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3rd July 1984

A/S Norsk Shell
P.O.Box 10
N-4033 Forus

Attention: Mr.L.H.Kreston
Subject: Reservoir Fluid Study

Well: 31/2̂ , Troll Field
North Sea, Norway
Our File Number: RFLAI 840011

Gentlemen,

On the 26th of April 1984 one set of separator samples and five litres of
stock tank oil, collected from the subject well, were received in our
Aagotnes laboratory for use in a reservoir fluid study. The results of
this study as requested by a representitive of A/S Norske Shell are
presented in the following report.

Upon receipt in the laboratory, and as a quality check, the ambient temp-
erature bubble point of the separator liquid was measured and the opening
pressure of the gas sample at sampling temperature determined. These were
found to be 64 psig at 60°F. and 105 psig at 102°F. respectively. The five
litre sample of crude oil was forwarded to our Aberdeen laboratory for high
temperature fractional distillation.

The hydrocarbon compositions of the separator products were measured and
are presented on page two. The hydrocarbon composition of the crude oil,
through eicosanes plus, adjusted to the molar and weight fractions of the
heptanes plus fraction of the separator liquid may be found on page three.

Using the factors shown on page one, the producing gas/oil ratio was
calculated to be 337 standard cubic feet of separator gas at 14.7 psia and
60°F. per barrel of separator liquid. The separator products were
physicaly recombined to this gas/oil ratio and then sufficient excess gas
added to create a gas cap at 2280 psig and 155°F. After stabilization at
these conditions the gas cap was removed and the resultant reservoir fluid
used throughout the remainder of the study.

The hydrocarbon composition of the resultant reservoir fluid was determined
by low temperature fractional distillation, and is presented in terms of
both mol and weight percent on page four.

A small quantity of the reservoir fluid was charged to a high pressure
windowed cell and thermally expanded to the reservoir temperature of 155°F.
During a constant composition expansion at this temperature, the fluid was
found to have a bubble point pressure of 2280 psig. The results of the
pressure-volume measurements at reservoir temperature may be found on page
six.
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When subjected to differential pressure depletion at the reservoir temper-
ature, the fluid evolved a total of 372 cubic feet of gas at 14.7 psia and
60°F. per barrel of residual oil at 60°F. The resulting relative oil
volume factor was 1.194 barrels of saturated fluid per barrel of residual
oil. The oil density and the properties of the evolved gases were measured
at each point during the differential pressure depletion and these data are
included in the summary of the differential depletion data on page seven.

The viscosity of the reservoir fluid was measured over a wide range of
pressures at 155°P, in a rolling ball viscosimeter. The viscosity of the
fluid was found to vary from a minimum of 1.48 centipoises at the satura-
tion pressure to a maximum of 3.66 centipoises at atmospheric pressure.
The results of the viscosity measurements are tabulated on page eight.

Four single-stage separator tests were performed at laboratory temperature
to determine the effects of separator pressure upon gas-oil ratio, stock
tank oil gravity and formation volume factor. The results of these
separator tests are tabulated on page nine. The separator gases from each
of the four tests were collected and analyzed. The results of these
separator gas analyses are given on page ten.

Thank you for the opportunity to be of service to A/S Norske Shell. If you
have any questions concerning the data presented in this report or if we
may be of further assistance in any way, please feel free to call upon us.

Very truly yours,

Core Laboratories Norsk

Duncan Thow
Operations Supervisor
Reservoir Fluid Analysis

10cc Addressee
EMT/ace
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File RFLN 840011

Company A/S NORSKE SHELL Date Sampled 3rd MARCH 1984

Well 31/2-13 State NORTH SEA

Field TROLL Country NORWAY

FORMATION CHARACTERISTICS
Formation Name
Date First Well Completed , 19
Original Reservoir Pressure PSIG @ Ft.
Original Produced Gas-Oil Ratio SCF/Bbl

Production Rate Bbl/Day
Separator Pressure and Temperature PSIG °F.
Liquid Gravity at 60°F. °API

Datum Ft. Subsea
WELL CHARACTERISTICS

Elevation RKB
Total Depth Ft.
Producing Interval 1801 - 1807 M.
Tubing Size and Depth In. to Ft.
Open Flow Potential MMSCF/Day
Last Reservoir Pressure 2295 PSIA @ Ft.

