1720

Reservoir evaluation of

30/7-2 EOCENE DISCOVERY

Prof. van Golf-Racht » Dagfun Stokke
' ' Kasper Lund
Axel Horvei

Svein Leivestad

April 1976




LIST OF CONTENT

Page
Conclusions
Abstract 2
A, FIELD HISTORY 6
1. Introduction
2. Drilling
3. Hydrocarbon shows
B. GEOLOGICAL EVALUATION 8
1. Geophysics
2. Geological delineation
C. ROCK AND FLUID PROPERTIES EVALUATION 9
1. Log analysis 9
2. Core analysis 9
3. Well testing 11
4. Sampling 12
5. Analysis of formation fluid 13
D. VOLUMETRIC ESTIMATE OF HYDROCARBONS IN PLACE 14
E. WELL PRODUCTIVITY 15
1. Abgence of water andgas coning 15
2. Case of water coning 16
D. CONSIDERATION ON OIL RECOVERY FACTOR 18
1. Solution gas drive : 18
2. Water and gas displacement (Buckley leverett) '19
Figures %?
Tables )
‘Appendix 1. Log analysis 3

Appendix 2. Core report

by




- e Bl e e L si/Es oy " A LS . ;
& i e %4 [t 9 20 5 07 R 1 ® / d &
’ s SH/ES E“SS.OOO
A 1 S IGNAL o
-¢' THISTLE (
R 1 -4 \
SS O A Home |ses | - frv/esm .
28T 2 ig 23 24 25 2if ¢ |22 * \
H ; b os000] T N
; A 1A D Q. ] ’ b\ X\
i ¢ Tiav
. - lsres’® - M 12 g "
. 1A // h
i _ : AMAGC-T_ SH/ES SUN
RS0 28 34 s 29 30 2 ¢ 7 J \ \
2 8 0O
b 1 ] HUTTOR & \ \
; ;¢- 3 ALY 3
. . 4 CORMORANT Fit ,gi \ \
‘ ) o oxy " arp.mm fsn/Es L an/c T cond 3 : T
le 5 : 3 FAa v 5 g "2 3 0 e o
. 2 : & - . Wb
‘ - @2 ) 5' | .3 ’(99
. R 5 4 ; ®, -
: g exne . N\
P . 0 union  frT-Iw jcon-17 80-
9 L £ b4 8 ° 10 8- 71 T;a
E T AR 4 s _bm "NINIAN @2 I
.\/ ” ) O - gty N t
’/f‘\ 4 - - -] (pﬂ‘/ 18 \ 4 ¥
P ] sV . -~ A .
27 AR A g
- . <
S ra— ¥ SEB __JTT.¥ _cnw__ |BP/RG ( \ .
1 e n) iz '3 ie 13 T 12 I3 ! - ‘ \{
_ - = = Viking » \ »\
1 . Bank / v !
@ b Y
— AM/GC.Y SH/ES _ FOREST i il 71— :
1% 20 li1s 17 s ™ 70 e I : % 30/7-12 # ? \'
Ts1000 " 3f \ / : i
| ? " 1
- PTN\ : i
o |
"TE xiROY {TT.I¥ 177-Iv  fTOTAL. ;
FAREE L £ 22 j23 |24 |28 £ 22 23 i4 J28
i t ‘ - ' :
: ‘¥r. 2 PIN T |
3 H
- R Lo O ESSO b 2 ¢ {
i
. R L
PH/FI-IL BALL / -
2% we z6 ar 28 ' 30 [T 27 28 23 30 ODIN \
' i - RANG-1
§ ' 35: P
. : —_— }‘ 5 %o,,,g NEIFRIGG ' 1
. BASIN  SIEBENS . @P/IR (RANG-I §20%q 3 joweL @ s
+ 5 ) 2 ) . 5 2 3 P s , S/ra § 3 f’{:%‘ \
R oY o - 9, © * Wi K Fae \
! <2 @ N :
3 s :
: B el ¢ ; ,%a'. FRIGG -
g g FRIGG "
. ; B BASIN _AM/GC W Numac lae RS/ FIELD 4
: ;10 s -7 . ] t0 3 JASHL |8
§
—§ 2 PETRONORD 1
S e 1 s [ v o
SIS NI i '*00 ’-¢- HAM-I .b
—— m—_?.—u.v [RSERN— & e sl - o .- o - - M
K 18 u Ht 13 4 1) P Iy 131 7
-— -— m s -
(o BERYL, *
3+ ‘o 1la .; :
. ~ 2N e ] wHTR _ lunon &3 2 i -
| N \ \i" 8 . 20 e d"ﬁ" GUNTLi8 | 8 €550 L 7
13 13 =
} L
\ ¢ \;V < .
L,n j ®
e o ‘ B onffi- -é- CON-T_lcONT ’
o 22 23 a7 T2 21 22 = fe3 24
3 3 ; 3 / — — IR - ]
. 4 3. X e M - i $00 80°0]
: ! : 7 & 'CoNOCO T o
| £ S| feeen
; ’ “ 12 1o W (U 12 o
i g e b
SHELL /lsH/ . ! ? t
: "‘36"' Fogrdyy ,‘: .y CON-0 |Be/8  |ESSO [ES 2 ‘é“#-_é‘ R
“ 7 R 28 29 ,) {30 26 27 28 29 ‘¢' ’
> — — - 4 R
'
£550° SHELLY ot
L3 ""' i f; LI
R z
AT Rt } IVid ‘i




