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EPPP/22/am/26.03.81

NOTE ON 31/2-5 OIL ZONE TEST

In the initial 31/2-2 model test match exercise an error has been
detected in the input of layer thicknesses in the water zone. This
caused the tight zone to become too close to the OWC. Having corrected
this, other restrictions to flow below the OWC had to be found in order
to achieve a match. Cores recovered from this interval bled oil and
the logs indicate the presence of a 15 - 25% residual oil saturation in
the upper 15 metres of the water leg. Only with the acceptance of a
reduction in relative permeability to water due to the presence of this
0oil saturation was a match obtained.

The same type of residual oil saturation below the OWC is also present
in well 31/2-5. Inclusion of this phenomenon in the well model results
in a reduced water cut development in practical test periods. (See
Figs. 1 & 2).

Expanding the perforations upwards by 3 metres (8 metres in total) does
not have the desired effect of significantly increasing the GOR within
the time frame of a test. Figs. 3 and 4 show the effects when the
residual oil below the OWC is respectively included and excluded. The
modest GOR increase is explained by the increased kh of the perforated
interval and the reduced drawdown that results at expected rates i.e.
5000 B/D. Hence to have a marked effect, higher rates, that may not be
realized, will be required to restore drawdown and hence propensity to
cone gas.

In spite of the simulation results not being overly sensitive to
perforation interval we consider that:

a) lowering the base of the perforations may, in case of the
model being optimistic, result in rapid development of high
water cut.

b) lifting the upper perforated level may in case of optimism in
the model promote rapid uncontrollable GOR increase.

Further it is believed that the development of a water cut will provide
the most sensitive overall test of the model and its uncertainties.

Any development of increase in GOR must be accurately monitored in
order to be used for model calibration.

We are therefore considering testing the 31/2-5 o0il zone in two stages
in a mechanically similar fashion to 31/2-2, firstly without gas 1ift
and secondly introducing gas 1ift if productivity suggests that this is
desirable. This procedure is now being compared with our earlier
suggestion of a simultaneous gravel pack of both zones and our
conclusion will be formalized in the final well test programme.

The operator believes that the optimum single test of the oil zone in
well 31/2-5 that will permit calibration of the simulation model will
be realized by the perforation of the interval 1589 - 95 m BDF.
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OlL PROPERTIES USED IN THE 31/72-2 STUDY.

a
o —
X2 500 @
o »
> PP
-~ 5]
o 1400 @
m -
(%)
E 3
('-.’ "300 9
& =
l.l h o
S 3
S 1200 5
5’ 1
> 3
5 ~-|oo_ >
g :
3 S
[ + — $ 0 d
& 10 a
e 0 1000 2000 (PSIG) ¢,
_
o - } +———( BAR)
0 50 100 150
PRESSURE
5.0
_. 40
Q.
(3]
;\ 3.0.
>
-
n 2.0
o
O
24
>
1.0
-
o
) } —+ +
0 1000 2000 ( PSIG)
— t + —(BAR)
0 150

100
PRESSURE

a-s Norske Shell

EXPLORATION & PROOUCTION FORUS .
31/2-AREA OIL ZONE STUDIES
WELL 31/2-2 MODEL
OIL PROPERTIES

EPPP/ 22 FiG.
e s

N POA! MO

e L. ikl it PRI Tk X0, O P PR Y Py

| RS,

SRS



GAS LIFT PHASE

TEST MATCH WELL 31/2 -2

]
o
{ t
; i
/ \
. \
y E \ ©
K et _ 23
/ 5 y
/ o “t-5
~ w /
//' 7 -~
Pd
e
-~
IN3WLV3YL GOV AV1D
)
7 «
s —-3+1-
Rel <\>'
'd P
. : L_,
—_— ! T ©
INIWLYIYL XVM YV, T10S T3HS g
/ o
/ g
/ v F
Y
1
/ ‘
7
—
[ ]
w 3ATVA NOILO3MNI ONIOVId3H ONV ONIAIINLIY
L E5
x € © 3
a (3] J /l
S o W @ 1]
35548 ~ B 1.
J 9 T g ©
-, F
d, o, o SANIM HOIH OL 3na@ NI G3SOND
8u8y 8 — - :
P FHE c—" RN _
. ! ! ) C 1 b ~. -
a | I 1 <
z . {
) I < \
8 . i 7 \
o 1 | ( -
! 4
al o
g g § °
8/43S -H09 G/8 - 31vH QINDIN_IVLOL |
) < ) N = o

