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ABSTRACT

Well 15/9-11 was an appraisal well drilled on the gamma

prospect of the 15/9-block. Previously one well-(15/9-9)

had been drilled in the south of Gamma structure. The

15/9-9 well showed significant gas-condensate deposits in

the Paleocene aged Heimdal formation and was tested with

three DSVs. The Jurassic/Triassic aged sandstones of the

15/9-9 were dry.

The 15/9-11 well, drilled in the north of the structure,

proved large gas-condensate columns in both the Paleocene

and Mesozoic aged formation, in sands with good reservoir

properties. Both reservoirs were drill stem tested, with

one DST in Mesozoic sandstone and two DSTs in the Paleocene

sandstone.



2

1. SUMMARY

In well 15/9-11 the He: idal sand was reached at 2386 m RKB.

This contained sand of :airly good reservoir-properties

interbedded with some tin shale beds. Most of the interval

was hydrocarbon bearin( the water contact being estimated

to 2442 m. The top of --he Mesozoic sand was reached at 2795

m RKB. Also this form, -.ion contained sand of fairly good

reservoir properties, -, !ry clean with just small amount of

shale and heavy minera.' ;. Unfortunately this section was

not cored. Most of tht interval was hydrocarbon bearing,

the water contact bein(- located at 2825 m RKB.

Two separate log analy�.s have been done, one for the

Heimdal formation and (le fc)r the Mesozoic.
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2. HEIMDAL FORMATION

2.I. Summary of results

Heimdal

Depth interval: 2375 - 2510 m

Reservoir interval: 2386 - 2506 m

Net sand: 110.0 m

Net pay: 36.5 m

Av. porosity (net pay): 22.1 %

Av. Sw (net pay): 22.9 %

H net pay/H gross sand: 0.304

Cut off values used for the interval:

ø < 0.10 (fractions)

vsh > 0'40 (fractions)

sw > 0.60 (fractions)

The final results are shown in tables 2.1. and 2.2.

2.2. Litholog£

The Heimdal Fm. consists mainly of sandstone with some

layers of shale. The sandstone is composed of clear

quartz grains, which are very fine to fine, occasionally

medium, subangular to subrounded. It has silica cement.

The depositional environment is considered to be marine,

outer shelf to upper bathyal.
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2.3. Input parameters

The interval under consideration was logged with the

following tools:

I. ISF/BHC/GR

2. FDC/CNL/GR

3. DLL/MSFL/GR

4. HDT

5. RFT

The log quality was very good.

A. Determination of-Rw

The SP-curve gives a Rw = 0.049 ohm.m. at 85.6 0c

(186OF) in the Heimdal formation with a Rmf of 0.093

ohm.m. at 710 C. Analysis of formation water produced

from DST no. 2. gives 89600 ppm NaCl, Rw = 0.050 at

85.60C, which is in good agreement with the Rw from

the SP-curve. Comparison of wells drilled in Heimdal

sandstone:

25/4-1 (Elf): 0.054 at 135 0 F 0.0412 at 85.60c

25/4-4 (Elf): 0.05 at 158'F 0.0427 at 85.60c

15/9-11 (Statoil): 0.0500 at 85.60c

The temperature, 85.60 C (186OF), is the maximum

temperature recorded during build up in DST no. 3. (2395

2415 m RKB).

The volume of Rw = 0.050 at 85.6 0C has been used for

the Heimdal formation.

B. Mud-filtrate resistivity

Rmf from the log heading was 0.093 ohm.m at 71.0 0c

(160OF) for the Heimdal log run, which gives a Rmf of

0.0803 at reservoir temperature of 85.6 0C.
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C. GR-and-PHIN corrections

The GR has been corrected for bore hole size and mud

weight (GR-CORR). The corrected values have been used

in the computation. The neutron readings have been

corrected for downhole temperatures and pressures. Also

these corrected values have been used in the computation

(fig. 2.1.).

D. Shale prpyerties

A shaly sand method has been applied for the log

evaluation. Shale properties for the zone have been

taken for Z-histograms using corrected GR of 58+ for the

Heimdal formation (fig. 2.4.).

Depth interval Rt(ohm.m) RHOB (gm/cc) DT (Jus/ft)- PHIN (p.n.)

