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Operasjonsteknologi - Stavanger
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Preliminary petrophysical evaluation of 31/2-4

• Two methods have been applied for this evaluation, the shaly

sand method by using the Nigeria-equation and the Waxman - Smith

ft method by using the cation - exchange - capacity theory.

The main problem with this evaluation is the high mica-content

which effects the GR-log and the grain density.

No shale was observed in this reservoir and therefore the shale

volume is set to zero.

• Three zones of interest have been evaluated, the gas zone from

™ 1366 to 1568 m RKB, the oil zone from 1568 to 1580 m RKB and the

water zone from 1580 to 1600 m RKB.

Most of the parameters used for the evaluation are based on the

31/2-1 well.

• The plots needed for the Waxman - Smith evaluation are based on

31/2-1 data.
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INPUT DATA

LOGS: Laterolog Deep (RLLD)

Laterolog Shallow (RLLS)

Microspherical Focused Log (RXO)

Formation Density Log (RHOB)

Compensated Neutron Log (PHIN)

Induction Log Deep (RILD) (XI)

Gamma Ray Log (GR)

Core data: No core data is used.

EVALUATION

.
The evaluation has been devided into the intervals:

1366 - 1568 n RKB ; gas zone

1568 - 1580 m RKB ; oil zone

1580 - 1600 m RKB ; water zone
0

The MSFL-log is used as RXO log. The RT log is evaluated

using :

RT = 1.7- RLLD -0.7-RLLS in h.c. zones

RT = RILD in water bearing zones

The shale content in this reservoir sand is very small and

is set to zero.

Micaceous sandstones: GR > 62, ?G = 2.67

^Clean sandstones: GR < 62, 9 G = 2.65

Mud filtrate resistivity: Rmf = 0.10 (41 000

Formation water resistivity: Rw =0.06 (70 000

Formation temperature: T = 125°F

Gas density: 0.12

Oil density: 0.88 at 125°F

Water density: 1.045

Mud filtrate density: 1.027

by

VSH

ppm)

ppm)
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The final porosity (PHIF) :

Øs ^ G -

S G - <

for all three zones,

densities are found

(F = 8.5) .

SXO = 1/F •

RHOB
7fl -

with different fluid densities. The fluid

from several steps of SXO calculations

Rmf
V RXO

Cut off values applied to this well:

0 > 24

Vsh < 40

Sw > 65

% (i.e. k = 1 rod)

% (unimportant, Vsh = 0)

%

Nigeria formula exponents

Lithology factor (a) = 0.62

Cementation

Saturation

exponent (m) = 2

exponent (n) =2

Waxman - Smith exponents

B-factor:

Saturation

9.0 at 125°F

exponent (n) = 2

F* = A • (PHIF) EXP (-B)

1

iw
1
I
I
1
iii&k.. • _ .._

A = .5

B = -0

32618

.188956

Qv = C -(PHI) EXP (-E)

C = .001495

E = -3.748

(see attached plots of data from 31/2-1) .
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Shaly sand evaluation

Nigeria equation
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S T R T I T I C S

FIELD:
WELL:
DRTE: l 0.19.04

BLOCK 31--£
3l-£-4

JRMURRV 1981

DEPTH IMTERVRL: . . .
RPPLIED CUTOFFS:

VSH: GRERTER THRM
PHIF: LESS THRM

Stø: GRERTER THRM

. JIS

1366.00 TO 1580.00

0. 4 O
0. £4
0.65

T D T R L D E P T H

. . . . £14.00 O
RVERRbE . . . "PHI F' . . . 0.£66
RVERRbE . . . 'VSHRLE' . . 0.000
RVERRbE . . . 'Stø" . . . . 0.14£
I..I. RVERRbE . . 'Stø' *• 'PHIF' 0.106
it 'i' ti r-', ri'!? Cl • • • •-• tt • • • • U * C11' •_.'