" ‘CONCLUSIONS
1. ‘A discovery of hydrocarbon accumulation was done at
" 1747 m RKB. |
2. The net oil coloumn is limited to 3.15m. Due also to
the reduced magnitude of the bulk volume, the oil in place
is in the range of 18'106 Nm3 (113'106 bbl).
3. Due to a small oil gross pay (21m), the presence of gas-cap
and water table will limit the well rate to a low value,
10 bbl/day, (despite a high productivity index), in order
to avoid gas-coning or water-coning effects.
k., The solution gas drive is showing a good recovery in
spite of high oil viscosity(u = 5.19cp)
5. . As microscopical displacement efficiency shows better
displacement behaviour for water drive (MDE = 28,6%) than
for gas drive (MDE = 7,5%) e
6. All evaluation developed in this study are showing that

"~ the 30/7-2 well discovery does not represent a reserve to

‘be developed. In addition to the small rates requested to

prevent coning effects will reduce all chances for this
discovery to be considerd as an additional reserve.




ABSTRACT.

A resumé of all results obtained in the present study is

given hereunder:

Discovery

The well 30/7-2 discovered a relative small accumulation of

0il and gas in a Middle - lower Eocene sand reservoir. A

final contour map of the Cla seismic marker was drawn in the
vicinity of well 30/7-2 (Fig.l)

-Reservoir parameters

Seismic marker

Top of sand

Gas oil contact

0il water contact
Gross pay

Net pay |

Net pay fraction gas
Net pay fraction oil
Porosity gas zone
Porosity oil zone
Water saturation gas
Water saturation oil
Net gas column

Net o0il column

zone 6.

RKB

v

"

zone &g

zone

zone

Sw
Sw

1747.0

'1762.8

1749.8

1783.0
33.2
25.6

0.73
0.81
22.2 %
29.4 4
18.2 %
19.4 %
1.22nm
'3,15m

8 8 8 8 8 8




Testing results

Average productivity index 22ﬁ3/day/atm.
Reservoir pressure at 1770m 2585 psi
Reservoir temperature 53°C

Due to very fast pressure rise it has not been possible to
perform a pressure build up analysis on the test results.
However, a permeability above 1D i1s indicated from the
productivity index calculated.

During both DST’S serious sandproblems occured and the testing
equipment was badly eroded by the sand.

Core analysis

The grain size distribution analysis of the sand indicates
a bimodal sand. The two classes have a d50 of 0.508mm and
0.2253mm respectively. The average d50 measured on all the

samples is 0.l4mm.

Hydrocarbons in place

Gas cap (free gas) . 1.1 - 109Nm3
Gas “in solution | | 0.8 « 109 Nm°
0il in place o o 18 - lO6 Nm°

. ;.".._
* Well productivity

In order to prevent the wéter coning and in the absence of -
any impermeable layer the daily rate is very low (10 Bbl/day).

But if the water-coning and gas coning could be prevented
it might reach values between 2500=5000 Bbl/day due to the
high permeability.




Recovery factor

If the main drive mechanism will be =~ the solution gas
drive,at the end of total energy depletion - a final recovery

estimated by various procedure is giving:

36% - for K = 500 MD, by statistical method
38.5% 1t K 1000 MD 1 7" 1"
24 .5% - calculated by Tracy's method

The microscopical displacement efficiency have been
calculated by using Buckley-Leverett's procedure. The result

for gas expansion or water encroachment, indicate:

M.D.E. (gas cap drive ):7,75%
M.D.E. (water drive ) :28,6%

This means that gas advancement recovery will be very small.




The relationship p vs Np/N and GOR vs Np/N

have been calculated. The results are presented
in Pig. 15. The results are showing a maximum
fianl recovery of 24.5%.

