes 1.47 blS B6.000 .7PO 
0ctm.r 0.53 240 107.00 .7450 
Nonmea 0.11 .055 121.00 .7640 
bCUt.8 PIUS 0.07 .OW 141.00 .1#0 

Tow8 ........... I 100.W ( 6.439 I I 

MolW 

011- 
Factor, Fg ........................................... 1.0966 

Supor Compromibility Factor. Fpv 
a mampling conditionr .......................... 1.0089 

C3n 2-Fmtor 
al umpling eonditiom ....................... 0.982 

............................................... AkoXyQWl 0.01 
AkNltmgon ............................................ 0.W 

I ...................................... Taw Air Contom 0.06 

QPM 

From: Standing. M.B.. 'Volumetric md Ph.w Behavior of Oil Fild 
Hydrocarbon Systrmr', SPE (0allu),l977, 8th Edition, Apponda II. 

CORE LABORATORIES 

MW 
Lis 

Dona 
(gmJct) 

. 



I 

Arco Exploration & Production Technology 

125 palg 
106 'F 

Sample Chrrrcterlrticr 
Cylinder No. woo33 

Composition of Separator Gas 
( From Chromatographic T.chniqw ) 

r 

C J c u W  Ou Orwiry (air = 1.000) ...... 

Component 

b 

Faem, Fg ............................................... 
Super Comprmoibility Factor, Fpv 
Q umpling conditions .......................... 

00 Z-FatOf 
at umpling condition& ....................... 

Component 

Ak Oygw ............................................... o i o 
Air Nltrogon .............................................. 0.37 
Tow Alr Content .............................. o 47 

(gmlccl 

Hydrogen Sulfide 0.00 
Carbon Dioxide 0.40 44.010 .a172 
Nitrogan 0.25 20.013 .OW6 
Mothano 62.65 16.043 .2BD7 
EVIma 5.73 1.524 30.070 .JSbb 
Propane 5.21 l . a  44.097 .SMS 
ia&utane 1.39 .452 58.123 .=3 
n-Butane 1.87 .SBO S6.123 .S34 
ia&entme 0.85 .* 72.1% $241 
n-P.nt.na 0.49 1 7  72.150 .6305 
Hexmes 0.51 .197 84.000 .$@SO 
Wptanas 0.36 .I51 96.000 .fPO 
Octanes 0.21 .095 107.00 .7450 
Nonmm 0.07 ,035 121.00 .7640 
Docaner plus 0.01 .- 141.00 . 7 W  

........... Tot& I 100.00 1 4.459 1 I 

MolW 

From: Standing, M.B., 'Volumetric and Pham 8ehavior of Oil F i M  
Hydrocarbon Syrtrms', SPE (0dkr),l977, 8th Edition, Appondix 11. 

H.ptm~a p l ~  0.W 102.9 0.735 44.6 
D.cm.r plur 0.01 141.0 0.764 a . 3  

Mot% 

Page 9 

OPM 
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MW 
us 
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Arco Exploratlon & Production Technology 

RFLQZOZlO 

Composition of Separator Gas 
( From ChromQographic T.chniqw ) 

Sampling Condltlons 

Component 

127 palg 
106 'F 

Sample Characteristlca 
Cylinder No. BEKOBO 

Hydrogen Sutfide 0.00 
Cubon Dioxide 0.43 4.010 .a172 
NMgm 0.13 28.013 .m 
WMO 81 .30 16.043 .2W7 
Ethane 5 .  1.511 30.010 .- 
Propane 5.20 1.447 44.047 .So65 
bBul8ne 1.47 4 1 3623 
*Butane 2.01 .640 50.123 .Sea 
bPeni.ne 1.02 371 72.150 .a241 
b P o n t a ~  0.60 2 1  72.150 .63OS 
~mr8n.r o.n a 2  &.a .exso 
hmu 0.- .247 a.000 .tPO 
Octane8 0 .  .I72 107.00 .7150 
Nonmer 0.12 . 121.00 .7640 
k a n r r  0.09 .04S 134.00 .77W 
Undaemer plur 0.05 .030 154.00 .7950 

........... Tark I 100.00 1 5.- I I 

Mot% 

...................... Average Mokeulu Weight 

C8lcul8tod O u  Qr.vi(y (air = 1.000) ...... 

