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Introduction

Currently downhole pressure gauges are installed on the most of NCS fields gathering a lot of data. Pressure transient analysis (PTA) is standard tool to turn this data into knowledge. PTA helps identifying
reservoir boundaries, characterizing near wellbore flow (skin and damage), clarifying cross-well communication and estimating reservoir properties and heterogeneity. However, pressure transients are
seldom used in traditional full-field history matching activities. In the study we confirmed on mechanistic reservoir models that application of Ensemble Smoother to the pressure transients improves
characterization of sealing faults, fluid contacts and permeability distribution.

Case 1. Estimation of in-place volumes by means of well tests Case 2. Conditioning permeability distribution to well tests

W o * single phase (water)

1600 2000
-4000 2400

2o - ¢ dimensions: 303x101x1
: - * 2300x768x7.6 m
~ "~ * producer-injector pair

-~ -3000
2000

—————

-~ -3100

Purpose:

To condition ensemble of permeability to
drawdown, build-up/fall-off tests

| Method: Ensemble Smoother

+ average permeability . | Number of estimated parameters: 30603
+ average porosity Measurements: BHP, LRAT, d(AP)/d(In(At))

-3200 —

Gas-oil contact

—-3200

-3300 —

Oil-water contact

Initial ensemble

——ens ref. * meas. —ens ref. *+ meas. — ens ref. * meas. —ens ref. * meas.
WBHP V\i;ELL1 WUDRVY WELL1 WBHP V\i;ELLZ WUDRV WELL?2
Purpose- 5500 70; 60:
) 60| _
to estimate STOOIP/OGIP and res. parameters ) 7 T T o R sol "
Method: Ensemble Smoother g aver. perm.],c m NGRS %saoo- 540_ 540
Number of estimated parameters: 5 : ?velr. Iporo,. " iO 1'00 éz 2 ool 2 %0 §3°
Measurements : 4 S\l/JvE: antll? 'm 3150 3200 3170 || e “ i
case L1 SR LRAT 5 GOCd epth m 3010 3100 3055 - = N i |
Case 1.2. BHP, LRAT, BHP derivative d(AP)/d(In(At)) epth, m W00 e W 2 @ e % o w6 % @ @ e
I Time (days) Time (days) Time (days) Time (days)
Results :
. _— Estimated ensemble
Initial ensemble Matched without derivative Matched with derivative e — T
—ens ref. * meas. —ens ref. * meas. —ens ref. * meas. WBHPW.ELU . —EJVZDR\:EJ{'ELLT%S' _EEBHPr\j;EL‘LZmeas' WUDR\[V\}ELLZ .
WBHP W1 WBHP W1 WBHP W1 5400/ 35, 30
315 315 Jp— 2l |
N H3101 ’v‘_u.a-—;-br_;n H310‘ . PP %5300 :25_ 220_
5 % 305 % 305 5200 Ezo_ & 15
o : :: T > 15/ 2
T m o m g = 10+
a8 R — 300 _ 300 5100 10}
o 1 B o S5r
5 5 295| 5 295%, wveren |
= = - ' = Poerns ' - 20 40 60 % 20 40 oo % 20 40 60 o 20 40 60
290+ " 290 has Py Time (days) Time (days) Time (days) Time (days)
2605 20 40 60 28% 20 40 60 28% 20 40 60 . ) .
Time (days) Time (davs) Time (days) Results of permeability estimation
—ens ref. * meas. 25 ! | ! | ——ens ref. * meas.
WUDRY W1 | WUDRV W1 .y .
4 2.5 PermTrue Initial ensemble mean Estimated ensemble mean
v T N | A 300 300 ‘ 300 ' ' |
=R
> - 1.5 — _ _
S S > 1.5
T g2 1 g
o 2 = 1 250 | 250 250
o0 1+ 0
[ 0.5
; ‘ llllllllllllll grLlI:emble
%( 2'0 % 10 20 o :iod e 40 50 60 oh( 2'0 4'0 Glﬂ F
Time (days) | Time (days) 200 200 200
Added value of BHP derivative
Permeability (mD) Fault, (grd. block ind) Oil-water contact (m)
1,000 = 100 — , 3,200 = .
1000 — min - :E!l: = min 150 150 150
= ITax a0 = Mdx
*  2ns. mean ¢ | €ns. Inean + 2ns. mean
| 5912 TRUE 20 TRUE 3,190
66 |
70 |
T 3,180 3177.1 100 100 ‘ 100
60 cc *31?5.5 — 3179 8
264.3 1
—_— 257 .0 50 & 43 0 +3172.6 2160 8 > 3 - |
228.3 2423 40 - | 50 500 50
31652 3167.3
30 , 3,160
20 = |
102.2 11 21 3150.3 -
100 = 10 == 3 150 ——— 20 40 60 80 100 20 40 60 80 100 20 40 B0 80 100
initial Without With initial Without With initial Without With
ensemble derivative derivative ensemble derivative detative ensemble derivative derivative
1 STOOIP and OG1IP estimates Conclusions
' ' — ! [ ' ' ' ! ]
P90 FIJ ! r P90 i — 1. The mechanistic case studies demonstrated added value of using the pressure transients in
r,—l" assisted history matching. Reducing uncertainties by means of readily available data (like BHP
0.8 | 0.8 | | derivative) is even more valuable for field studies.
2. Generally a reasonable match was obtained both with and without usage of BHP derivative
061 PEO _ 0.6/ P5( _r’r/ | (especially for porosity and permeability), though implementation of BHP derivative in assisted
s r i history matching workflow allows for better estimation of sealing faults and fluid contacts.
A4 . 4t - :
0 04 3. The results of case 1.1 showed that ensemble methods may overcome local optimums, as few
_ _ models with good match were retained within the ensemble in spite of the drift of ensemble
02! —initial ensemble | 02l —initial ensemble | far f h |
' ; —— with derivative ' —— with derivative means far from the true values.
0 —without derivative . P10 | i —without derivative|
9 r‘_’ 1.r'J ) HJ ; _z.true ; ; 0 rrIJ ([J fl —_tue Acknowledgement: This work is co-financed by the REPP-CO2 project. The REPP-CO2 project is
5 5 5 5 0 0.2 0.4 0.6 0.8 1
DI B OGIP. bin. sm3 supported by the Norway Grants program.

iris.no alexey.khrulenko@iris.no