2. Water and gas displacement (Buckley Leverett)

The sweep efficiency by water and gas displacement
is calculated by the Buckley Leverett method.
(Fig. 16 and 17). The relative permeabilities are
shown in tables 6 and 7. |

The microscopical displacement efficiency is:

MDE for waterdrive 28.6%
MDE for gas cap drive 7.75%



DISCUSSION
I

A, FIELD HISTORY

1., Introduction

The Block 30/7 was opened July 12th 1973. Seismic was

- shot during 1971 by Delta-Seiscon, Prakla-Seismos (for Mobil)

SSL and Western. (In 1973 further seismic was done by GECO).
The Isochron interpretation of these data are shown in
fig. 2 and 3.

On 14th of September 1973 the Petronord group applied for
concession of blocks 30/7 and 29/9. By a Royal Decree of
November 15th 1974 the companies in the'Petronord/Statoil
group were awarded production licence no 040 covering blocks
29/9 and 29/7 on the Norwegian shelf.

The participants and their % interest are following:

‘Den norske stats oljeselskap a/s-Statoil 50.0%

"Norsk Hydro production a/s 6.8%
E1f Norge a.s. 19.2%
Total Marine Norsk a/s 14, 4%
Aquitaine Norge a/s 9.6%

Tﬁe production licence and the participation agreement was
accepted by the partners on March 17th. 1975.

2. Drilling .

A first well has been drilled through the Eocene sand in
block 30/7. The objective of the drilling was to reach the
Maastrichian, having as main aim to investigate:

structural closure of Eocene and Paleocene and sand development.

The planned location of the first well 30/7-1 is shown in both _.

‘maps of Figs. 2 and 3.




Due to technical problems the well had to be abandoned

after drilling 358m, and relocated at 150 feet east of -

the first location., This well was denominated 30/7-2 and its
final location is N 60° 29' 06" E 02° 01' 40.85". On
November 9th 1975 T.D. was reached at the depth of 2591m*

3. Hydrocarbon shows

Two minor Hydrocarbon shows were encountered in the upper
Eocene and in addition slight oil stain on cuttings was
observed at 1700m. More encouraginé/oil shows occured in
sandstone cuttings frdm 1750m-1821.7m, and these shows have
been confirmed in the six cores which were cut from 1753m to
1821.7m. The logs indicate that a gas and oil bearing sand
was located in the interval 1749.8m - 1783m confirming the
shows. The shows have been confirmed through bottom hole
samples obtained from FIT's and DST's. .

L
All depths are measured from RKB



B. GEOLOGICAL*EVALUATIOﬁ

1. Geophysics.

The final isochrone map and the isobath of the Cla horizon
are shown in Fig. 1 and 4 respectively. For depth conversion
the seismic time in 30/7-2 has been set equal to the inter-
polated check shot-time recorded in the well, i.e. 866 ms
o.w.t. and the depth equal to 1724 m MSL, and hence the
average velooity,
3/67
v = 1724/0.846 /s = 2014 m/s

has been used over the area.

The depth map has been planimetered, and in ®ig 5 the depth
was plotted v.s. the area. The reservoir is divided in two
‘zones: a gas cap zone and an o0il zone. The diagram gross pay
v.s. area indicates the gas oil contact at 1762.8m dividing
the total height in a gross pay of 36m for gas cap zone and
20m for the o0il zone. The estimation of the gas-oil contact

was based on logs interpretation.

2. Geological delineation.

The reservoir,dated middle-lower Eocene, consists of an
unconsolidated, medium grained sand compsed of moderately

sorted subrounded quartz grains with some free mica. Interbedded
with large flakes of mica.

Deposition appears to have taken place in a deltaic environment,
which persisted from Paleocene to Middle Eocene.




C.

RESERVOIR ROCK AND FLUID PROPERTIES

l'

Log analysis

The well was logged from 110m to 2590 m RKB. Two CPI'S
based on BHC-GR, DLL with micro spherical, CNL-FDC-GR and
IES were made. The first CPI was computed as a preliminary

CPI using the coriband program whereas the second CPI was run

with a dual mineral presentation (mica option) with the two

minerals being mica and quartz. A further evaluation of the

logs was done by Norsk Hydro and the results have confirmed

the CPI'S estimation. In table 1 the basic log parameters are
listed.

A copy of the logs run over the pay interval and the CPI

computed with the mica option are presented in fig. 6. The

average value of the reservoir parameters and the depth data

have been calculated from the mica option CPI and reported

among data of Table 2.

The main hydrocarbon zone occurs in the interval 1749-1782.2 m

RKB. Below 1782.2 m some sandstone stringers with oil are
present with thethickest zone at 1807.5 - 1810.5 m RKB.

The cut-off factors used for calculating net pay have been

chosen so that only pay with movable hydrocarbons (CPI) was

included in the net pay. The following cut offs have been used.