QPM 

Ou ar* 
.............................................. F.ctor. Fg 

Supor Compr.uibili Factor, Fpv 
.......................... d umpling tondiionr 

O u  Z.F.e(or 
....................... at runpling eondltionr 

W 

........................................ Ah 0yg.n 
.............................................. Air N i w n  

...................................... ToW Air C0nt.m 

Liq 
0.r~ 

(9m)cc) 

afnpoc\~nt 

From: Standing, M.B., Volurnotric and Ph.u Bohavior of Oil Field 
Hydrocarbon Sy8temse, SPE (Dallu),lS77, 8th Edttion, Appondix II. 

CORE LABOR4TORIES 

MoI 96 
(grnlce) 

MW 
Qrwily 

1.23 107.0 0.740 4.1 
m m p k r r  0.14 141.1 0.764 38.3 
Undomna plur 0.05 151.0 0.195 34.9 

s 

Liq 
0.f~ API 



Arco Exploration & Production Technology 

Compositjon of Separator Gas 
( From Chromdognphic Technique ) 

Component 

From: Standing, M.B., Volumetric and Pham Behavior of Oil Field 
Hydrocarbon Systems'. SPE (Odlaa),l9n, 8th Edition. Appondix 11. 

Component 

Sampling Conditions 
(grnlec) 

Hydrogen Sulfide 0.00 

Carbon Dioxide 0.43 44.010 .a172 

Nitrogen 0.14 26.013 .W 
M8th.n. 81.53 16.W 2997 
Ethme 5.61 1.- 30.070 .- 
Propane 5.33 1.461 44.097 .So65 
i8o-Butane 1.47 ,478 9.123 ,5423 
n-Butane 2.07 .64@ 56.123 .- 
bP8nt.n. 0.97 353 72.150 .6241 
n-Pent.ne 0 . s  .2(# 72.150 .sjw 
Hoxaner 0.66 .255 84.000 .6MO 
H8ptm.r 0.54 .= 96.000 .7PO 
Oecanes 0.37 1 6  107.00 .740 
Nonaner 0.10 .OX) 121.00 . 7 W  
0.eaner 0.02 ,011 134.00 .7780 
Undwmer plus Trace 

TOWS ........... I 100.00 1 5.397 1 I 

Mot% 

Liq 
Md W MW Den8 API 

127 prig 
106 *F 

(gmlcc) Qrwity 

Hopt8n.r plua 1.03 103.1 0.735 44.6 
k - 8  PlW 0.02 134.0 0.779 39.0 

Sample Chrracterbtics 
Cylinder No. 34geegD 

QPM 

Average Molecular Weight ...................... 22.18 

C.lcukt.d Q u  Qrrviry (air = 1.000) ...... 0.766 

MW 

Ou Orwity 
Factor. Fg ............................................... 1 ,1426 

Supw Compreuibility Faeor, Fpv 
at umpling condition8 .......................... 1.0093 

Ou 2-Futor 
at umpling condition8 ....................... 0 982 

Liq 
Don8 

Alr O w e n  ............................................... 0.20 
Air Nibogen ............................................. 0.72 
ToW Air Contant .................................. 0.92 

CORE LABORATORIES 
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RFL- 

Composition of Separator Gas 
( From Chromdographii Techniqw ) 

Hydrogen Sulfide 

Carbon Dioxide 

Nitrogen 
Mothme 
Ethan. 
Propane 
iso-Butane 

n-Butane 
is+Pent.ne 
n-Pentme 
Chxanea 
H.pt.nes 
0etan.s 
Nonaner 
Dumea 
Undocanes plua 

Component 

Sampling Condttlons 
(gmlcc) 

MoIW 

Component Md% MW 

125 prig 
106 'F 

Sample Charrcterlrtlcs 
Cylinder No. WaW9C 

QPM 

Heptanom plus 0.89 104.5 0.737 4 . 5  
Docanes plur O.m 134.0 0.n8 S .1  

i 

Liq 
Dons 

(gmlce) 

C. iof~M 0~ Qmiry (air = 1.000) ...... 0.771 

APl 
Qrwlty 

Q w  QrmdIy 
F.c(or, Fg ............................................... 1.1387 

Supor Campmribility Factor, Fpv 
at amplii eonditioru .......................... t .0093 
aU Z-Faetor 
at ampling tonditions ....................... 0.982 