VOID VOLUME: . . . C PHIF'--. 56.904
HC VOID VOLUME . . '"" SH" +•:• . 50.890
RES HC VOID VOLUME '.' S HR ••*•:•. £3.371
MOV HC VOID VOLUME ££.513
»••#-*.-*••*••«-* •»-•*-*••*• •«-•» •*••*-•*•<

M ET PR 'V
»••*•*-•*•«••*••*••*•»••*••*••*•*••*••*••*<
THICKNESS: 140.750
RVERRbE . . . 'PHIF- . . . 0.307
RVERRbE . . . '"VSHRLE" . . 0.000
RVEPRbE . . . "' S'«J . . . . 0.069
l .1. R V E R R b E . . ""S l .J •" *• -'PHIF ' O. O 6 £
RVERRbE . . . 'SH- . . . . 0.931
VOID VOLUME: . . . ',PHIF">. 43. £4 O
HC VOID VOLUME . . C "S H''+':. . 40.571
RES HC VOID VOLUME •:."' SHR '*-:•. £3. 0£9
MOV HC VOID VOLUME 17.54£

>•+•*••*+•»•*•»•*••*••*•»••»++<

H ET S R H D
• •*••»•*••»•*••*••*••*•••••*•»•*••*•+•+•••••+•*••+•*••••+•*•••••*••*••*••*••*••+••*•+•*••*••»••••*••»•<
THICKMESS: 140.750
RVERRbE . . . -PHIF' . . . 0.307
RVERRbE . . . 'VSHRLE' . . U. 00O
RVERRbE . . . 'Stø' . . . . 0.069
'..l. RVERRbE . . 'Stø- * 'PHIF' 0.06£
RVERRbE . . . 'SH' . . . . 0.931
VG I D VOLUME: . . . - : . PHIF".. 43. £40
HC VOID VOLUME . . -:'SH"+:- . 40.571
RES HC VOID VOLUME •:'"' SHR'•*•>. £3. 0£9
MQV HC VOID VOLUME 17.54£
>••»••*•*•*•*••*••*••••*•*••»••*••»••«••*••»••*••'

M E T .-- G R OSS R R T I O
>••*••«••*••«•••••»••»•»• •*••*••*•*••*•*•*•»••*••»•*••»••+•<

H h E T P R 'r1 .--' H G R O S S S R M D = 0.65771
HNETSRnD.-"HGRa33 >RHD = 0.65771
HMETFRY --HMETSRHD = 1.

Tctal h.c. zone:
1366 - 1580 m RKB
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S T R T I 3 T I C ;

FIELD: .
WELL: .
DRTE: .
ENGINEER:

i fl.££.5fl

BLDCK 31--'d
31-3.-4

E fl JRNURPY 1931
. JIS

1366.UU TD 1563.flflDEPTH INTERVRL: . .
RPPLIED CUTOFFS:

VSH: GRERTER THRN fl. 4fl
PHIF: LESS THRN fl. £4

SUl: GRERTER THRN fl. 65

T Q T R L D E P T H

THICKNESS: ..
RVERRGE . .
RVEPRGE . .
RVERRGE . .
lil. RVEPRGE
RVEPRGE . .
VQID VOLUME: . . .
HC VQID VOLUME . .
RES HC VOID VOLUME
MOV H C VOID VOLUME

PHIF'
VSHRLE-

*• --FHIF-
'SH-

SH "' +•
'S HR"

N E T P R

Id. flflfl

fl. £65
i j. i j O i J
. 135
. 097

48.363
c6.636
£1.7 3 3

THICKNESS: 132.0 fl fl
RVEPRGE ... -PHIF-' ... 0.303
RVEPRGE . . . ' VSHRLE"' . . fl. nflfl
HVERRGE . . . -Sii.i- . . . . 0. n j1?
Ul. R V E F R G E . . " S VI' *• "' PHIF"' fl. 115 d
RVERRGE . . . -'SH- . . . . 0.941
V OI D V O L i J M E: . . . < ' PHIF ";, . 4-fl. 6 l O
HC VOID VOLUME . . v"SH-'*-> . 33.437
RES HC VOID VOLUME •:/S H R-'+•:-. d 1.6 07
MOV HC VOID VOLUME 16.331
>•* *•*••*••*••*••*••*• •»••*•*• •*••*••*-•*• •*•<

