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WELL TEST INTERPRETATION REPORT #:09/05/83  Pagg: 1
FLOPETROL Engineer :Barry READ 12/08/84
REGION :EMR Lo ) Field :TROLL
DISTRICT:NSD BRE - . Zone :0IL- TEST
\ BASE :NWB : ) S Well :31/2-11
Location: NORWAY ' S CliéntnSTA?OIL
WELL TEST INTERPRETATION REPORT
Y
e o
&
Field : TROLL Client:STATOIL
- Zone :OIL TEST DATE:
Well :31/2-11 From :29/04/83 09/05/8#
' To :09/05/83
REPORT #: 290483090583
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WELL TEST INTERPRETATION REPORT #:09/05/83
FLOPETROL Engineer :Barry READ

Pagg: 2
12/038/84

REGION :EMR
DISTRICT:NSD
BASE :NWB
Location:NORWAY

MAIN RESULTS

Field :TROLL
Zone :0IL TEST
Well :31/2-11

Client:STATaiL

This interpretation report analyses the three post gravel
tests oerformed on the o0il zone of well 31/2-11 of the TROLL

field.

Due to the effect of changing wellbore storage at early time
and non- homogeneous behaviour at later time no conclusive
analysis could be made.
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FTADTTOAT, Tyvin2zrrgareys 073D 12/32/3%4

RIATDT 7R lfield :TROLL
DISTRICT:NSD Zone :DIL TEST
BASE MWR i Wwell :31/2-11
Location: NORWAY L Client :STATOIL
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.‘,-*** ANNEXESG **%% ,
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Field :TROLL Client:STATOIL
Zone Zone :JIL TESYDATE: _ 7?
Well :31/2-11 From :29/04/83 09/05/88 .

: To :09/05/83 )

REPORT #: 290483090583
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HELL TRST TITRPPRETATION RE2IPT 2:07%/05/33 Pagy: 4

FLOPTTROL Pnjincsr :3arry RAND 12 /03 /34

RECGION MR Field :TROLL
DISTRICT:NSD : , " INDEX Zone :QOIL TEST
BASFE :NWB : _ , : Well :31/2-11
Location:NORWAY ) Client :3TATOIL