MW 

M r O y g m  ............................................... 011 
Air N#rag.n .............................................. 0.40 

fit  COIttOJll ...................................... 0.52 

Liq 
mna 

From: Standing. M.B.. Yolumotric and Phue Behavior of Oil Field 
Hydrocarbon Systems', SPE (Dallar).l977. 8th Edition, Appondix It. 
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Composition of Separator Gas 
( From Chromdogrrphi Tochniqw ) 

Sampling Condltlons 

Sample Chrrrctrriaticr 
Cylinder No. 2579030 

, 

Component 

- @ a m  
F.op0c.F~ .............................................. 1.1528 

Supor Comprouibility Factor, Fpv 
rt rrmpling conditionr .......................... i ,009 i 

Om 2-F.dor 
d umpling tonditionr ....................... 0.982 

Hydrogen Sutfide 0.00 

Carbon Diox~de 0.41 44.010 bl72 

Nitrogen 0.24 28.013 .W% 
M.thme 6230 16.043 2907 
Ethane 5.67 1.506 30.070 
Propane 5.17 1.417 U.087 .SO65 
ire8utme 1.13 ,465 =.la .sea 
n-Butane 1.03 .a05 50.123 
iwPentme 0 ,320 72.150 .a41 
n-PonUne 0.51 .1W 72.154 ,6305 
Hexmm 0 . 9  224 W.000 .6BW 
Heptanw 0.47 1 9  1.000 .TPO 
Octanes 0.29 131 107.00 .7450 
Nonrner 0.09 ,045 121.00 . 7 M  
b c m e r  plur 0.03 .017 141.00 .7840 

........... T o U I  1 100.00 I 5.113 I I 

MolW 

Air 0myg.n ............................................... 0 20 
Air Niogon ............................................ 0.72 
ToU Air Contom ...................................... 0.92 

Component 

From. Standing. M.B., 'Volumetric and Phare Behavior of Oil Field 
Hydrocarbon Syrtemr'. SPE (0allu).l977,Bth Edition. Appendix II. 

OPM 

Page 5 

Heptaner plus 0.80 103.7 0.7% 44.6 
Oocmer p lw 0.03 141 .O 0.7U 3B.3 

- 

M d W  

CORE LABORATORIES 

MW 
us 
0.nr 

(gm/cc) 

MW 
Liq 

Don8 
(gmlce) 

API 
Orrvlty 



Arco Exploration & Production Technology 

RFL 920279 

PRELIMINARY QUALIW CHECKS PERFORMED ON SAMPLES 
RECEIVED IN LABORATORY 

- 
Separator 0aa 

Sample selected for recombination. 

Cylinder Number 

Separator 011 

Page 4 

Cylinder Numbw 

CORE LABORATO3IES 

Sampling Conditions 

WS 

lrboratory Opening Conditions 

Sampling Conditions 

'F m 

Pig 
~ r r r  

Rocmerod 
(CC) 

T 

Laboratory Bubbkpoint 

'F 

m9 

Liquid 
Recovered 

(cc) 

T 
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RFL 920279 

Production Data 

Data from Origfnal Discovery Well 

Location.. ............................................................ 
Date. ................................................................... 
Oil Gravity @ STP .............................................. 

........................................... Separator Pressure 
...................................... Separator Temperature 

Production Rates 
Gas.. .......................................................... 
Uquid.. ....................................................... 

....................................... Oas/Liquid Ratio 

Separator Conditions 

Primary Separator Pressure .............................. 
Primary Separator Temperature ........................ 
Secondary Separator Prassure ......................... 
secondary Separator Temperature ................... 
Primary Separator Gas Production Rate .......... 

Gas Factors - 
Field Values: 

...................................... Pressure Base 
................................ Temperature Base 

................ Comprmsibillty Factor (F pv) 
........................ Gas Or- Factor (Fg) 

Laboratory V d w :  
Pres8un Base ....................................... 
Tempemrun Bam ................................ 

................ ComprmsiMlny Factor (Fpv) 
........................ G u  Gravity Fwor (Fg) 

Prtmruy Separaor Uquid Rate .......................... 
Stock Tank Liquid Rm ...................................... 

............ Separator Gas I Separator Liquid Ratio 
Soparaor Gas I Stock Tank Liquid Ratio .......... 
Stock Tank Liquid I Separator Gm Ratio .......... 

...... Sefxarator Liquid 1 Stock 1 ank Uquid Ratio 

Data nol forwarded to Core L8boratorirr. 