2375 - 2510 1.72 2.25 115 0 . 4 6

E. Matrix parameters

The following matrix parameters were used as input to

the shaly sand model for the reservoir.

Quartz: 2.65 gm/cc, 55 micros/ft, 0.035 (frac) CNL

Fluid parameters: 1.01 gm/cc, 189 micros/ft, 1.00 (frac)

CNL

Density-neutron, density-sonic and neutron-sonic cross

plots show quartz, shale points and gas effects, figs.

2.2 - 2.3.

2.4. Computation of final rock properties

The final rock properties for this zone are listed at

the back of this part of the report and shown in analog

form in the attached presentation.
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A. Shale corrections

The shale indicators studied were VSHGR, VSHRT, VSHSP,

VSHN, VSHDN, VSHN, VSHDS (fig. 2.5.).

For Heimdal formations only the VSHGR was used.

B. Porosity-computation

The FDC and CNL porosities were corrected for shale and

a primary porosity computed by weighting averaging of

the corrected FDC and CNL (by 7:2). A final porosity

was computed by corrected the primary porosity for

residual hydrocarbons SHR (fig. 2.6.).

C. Rt computation

RLLD and RLLS have been applied to compute a correct Rt

for the hydrocarbon zones (RES-CORR-1, Tornado plot).

In water zones RILD was used for Rt.

D. Water saturation, Sw

Water saturation was calculated using the Nigeria

equation with volume shale exponent of 1.6.

The following values for cementation and saturation.

exponents M and N and 1'ithological factor A have been

applied:

Heimdal: Interval m N A

2375-2510 1.82 2.2 1.02

The factors for the Heimdal have been established from

core measurements by both Robertson Research, London and

Geco, Stavanger.
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E. Cut off

The following cut-off values has been used when studying

this interval and also other wells in the 15/9-area:

ø < 0.10 (fractions)

VSH > 0.40 (fractions)

Sw > 0.60 (fractions)

Input parameters listed:

Interval

Heimdal

2375 2510

BHT, 0c 85.60C (186'F)

RW, ohm.m 0.050

ppm NaCl 58600

Rmf, ohm.m 0.0803

RT-sh, ohm.m 1.72

RHOB-sh, gm/cc 2.25

DT-sh, jms/ft 115

PHIN-sh, frac 0.46

RHOMA, gm/cc 2. 6 5

DT ma, ffls/ft 55.5

PHIN ma, frac 0.035

RHO fl, gm/cc 1.01

DT fl, ims/ft 189

PHIN fl, frac 1.00

GR-max 58

GR-min 3 6

m 1.82

N 2.2

A 1.02

Vsh-exp. 1.6
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2.5 Coring and core analysis

11 cores from 2364 In RKB to 2514 m RKB were taken in the

Heimdal formation.-

Core Depth Length Recovery

No m RKB m %

i 2364-2370 6 100

2 2370-2379 9 33

3 2395-2406 11 100

4 2406-2424 18 10 0

5 2424-2429 5 100

6 2430-2449 19 72

7 2449-2464 15 57

8 2464-2473 9 0

9 2473-2492 18.5 100

10 2492-2506 14 93.6

11 2506-2514 8 93.8

The following measurements were taken by Geco:

Saturation porosity, pore saturations (SO & STW), helium

porosity, horizontal and vertical liquid and air perme-

abilities, grain density. In addition, as mentioned,

both Geco and Robertson Research have measured

electrical properties on plugs picked from the cores.

These core data has been correlated to log data and the

final match is shown in fig. 2.7. to 2.10, and is also

shown on the attached presentation.
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3. MESOZOIC RESERVOIR

3-i. Summary of results

Depth interval: 2775 - 2850 m RKB

Reservoir interval: 2789 - 2831 m RKB

Net sand: 35.25 m

Net pay: 33.75 m

Av. porosity (net pay): 20.5 %

Av. Sw (net pay): 12.7 %

H net pay/H gross sand:

Cut off values used for the interval:

Ø -< 0.10 (fractions)

Vsh > 0 . 4 0(fractions)

Sw > 0 . 6 0(fractions)

The final results are shown in tables 3.1. and 3.2.

3.2. Lithology

This sandstone of Mesozoic age is composed of clear

quartz, fine to medium grained, occasionally coarse,

subangular to rounded. It is loose to hard, slightly

calcareous and pyritic. Traces of glauconite have also

been observed.