NOLLOVYA - 1ND H3LVM

a-s Norske Shell @

EXPLORATION & PRODUCTION FORUS

FLATHEAD OIL ZONE STUDIES
TEST MATCH WELL 31/2-2

PMPR DEC'80- JAN.'8!1 FIG. |

L . reage T R A . - L . 5 o0
‘. e R e omEAEED T e o wws 2,5 PN P o P SO U S




31/2-2 TEST MATCH

i o i
. ] \ ‘ -
| .l \ !
l ! \ '
\ i \ | 1
’ | -\ ¥ :
| \ = |
1 w . -
| \ o |
| \ o .
\ : V@ I
: I \ |
\. || \ : -
\, " \\ |
\.\'\ l \\ ‘.‘ \
AN3WIVINL 01OV AVID
7 1°
[ 2 . i {
(V1] .
- \ \ | |
W . .
- \ \ |
g . \ N
a S \.\ . \ -
x © LIN3WNLY3YL XVAM V, 10S TI3HS
o 1 1 ) i
g = | 1 i 9
o g ' . a
W [ 54 o . \ |
(/2] b3 w \ l . T
(] °c =z ' \ | w
o« 23\ : =
o @ 2 \ \ \
. \ .
(2] w w
- L it
> = & JATVA NOILDINNI ONIOVIdIY ONY ONIAIINLIY
= 23 |
(2] w .
] dg=z ! \ l
W O W = \ .
w : o ~
g W w
@« a SONIM HSIH OL 3Na N 03S01D
| | N \ \
e [ 1 ‘O
@ |1 : A
\ .
- [ \ A
N
' A
{ 3 o I M M - °
o
g8 /43S - ¥09 NOILOVYHSA - 1ND H3LIVM

a-3 Norske Shell

EXPLORATION & PRODUCTION FORYUS @

FLATHEAD OIL ZONE STUDIES

WELL 31/2-2 MODEL
TEST MATCH SENSITIVITIES

PMPR DEC.'80 JAN'SI

D A AL e O AT R

D SN BINRS . - iy PRI s oo me

§6.2

s R e e




o
1 1 1 L (@]
} ©
1 T
o
~ ]
@
]
0 o
-+ I; 4-0
] x O 1~
o 1
a ©° [
4 > + 0
b4 >
~ 1«
o
. !
d ]
> luw
w =
| fu
o
4 e
g ] | —
(aV]
v 3
98 ~
o <
> }
—J
o -3 |
=4
Z
<L o
= T =
(1 o4
O
rel
(1
w + [
o
S
T T T T Y T d
o o o < 0 ~ = o |
=] © 3 < Y |
8 /7428 - 409 NOILOVYH4 - 1ND ¥H3ILVM i
EXPL(;"A.TIg(olr:“kO.DUSCt‘l:EFORUS @
FLATHEAD OIL ZONE STUDIES (
|
WELL 31/2-2 PREDICTION RUNS 1
PMPR DEC.'80 JAN.'8I FIG.3 ‘

O

s i ka5 AU ot it e s S . AW 31" IS i i s k. _— M it




1 A -
g
—r w %
- m =3
3
- d -
@
¥
+ S e
e r-
- '— w 3
+4 5 ~ m. -
T = o % ]
i ©o 4
- 4 >
=z [«
= T 5 e
- ]
o W y
z T x < i
w =
or -
d <
Ny ral Lo
, T "
cq woe T -
< T L
N B
~0ago +
R I
)
| PI-O 4 i
d oS } i
zF®
w - + i
o
oo
 ©
o A o
w I =
w I C
tuLJ L ol b
¥ ¥ A LJ L} ¥ R S 8
g 8 g 8 + ™ 8 = O
(e} o o (o] o (o]
o ® < o~
87428 - ¥H09 NOILOVYMLd - LND HILYM
- ElPlcg\-AsnoNuol':RkO.DUsC?IngORus @’_
3i1/2-AREA OIL ZONE STUDIES
WELL 31/2-2 MODEL
EFFECT OF TIGHT ZONE
| .. BELOw owC |
auTROA PP/2 FIG. [oan -
ik A S —
. e e ) e S it o kil YA ‘-J_;;Mwam P R O e S Bt y7- VORI




w
g
NZ
QA
=35
Mo
_J_.l
-
ws
;m
o
O
To}

r-
10000

- 3
- o 3
N
B -
A 1
| ) ]
[ ('
g
(¥1]
— >
\ -1
[$7]
= o
i = 18
- I9
- -
| 1.
>-
«a
o
o
E =l
— 1=
- J =
B 1
B _
E ~+o
1 1
- T T T -
8 < ’J’ o~ = o
8 o o o o
o @® < o~
- g /49S ~ 8409 NOILOVYHS — 1ND HILVM
ExPLOaﬂ.:h?Nolr:ﬂkOeDUsC?l:rll' FORUS @