2 L] ’

Gas zone Sw< 50

V,1<50

0il zone SW {50

V€30

. Core analysis

Six full size cores were cut in the interval 1753.0 =«

1821.7 m. All the cores have shown the presence‘of hydrocarbons.
The core report is enclosed as appendix. 2.

-




The lithology of the formation is mainly an unconsolidated
sand with shale interbeds. On the six cores a series of
petrophysical measurements such as grain density‘and

grain size distributions were measured on 36 selected

samples.

The average grain density of the clean sand in the hydwno-
carbons zone (1762-1770 m RKB) and of the clean sand in the
water zone (1777-1798 m RKB) were measured in the laboratory
and found to be 2.67 g/cc and 2.66g/cc respectively. The

results are comparable to the grainsize computed by the CPI.

The grain size distributions from the selected samples are
plotted in Fig. 7. The cumulative distribution curves have
two slopes which indicates a bimodal sand.

~ An average distribution curve considered as the most repre-
sentative sample was reexamined as two cumulative curves of two
different "population". The results are presented in Fig. 8
where it might be observed that the slopes are ﬁifferentiating
and the geometric avefage diameter are:

d50=f0.0508 mm and d50 = 0.2253 mm respectively instead of

dSO = 0.14 as it is when the two sand populations were mixed in
the cumulative frequency curve.

An experimental correlation between dg and intrinsic
permeability suggests a permeability of 160 md for the finest
sand and 30 4 for the other one. In fig. 9 is presented a
diagram from literature which correlates ' grain size; perm-
eability and frequency distribution with the type of depositional
environmént. Thé two classes of sand from the sample are shown
as dotted: curves, indicating a deposit between coarse, colluvium
and coarse alluvial sand.

A correlation between grain size geometric avyerage dsowand the
ratio 689656' - .wWere examinedkagains depth. 1In fact the grain
size d50 is indicating a value proporional to permeability and
therefore 450 ys. depth is showing the variation of permeability.
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In sig. 10 the d50 and ration d804d50 are plotted versus depth.
‘The averagedSO is 0.14 mm. The curve of the ratio d80/d50
divides the interval into three units. Between 1777 m and 1797 m
the sand is quite uniform and well sorted. In the lower unit the
sand is less well sorted and contains some very fine beds.

In the upper unit the sand is poorly sorted, variable shaly,

and fine to coarse., The granulometric curves compare favorably

with the Gamma ray log (fig. 6) and with the core report.

Porosity and permeability have not been measured on the cores
taken in the hydrocarbon zone due to the unconsolidated nature

(5)

the average grain size and permeability of an unconsolidated

of the sand. However, an experimental correlation between
sand indicates the clean Eocene sand to have a permeability larger
than 1 darcy. In the Paleocene horizontal permeabilities varying
between 20 and 2000 md have been measured on consolidated samples
from depth 1971 m to 1988 m RKB.

3. Well testing

4 FITs and 2 DSTs were run. A summary of the test results is
given in fig. 11. DST no 1 was run in the interval 1796.5m
to 1801 m RKB. There was no flow of formation fluid to the
surface during the test but a sample of formation water was
collected from the drill string between the ARP tester and the
Hydrospring.

DST no 2 was run in the interval 1766-1776.5 m RKB. The well
flowed o1l and gas to the surface but the separator did not
stabilize for long enough to enable good measurement of the

flow rate. The flow rate is estimated to have been in the range
80 - 140 m> stock tank oil per day (500-900 STB/d).

The type of formation fluid recovered from the DST's and

the FIT's confirms the interpretation of the CPI as to the
nature of the fluids being present in the Eocene sand. 1In

DST no 2 gauge no 2651 seems to be recording 3.5-4.8 atm

(50-70 psi) too high. Analysis of the final hydrostatic
pressure recorded by the U gauges (shown in tabie 3 and fig. 12)
“confirms this. |
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Therefore the readings of gauge no 2651 has been neglected in
the calculations of the static pressure.

The average formation pressure at 1710 m RKB is 2585 psig.(17%.9atm))
(table 4 and fig. 13)

Due to the very fast pressure rise no pressure build-up
analysis can be performed on the test results. However, with
5 of stock tank oil per
day the productivity index lies in the range 16-28 m3 stock
tank oil/day/atm (6.7-12 bbl/day/psi). This indicates a

permeability in the range of 1-2 darcy.

the flowrate ranging between 80-140 m

In both DST's production of sand from the unconsolidated
formation created serious difficulties in the execution of the

testing.

At the recovery of the tool string in DST no 1 a large fraction
of it was found to be filled with sand (no oil stains).