ANNEX 1:WELL AND RESERVOIR DATA

& G&d

ANNEX 2:SEQUENCE OF RVENTS

ANNEX 3:INTERPRETATION PROCEDURE ‘ %

=

ANNEX 4:LOG-LOG ANALYSIS

ANNEX 5:E3ARLY-TIME ANALYSIS
AVNEX 6: INFINITE-ACTING RAOIAL FLOW ANALYSIS Q

ANNEX 7:LATFR-TIME ANALYSIS

HEEEM

ANNEX 8:SPRECIAL ANALYSIS

ANNEX 9: TABLE 2F RESULTS

ANNEX 10:D0TIMENSIONLESS HORNER PLOT

ANNEX 11:SIMULATOR RESULTS
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ANNEYX 12: MOMENCLATURE AND SYSTEM OF UNITS
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FRLL TRST INTRRPPRRTATIOY P3IpdRr %:03/05/33 Pazyge: 5 AT 2
FLOPETROL Engineer:3arry READ . 12/08/84
REGION :EMR Field :TROLL
DISTRICT:NSD SEQUENCE OF EVENTS Zone :0IL TEST
BASF, : NWB : Wwell :31/2-11
Location:NORWAY 3 Client :STATOIL
FLOW|TIME OF | TIME OF |DURKTION|CUMULATIVE|AVERAGE| COMMENTS -
PRR. |START END hours PRODUCT ION| PRODUCTION :
4 : Bbls RATE 30PD J
T D3(02/05/83(02/05/83(1.0000 1323 flow on 20/64"
17:00:00 |18: 00: 00 ) fixed choke. 1
|
2 nd{02/05/83|02/05/83[2.5000 370 flow on 12/64"
18:00:00 |20:30:00 fixed choke.
3 Dd|02/05/83(02/05/83]2.1000 1323 flow on 24/64"
20:30:00 }22:36:00 fixed choke.
§ Ddl02/05/83[03/05/83(1.8500 1696 flow on 28/64"
22:36:00 |00:27:00 fixed choke. |
)
5 Dd[03/05/83]03/05/83[0.9167 2027 flow on 32/64"}.
00:27:00 )01:22:00 fixed choke.
6 Dd[{03/05/83[{03/05/83(5.1833 2400 flow on 36/64"
01:22:00 [06:33:00 fixed choke.
7T ndi33/05/83]03/05/83[0.5833 2540 flow on 40/64"|
05:33:00 [07:08:00 fixed choke.
B NDA[03/05/83103/05/83]5.3833 3070 flow on 44/64" |-
07:08:00 |12:31:00 fixed choke.
9 Dd|03/05/83[03/05/83[0.4833 3715 flow on 56/54"
12:31:00 }13:00:00 fixed choke.
19 ]03/05/83[04/05/83]11.5167 4110 flow on 54/64"
ng 13:00:90 |00:31:00 fixed choke.
| I 11 foa/05/83]04/05/83{1.0333 4470 flow on 96/64"
pls 00:31:00 |01:33:00 ; fixed choke.
04/05/83[04/05/83[16.4667 4862 flow on
01:33:00 |18:01:00 112/64" fixed
choke,
04/05/83{04/05/83[2.0000 build-uo.
18:01:00 |20:01: 00

LL TESTENG.REPOBTH: 83/2301/22 -
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FLOPETROL Endaineer :Barry READ 12/018/84

REGION  :EMR Field :TROLL
DISTRICT:NSD POST GRAVEL PACK Zone :OIL TEST
BASE :MWB PRESSURE HISTORY well :31/2-11
Client:STATOIL

.+ {WELL TEST INTERPRETATION REPORT #:09/05/83 Pagg: 6 : * : LW
_

Location:NORWAY
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TLL, TRar TUTERPRETATIONT RR27YeT 4:05/05/33 Paga: 7 ATIRA 2
FLOPFTROL Fnjineer:3arry RTAD 12/08/84

REGINON :EMR . Field :TROLL
DISTRICT:NSD SEQUENCE OF EVENTS zone :OIL TEST
BASR $ MR : _ Well :31/2-11

Locaticn:“DRWIAY

Client :STATOIL

?
3

FLOW|[TIME DF | TT“R AF /I ON|CUMULATIVE[AVERAGE| COMMENTS
PER, ISTART 5D PRODUCTION! PRODUCTION
# Bbls RATR 39PD
1 DT[06705/783106/05/83(3.4833 i 2610 flow on 36/64"
12:31:00 106:00:00 fixed choke.
2 D3106/705/83106/05/83{2.0167 3996 flow on 44/64"
N5:00:00 {08:01:00 : fixed choke.
3 0d|06/05/83106,/05/83]1.9833 5800 £low on 64/64"
08:01:00 [10:00:00 fixed choke.
4 nd106/05/83106/05/83[1.0667 6550 flow on 95/64"
10:00:00 |11:04:00 fixed choke.
5 D306 /05/83106/05/83]1.9833 7330 flow on I
11:04:00 [13:03:00 112/64" fixed
choke.
6 Dd[06/05/83|06/05/83}1.0667 7451 flow on |.
13:03:00 [14:07:00 128/64" fixed '
choke.
7 Dd[M6/05/83107/05/83[11.8833 7720 flow on
14:07:00 {02:00:00 181/642 fixed
choke,
8 Bu|07/05/83{07/05/83[4.0000 build-up.
02:00:00 106:00:00
9 Dd[07/05/83107/05/83{5.0000 370 flow on 12/64"
06:00:00 [11:00:00 fixed choke.
1 0 107/05/83]07/05/83]0.6500 build-uo.
30 [11:00:09 |11:39:00
|

