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How is a well test conducted? TRANSIENT RADIAL FLOW
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Welltest Execution

» Typically it is a repeated series of
Production and shut-in (2 cycles)
e Usually takes 5-8 days
* Comprise several components;
* Test string (PKR & Valves).
* Unloading method such as;
Coild tubing (N2), Swap cups,
Downhole valve
e Surface facility equipment.
* Rate measurement meters.
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Conventional Welltest Outlines

* Constant / stable / accurate production rate.
* Require safe handling of produced fluids.

* Challenged in non-flowing (depleted) wells.

where most of the discrepancy arises. Errors are also un-
doubtedly introduced by the assumption of the type of fluid
entering the drillstring (all mud in the first flow period, all
oil in the second flow period). Another possible source of
some of the discrepancy may be that part of the production
during the first flow period is a result of decompression of
the wellbore fluid from hydrostatic mud pressure, about
2,300 psig, w the formation pressure of about 1,700 psig.
The over-pressure in and near the wellbore can affect both
the flow rate and the pressure during the first flow period.
Generally, the results from the second flow period and

and should be avoided if possible. Normally, one does not
analyze pressure data from the first flow and shut-in periods.
Results from analyzing those data tend to be less accurate
than results from analyzing the second flow and shut-in
periods because of longer flow duration and likely absence
of mud production during the second flow period.

Analyzing Flow-Period Data
1f rate variation can be estimated during the flow period, it

is possible to analyze pressure data from the flow period
with methods given in Section 4.2. Such multiple-rate

DRILLSTEM TESTING
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analyses can be particulardy useful for wells with substantial
flowing bottom-hole pressure increase that either do not
flaw to the surface or have insufficient surface flow time ata
stable rate to provide reliable analysis results from the shut-
in pressure data,

Occasionally, the pressure exerted by the produced fluid
column can reach the reservoir pressure, causing production
io stop during the fllow period — the well kills iself, In such

they are not recommended. Ramey, Agarwal, and Martin®
provide type curves that include skin effect that may be used
to analyze DST flow-period data as long as flow does not
reach the surface and there is no significant change in the
wellbore storage coefficient (pipe inner diamater), Figs.
8.8A through 8.8C* are the Ramey-Agarwal-Martin type
curves. In those figures, the dimensionless pressure ratio is
defined as

cases, data from the shut-in period cannot be analyzed. )
However, flow-period data can be analyzed by muliiple-rate Pon= L0 = _PL fﬂ' "
techniques (Section 4.2) or by type-curve matching tech- Pal., P pe

niques presented in Refs. 9 and 14 through 17. The type where p, is the pressure existing in the drillstring im-
curves in Refs. 14 through 16 do not consider skin factor, so

ceveenia. (8012)

*See footnote on Page 24.

Slug Test Method Em—————

o9

o

e Used mainly in non-flowing (depleted) wells.
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e Can be merged with TCP (Underbalance perforation).

e Can be used in hig pressure wells if no flow is desired.
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Slug Test Scheme

Fluid level (Cushion Liquid) to create
certain dp against formation pressure
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Slug Test Scheme

Tubing Fluid level after test equal to formation
: . pressure
Completion fluid [
— | /'
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1, Paker
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= Glass disk broken
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Slug test DATAOF VACUUM TEST

Slug Test Optained Data

4000 T TWELL : 112-198 ZONE: Kareem MD 2900 m MD
| | | | | | | | | | | | | | " . . .
... | Fill up period... |- ==
3500 - ; ﬁ
;
gk Circﬁl{te the well
3000 £ 0o ¢ 4
E 1500? i v i \; I%
1400 i, / I |
2500 | 0 b . Fill up time (2-10) hrs
= o Ta  Fa  Fa  Fa  Ta Ty %
W 2000 | | .-:u
- & ™~ -]
w N &
& . S ¢ Trip in Hole (TIH) —— A
0 1500 i L — p
S A B
.gS“ & Vi >
o @* Cushion Pressure’
1000 & & : x
o o8 \
L oS 7 Y
TS & / FILL
500 — & & {‘a UP JfJ'
| \ /
0 ) /
\ {
0 &g [

Overall test operation time is 2 days
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Second SECTION




Slug Test Analysis Techniques

1. Rough estimation technique using spreadsheet.

2. Type curve match.

3. Commercial Software.




1. Rough estimation technlque using spreadsheet.
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Caluclation sheet

B. H. PRESSURE & PRODUCTIVITY INDEX VS TIME
FOR WELL : 112-198

2 ZONE: (IV-A )
]
B. H. PRESSURE
o
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o
w
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o0
w
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o