In DST no. 2 the content of sand in the produced o0il exceeded
14% at the start of the flow decreasing to less than 1% after

4 hours,

b, Sampling

FIT no 2 and 3 at 2010 m and 1978.5 m RKB respectively were
found to contain only mud and mudfiltrate. From FIT no 4 at
1808.5 m were recovered oil and from FIT no 5 at 1753 m RKB gas

were recovered.

DST no 1 recovered formatiqn water only. A sample of water was
collected from the drill string between the APR tester and the
hydrospring.

DST no 2 recovered oil and gas.
A,PVT sample of gas from FIT no 5 and separator samples of oil

and gas from DST no 2 have been analysed by the laboratory of
SINTEF in Trondheim (1), -




The water sample was analysed at the laboratories of NTNFK

together with a sample of the spotting fluid(g).

5. Analysis of the formation fluid

Recombination of the separator samples of gas and oil at

53.30 C (128°F) gave a bubble point pressure of 174.69 atm

(2568 psig ). PFlash liberation of gas resulted in a GOR of

h6.7 Nm>/m> st.t. oil (260 scf/STB) and a formation volume

factor of 1.116. The gravity of the residual oil and separator
gas was respectively 20.0° API and 0.569 (air=1). The oil has

a viscosity of 5.2 cp at the saturation pressure. A'NMR—spectrum
indicates the oil to be paraffinic with an average molecular
weight of approximate 278.

A summary of the results from the fluid analysis 1is given in
table 5.




D. VOLUMETRIC ESTIMATE OF HYDROCARBONS IN PLACE.

The contour map of the seismic marker C la in the vicinity of
well 30/7-2 shown in Fig. 1. is the basic data for bulk volume
evaluation. A volumetric estimate of hydrocarbons in place in
the Eocene structure has been determined by using the contour
map and the reservoir parameters listed in table 2.

The bulk volume of sand saturated with hydrocarbon between the
isobathes 1749.8 and 1783 m RKB as shown in Fig. 5, was estimated:

. 6
VB = 153 10
where the bulk of gas sand is:
_ 6 3
VBG = 49.6 10™m
and the bulk of oil is:
- 63
VBO = 103.4 10™m

The gas volum factor Bg is

>

Bg = pTo
Tzp

(0]

where z is 0.87. P and T is given in table 2

Bg = 169.6 Nm3/rn3

The gas in place is then:

) . ‘ 93
Vaa ¢gas (1 Swgas) X Bg.x'gas. 1.1 109Nm3
VBO ¢oil (1 _Swoil) X oil/Bo)RS 0.8'109Nm3

1.9°10”"Nm

B, if from PVT data 1.108 m°/ STM

The oil in place is then Vg, woil.(l-swoil) X 511/Bo 18'106Nm3



E. WELL PRODUCTIVITY

/

The well 30/7-2 discovered a relatively thin (20m gross péy)
0il column in an Ebcene sand formation. Since other oil
accumulation might be found in older sediments below the
30/7-2 discovery, a calculation of 30/7-2 oil rate was
performed to establish whether the discovery has to be con-

sidered as an additional reserve:or not.

1. Absence of water and gas coning

If an impermeable layer could be established by well com-
pletion so that water and gas coning are avoided, the

rate might reach the following order of magnitude based on
PI evaluated from testing data.

_ 3 ~ ' .
PI, verage ~22m"/day/atm - 9.67 Bbll/day/psi

I's

T

Considering a pressuredrop in the fange of 0.1 Pi to
, e
0.2 Pi, equivalent to

' bp = 250-500 psi.

the rate is

2500bbl

/day to SOOObbl/day
The additional production in this case might reach 106
Bbl/year/well.

It is emphasized that the friable sand of 30/7-2 will not
be very favourable to any kind of workover designed to
minimise coning effects by attempting to isolate water,
0il and gas zones (e.g. by using squeezed cement).
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2. Case of water coning.

According to log evaluation and core data there is no )
impermeable layer of large extention in the oil zone. The
risk of a water coning development therefore has to be con-
sidered when calculating well rate. The maximum AP admissible
for a water free production rate is, AP-cone, given by the
following equation.

P - p_.
Pc,max - water oil .
1.0332
.. . . . s . -
where Puater and Poil 18 the spesific weight of water

and oil respectively, and z is total height minus perforated
height. )

0 = 1.0318 x 10 kg/em> (2)

water
Poil 0.866 x lO_Bkg/cm3 (1)
Pconing = 0.163 atm

When introducing the maximum pressure drop in the flowing
eqation it results.