ARLL TRST DATA ARE FROM FLOPETROL WELL TESTING REPORT#: 83/2301/22
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@ELL TEST, INTERPRETATION REPORT ¥:00/05/83  Page:.8

N

FLOPFTROL Engineer :Barry READ 12/08/84
REGION :EMR Field :TROLL
DISTRICT :NSD -~ |POST GRAVEL PACK - POST|Zone sOIL TEST
3A SR ML) ACID #1 PRESSURE HISTORY Well :31/2-11
Location:NORWAY . lient :STATOIL
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WELL TEST INTERPRETATION REPORT #:09/05/83 Pageg: 9  ANNEX 2
FLOPETROL Engineer :Barry RiAO 12/08/84

REGION  :EMR Field :TROLL
DISTRICT:NSD SEQUENCE OF EVENTS Zone = :0IL TEST
BASE :NWB ell :31/2-11

Location:NORWAY

Client :STATOIL ”

FLOW|TIME OF| TIME OF |DURATION CUMULATIVE AVERAGET‘“COMMENTS
PER. | START END hours PRODUCT ION| PRODUCTION
# Bbls . .» |RATE BOPD -
1 Dd{08/05/83108/05/83]2,5833 1 3005 flow on 36/64"
20:25:00 |23:00:00 . fixed choke.
2 DAd{08/05/83|09/05/83{2.3167 4002 flow on 44/64"
23:00:00 {01:19:00 ‘ fixed choke. K
3 Dd{09/05/83]109/05/83|2.0667 6000 flow on 64/64" |
01:19:00 }03:23:00 fixed choke. ]
4 Dd|09/05/783109/05/83(2.2500 7609 flow on
03:23:00 [05:38:00 112/64" fixed |-
choke. }s
5 Dd[09/05/83]09/05/83]7.3667 7824 flow on [
05:38:00 [13:00:00 181/64" fixed |1
choke.
6 Bu;09/05/83109/05/83(3.0833 build-up.
13:00:00 [16:05:00
| :

NELTL TEST DATA ARF FROM FLOPETROL WELL TESTING

REPORT #: 83/2301/22
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FLOPETROY, Engineer:Barry READ \dm\

REGION :EMR Field :TROLL
DISTRICT:NSD POST GRAVEL PACK ~ POST{Zone :0IL TEST
BASE :NWB ACID # 2 PRESSURE HISTORY |dell :31/2-11

Location:YDRWAY . , . Client:STATOIL
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21,790 RYL, Padinncridacey BTN) 12/73/84

REGIOM 2 BMR _ Field :TRILL
DISTRICT:N3D INTERPRETATIQN PRQCEDURE -{Zone :OIL TEST
BASE : NIR LT ‘Well :31/2-11

Zlient :STATOIL

Location:VORWAY e

|
This interoretation ran - anal?éeikthe threze vost gravel B
nack tests of th2 0il zono of wall 3rﬁ%§}l of the TROLL fi=1ld. .

TrReT 1y ore gravel pack

TEST 2; vost nravel_'_,ap'fk
TEST 3:; post qravelqgggk—oost acid 1 ‘j
TEST 4; vost gravel nack-oost acid 2

The build~ups of ta2sts 2 & 3 were achievz2d with surfaca
shut-ins, whereas the build-uv of test 4 was achieved with
downhole shut-in (LPR valve). Inspection of the surface
nressures duringd the build-uo of test 4 indicated a
Aownhole /sur face leak, thus rendering the »ressure data for
this veriod subiject to vossible errors. Due to the low wellhead
oressures during the tests changing wellbore storage was in
evidence during the build-ups at early time. The drawdowns
were not suitable for analysis due to changing wellbore
storage funstable rates or insufficient duration.