Date , 19
Reservoir Temperature 155 °F. @ Ft.
Status of Well
Pressure Gauge

SAMPLING CONDITIONS
Plowing Tubing Pressure 616 PSIG
Flowing Bottom Hole Pressure PSIG
Primary Separator Pressure 90 PSIG
Primary Separator Temperature 102 °F_._
Secondary Separator Pressure PSIG
Secondary Separator Temperature °F.
Field Stock Tank Liquid Gravity °API @ 60 °F.
Primary Separator Gas Production Rate 320.5 MSCF/Day

Pressure Base 14.7 PSIA
Temperature Base 60 °F.
Compressibility Factor (Fpv) 1.0081
Gas Gravity (Laboratory) 0.687
Gas Gravity Factor (Fg) 1.2065

Separator Liquid Production Rate @ 90 PSIG and 102°F 952 Bbls/Day
Primary Separator Gas/Separator Liquid Ratio 337 SCF/Bbl

or Bbls/MMSCF
Sampled by FLOPETROL

REMARKS:
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File RFLN 840011

Well 31/2-13

HYDROCARBON ANALYSES OF SEPARATOR PRODUCTS

Component

Carbon Dioxide
Nitrogen
Methane
Ethane
Propane
iso-Butane
n-Butane
iso-Pentane
n-Pentane
Hexanes
Heptanes plus

Separator Liquid *
Mol Percent

0.13
TRACE
2.30
1.26
1.19
1.13
0.50
1.21
0.40
3.84
88.04

Separator Gas +
Mol Percent GPM

2.13
0.59
84.00
8.48
2.
1.
27
15

100.00

0.33
0.34
0.07
0.23
0.41

100.00

2.263
0.623
0.375
0.104
0.124
0.025
0.094
0.186
3.794

Properties of Heptanes plus
API gravity @ 60°P. 25.7
Specific gravity @ 60/60°F. 0.8999
Molecular weight 244

Calculated separator gas gravity (air=1.000) = 0.687
Calculated gross heating value for separator gas = 1154 BTU
per cubic foot of dry gas @ 14.7 psia and 60°F.

Primary separator gas collected @ 90 psig and 102 °F.
Prijnary separator liquid collected @ 90 psig and 102 °F.

Primary separator gas/separator liquid ratio 337 SCF/Bbl @ 102°F.

* Cylinder Number: 9214/308
+ Cylinder Number: A-4911

Uiuc analitene. eller lokningene bastres pfi observasjoner on materiell skaffe! ill veie av klirnler. sum denne rapporten ekslusitl og fortrolig er Ingri lor. 1*1 ulterlf irbcidcl representerer dt bcMc lolkningcr
Cor» Laborllorirs Nonk tr > »l«nd lil i gl. (mtd forbehold om Ml og olrlalcKrrl. l.iktvcl lr»»irr Corf Litxinalorirs Norsk og Derts prrsoncll st)j ali ansvar og gir dfrfor ingfn o«crslag på grunnlag a> di'.sc dm
torn t.tks pro<fukli>»rl. tklutllt operasjoner, og lønnsomhet fra en h«er olje. ga» eller mineral brenn eller sand. som en slik rappnrl er basen p j.
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RUN 840011

31/2-13

Coipany_
Well

A/S NORSKE SHELL

31/2-13

Field TROLL

Date Sampled_

State

3rd MARCH 1984

NORTH SEA

Country NORWAY

HYDROCARBON ANALYSIS OF CRUDE OIL SAMPLE

COMPONENT
MDL

PERCENT
WEIGHT
PERCENT DENSITY API

MDL
WEIGHT

Heptanes
Octanes
Nonanes
Decanes
Undecanes
Dodecanes
Tridecanes
Tetradecanes
Pentadecanes
Hexadecanes
Heptadecanes
Octadecanes
Nonadecanes
Eicosanes plus

10.64
7.24
6.36
4.78
4.81
5.12
69
30
92
51
32

2.73
2.68
23.94

88.04

4.46
3.39
3.32
2,
3.
3.
3.
3.
3.
3.
3.
2.
2.