2mh_kAp r
q = ——2P x {1+7 TE cos(rx90°)}
uBoln re/rw 2hp

where
h: total height 20m
hp: perforated height 10m
f: h/hp_ 0.5
k:  permeability 1D
r.t 0.1lm
1in re/rW S 9.8
u 5.2cp
B, 1.11m% /s>

q = 1.82 STM’/day = 11.46STB/day




If water coning can not be avoided by the presence of an
impermeable layer the rate is so limited that the Eocene

discovery has to be disregarded as additional reserves.

In this calculations. the gas coning was not considered
since the water coning already is limiting the production
to extremely low figures.

- 17
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F CONSIDERATIONS ON RECOVERY FACTOR

Neglecting the fact that the o0il in place is very small
and well ratio . is limited by coning effects, a recovery
factor might be evaluated as an index of various drive
mechanisms.

The recovery of oil through solution gas drive mechanism will
be evaluated refered to unit volume of o0il and is therefore
independent of time or field development.

The water drive or gas cap recovery evaluation will be limited
only to the evaluation of microscopical displacement efficiency
without any attempt of estimating the sweep efficiency and
conformance factor. In other words the evaluation is independent

of field development.

1. Solution gas drive mechanism.

1.1. Statistical method based on fluid properties and
statistic data. The equation to be used is:

—

g1-s j| oo Tx oo R L3
RE = 41.815 x —g X X SW x P
ob ) Uob a
Where RE the recovery efficiency in percent
@ porosity (fraction) 0.294
Sw . watersaturatin (fraction) 0.194
Bob . Formation volum factor for
oil bbl/bbl _ 1.116
jlob - 0il viscosity (cp) 5.19
k . permeability in md i

Pb - bubble point pressure (psi) 2568
Pa . abandonment pressure
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14 FP/py is plotted v.s. RE. The

recovery is calculated for permeabilities of
1000 md and 500 md.

In fig.

RE
RE

36% for k = 500
38,5% for k = 1000

at an abandonment pressure of 600 psi. This
method of calculating the recovery factor
gives very optimistic results.

1.2. Solution of material balance Equation (Tracy's method)

For a fixed pressure, Np is ‘assumed, and the assumption
is checked by solution of the following equations.

‘ N B
1. S = (1-8 ) x (1- 2y x =2
(o} W
N B .
K o1
2. R = _rg Yol'g , ¢
k S
ro BoBg

R +R '
(NROY, )+ 2228 ()

* N R =
2 PP p'n-1 5 .- pn P n—l)
4., "NR. = N(Bt-Bti)-NE(Bt—RsiBg)
pp 5

g




FIG. 1

Norsk Hydro a.s

Oslo - Norway

(@

LICENCE 040 - NW CORNER

ISOBATH MAP Cla MARKER

LOWER EOCENE SAND

Contour interval 10m Interpreted N.A.H Date

30, 3. 76.

Seale 4 .25 000 M.Bj.

!
88.105.42.15. 60, M1G78!
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rlio. 4

Norsk Hydro a.s

Oslo - Norway
LICENCE 040 - NW CORNER

&

ISOCHRON MAP Cla MARKER
LOWER EOCENE SAND

“Contour interval 1q o tw.t.| Interpreted N.A.H [ Date 35 3, 76,

- ~ l - - .- e = -
Scale 4 25, 000 M.Bj. | 88.105.42.15.60.M 1073




GROSS PAY m

R . BLOCK 30/7 FIG 5
T BULK VOLUM |
1710 4
1720 4
, GA
171304
1740 - *i\\\\ '
ol
1750 '
1760 — ~
1770 ; ; - ,
1 2 3 4 5 6 7 8 10 1
AREA 108 m2