LE«;‘E&PRZZ{ F '7"’"[._57"" o

31/2-AREA OIL ZONE STUDIES
WELL 31/2-2 MODEL
LONG TERM PREDICTION

L PORT WO onie w0 G 819/

° «
- . - : p pre . .. L e
ST Ve ML GRS SRS, PESWERSS -, TR - SEFS DRSPS S WINPVE - WP PP PSRN AL ..‘-2




SRR A O T O S A 1
. . i
[

PR

h : &\wk\oﬂ é Ax Wy
R AREE ) .1.@‘xsm PSSy ey

ERTE

3

.__T_.i_.._ - ey -

o
%)
_&- :

o T S e g

_ c

Q@&\_.._.Q,\

y/MINCL -3 R SR
SRR T _ ST R
lelifise SRR RN R
S T R ) N P A N A A
Mreei | 4L Phreg
IR SRR
_N\_lhi_ RN
ettt BRSNS R R
imaZyin il L 'ﬁ.-__.__ T b
. !_w\n - 4.0_4 IR IR vl
—da -:7..._. . ..n l_“ i _ -t | o -
= DR S

N

i

t F
e A e it

L W

bR

{

Py

T . 

Qw92

WG YNEDY; = _
7R BaSRERANY
I IR ” o '
(RS o
RERSERRIRE EERREEN
I V\ ! m : :
T _QHQ_V\_J, I SN I
L e A B R .
=i M.-.m--“..l_-._r.-_.lm-i_!_l-_. T ey _ﬂ -
T AR b

——

!

J

PP

'

!

»
—— e




RELATIVE PERMEABILITIES

1.0

Kr

0.5+

1.0

Kr 4

Sorw:

Sorg ¢

Swce ¢

Sgqcrit:

TYPEI TYPE2

.25 40
.25 .40
.10 25
.03 .05

a-s Norske Shell @
EXPLORATION & PRODUCTION FORUS

31/2-AREA OIL ZONE STUDIES |
WELL 31/2-2 MODEL

REL.PERM.
an-on EPPP/22 FI18: |opan
MPOR) WO _Jpraw w0 G 819/
s e 2 R IR 2ot A TR AN 6 i Tt T B e TS A e N )




OlIL FORMATION VOLUME FACTOR Bo (VOL/VOL)

OIL VISCOSITY Mo (cp)

'OlL PROPERTIES USED IN THE 31/2-5 STUDY
")
’-
[}
1.2 500 >
o
£
1400 o,
(.3
=
'[300 ::
o
1.1 1 -
teo0 €
n
<
®
1100 =
.2
’—
D
|
1.0 —+ + + 4 o
o) 1000 2000 (PSIG) »
— + 4+ 4 {BAR)
0 50 100 150
PRESSURE
4.0
3.0
2.0 1
1.0 1
o + + — 4
0 1000 2000 { PSIG)
- -+ 4 —4 ( BAR)
0 50 100 150
PRESSURE
(lPLOaR‘A" I?Nolr}boet)usct‘lgll fORUS @