74
06
56
56
51
43
27
29
85
93

53.59

96.96

0.7538
0.7807
0.8010
0.8171
0.8286
0.8397
0.8506
0.8601
0.8692
0.8774
0.8848
0.8894
0.8946
0.9359

56.0
49.6
45.0
41.5
39.1
36.8
34.7
32.9
31.1
29.6
28.3
27.4
26.5
19.5

94
105
117
129
143
156
170
183
196
209
222
234
245
501

Heptanes plus 88.04 96.96 0.8888 27.5 247

Conposition of stock-tank oil sample, expressed in terms of heptanes plus fraction
fron analysis of cylinder 9214/308.
Heptanes plus properties from material balance calculation.

Dtu. wlymt. rltor loknlairar biicm pi abwryiijoacr of nulerlrll .VttffC III vrir ». klienter. ...m denne rippontn ekOutlvt o| forlrolij re l>|el for. Del ull«rle irbeidel reprewnlerer de bnlc lolkii
Core L»bor»loei« Nonk cr I il.nd I.I I ,|. (m,d fwbthold am Ml eg ultl.irNcr). l.,kr>rl fi»,ifr OM» l.iharaiurin Nar.k OK I).,,» p,,Wntll MR ill >n,v>r o» .,r dtffor in.en o».r»l.» pi tfunnl» •> di.s, d
Mm r.tki prwJ«kll»ilH. iklurllf operasjoner, O| Knnsomhtl fri en h«ei nlje. «•>> eller mineril bmnn eller >ind. si.m en sl.k rtpporl rr b«wtl p|
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File RFLN 840011

Well 31/2-13

HYDROCARBON ANALYSIS OF RESERVOIR FLUID SAMPLE

MOL WEIGHT MOL
COMPONENT PERCENT PERCENT DENSITY API WEIGHT

Hydrogen Sulphide NIL NIL
Carbon Dioxide 0.90 0.27
Nitrogen 0.22 0.04
Methane 33.10 3.63
Ethane 4.07 0.84
Propane 1.39 0.42
iso-Butane 1.00 0.40
n-Butane 0.32 0.13
iso-Pentane 0.84 0.41
n-Pentane 0.33 0.16
Hexanes 2.14 1.26
Heptanes plus 55.69 92.44 0.8968 26.1 243

100.00 100.00

Diur anil)«of. filer fokningrnr bistre» pl observasjoner o* materiel) vkafM Ml vtit a* kUrnlrr. som dwiiif røpporfrn rhsluslu og fortrolig rr lajtrl for. I)fi ulférir irtwidfi r fpf fvfn l r r r r dr bf»if tolkninger
Core Labortlorin Norsk tr i stand ill I gi> Imrd furbrhntd am frit «g utrlairlsrr), l.ikrvel trauet tott l.aboraiarir* Norsk <»K Drrrs personell M*>> ah ansvar oj( %ir derfor innen o^rrslax pa grunnlag av di^se dal*.
%om f.cks produkiivitri. ikioell* nprrasjoner, og lénnsomhri fra rn hver ulje, gass eller mineral brønn eller sand, sum en slik rapport er basrri pa.
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RFLN 840011