A AR L e i s 8 o it b

e 2 e S i M BB S i 4 o

. o~
.z i
~
o >
o
. | & <
© W :
O oo
o o=z
8
< A 2
. % 3 N \ A -
3 M A VL 1/ M i b | , .
NV v v 7 ~
a f),)\l\ VAN A Mt AS f\.\/ _>L\/>7..=. A A N $>>.Sn
N Niai N P9 Ve NN A -
z AN \, NENERN ~ N PRV LA -
b V12N YA VA BE VAW A VIOV A\ P2 W AN VN2 . N A N N B W
& £ g g -
ﬁ | :
| H
! g
) = g
- " H
G I _ | s
w “_ iR .r.,// \ ! ) ; ; ‘g
= } ' __ ! ,/,, \ ,__ p : H : :
kg ) : t i
J ?J__ >.,<_ S N \ ! A , 3
P IR WAV U7/ S Y T i NN | :
T W WL N R A W N N T
/ Ul N W N LA NN — s
N “ v IS 4 . v A ste é‘-‘ﬂ‘.ﬁ.{dﬁa\lﬂud\ﬂ\l&
vt | |
! : i
r N !
I kL \ 1 ~=_ %_ b m .
ANIN YA 1 R AT I O W 0
. N7 LAV NI AW A | . ) , -
s 1\1 (. ] I 1 L It Mﬁ;
. 1% J1 >i» A B ¥ LY VA DY i L, T A WD YV W WY Vo PP, PSSy A
L YA AN | 1A S AR Y G A W RN\ S AV B D A N RN Y Y e S kA M
: A I A I Ly T > 7w MM
| ] ) Wl i ! !
AV ¥ ,
T - - g
i ) T 1 *
3 { A
b W A ) 1
z /.\\/ JARN ~m Y AN A 11 1 1
3 ~ AV AR AN N 3 L 2
s T AV ARV VI I 7 T \ A pA
NtV N\ .4 M~ (. W S
T
1
1
. 1 A P A P y PN
¢ | .0 P SN AN S A= =
& JAA'A VT vy .
A N O A 1
MEY W v
. 1 A
A :
T I
£ =
2
3

%.F,AD. m x
W



. 40

02
ot

001
9

9999

C O UWELL 30/7-2

" GRAIN SIZE DISTRIBUTION -
. ...'IN SAMPLES. TAKEN IN THE *
U INTERVAL 17530~ 18217 m

995
999

99.8

995

99

e

98

97

95

S0

80

70

60

50

30

20

)

o
N\
N

005

00020 000x Q0078 00156 ,‘ 0.031‘ 00625 Q125 | 025 = .00

§ .71 & s & 3 2

-

-




1

CUMMULATVE ~ FREQUENCY" .~
.8

Nw s »

nul

mefric

ample

N

t_ 175

™~

//

h

\

= Av
cu

rage
ve

frequency distribution

Cui

ves
cifi

obtained! from sand

Jrain

papulation

GRAIN DIAMETER

,,,,,




- PERMEABILITY OF NATURAL MATERIALS

FREQUENCY

FINE SAND

<
<
Qq‘}‘ DUNE SAND
COARSE ALLUWVIAL SAND
BEACH GRAVEL

lo
‘0

SIZE MM

FIG. 8



T well 30/7-2

dgg and dgp/dyg plotted v. s.depth -

il g qm‘u ~n=tj!g samples
17
) dg
950 :‘gi_Fj
R T —
1760 T VA
\ N
. L — ]
/"
£
0 MR T
: | 77 "/7 T [.]
: <:: - Py
, I———- < <
e |
| R -1\ | doh \
\_ KE \
: 1790
1 d 50({mm)
3807930




1762m

S NN,

\\\\\

-

1975m 1

2000m {

iz
NN\

SUMMARY OF TEST RESULTS . Fle 1

‘FIT no. 5 at 1753 m Siﬁ 2578 psig.

»DST no. 2 1766 - 1776,5 m 2 sh/ft
- 500 -~ 900 bbl/d. Sip 2582 psig.

0il gravity 22,2° API
Gas gravity 0.564, (ax «4)

DST no. 1 1796,5 = 1801 m 4 sh/ft. -
Formation water and sand recovered.

No shows of oil.

Sip 2614 psig., 47 000.ppm C1 + 3200 ppm Ca.

FIT no 4 1808,5 m Sip 2614 psig.
2 L oil + 2,3 L mixed sand, oil and water.
0il grav1ty 21, 4° API,

FITno 1 & 3 at 1978 m & 1978,5 m.
Mud and mudfiltrate recovered
Sip 2865 psig. .

"< FIT no 2 at 2010 m

Gas

0il
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 CPT

CPI
NH
NH

WELL 30/7=2

Basic log parameters

Depth interval Ry Rpe

' (Q-mz/m) (Q—m2/m)
1891.5-1762 0.068 0.298
1762<1737 .5 0,071 0,310
1891 ,5=1762 QL1 0.298
1762-1737.5 0.11 0.310

t

Re1 cl chl
(Qfmz/m) (i-sec/ft) (%)
0.83 130 L5
0.83 130 45
0.83 140 54
0.83 140 54

- 36 -

v

GRmin GRmax T°F

. Table 1
prb‘cl
(g/cc)
2.31 18
2,31 18
2.10 22
2.10 22

75
75
70
70

"(API-unites

117
112
117
112



Well 30/7-2

Results from log.interpretation based on CPI.

.Seismic marker RKB'

Top of sand RKB

Gas o0il contact RKB

0il water contact RKB

Gross pay

Net pay gas

Net pay oil

Total net pay

Net/gross gas g

Net/gross oil ey

Average porosity gas zone

Average porosity oil zone

Average water saturation gas zone
Average water saturation oil zone
Net gas coloumn

Net 0il coloumn

Reservoir pressure at 1770 m

Resvoir temperature

+RKB elevation 22.9 m,

1747.
1749.
1762.
1783.
33.
9.
16.
25.
.73
0.
22.
29.
18.
19.
1.
3.