Log-1log plots (pressure change [DP] versus elapsed time ([DT]) !
were made of the build-uvs for the three tests. No conclusive |
analvsis could be made from the log-log olots.

Suvernosition nlots ( pressure[P] versus supervosition function)
were made of the build-uvs of the three tests. Yo quanative
analysis could be made from these nlots.

Pressure derivative vlots (ref. vaper in annex) on log-1log
co-ordinates (?' versus DT) were nroduced of the build-upns y
of all the nost aravel pack tests. Yo conclusive guanative 1
analysis could b2 made from the nressure derivative nlots,

due to the =offect of changina wellbore storaje at early time

and other anomolies at later times., Insvection of the pressure
derivative vlots did indicate sevesral inter2sting features, {
The 2nd1 of changaing w=2llbore storage was evidant after ’
annroximatelvy 10 minutes. After 50-50 minutes a general trend

can ovsz2rvel of all the build-uos. The trend of the oressure ‘
data on a superrcsition »lot after 60 minut2s is that of a |
aradual "flatt2nina"” as 2xwnerienced with a constant nressura |
houndary, Nue to this "flattenina", nressure transient analysis ‘
is »nossibly rastricted to tvoe curve matchinay of tha early

time data orior to the =2ffects of the "flattenini". This was

made extremsly 1ifficult duz to changing wellbore storage at
2arlv tim-,
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|7LOPPTYYL, Tayinzar: darcy DTAD 12/03/34
RECGIDM 7R Field :TROLL
DISTRICT:VSD : INTERPRETATION PROCEDURE |[Zone :0IL TEST
BA SE s NWR o : Well :31/2-11
Location:NORWAY e Client :STATOIL

: . :

To overcome the =ffacts of changing&#ﬁllbore storaje at =arly
times for future tests, Jdownhole shut=in would be ne2cessary.
nuring the final flow pveriodl of test 4 it can be s2en that
there is a dro» in the downhole flowing temderature accomoaniad
by an increase in the gas 0il ratio at surface. rais may be
taken as an indication of agas breakthrouah hut should be
viewed with caution due to the small amount of chanje ohbserved.
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" IWELL TEST INTERPRETATION REPORT #:09/05/83
<% IPLOPETROL EBngineer:Barry READ

Pageg: 13

-

o 12/08/84
»  |REGION :EMR - [Field :TROLL :
NDISTPICT:NSD LOG-LNG PLOT OF FLOW PFERIOD|{Zona :2TL TRST
BA TR SRR 413 POST GRAVEL PACK 4211 :31/2-11 _
3 Location: ¥)RYAY Client:STATOIL ,
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- WELL PTEST INTERPRETATION wmmowe.#uow\om\mw Pageg: 14
, FLOPETRQL Engineer:Barry READ . 12/08/84
EGTON : EMR . Field :TROLL
DISTRICT:NSD - LOG LOG PLOT OF FLOW Zone :0OIL TEST
3 BASE : NWR PRRIND #8 POST GRAVRL [Well :31/2-11
10 Location :HORWAY PACK 3 POST ACID 1 Client :STATOIL
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WELL TEST INTERPRETATION REPORT * oo\ow\mw

FLOPETROL Engineer:Barry READ

15
12/ 8/84

REGION :EMR

Field :TROLL

2ormt 11.90

- DISTRICT:NSD LOG LOG PLOT OF FLOW Zone :DIL TEST
.w BACR AR PERIOD #6 POST GRAVEL Nell :31/2-11
10 Locaticn :NORWAY PACK - POST ACID 2 Client:5TATOIL |
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- WELL TEST INTERPRETATION REPORT #:09/05/83 Pagq: 16
7 FLOPRETROL Engineer:Barry READ . 12/08/84
REGION :EMR i _ Field :TROLL b |
- NISTRICT:¥3D SUPRTRPASITION PLOT Zone :DIL TRST 3
3ACT T3 OF FLOW PTRIND #13 w21l :31/2-11 d
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_ WELL TEST INTERPRETATION REPORT #:09/05/83 Pagg: 17