The depositional environment is interpreted to be

marine, marginal marine to inner shelf.



3.3. Input parameters

The interval under consideration was logged with the

following tools:

1. ISF-BHC-GR

2. FDC-CNL-GR

3. DLL-MSFL-GR

4. HDT

5. RFT

The log quality was very good.

A. Determination of-Rw

For the Mesozoic formation a Rw of 0.0227 ohm.m at

103.90C (219OF), corresponding to 130000 ppm NaCl,

which is normal for Jurassic/Triassic in this area, has

been used.

The temperature, 103.90C (219OF), is the maximum

recorded temperature during build up in DST no. 1. (2797

2807 m RKB).

B. Mud filtrate-resistivi.�y

Rmf from the log heading was 0.0835 ohm.m at 85.60c

(186OF) for the Mesozoic log run, which gives a Rmf of

0.0713 at reservoir temperature of 103.90C.

C. GR and PHIN corrections

The GR has been corrected for bore hole size and mud

weight (GR-CORR). The corrected values have been used

in the computation (fig. 3.2. and 3.6.). The neutron

readings have been corrected for downhole temperatures

and pressures (PHIN-CORR). Also these corrected values

have been used in the computation (fig. 3.l.).
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D. Shale proiDerties

A shaly sand method has been applied for the log

evaluation. Shale properties for the zone have been

taken Z-histograms using GR of 72+ for the interval 2775

- 2808 m RKB (figs. 3.4. and 3.5.), and GR of 84+ for

the interval 2808 - 2850 m RKB (figs. 3.8. and 3.9.).

Depth interval Rt (ohm.m) RHOB (g/cc) DT (Ins/ft) PHIN (P.n-)

2775 - 2808 1.49 2.-46 93 0.33

2808 - 2850 1.87 2.55 78 0.26

E. Matrix parameters

The following matrix parameters were used as input to

the shaly sand model for the reservoir.

Quartz: 2.65 g/cc, 55 jis/ft, 0.035 (frac) CNL

Fluid: 1.01 g/cc, 189 )as/ft, 1.000 (frac) CNL

Density-neutron, density-sonic and neutron-sonic cross

plots show quartz, shale points and gas effects figs.

3.2. - 3.3. and figs. 3.6. - 3.7.

3.4. Computation of final rock properties

The final rock properties for this zone are listed at

the back of this report and shown in analog form in the

attached presentation.

A. Shale corrections

The same indicators were studied as for the Heimdal

formation (fig. 3.10). Only the VSHGR was used.
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B. P.��o£osi.�y__�c2mputation

Similar to the computation of the Heimdal formation

(fig. 3.11.).

C. Rt computation

Also similar to the computation of the Heimdal formation

D. Water saturation, Sw- - - - - - - - - -

Similar to the Heimdal formation computation, but the

following values for cementation and saturation

exponents M and N and lithological factor A have been

applied:

Interval, m RKB m N A

2795 - 2850 1.7 1.9 1.0

The factor is normal throughout the whole 15/9-area for

Jurassic/Triassic formation and is confirmed by several
core measurements in the area. Unfortunately, this zone

was not cored.

E. Cut off

The following cut off values have been used when

studying this interval:

ø < 0.10 (fractions)

VHS > 0.40 (fractions)

Sw > 0.60 (fractions)
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Input parameters listed:

Zone Mesozoic

Intervals 2775-2808 2808-2850

BHT, 0c 103.9 (219OF) 103.9 (219OF)