0

176.
53°

Table 2

N =N RO O 0O

5 5 83 8 3 3 8 8

81

2 %
b %
2 %
LI
22m
151

9 ata
C

_37_.



Table 3

Recorded Static Pressures.

- 38 -

Test - Depth Recorded Depth of Calculated
of Gauge Pressures. Perforation Pressures
m psig m - psig
FIT 5 1753 2578 1753 2578
DST 2 1723 2595 1770 2657+
DST 2 1725 2553 1770 ' 2612%
DST 2 1756 2586 . 1770 2604 "
DST 2 1758 2565 1770 2581+
DST 1 1792 2619 1799 2692%t
FIT 4 1808 2614 1808 2614
FIT 3 1978 2858 1978 2858
FIT 2 2010 No flow 2010 -

Hydrostatic Pressures of DST no 2.

Gauge no. Depth of Gauge Final Hydrostatic
Pressure
m psig
2651 1723 2968
1395 1725 ' 2918
1846 1756 2984
4508 1758 , 2961

+Recorded gauge pressure has been corrected to the average
depth of perforation by assuming an oil column of 0.93
gravity in the test string.

++Recorded gauge pressure has been corrected to the average
depth of perforation by assuming a water column of 1.03
gravity in the test string. '




Table 4

AVERAGE RESERVOIR PRESSURE

TEST - |DEPTH OF RECORD| PRESS, PRESS.SD DATHIIM
) . m ’ psi psi (1770 m)

FIT 5 1753 2578 2596

DST 2 1725 2612 2612

DST 2 1756 260U 2604

DST 2 1758 2581 2581

DST 1 1792 2619 2589

FIT 4 1808 2614 2650

FIT 3 1978 2858 2555
Average pressure at datum = 2585 psi.

_39_



CHM

n-C3
n—Cu
n-05
n—C6
n—C7
n—C8
n-C
n-Cyg

n-C 11

Table 5

Analysis of Hydrocarbon Samples from

DST no. 2 and FIT no.

Recombined DST 2 DST 2 FIT 5
Reservoir 011 Gas Gas
FPluid

0.379153 .99617 = .99550
0.00146 .00383% .00450
0.00188 .0030

0.0619 .00996

0.00015 .00217

0.00019 .00030

0.00520 .00840

0.60580 .97617

Analysis of Water from DST no. 1

Solids 53.3 g/1

( 81.6 % NaCl ).
Resistivity 0.129 Ohm x m at 20 C

Analysis of Spotting Fluid from DST no. 1

Solids 209.5 g/1 ( 86.5 % CaCl2 ).

- 40 -



~Table 6

Relative permeability of o0il to water

Statistical data.(7)

sw (%) 2
80.6 0
79.6 - 0.0063
75.4 0.0225
71.2 0.994
67.0 0.11
62.8 0.215
58.6 0.357
50.3 1,000
41.9 3.125
33.5 9.250
25.1 22.000

- 41 -



Table 7

Relative permeability of gas to oil

Statistical data.(7)

Sg

Y evornm “€ /xo
0 0
5 1 0.0063
10 0.0225
15 0.055
20 0.11
25 0.215
30 0.357
140 1.000
50 3.125
60 9.250
70 32,000
80 91000

- 42 -



Appendix 1

Loganalysis well 30/7-2

Depth Ry Dot fo woe GR Vel g
1848.1 0.6 32 2,10 24 0.04 32.3%
1846.3 0.6 3y 2,09 25 0.06 32.6
1838.1 0.7 32 - 2.10 25 0.06 31.6
1835.1 0.7 32 2.11 25 0.06 31.2
1831.1 0.7 31 2.10 23 0.02 32.8
1827.1 0.7 - 31.5 2.10 22 0 33.7
1822.4 0.7 32.5 2.12 22 0 33.0
1812.1 1.0 31.5 2.11 26 0.08 30.73
1808.2 8.0 31,5 2.07 - 25 0.06 32.9
1803.5 1.0 '29.5 2,11 28 0.04 31.4
1789.1 1.0 - 30 2.10 28 0.09 30.3
1792.0 1.1 29 2.14 24 0.04 29.8
1785.1 1.0 28 ' 2.12 22 0 32,0
1781.6 5.5 30 2.10 22 0 34,3
1767.1 ‘60 28 2.13 o4 0.04 31.0
1762.3 20

29 2,11 30 0 33.7
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