31/2- AREA OIL ZONE STUDIES
WELL 31/2-5MODEL
OlIL PROPERTIES

| AU nOn EP-PP722 J FT(_; Jon(
N PORT w0 Dase w0 GBIGY

e e mien i SN WA it YOX AT s it Sk i+ e ¥ g BNa N ea s WA D aat




000} 00l SAVvQ =g 3NIL 0
. 1

" I N N " Laa o 1
ot 4

" P &
T LA S R Y 3 Ty y—— T T

'S & | U U S S N L P 4 e 1
’ —pe——

0008

-+
E J
3
=

—t

$ Tt $ ¢ ' g T
OMO 3A08vY W32 NOIL3ITINOD
S13A37 31vYH SNOI¥VA LY 3DNVWNO4¥3d
G-2/lg TI3M

000'01

NOILOVYL —1ND H3LVM

g8 /408 - 409

Y,

FLATHEAD OIL ZONE STUDIES

a-s Norske Shell
EXPLORATION & PRODUCTION FORUS

WELL 3t/2-3 MODEL
COMPLETION 2m ABOVE OWC

PMPR DEC.'80- JAN.'8! FIG. 6

i i

e e

cadl -

P, L

ke,




Q! ol
JUDUTUET S a i 1
S $ $ *

ogl  SAva -3RIL ro
£
. -
m
2
(o]
o [
-
'
-
20
- 3
=
(@]
P-4
-l
0002
A Q00% L 0002
! L 000b &
o)
]
w
- -0009 ©
~
[+ ]
- 0008
N ottt e i 000'0I

OMO 3A08VY W G NOIL3TdWO0D
S13A37 31vd SNOIVA 1V 3IONVIWHOJH3d

Gg-2¢/1g MM

WYy

FLATHEAD OIL ZONE STUDIES

a-s Norske Shell
EXPLORATION & PAOOUCTION FORUS

WELL 31/2-5 MOOEL
COMPLETION Sm ABOVE OWC
PMPR DEC.'80- JAN.'81 FIG. 5




ol SAvVa -3WNiL 0O’

L —_——te 1
L ————

-$°0

000¢

i bl — 4 - L

-0008

ST13A37 31vd SNOIHVA 1v 3ONVIWHO4Y3d

I 1 M T

OMO 3A08V w g NOIL3ITdWO0D

§=¢/12 T3M

000'0!

NOILOVYd ~ 1ND ¥3ILVM

g8 /43S ~ H09

@

FLATHEAD Oit. ZONE STUDIES

a-s Norske Shell
EXPLORATION & PROOUCTION FORUS

WELL 31/2-3 MODEL
COMPLETION 8 m ABOVE QOWC
PMPR DEC.'80 - JAN.'81 FIG. 4

e o T e T




000!

rvyt

Le e 1 2 1 1 ) | O O O A W P B | [

Lot

410002

1

000¢%

10009

L

0008

] 1 L)

ST3A37 31VY¥ SNOIYVA 1V 3ONVWY0JH3d
"OMO 3A08Y w2 NOIL3TdNO0D
3NOZ 110 NI ALITIGY3IWY¥3d Q30Na3y
G-2/1¢ T3M

4

000 Ot

g8/42S - 409

@

a-s Norske Shell
EXPLORATION & PRODUCTION FORUS

31/2 -AREA OIL ZONE STUDIES
WELL 31/2-5 MODEL

~o G819/

wl |
az|!
wo
ON
a
wol.
xO!lsld
W2Zi|.
S=|s
Y'
=
Mm‘
=@ (N
n<
zW iy
wE|ao
ne v
Eo.
o (Il
EiE

NOILOVYHS - LND Y3LVYM

L




000! 00! SAVO - INIL o _ >
S I | i L 4 —-... [ L 1 1 o—_rbpb 1 1 [ Y °~—--_ 1 '} 2 Y —d @m @«
LI IR MR H N M | T L S SO NN R | ¥ T | BLLIND N S AERD RSN | 1 Tt 0 WLM
- W
3 flugas
J A kS
o 3 F NS
2853
2 B PES
! - ZE W B
w20 20 ! %<2
AN ON : 2 fo &
\ \\ N
.%zo.wzos yno 3 S
. 4 Inco u
noe S
000 3 Y/&.u/V on @090@.& Z
=% 1 "0
~7O ~70) \P)/Odu
L) 20 R
OMO_IMOT38 -
S3NOZ LHOIL ON -
’ F0002
o m
. i o
000y B ;,
]
v
O
i 0009 ~
w
] "0008
- H+ H——t— H—— A —t—t 000 0!
3LvY aiNOI7 378 000S "'OMO 3A08Y WG NOILITJIWOD
SHIL3INWVYHVYd YHIOAYMIS3YH NO S3ILIAISN3S
G-2/1¢ 71I3M