Page 3 

'API 
W$ 
'F 

p i a  
'f 

CORE LABORATORIES 



Arco Exploration & Production Technology 

RFL 920279 

General Well Informrtlon 

Company.. .......................................................... 
.......................................................... We11 Name 

API Well Number ................................................ 
........................................................ File Number 

...................................... Date Sample Collected 
...................................................... Sample Type 

...................................... Geographical Location 
Field .................................................................... 

Well Descrlotlon 

Arto Exploration & Production Technology 
Brad Berg #l 

RFL 920279 

Separator 

1, 

......................................................... Formation.. 
.................................................... Pool (or Zone) 
................................................. Date Completed 

........................................................... Elevation.. 
.............................................. Producing Interval 

Total Depth ......................................................... 
Tubing Sue ........................................................ 
Tubing Depth .................................................... 
Casing Size ........................................................ 
Caring Depth .................................................... 

Pressure Survey Data 

Data trom Orlglnrl Dlstovery Well 

Date ................................................................... 
Reservoir Prossun ........................................... 

Data at Sample Colhctlon 

Date.. .................................................................. 
Rmwoir Pressure ............................................ 
Remvoir Tempraturn ...................................... 

..................................................... Pmmure Tool 
Flowing Bottom-Hole Pressure ......................... 
Flowing Tubing Pressun ................................... 

Data not forwarded to Core Laboratories. 

Page 2 CORE LABORATORIES 
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RF L 920279 

SUMMARY OF PVT DATA 

................... Current Reservoir Pressure 3000 p.ie 
.......................... Reservoir Temperature 119 T 

Pressure-Volume Relatlona 

Saturation Pressure ............................... 3019 p.ia 
Avg Single-Phase Compnssibili ........ 8.08 €4 v/v/pri ( 5000 to X)19 prig ) 
fh.rmd EXP @ 5000 psi9 ..................... 1.02791 Vdll@'FIV.S?O*F 

D~erentlal Vaporlutlon Oata 
(at3019pigandllS*F) . 

Solution GaslOil Ratio ............................ 61 2 retIbbldnridudoilat60'F 
Reiatie Oil Volum* ............................... 1 .272 bblIbbldnridudoilatWgF 

Density of Reservoir Fluid ...................... 0.7448 gmlcc 

Reservoir Fluld Vkooaity 

1.01 c p a  3019 psig and IIS'F 

* 

Separator Teat Oatr 
I 

I 1 

Page 1 

Tank Oil Gravrty 
('API at 60 T ) 

Separator Conditions 

CORE LABORATORIES 

(A) Barrels of oil at 301 9 prig and 119 'F per brrral of Mock tank oil at 60 'F. 
(B) Total standard cubic fort of gar por brrtrl of stock lank oil at 60 OF. 

Formaion 
volum FIctor 

m 

1.276 
1.284 
1.260 

WQ 

100 
100 
500 

TU8l Solution 
W O U  mi0 

(0) 

62s 
632 
593 

'F 

90 
140 
90 
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RFL 920279 

The viscosity of the reservoir fluid was measured over a wide range of pressures at  119°F in a rolling ball 
viscosimeter. The viscosity of the fluid was found to vaty from a minimum of 1.014 centipoises at the 
saturation pressure to a maximum of 3.623 centipoises at atmospheric pressure. The results of the viscosity 
measurements are presented on p a p  23. 

Small portions of the reservoir fluid were subjected to two two-stage and one three-stage separator tests to 
determine gasloil ratio, stock tank oil gravity and formation volume factor. These data can be found on page 
24. The gases and stock tank oil evolved from the "base casea separator test were collected and analyzed. 
These compositions are presented on pages 25 through 28. The separator test data were used to adjust the 
differential vaporization data to surface conditions and are summarized on pages 30 and 32. 

A large portion of reservoir fluid was charged to a PVTcell at 11PF. From this sample three gas depleted oils 
were prepared at specified saturation pressures. A separator test was performed on the individual "DV" oils at 
the same conditions as the 'base casew multi-stage separator test investigated above. The results of these 
analyses are presented on page 29. 

Equations and nomenclature are included in the appendix of the report which extend and dcfine the analytical 
expressions and data relationships presented in the study. 



La boratorv Procedures 

Arco Exploration & Production Technology 
Resewoir Fluid Study 

RFL 920279 

On October 16, 1992, multiple samples of separator gas and oil were reccived in our Carrollton, Texas 
laboratory. Bubblepoint determinations of each liquid sample were measured at lab ambient temperature as a 
quality check. Gas opening pressures were also measured. A summary of samples received in the laboratory 
may be found on page four. 