Rw, ohm.m 0.0227 0.0227

ppm, NaCl 130000 130000

Rmf, ohm.m 0.0713 0.0713

RT-sh, ohm.m 1.49 1.87

RHOB-sh, g/cc 2.46 2.55

DT-sh, ps/ft 93 78

PHIN-sh, frac 0.33 0.26

RHOMA, g/cc 2.65 2.65

DTma, ps/ft' -55.5 55.5

PHINms, frac 0.035 0.035

RHOfl, g/cc 1.01 1.01

DTfl, ps/ft 189 189

PHINfl, frac 1.00 1.00

GR-max 72 84

GR-min 20 16

m 1.7 1.7

N 1.9 1.9

A 1.0 1.0

Vsh-exp. 1.6 1.6
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Tk6Le 3.1

5 T A T I 5 T I C 5

FIELD; . . . . 15/9-ti
UELLi . . . .
ammEr4M; . . . . . . . . . JIS

DEPTH INTERUALs 2789.8Ø TO 2831.ØØ
APPLIED CUTOFFSI

USH: GREA?IER THAN *148
PHIFI LESS THAN Ø.LØ

SWI GREATER THAN ØA�

T 0 T A L D E P T H

THICKNESS: 42.øøø
AVERAGE 'Fl�I�" Ø.laø
AUERAGE 'VSHALE' 9.177
AUERAGE '5W' . Ø.258
U.AVERAGE 'SW' $ 'PHIF' Ø.ISØ
AVERAGE 'SH' . . . . 0.742
VOID VOLUME: . . . ('PHIF'). 7.545
HC VOID UOLUNE . . ('5H'*) . 6.417
RES HC UOID UOLUME ('$HR'*). 4.475
MOV HC VOID VOLUM 1.942

N E T P A Y

THICKNESS: . . . . . . . . . 33.7SC
AVERAGE . . 'PHIF' . . . Ø.205
AVERAGE . . 'VSHALE' . . ØA74
AVERAGE . . 'SU' . . . . Ø.127
U.AVERAGE . 'SU' $ `PHIF' 8.113
AUERAGE . . 'W . . . , 9.873
LIO�ID VOLUMEt . . . ('PHIF'). 6.918
HC UOID VOLUME - . VSH'*) . 8.139
RES HC VOID UOLUME VSHR'*). 4.3V
MOV HC VOID UOLUME 1.832

m E T 5 A N D

THICKNESS: . . . . . . . . . 35,2R
AVERAGE . . 'PHIF` . . . 0.293
AVERAGE . . 'VSHALV Ø484
AUERAGE . - 'SW' Ø.isø
U.AVERAGE . 'SU' t 'PHIF' Q,13Ø
AVERAGE . - '5H' e.sse
UOID VOLUME: ('PHIF'>. 7.141
HC VOID VOLUME ('SH'*) . 6.214
RES HC tJOID VOWME ('SHR'*). 4.347
MOV HC VOID VOLUNE . . . . . 1.867

h E T / G R 0 5 S R A T I 0 5

HMETPAV /WGROSS 5~ - e.8Ø357
HMETSMDIHGROSS SAND - 8.83929
HMETPAY /HNETSAMD a 9.95745
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4. TESTING 15/9-11

A. Repeat-formation-tester (RFT)

Prior to testing the well, RFT's were run in both the

Heimdal and Mesozoic formations. The results are listed

in Table 4.1.

Figs. 4.1. and 4.4. show the different gradients

obtained from the RFT-runs and comparison between the

wells 15/9-9 and 15/9-11. Fig. 4.2. shows that there is

full pressure communication between 15/9-9 and 15/9-11

in the Heimdal formation. The RFT indicates a gas-water

contact around 2425 m.RKB. The log analysis in 15/9-11

indicates a 100 % water saturation at 2442 m RKB and 50

- 80 % water saturation between 2425 to 2442 m RKB. In

the transition zone it is hard to get good gas gradients

from the RFT. The log interpretation was confirmed by

DST no. 2. in 15/9-11, perforated from 2432 to 2440 m

RKB, in which both gas/condensate and water were

produced in large quantities. The gas-water contact is

therefore set at 2442 m RKB. In fig. 4.1. the pressure

gauge shut in pressures are plotted from DST no. 2, also

confirming a gas gradient in this transition zone.

Fig. 4.3. shows the RFT from 15/9-11 in the Mesozoic,

giving a good gas gradient. At 2825 m RKB the pressure

points give a new gradient, but higher than formation

water. This is caused by high shale content and reduced

permeability and is not a definitive gas/water contact,

more likely a gas to 100 % shale contact.

Fig. 4.4. shows a significant pressure difference

between 15/9-9 and 15/9-11, indicating no pressure

communication between the wells at the Mesozoic level.
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B. Drill stem_tests_(DST)

Three DST-tests were carried out in this well, one in

the Mesozoic sandstone and two in the Heimdal sandstone

formation. Test results have been presented in a

separate test report of the 15/9-11 well.