00l SAVQ ~ o 3NIL o'l 1'0
[ T [ I T 1 _.-.—. N N [ N I
| SREL T 1 | IR R R 1 T - L L I 1 1 A AL BB BRI T °
" 1°0
540
* SNOILITdNOD ¢ 0
LS3IMO0N 33IMHL .
3HL OL NOWWOJ (710 %001 LY ONILYVLS)
OMO 3A08VY LHOIY b0
(Y3LVM %001 LY ONILYVLS )
OMO MOT38 LHOWN
0002
000+
0009
0008
4 i f—p—— A —— HA 000 O1
JiLvy qgindin a/8 0000I
SIVAN3LNI NOILITdNOD SNOIYVYA 40 moz<zm0mmmm

- G§-2/1€ MM

NOILOVYHA LND HILVM

8/49S - 409

o

3i/2-AREA OIL ZONE STUDIES

a-s Norske Shell
EXPLORATION & PRODUGCTION EORUS

e e e

Oatt
oraw ~0 G 039,

WELL 31/2-3 MODEL
PERFORMANCE OF VARIOUS

COMPLET\EE INTERVALS
F10,

[orron EPPP/22

REPOAT N0
.. P

b




L

W 322

/o

MM CAG . RATE V0OMMOLE

‘

Liguip

38192084

n ° [ °
g i f 3
4 3 » £ 9
= ™~ w g
== pes F ooy T v
Hesa gt by e g ey -
=g : s i pa e
... T diL Ty YTy T it <-4
TN T By »
LI 184 " LIS T
P asnal ¥ el bt +H+ ﬂTrzf.
SR e T T S22 =t
.u I T v
f ol asss =T
s 2200 AA. N HHT {
‘e rrit :
SRtk 26 drasiifen
s esee o2 8a Lo s
it rasesniastran Bl s
I ¥ rr M + o
2 TR o
%= 3 T
i
seasas NG
;
P MN
iz jEaisiaas R 2231 TER TR
2228 : s ¥ T
Y o
: T i it
Saasecedas r
3 35333 2222 SAR S EEITEIES:
: Sgsesisadessetas J | T > | peaad L
: 1 T I N
a a a a4 .
.#,. e88G0ES T 1 °u.
t ..Mw
I T e T 2
) ¢ - T
. . 13 gonl 7 § . e w
3 ¥ 14 1 uv
by - W )/ sl
T - > 3 T.
1
- 3 - 't
T
Q
I T
¥ v
+HT 4+
T
L L
231 $eHsEs iR s it
caa > & >
=
¥
oy § 1
v 1T T 1Y Li-
¥ i} =1
T 1T T
T
1 188} 1T M b Bt -
4 —l 1T 1 aes 3
. ~ . LR ; L] o> z L] 10 o
3 A 14 X .. "3 . L E 6 o é [+
o\uDJ -309 C morVag — 400 VA
Jja-AtEa 6L Rovm CVOIEH
WEW 3)j-2 MODEL
PELROLUNLE AT Booo Bip Liauid 24T

AUTwo R m=-w

-

WEeLL 3U2-5 :
. COMPLETIOV. Swa. ABOVE OWC

-

D RAVE, MAX Grs RATE “Yoo M sCGF/p

iqui

20000 B/pL

; O
3 T z
e : Tt o
. 3 H 1 13
f{ T o
.o i ~=_ } _
Se iogh feisi ¢ 1\ 3 ¢
5 =354 35 H 2:
R eh e A <
N e e sk I
1 e + 1 T T
2 {4 M 1 ¥
e £13] =222903 H 1 £3133 -
~. . - I*. 1§ 11 - o2 ad "
Ty + 324 { H rp t s
-8 151 H THHIRIT Y
m 1 8 H
- :- 4. .ﬂ.
. Al 1\ Rt M
it ictnits o H -
- H £t |32 1 S3tatisdibtscic.s X :
3 s ra > 1 N
: Xl s !
. N qm.u T HH H f
e K 14 | fxd) faay S0 44458001 T .
H ERHAHGRTHE i I8 t
33 T b S I Y
. TR traafsasaiiaptatieaiatnetanattalat
. 17T, & u81 18803 T 117 -
.; - JTIAry Ivy 188 v °¢
9 2 2. ¢ ] @ o 3 o °
] 4 32 T S o ) ° °
° T ™
-

B/19 - 309

23I8LC2004

AONIYEA — 8D BAR
Fi)g -~ MEA 0L Towm GTUDIES
wELL 3B1f2-6 MovEL

PELFOLMAWLE AT 20000 B/o Liqwd
RATS

Avriog  EP77/2p