31/2-13

\OLUMETRIC DATA OF RESERVOIR FLUID SAMPLE

1. Saturation pressure (bubble-point pressure)

2. Specific volume at saturation pressure:

3. Thermal expansion of saturated oil at 5000 PSI=

2280

V at 63 °F

4. Gorrpressibility of saturated oil at reservoir temperature: Vol/Vol/PSI:

= 1.04228

Fran 5000 PSI to 3000 PSI = 6.95 x 10-6

Fran 3000 PSI to 2500 PSI = 7.63 x 10"
Fran 2500 PSI to 2280 PSI = 7.74 x 10-6

Dta. »ul)M*. dkr lokni.pn bMtm pi obwrrujonr of mxrritll *•((« III ..l» it kli»nlrr, turn dtnm rippnrtrn «kiluilvi o» forlroll, <r Ii|r1 (or. Ikl a.t.rt. irbtidel rtprrKnlrrtr dt bnu iolk.i..rr
C«. Ukonlorln N.r̂  „ I ....d HI I «I. lm,d forWhold om Ml o, ulel.l,l«r). I Jk,.,l fr.«i,, Co.o I .h.,,.1,,,1,, Nu.sk .,» I),,,. p,,,.,«ll ̂  .1, .„„., „» »i, d,,(u, in»,» ,»„,!„ pi ,„,nVl.T.' «»« d.̂
MM f.rt. prodlklMlfl. iklMlIc op»r.<joi«r, o| Knav>rahcl (r. tn hvtr oljf, |<ss rlltc mln.nl hmiMi rllrr N»ad. turn en Oik r.ppo.l rr bt»rl pl. « K « » > on..
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File RFLN 840011

Well 31/2-13

PRESSURE-VOLUME RELATIONS AT 155 °F.

Pressure
PSIG

5000
4000
3000
2600
2500
2400
2300
2280 Saturation

Pressure
2273
2258
2248
2239
2229
2183
2099
1959
1786
1611
1443
1286
1129
985
858
734
624
482
361
255

Relative
Vplume(l)

0.9807
0.9873
0.9945
0.9975
0.9983
0.9991
0.9998
1.0000

Function(2)

1.
2.
2.

0007
0023
0034
0044
0055
0108
0213
0417
0730
1142
1662
2294
3134
4184
5446

1.7131
9239
3480
9809

4.0133

,154
.146

4.136
4.126

.119

.079

.020

.904

.758

.603

.455
,330
.211
.095
.991
.895
.805
.684

2.576
2.492

4,
4.

4.
4.
4.
3.
3.
3.
3.
3.
3.
3.
2.
2.
2.
2.

(1) Relative Volume: V/Vsat is barrels at indicated pressure per barrel at
saturation pressure.

(2) Y Function = (Psat-P)
(Pabs) (V/Vsat-1)

DISK «nal>stnr. cllrr loknincrnr baierc\ pi obsrrtasjonrr OK maltricll skafOl III vtit av klitnlrr. torn ttnnt rappnrlcn rkslusitl OK fortrolig tr lagfl lor. Drl ulf«rlf arbtidrl rtprcsrmrrrr åt btilc lolkmngrr
Cor» Ubonlorl» .Norsk er i Mand III 8 «I. (mrd forbrtiuld om Oil on uirlaleKrr). l.ikfvel Oasirr tort l.aborali>rit> Norsk og l)»rts prr-onrll stg all an-»ar on gir dtrfor rngfn u>cr>l»s pi grunnlag n dn^ dm
Mm f.rks produktitlitt. fkturtlt nprrasjonfr. 02 lønnsomhrl fra rn hver oljr. gast eflrr mineral brrtnn fllrr sand, som rn slik rapport cr basfrl pi.
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File RFLN 840011

Well 31/2-13

VISCOSITY DATA AT 155°F.

Pressure
PSIG

Oil Viscosity
Centipoise

Calculated
Gas Viscosity
Centipoise

Oil/Gas
Viscosity
Ratio

5000 1.83
4000 1.77
3000 1.60
2800 1.57
2500 1.52
2280 Saturation 1.48

Pressure
2100 1.49
1800 1.54
1500 1.64
1200 1.82
900 2.01
600 2.27
300 2.61
200 2.75
100 2.91
0 3.66

0.0171
0.0159
0.0149
0.0139
0.0130
0.0122
0.0118
0.0117
0.0112

87.1
96.9

110.1
130.9
154.6
186.1
221.2
235.0
259.8

Diss* «nil)*tnr. rttor lukningene baseres pfl observasjoner OK mtiertell skaffet ul veie a* klienter, w»m drnne rapporten ek*lu\ivi og fortrolig er laget for. Dei ul ferie arbeidet representerer de beste tolkninger
Core Laboratories Norsk IT i stand ttl i gi. <mrd forbehold om feil og utelatelser). Likevel frasier Core Laboratories Norsk og Deres personell seg alt anstår og gir derfor ingen overslag på grunnlag a* disse dala.
som f .eks produk(Mte(. aktuelle operasjoner, og lønnsomhet fra en hver olje. ga\.s eller mineral brttnn eller sand, som en slik rapport er basert pi.
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RFLN 840011

31/2-13

SEPARATOR TESTS OF RESERVOIR FLUID SAMPLE

SEPARATOR

PRESSURE.