N E T 3 R N D
>•*-*.***•*•*•»••»•
THICKNESS: 13d.
RVERRGE . . . -'PHIF-- ... fl.
RVEPRGE . . . •'VSHRLE"' . . fl.
RVEPRGE . . . -'SI...I-' . . . . Ci.059
I..I. RVEPRGE . . /sw- * --FHIF- o. oss
R'-'EPRGE . . . -SH- . . . . fl. 941
'•'GID VOLUME: . . . •:'-'PHI F- :• . 40.610
HC VOID VOLUME . . '. " SH *•• . 33.437
*E'E HC VOID VOLUME •:-' S HR '•».:•. d 1.6 07
f1Gv H C VOID VOLUME 16.331

>•**•».**.*.*. *.*•*•*. «•*«-•».

E T •- G R O S S R R T I O
»••*•*•**•*•*••*••*••••*••*••*••»••*•»•-i

HNETPRY xHGPOSS SRND = 0.65347
HNETSRND,'HGPOSS SRND = 0.65347
HNETPRY ,-HNETSRND = 1.

Gas zone:

1366 - 1568 m RKB
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S T A T I S T I C S

FIELD: BLOCK 3l/£
UELL: 31-2-4
DRTE: 10.26.03 20 JRNURRY 1931
ENGINEER: IIS

DEPTH INTERVRL: . . . i563.oo TO 1530.00
RPPLIED CUTOFFS:

VSH: GRERTER THRN 0.40
PHIF: LESS THRN 0.24

Stø: GRERTER THRN 0.65

T O T R L. D E P T H

THICKNESS: 12.000
RVERRGE ... -PHIF" ... 0.277
RVERRGE . . . -'VSHRLE'" . . 0. 000
RVERRGE . . . "'Stø-' . . . . 0.268
tø. RVERRGE . . "Stø *• 'PHIF' 0.242
RVERRGE . . . •SH- . . . . 0.732
VOID VOLUME:' . . . V-PHIF-:'. 3.323
HC VOID VOLUME . . •:.-'SH" *-> . 2.522
RES HC VOID VOLUME '."-' SHR -+•:<. 1.736
MOV H C VOID VOLUME 0.736
>•*•*-«-*••»• •»•»••»••».»*•»•»'»••»•

N E T P R- Y

THICKNESS: 3.750
R-ERRGE . . . -FHIF-" ... 0.301
RVE^RGE . . . - 'VSHRLE- . . 0 . 0 0 0 °il zone
RvEPRGE . . . " S t ø - . . . . 0.213 -1553 _ -j
i.i.RVERRGE . . "Stø- *• --PHIF-' o.i03
RVERRGE . . . '"S H- . . . . 0.732
VOID VOLUME: . . . •:. "PHI F-":-. 2.630
HC VOID VOLUME . . O'SH"'»-:• . . 2.034
PES HC VOID VOLUME '-'.' SHR-'+-:•. 1.423
MDV HC VOID '-'GLUME 0.661
»•**-* *•*•*-*•*•*•*•**••*••*•••*••*

N ET ":. R N D
*••**•**•*•*•**•****• 4-•**•*•*•*•***•* ***4-* •*•*••»••*•#••»••«•*•»•*••*•

THICKNESS: 3.750
RVERRGE . . . -PHIF-' . . . 0.301
RVERRGE . . . -'VSHRLE-' . . 0.000
RVERRGE . . . -'Stø-' . . . . 0.213
l.l. RVERRGE . . -'Stø- *• -'PHIF-' 0.203
RVERRGE . . . 'SH" . . . . 0.732
VOID VOLUME: . . . C P HIF"' "> . 2.6 3 O
HC VOID VOLUME . . C'SH"'*.:' . 2.034
*ES H C. V OI D V O L U K E •. S HR-*:-. 1.42 3
M G'-.•' HC VOID VOLUME 0.661

•*++•*<

N E T .-• G F: OSS P R T I O
>*••*+•*••*••*•*•»••*••*••*••••*••*•»••*•»

HNFTPRY -HGRQ3S SRND = 0.72917
HNET--IRND.-'HGROSS SRND = 0.72917
HNETPRY -'HNETSRND = 1.00000
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Waxman - Smith evaluation

Cation - exchange - capacity

-'"--•- -n*"-"-» •-



J

31/2-1

Qv = a .-b

Sample no.