DST no. I

The objective of this test, perforated from 2797 - 2807

m RKB, was to obtain fluid samples and investigate

reservoir properties of the hydrocarbon bearing Mesozoic

sandstone. No sand was produced and CO 2 was 0.5 -

1.0%, H2S negative. The well was flowed on 40/64`

choke for å longer period producing gas and condensate

with no water. Three sets of PVT-samples were taken at

the separator.

DST no. 2

The objective of test no. 2, perforated at 2432 - 2440 m

RKB, was to obtain fluid samples, to test the potential

gas/water contact,-investigate reservoir properties,

test for possible water-cut (water saturation from logs

up to 80%) and to check for sand production. After a

long flow period on 32/64" choke the test had to be

aborted due to leakage in heater gas outlet. One good

set of PVT samples was taken at the separator.

The well produced gas, condensate and water (760 BPD),

and good samples of formation water were obtained. The

well was opened on a 1' choke and sand was produced.

This was reduced by choking back to 28/64" after a

clean-up period. To be able to produce water a final

flow on 32/64` choke was necessary. No H 2S was

produced and the CO 2-content in the gas was 0.1-0.5%.
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DST no. 3

The objective of test no. 3, perforated from 2395 - 2415

m RKB, was to obtain fluid samples, investigate reser-

voir properties and check for sand production in the

main pay section of the Heimdal formation. The test was

mechanically successful, opened up on 48/64' choke for a

longer period, then shut in for a longer period and then

a multirate flow on three chokes with increasing sizes.

The well was then shut in for a final build up. The

well produced gas and condensate and PVT samples were

taken at the separator in both flow periods. No H 2s

was produced and the CO 2- content was 0.7 %. The BS+W

was 0.8 % and there was no sand production.
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15/9-11 FORMATION PRESSURE

DEPTH HEIMDAL FM
m RKB

2350

RFT

DST No. 2
(PRESSURE AT GAUGE
DEPTH)

2400

WATER GRADIENT: 0.0941 bar/m

0.960 9/CC
2450 0.416 psi/ft

2500

242.5 245 247.5 250 252.5 bar

2550

3500 3520 3540 3560 3580 3600 3620 3640 3660 psig

PRESSURE



FORMATION PRESSURE COMPARISON

2300 15/9-9 AND 15/9-11, HEIMDAL FM

DEPTH

m RKB 15/9-9

15/9-11

2350

GAS G.RADIENT: 0.0276 bar/m
0.281 g/cc

0.122 psilft

2400

WATER GRADIENT: 0.0941 bar/m

0.960 g/cc
2450 0.416 psi/ft

2500

�40 242.5 245 247.5 250 bar

3480 3500 3520 3540 3560 3580 3600 3620 3640 psi(.