PSI GAUGE

SEPARATOR

TEMPERATURE.
• r.

OAS/OIL RATIO

(t)

GAS/OIL RATIO

(2)

STOCK TANK

GRAVITY.

• API ® «O» F.

FORMATION
VOLUM C
FACTOR

r «t

SEPARATOR
VOLUME
FACTOR

(4)

SPECIFIC-
GRAVITY Of

FLASHED GAS

450
to
0

250
to
0

150
to
0

50
to
0

60

60

60

60

60

60

60

60

238

119

287

68

317

43

367

16

250

119

294

68

321

43

369

16

27.8

28.0

28.0

27.9

1.187

1.182

1.181

1.186

1.049

1.000

1.025

1.000

1.014

1.000

1.005

1.000

0.613+

0.844

0.628+

0.872

0.643+

0.879

0.685+

0.866

+ Evolved gasses collected and analysed for hydrocarbon composition,

(1) Gas/Oil Ratio in cubic feet of gas at 60 °F and 14.7 PSI absolute per barrel of oil
at indicated pressure and temperature.

(2) Gas/Oil Ratio in cubic feet of gas at 60 'F and 14.7 PSI absolute per barrel of stock
tank oil at 60 F.

(3) Formation Volume Factor is barrels of saturated oil at 2280 PSI gauge and 155 *F.
per barrel of stock tank oil at 60 °F.

(4) Separator Volume Factor is barrels of oil at indicated pressure and temperature per
barrel of stock tank oil at 60 °F.

Daw .»|>WM. «lln loV.ln.t.. biurri pi ob«r»..Jo«.r o« m.trrWII .kilfrl HI .,1, .. kllrnlrr. „,„, d,nnf ,.„„,„„ ,Mu,M ui furlrnll, „ |.t,i r,,r. |)t, u,r.rl, ,
I on L»ke/»lM<M .\or»l rr I «l»d III I (I. |m,d forhrkold nm frll n, ulrl.lrl̂ ti. I Ikc.rl tr.-i,r < ,,r,- I .h,,r,l,.,,c. N<,r<k .>« D.-rr» prrx.nrll .»» .11 «n»..r ..« ,i, d'tlor
MB C.rk» prod>kli>hcl. iklytllt op.c>%J,,nrr. o« KnnMimhn fri tn hm ,,IJr. ,.s% rlln mincnl hmnn cllcr N«nd. »om en vlik riippurl rr histrl pi.

, „.„„„,,„, d,
' " '
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CORE LABORATORIES NORSK. A.S. ^ , ,

Petroleum Reservoirs Engineering pj|g RFL)

BERGEN, NORWAY

hTFFFDFM-TTAI VAPORT7ATION OF RESERVOIR FLUID AT 155 ML.
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CORK LABORATORIES
Petroleum Reservoir Engineering

CCB, ÅGOTNES

A/S NORSKE SHELL RFLN 840011
Well: 31/2-13

Core Laboratories Norsk
Reservoir Fluid Laboratory

Duncan Thow
Operations Supervisor

Disw aaaJyteot. dkr lokoiagene batem pi observasjoner og materiell tkaffet ill *ek av klienter, wm drone ripporicn cksluiivi og fonrolig cr lagft for. D«t uiftfrtr «rbcldrt r*prncDtcrrr d« bcsie colkningcr
Cort Lftboralorln Nonk tr l «tind Ul I gl, (med forbehold om fell og uielairKer). Likevel frailer Core I .abort t or le t Nor*k og l>«re» ptnonell wg ah an^vir og gir derfor Ingen o*er>lag pl grunnlag av dit* dala,
•om f.ek* prodykllviiet, aUiuelle operasjoner, og lønnsomhet fra en hver olje, gass eller mineral brrtnn eller sand, tom en tlik rapport er basert pfi.