2

8

14

17

19

21

22

24

Porosity

.341

.309

.380

.287

.323

.358

.248

.292

Qv

0.06

0.12

0.05

0.23

0.02

0.10

0.25

0.13

Linear regression: a = 14.915

b = -3.748

10 -4

F* = F (l + Rw «B •

Rw = 0 . 06

B = 9 at 125°F

Qv)

QV

0.0623

0.0958

0.1028

0.0621

0.1616

0.0852

0.1025

0.0865

0.2787

0.1510

F

6.4

14.3

13.3

6.4

20.6

13.2

12.0

11.2

21.6

21.0

F*

6.615

15.040

14.039

6.615

22.397

13.808

12.664

11.723

24.851

22.713

0, Porosity

0.3659

0.3294

0.3232

0.3698

0.2865

0.3398

0.3235

0.3385

0.2477

0.2917

F* = a »-m

Linear regression: a = .532618

m = -0.188956
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*-*Æ. ... ,

S T R T I S T I C S

PI ELD:
I.IELL5
DRTE: fi9.ss.as
ENGINEER'S . II

DEPTH INTER VRL: . . . 1~:66.
RPPLIED CUTOFFS:

VSH: GRERTER
PHI F: LESS

SI..I: GRERTER

T 0 T R L D E P T H

RVERRGE . . . ''PHIF-- . . .
RVERRGE . . . -VSHRLE"' . .
RVERRGE . . . 'SU'' . . . .
l.l. RVERRGE . . "Sl.!"' * "PHIF"
RVERRGE . . . -'SH-' .....
VQ ID VOLUME: . . . -." "' PH I F "' > .
HC VQ ID VOLUME . . ':"SH"+-' .
RES HC va ID VOLUME C' SHR "+•:•.
MOV Hr va ID VOLUME

M E T P R Y
fr A ̂  A ̂  fr A A, ̂  A A fr|A A A ̂  ̂  A A A A A. A. A A * A A A^^ ̂ F vv W ^ V ̂ * p1^1^ ̂ - ̂  ̂-̂ "̂  v v ̂-^ v ̂  ̂^ ̂  V ̂

THirKNE^'" s . .... . .
RVERRGE . . . 'PHI F' . . .
RVERRGE . . . 'VSHRLE •' . ,
RVERRGE . . . •:.!«.!• . . . .
M. RVERRGE . . "'SM"' *• 'PHIF"
RVERRGE . . . "'S H"' . . . .
Va ID VaLUME: . . . •: -PH-IF- :• .
HC VOID VOLUME . . O' SH - ' *•:• .
RES HC VOID VOLUME (•' SHR '*•:'.
MOV Hi" VOID VOLUME

N ET S R M D
•»•*•*•»•*«••»•*••»•»-»•*•»••*•+•»++••»+•*••*••*••*•*•+•«•++

RVERRGE . . . -PHIP-- . . .
RVERRGE . . . -'VSHRLE-' . .
RVERHGE . . . -'Si.'.l- . . . .
l.l. RVERRGE . . -SW *• 'PHI F''
RVERRGE . . . ' 'SH- . . . .
'••'01 D '-'OLUME: . . . f •'' PHI F •'":•.
HC '/O ID VOLUME . . •:'•'. S H •'«•:• .
RES HC VOID VOLUME •:'.•" SHR- *-:• .
riav HI" '"'DID '-'OLiiME

H E T ••- G R 0 S S F1 R T
*••*•»*••»•«-*•*••»••**•*•**•*•*••***•«••**•*••*••**•**••*

HHETPRY .--HGROSS SRMD = 0.657
HHETSRhD.--HGRaSS SRr^D = 0.657
HMETPRV -HMETSRMD = l.UUU
•*•*••*• •*_*•*• ̂ + •*• •*• **-̂ fl' ̂ ** * * * •*••*••«••»• •*.* •* * +

BLOCK 31x£
31 -d -4

£0 JR HURRY 19S1

fu"! TO IS ft n. i"t fl

THRN 1.40
THRH ii. £4
THRN M.65

d 14-, 0 0 0
0. £66
0. 000
0. fj£fJ
0 . 0 1 S
0 . 98 0

56 . 9 04
55.366
51. 040
4-. 3£6

140. 750
0. 307
0 . i J 1 1 1 J
ii. 014
n . 0 1 3
n. 936

4 3. £4-0
4^.A7fi Total h.c. zone:

33.573 1366 - 1580 m RKB
4-. 097

•*-•*••*• •*••*-•*•*•*•*•*••**•*-

•»•*•*•*•*••»••*••*••*••*••»••*••*•
140. 750
0 . -3 0 7
0. 000
0 . 014
0 . 0 1 3
0.986

43. £40
4£.670
33.573
4. 097

*••**•*•*••**•*••-*•**••*•

i a s
•*••*•***•*•»•*•*•»••*••*•

71
71

»»*»••»»..»..».<»..»*»..,.....,. .,.....-, . .. ^ nMEM . rjj* > ••**!.. I"
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S T R T I S T I C S
«••»•*•#• •»•* •»+•*•++•» •*••*••*•*••»+«••«•«•

FIELD: . .
I.IELL: .
DRTE: 09.59.43
EMGIhEEP: J I

DEPTH INTEPVRL: . . . 1366.
RPPLIED CUTOFFS:

VSH: GPERTEP
PHIF: LESS

Si.l: GPERTEP

T 0 T R L D E P T H

TUT f' f- ME~"~' "

RVEPRGE . . . "PHIF"' . . .
RVEPRGE . . . • VSHRLE" . .
RVEPRGE . . . "Si.il" . . . .
M. RVEPRGE . . '"Ski" *•• "'PHIF-"
RVEPRGE . . . "'SH-' . . . .
VOID VOLUME: . . . < - PH-I.F-" :• .
HC VOID VOLUME . . ('S H-"*-:' .
PES HC VOID VOLUME •:."' SHP •"*-'.
MOV HC VOID. VOLUME . . . . . .

N ET P R- V

THI i"l:- ME '"""'!• .
RVERRGE . . . -PHIF- . . .
RVEPRGE .. . . -"'v'SHftLE"' . .
RVEPRGE . . . Slil- . . . .
1.1. RVEPRGE . .. S1...I" *• 'PHI F'

VOID VOLUME: . . . t" PHI F O.
HC VOID VOLUME . . •: "' SH •" *•> .
P E 3 H C: V 0 1 D V 0 L U M E '.. • ' S H P "' +•':• .
MOV HI" VOID VOLUME

N ET S R H D

THI f'KME"17""''
RVEPRGE . . . • "PHIF-' . . .
RVEPRGE . . . "VSHRLE"' . .
RVEPRGE . . . -"S W-' . . . .
i.i. RVEPRGE . . SU- + -"PHIF-"
RVEPRGE . . . -'.SH'" . . . .
VOID VOLUME: . . . - "' PHI F" ' :• .
HC VOID VOLUME . . >. / SH " *•• .
PES HC VOID VOLUME v" SHP •"*•:-.
MOV HI" VOID VOLUME
*•*••**•*•*•*•*•*•***•••*"»•«•*•«•*•*•«-»•*•*-»•*•*••*••»

M E T •- G P 0 S S P R T
+ •«••»••*••»••••»•#••»•*•*••«••«••*••»•*.•*•*••»• •*•.«. •»•*••»••»••*••»••»•»

H M E T P FT r' .-'H G R 0 S S S R M D = 0 . 6 5 3
HHETSRHD.-HGPO':S SRMD = 0.653
H H E T P R V .-•' H N E T S R M D = 1 . 0 U U

BLOCK 31.--£
31 -£-4

£0 JRMURPY 1981

00 TO 1568. 00

THRf-4 0.40
THRH 0.£4
THRM 0.65

-•*••*• *>•»••*"*'•*••*"*"*"*"*••*-
£.0£. 000

ii. £65
u. 000
1 1 . 0 19
1 1 . i J 1 6
n.981.