Lo FLOPETROL Engineer:Barry READ 12/08/84
REGINN : EMR . _ Field :TROLL
- DISTRICT:NSD SUPERPOSITION PLOT OF |Zone :0IL TEST
BAaR : MR FLOW PERIOD #3 POST GRAVEL [dell :31/2-11
Location :MORWAY , | pack - posr ACID 1 Client:STATOIL _ _
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WELL TEST INTERPRETATION REPORT #%: 09/05/83  Page: 18
FLOPETROL Engineer:Barry READ 12/08/84

REGION :EMR Field :TROLL

- B} JDISTRICT:NSD SUPERPNDSITINN PLOT OF (Zone :2IL TEST
BASE s TTWB FLOW PSRIOD % 5 PNHST [Jell :31/2-11
Location :NYOPWAY I GRAVEL PACK - POST ACIND IClient:STATOIL , |
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WELL TEST INTERPRETATION REPORT #:09/05/83
FLOPETROL Fnglneer :Barry READ

Pagq: 19
12/08/84

REGINN  :FMR ,
DISTRICT:NID
RBAGFE : MR PNST GRAVRL PACK TRESTS

Location:;YMRYAY ) )
2305 _ T

Field :TROLL
SUPERPOSITION PTL,OT NF ALL|Zone :OTL TREST
v211 :31/2-11
Client:STATOIL
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| ' |WELL TEST INTERPRETATION REPORT #:09/05/83  Pagq: 20
- |[FLOPETROL Fngineer:Barry READ 12/08/84
| RESION : EMR Field :TROLL ,
, DISTRICT : MSD PRESSURE DRERIVATIVR |Zone :9IL TEAT
3a€R a3 PLOT JF FLOW PERIOD #13  [vell :31/2-11
| Hou Location :NORAY POST GRAVEL PACK Client :STATOIL _
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- WELL TEST INTERPRETATION REPORT #:09/05/83 Page: 21
FLOPETROL ®Bngineer:Barry READ 8/84
. [REGION  :EMR Field :TROLL
- - |DISTRICT:NSD PRESSURE NDERIVATI VR PLOT|Zone :OIL TEST
5 [BAsE : N3 FLOW PRRIOD #8 POST|dell :31/2-11
1o (Location: NORWAY GRAVEL PACK - POST ACID 1 IClient:STATOIL _
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SAK: FLOPETROL TESTANALYSE 31/2-11 OLJETEST

Barry Read har analysert de tre testene etter sandpaknings-jobben
i 31/2-11. 1 det fglgende er gitt en oppsummering av disse
resultatene. Videre har jeg sammenlignet Barry Reads
konklusjoner med de forelgpige resultater som ble presentert av

Shell i styringskommite-mgtet den 22. juni 1983.

1. Operasjonelle problemer

To av testene ble utfgrt med innstengning pad overflaten, og
dataene er sterkt pavirket av brgnneffekter ("changing
wellbore storage"). Den siste testen ble utfgrt med
bunnhulls-innstengning, men stigende overflatetrykk under
hele innstengningsperioden viser tydeliqg lekkasje i
LPR-ventilen. Ogsd disse dataene viser sterk pavirkning av
brgnneffekter. Dette har ikke Shell vart oppmerksom p& da de

gjorde sin forelgpige analyse av testen.

2. Analyse av tryvkkoppbygningsperiodene

P4 grunn av at de fg¢rste 10 minuttene av
trykkoppbyggingsperiodene er sterkt pdavirket av
brgnneffekter, kan ikke dataene analyseres ved
type-kurve-tilpasning. Etter de ti f¢rste minuttene er det
en gradvis overgang fram til 50-60 minutter hvor en generell

utflatingstendens er tydelig. Denne utflatinastendensen




kommer svart tydelig fram ved studie av den deriverte
trykkresponsen (jfr. vedlagte artikkel), hvor superponering
viser samme linnezre trend for alle tre
trykkoppbyggingsperiodene. Denne utflatingstendensen ma
skyldes effekter fra en konstant trykk grense, som i dette

tilfelle sannsynligvis er gass-olje kontakten.