Each of the six separator gas samples was analyzed by extended gas chromatography to determine gas 
composition to the last detectable peak. These data are presented on pages five through ten. The 
compositions of the two separator oil samples were measured through a heptanes plus residual fraction by low 
temperature fractional distillation. The heptanes plus fractions were further analyzed by gas chromatography 
through hexatriacontanes pius. The composition and density of the fluids can be found on pages 11 through 
16. 

A routine quality control check of separator products' compositions is a "K-value" plot of relative component 
content versus component boiling point. Specifically, the K-value is the mole percent of a particular 
hydrocarbon component of the gas divided by the mole percent of this component of the separator oil. When 
the logs of the K-values of methane through hexanes plus nitrogen, carbon dioxide and hydrogen sulfide are 
plotted against the boiling points of the individual components, the results should yield a smooth line. 
Additionally, theoretical equilibrium ratios (K-values) can be determined for specific separator conditions 
and plotted with the measured data. When these plots were made for the above compositional data, the plots 
did not agree well with the theoretical data. An example of the K-value plou is presented following the 
separator products' compositions and is designated figure QC-1. 

The separator gas was combined with the separator oil to yield a saturation pressure of MOO psig at 119°F. 
This recombined reservoir fluid was used for all further analyses. The composition of the reservoir fluid was 
determined through a heptanes plus residual fraction by low temperature fractional distillation. The heptanes 
plus fractions were further analyzed by gas chromatography through hmtriacontanes plus. These data are 
presented on pages 17 through 19. 

A portion of the reservoir fluid was charged to a high pressure, windowed cell heated to the reported reservoir 
tempcrature of 119°F. During the constant composition expansion at this temperature, a bubblepoint was 
observed at 3019 psig. The results of the pressure-volume relations are presented on pages 20 and 21. 

During the differential vaporization at the reservoir temperature, the fluid evolved a total of 612 cubic feet of 
gas at 14.65 psia and 60°F per barrel of residual oil at WE The resulting relative oil volume factor was 1.272 
barrels of saturated fluid per barrel of residual oil at WF. The oil density and the properties of the evolved 
gases were measured at each point during the differentia1 pressure depletion and the data included in the 
summary of the differential vaporization data on page 22. 
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November 19,1992 

Arw Exploration and Production Technology 
2300 West Plano Parkway 

Rm PRC -El 115 
Plano, TX 75075 

ATTENTION: Mr. Russ Bone 

Su bjcct: Reservoir Fluid Study 
Well: 
Filc RFL 920279 

Dear Mr. Bone, 

Multiple samples of separator gas and oil were wllectcd from the subject well by representatives of 
Arco Exploration and Production Technology. These samples were shipped to our Iahoratory in 
Carrollton. Texas for use in a reservoir fluid study. The results of this study are presented on the 
following pages. 

11 has b a n  a pleasure to perform this reservoir fluid study for Arw Exploration and Production 
Technolog. Should any questions arise or  if we may be of further seNice in any way, please do not 
hesitate to contact us. 

Sincerely, 

Karl W. Kames 
Supendsing Engineer 
Reservoir Fluid Analysis 

KWK 
16 cc: Addressee 

15 bound & 1 unbound 

DaI la~  Advanced Technology C.nter 
P 0 Bsa "S::.: Car:c '.a- Texas 752' '.50ec - - - '875 M0qe:a-, E v v e  Cd-3 Texas 75006 1276) 466-2673 Telex 163166 CORDAL ~ ( 1  Fax 2 - - - -,L 



Kuvlum #I 
Breakeven Oil Rate v3. Oil Price 
Paying Quantities Determination 

0 

0.00 5.00 10.00 15.00 20.00 25.00 

Oil Price (SISTBO) 

Assumptions: 
Incremental Well Operating Cost = 100,000 SEyearIwell 
Federal Royalty = 12.5% 
Oil Pricing As Shown 

Calculation Results: 
Breakeven Oil Rate = 31 STBOIDay at Oil Price of 10 $lSTBO 
Breakeven Oil Rate = 13 STBOIDay at Oil Price of 25 WTBO 
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tate of Alaska 1993 Oil Price Range 

Kuvlum #l Well 
DST Test Rate of 3550 STBOIDay 
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