PRESSURE



15/9-11 FORMATION PRESSURE
JURASSIC / TRIASSIC FM

DEPTH
m RKB

2800 GAS GRADIENT: 0.040 bar/m

0.409 g/cc
0.177 psi/ft

GAS WATER CONTACT: 2825 mRKB

2850

2900

300 305 310 315 bar

2950

4300 4400 4500 4600 psig

PRESSURE



FORNIATION PRESSURE COMPARISON

15/9-9 AND 15/9-11, JURASSIC / I-RIASSIC FM

DEPTH
m RKB

15/9-9

2650 - WATER GRADIENT: 0.095 bir/m
0.971 9/cc
0.421 psi/tt

2700

2750

15/9-11

GAS GRADIENT: 0.0400 bar/m
0.408 g/cc

2800 0.177 psi/ft

GWC AT 2825 m RKB

300 305 310 315 bar
2850

4300 4400 4500 4600 psig

PRESSURE



Table

RFT pressure points 15/9-11

statollD pth, m RKB Pressure, kPa - g/cc Run no. Comments

2349.5 24152.3 1.049 i

2351.0 24662.5 1.070 i Supercharge

2361.0 24193.7 1.045 i

2387.5 24276.4 1.037 i

2388.5 24338.5 - 1.039 i

2388.5 24366.0 - 1.040 i

2388.5 24269.5 - 1.036 i

2388.5 24276.4 - 1.037 i

2395.0 24283.3 - 1.034 i

2401.0 24324.7 - 1.033 -1

2405.0 24393.6 - 1.035 i Supercharge

2410.0 24359.1 - 1.031 i

2416.0 24455.7 - 1.032 i

2423.0 24448.8 - 1.029 i

2431.0 24662.5 - 1.027 i

2431.5 24359.2 - 1.022 2

2432.0 24407.4 - 1.024 i

2434.0 24424.3 - 1.023 i

2434.0 24393.7 - 1.022 2

2435.0 24386.7 - 1.021 i

2436.0 24428.1 - 1.023 i

2436.5 24490.1 - 1.025 i

2436.5 24386.7 - 1.021 i

2437.0 24421.2 - 1.022 i

2439.0 24483.3 - 1.024 i

2444.0 24566.0 - 1.025 i

2446.0 24572.9 - 1.025 i

2469.5 24786.6 - 1.024 i

2475.5 24800.4 - 1.022 i

2483.0 24896.9 - 1.023 i

2488.5 24986.6 - 1.024

2495.3 24044.4 - 1.024

2500.0 25096.6 - 1.024 i

2517.0 25214.1 - 1.022 i

2790.8 29985.3 - 1.096 3

2791.0 29895.7 - 1.090 3

2796.0 29937.0 - 1.094 3

2798.0 29902.5 - 1.090 3



continued.

DePth, m RKB Pressure, kPa - qlcc Run no. Comments Statoil
2801.0 29916.3 - 1.089 3

2804.0 29916.3 - 1.089 3

2806.0 29930.1 - 1.088 3

2809.o 29937.0 - 1.087 3

2812.0 29943.9 - 1.086 3

2816.0 29964.6 - 1.085 3

2820.0 29985.3 - 1.085 3

2823.0 30006.0 - 1.084 3

2825.8 29985.3 - 1.082 4

2826.0 30026.7 - 1.084 3

2826.0 30012.9 - 1.083 4

2826.5 30047.4 - 1.084 4

2827.0 30040.5 - 1.084 3

2828.0 30068.0 - 1.085 3

2829.0 30102.5 - 1.085 3

2830.0 30102.5 - 1.085 3

2830.5 30109.4 - 1.085 3

2927.5 31398.7 - 1.094 4

2929.0 31405.6 - 1.093 4

29 3 2 . 5 31 4 3 3. 2 - 1 - 0 93 4

2934.0 31426.3 - 1.092 4

2936.0 31481.4 - 1.093 4

2 9 3 8 . 0 3 14 74 . 5 - 1 . 0 93 4
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5. DISCUSSION

Since the Mesozoic sandstone was not cored a check on the

computed rock properties is not possible. This should be

done if, in the future, this Mesozoic sandstone is cored in

a new appraisal well.

There is good agreement between the computed rock properties

and the values measured on cores from the Heimdal sandstone,

in particular between the log porosity and helium porosity.

The RFT data indicates a gas-water contact in Heimdal at

2425 m RKB. The log interpretation shows a 50 - 80 % water

saturation between 2425 to 2442 m RKB and 100 % water at

2442 m RKB. DST no. 2., perforated from 2432 to 2440 m RKB

confirmed the log interpretation, where gas and condensate

were produced in large quantities, but also water. The

gas-water contact is therefore sat to 2442 m RKB. By

applying the normal cut-off values the interval from 2425 -

2442 m RKB will not turn out as pay. But the good results

from DST no. 2. show that this inter'val is highly

producible, though with a high water production. The

summary of results, i.e. the net pay, does not include this

interval.

The RFT taken in the mesozoic confirms that the entire sand

section in this well is filled up with hydrocarbons. A gas-

water contact is set to 2825 m RKB, but at this point the

shale volume starts increasing and at 2831 m RKB there is

100 % shale. Therefore, the accuracy of this contact is

questionable.
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6. CONCLUSION

Well 15/9-11 confirms the considerable reserves on the Gamma

structure that was discovered by the 15/9-9 well in the

Heimdal Formation. It also confirms considerable reserves

at the Mesozoic level which was not seen in the 15/9-9 well

and thus increases the importance of the eastern part of the

15/9-block and the northern part of the Gamma structure.

The results from logs, cores and drill stem tests in the

Heimdal formation indicate a reservoir of good quality.

Although the well was not cored at the Mesozoic level,

results from logs and drill stem test indicate a reservoir

of good quality also at this level.