Effekten fra gasskappen gj¢r at en ikke far noen rettlinjet
trend i semilogplottet, og dataene er saledes ikke mulig a
analysere ved konvensjonelle analyseteknikker. Nar Shell
allikevel har benyttet Horner-analyse i sin forelgpige
evaluering, har de kommet opp med en permeabilitet pa

5 - 10 d basert pa en formasjonshgyde tilsvarende
perforeringsintervallet. Jeg vil tro det er mer riktig &
benytte en formasjonshgyde tilsvarende distansen fra
underliggende kalksteinslag til gass-olje kontakten, og dette
vil 1 sa tilfelle gi en permeabilitet i stgrrelsesorden

1 - 2 d. Dette synes ogsd mer rimelig ndr en tar hensyn til
kjernemdlinger. Det er ikke mulig med de tilgjengelige data
& gjgre en kvantitativ evaluering av 8kin, men alt tyder pa
at den totale skin er relativt hgy. Shell har beregnet skin
til 8, og selv om ikke dette kan bekreftes synes det & veare

en rimelig verdi.

Effekt av gasskappen

Shell har benyttet en teknikk presentert av

T.D. Streltsova-Adams i JPT April 1981 for & beregne effekten
fra den overliggende gasskappen. Barry Read hevder at dette
ikke lar seg gjg¢re med de tilgjengelige data, da to viktige

betingelser for analysemetoden ikke er tilfredsstilt:
1. Skin=0. Dersom en har data fra skadet br¢gnn, slik

tilfellet er her, vil ikke teknikken gi en entydig

lpsning, men flere mulige datasett som resultat.
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2. Type-kurve-tilpasningen baserer seqg i sterk grad pa
tidlige data. Dette forutsetter ingen eller eventuelt
konstante bre¢nneffekter. I dette tilfellet har vi
"changing wellbore storage" i alle tre
trykkoppbyggingsperiodene, og denne teknikken kan derfor
ikke benyttes.

I tilfeller med sterkt skadet br¢nn og effekter av gasskappe
kan disse effekter gli over i hverandre slik at
overgangsperioden, som eventuelt kunne benyttes ved
Horner-analyse, ikke eksisterer. Dette vil i seqg selv fgre
til at flere kombinasjoner av skin og formasjonsparametre vil
gi samme trykkrespons. I slike tilfelle m& en eventuelt
basere seg pa kompletteringsdata, antagelser om
invasjon/formasjonskade og kjernemdlinger ved evaluering av

trykkdataene.

Gasskoning/gassgjennombrudd

Shell hevder i sin rapport at det ikke bie observert noe
gjennombrudd av gass, og tar dette som bekreftelse pd at
karbonatstrengene mellom testintervallet og gass-olje
kontakten er tette. Barry Read papeker i sin rapport at det
under siste produksjonsperiode i test 4 forekommer et fall i
bunnhullstemperatur samtidig som det er observert en svak
gkning i gass/olje forholdet p& overflaten. Da begge de
observerte effekter er konsistente ut resten av
produksjonsperioden, og samtidig er av stg@rrelsesorden
betydelig st¢rre en fglsomheten for maleinstrumentene, kan
dette vanskelig tolkes som noe annet enn effekt av gasskoning
og muligens gassgjennombrudd. Det er mulig at gassen kommer
ovenfra gjennom kanaler i sementen, og dette vil i s& fall
forklare den relativt markerte temperatursenkningen, og ogsa
det faktum at en ikke observerte en raskere utvikling i

gass/olje forholdet.
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