53. -576
5 £..69 6
48. 04-9
4-, 64-7

"A- A A A A A fr. fr. A A A A. A^^^ ̂  V W V ̂' W V W V ̂ ^

0. 308
fi. fi fi fi /
0. Ul£
0 .011
fi. 9:-;:-:

4-0 . 6 1 0
40. 159
36. £19
3 . 94 1

•*•++•*•+•+••»*••**••»•»•»
1 3£. 000

fi. :-ifi;-:
fi . fi fi fi
0 . 0 1 £
0 .011
fl. 9 ft ft

4 0 . 6 1 0
40. 159
36 .£19
3. 941

•»•*••*••»••*••••»•*•*•«••*••»••»

I 0 S
•*•***•»•****.*•»*.

47
47

±̂*A**»*»*- • •*.- --'̂  -

Gas zone:

1366 - 1568 m RKB
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S T R T I S T I C S

I.IELL:
I'flTE: in.fiFi.4f1>
ENGINEER: -'I

DEPTH INTERVRL: . . . ises.
RPPLIED CUTOFFS:

VSH: GRERTER
PHIF: LESS

Sl.l: GRERTER

T 0. T fl- L D E P T H

THICKNESS:
RVERRGE . . . •- PH-IF-' .. . .
RVERRGE . . . •- VSHRLE- .. .
RVERRGE . . . ''SU' ....
i.l. RVERRGE . . ' SM-- *• "PHIF'
RVERRGE . . . -SH-' . .. .. ..
VOID VOLUME.: . . . C'PH'IFO.
HC VOID VOLUME . . C " SH-' +-> .
RES HC VOID VOLUME <. " S.HR" ' *•> ..
MOV HI' VOID- '"'OLUME

N E T R R- V

TH-I': K NE S'"':
RVERRGE . . . -'PHIF-- .. . .
R'-.-'EPRGE . . . -'VZHRLE- . .
RVERRGE . . . "' Si.'.i ' . . . .
i-.l.RVERRGE . . "Si...i" *• ''FHIF-'
RVERRGE . .. .. -'SH' . . . .
VOID '-'OL n ME: .- . . '-'PHIF-':'.
HC VOID VOLUME . . ':/' S H- •"•»•;•• .
RES HC VOID VOLUME (-'iHR-'+v ..
MOV HC VOID '"'OLUME

N ET S R N D
**•*•»••«••*••*••»•*••*••*•*••*•»••«-*•»••*•*••»••*•»••»*••»•*••*•*•»
THI '": K ri E :'•:"::
RVERRGE . . . -'PHIF" . . .
RVERRGE . . . •' VSHRLE-' . .
RVERRGE . . . -'Sl'l-' . . . .
1'l.fiVEPRGE . . -'Sl.l' •*• --RHIF-'
RVERRGE . . . '' SH' . . ..
VOID VOLUME: . . . >-" PHI F"".:' .
HC VOID VOLUME . . •:'. •' : H •" •»•:• .
RES HC VOID VOLUME f.-' S HR '*•;.
MOV HI" VOID VOLUME
**•*••*-•«••*••*••*•*•«••#-*•*-*••*••*••**••*•*••**••*•*•*•»"»•**

M E T •" G R 0 S S R R T

HMETPRV .--HGROSS SRMD = 0.729
HMETSRND.--HGPOSS SRMD = 0.729
HNETPRV - 'hNET 'RfiD = l . i n i i i

BLOCK 3 !.•••'£
31-2-4

20 .JRMURRY 19 Sl

00 TO 1530. 00

THflN 0.40
THRM 0.24
THflN 0.65

•»-•*..*"*-*-•».•*-»-*.+.> *-*•
1.2. 0 0 0
0-.-277
0 ., 0 0 0
0. 050
0. 047
0 . 9-5 0
3-., 32.3
3. .170
2...992
0 .. 1 79

8.. 750
0 . 3 1 J 1
0. 000
U. 04-7
0.. 045
|'| .̂.Cj -.

2 .. 6 3 0
2.511
2. 354
0. 157

•*•»•*•*• *

1568 - 1580 m RKB

8. 750
0 . 3 0 1
II. H 1 j 1 j

. n. 047
n. 045
n. 9 =;.--•.
2. 630
2.511
2.354
0. 157

+-*••*•»•«••»•»••*••»••»•••••••»•

I 0 S
•»•*••*••*••*•*••*••*•»•*••*••*•

17
17