[(Isd/ar188 )X3aNI ALIAILONGOYd |

FORMATION KAREEM
Date 08-May-22
FILL UP EVALUATION FOR WELL 112-198
Ps = 1962 Psi Gauge depth = 251932 mMD
Po = 1443 Psi 2325 mSSL
D.P. size = 5"
D/P. cap. 19.5 Ibfft 0.01776
Datum 600 ssl T.0.Perf 2447 m ssl
Ps @ datum 2326 | Ps @ top perfs | 2108 psi |
grad. 0.365 Psifft Reservoir gradient i

. P.L+ 15BPD/PSI ([
TIME (T ) PRESS L PDR 1.
, Min. Psi |~ - BBL/C B/D/Psi ~
al N 0.0 144333 1.000
o ! 05 1459 99 0 968 16 659 45 6412 0811 2334 49 4 647
< 1.0 1476 35 0936 16.360 44 3216 0796 2292 57 4717
. ) 15 1486 20 0917 9 845 26 9728 0479 1379.63 2 5398
<0 20 40 60 80 100 120 140 160 180 20 1496 42 0 898 10 221 28 0017 0497 1432 25 3074
Vs Ti 25 1505 94 0879 g 523 26 0901 0 463 1334 48 2 924
Rate and P.l. Vs Time 30 1515 84 0 860 g 902 27 1299 0482 1387 66 3 108
35 1526 63 0 839 10 789 29 5600 0 525 1511 96 3470
N 40 1536 56 0 820 9 928 27 2010 0483 1391 30 3 268
= a5 1545 41 0.803 8.848 24 2415 0431 1239 92 2974
. 50 1554 16 0786 8753 / 23.9796 0426 1226 53 3.005
\'\'@ 1 =
. = a1l TI9ZT 53 .03 0.4/ /{/ T 2877 O.0x3 SR 20008
&1 3 815 1929 94 0.062 0408 7 11173 0.020 57 15 1 765
& g 82 0 1930 35 0 062 0417 1 1412 0 020 58 37 1 826
| 3 825 1930 77 0 061 0416 1 1409 0 020 58 36 1 850
S 3 830 1931 18 0 060 0410 1 1243 0 020 57 51 1 847
|5 83 5 1931 57 0 059 0 390 1 0676 0019 54 60 1776
o 2 84 0 1931 98 0 058 0405 1 1096 0 020 56 76 1870
- B 84 5 1932 36 0.058 0,385 1.0555 0.019 53.99 1.802
S 850 1932 76 0.057 0.398 1.0898 0.019 55 74 1.886
s & 85 5 1933.14 0.056 0.382 1.0458 0.019 53.49 1.833
86.0 1933 .53 0.055 0.386 1.0577 0.019 5410 1.879
IS 86 5 1933 90 0 055 0 374 1 0255 0018 52 46 1 846
87 0 1934 27 0 054 0371 10177 0018 52 06 1 856
. ¢ 87 5 1934 62 0 053 0 346 0 9489 0017 48 53 1 752
0 40 160 180 850 1934 96 0 053 0 339 0 9299 0017 47 56 1738
88 5 1935 31 0 052 0 349 0 9563 0017 48 92 1
89.0 1935 66 0.051 0 354 0.9707 0.017 49 65

Mostafa Kortam




2. Type curve match.

FPs =
Po = 1443 Psi
D.P. size = 5"
D/P. cap. 19.5 Ib/t 0.01776
Datum aB00 ssl
Ps @ datum 2326
grad. 0_ 365 IF'si.-“ﬂ
P.l. ; 1.5 BPD/PSI (( Q,
TIME(T) PRESS PDR
Min. - Psi -
0.0 1443 .33 1.000
0.5 1459.99 0.968
1.0 147635 0.936
1.5 1486_20 0.917
2.0 1496.42 0.898
2.5 150594 0.879
3.0 1515.84 0.860
3.5 152663 0.839
4.0 1536.56 0.820
4.5 154541 0.803
5.0 1554 16 0.786

PD

_ Ps—Pi

 Ps—Pc

This method is reliable provided that the density of the fluid is known and the

tubing section has a uniform I.D.
To satisfy the assumption of constant well bore storge.

N.B: After Ramey, Agarwal and Martin.
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Caluclation sheet

Fill Up Interpretation by Type Curv _aA5ar Fom

Mell Diata Heservoir Diata
ra 25 in 1o 025
0239 Fr Met pay [h) 25
Thbg. size 15" in 11.E
Thbg. capacity 001425 bblff Foro 12
Fluid grad. 0.5 P=ilkt Ck 2.00E-0E
wWellbore storage .
coeff. [C] 0.0285 bblps=i Eo 1
E=timated/eipected prod rate oo bpd L redrw ol e
Tepe Curve Match [lata
curvel curvel
Cde 2= 1.00E+05 Cde"2= Z.00E+02
Em 10 min Erm 1
{m e O1EET hr= e 0.01e7
O curs e 00300

F.1. Skin

Floowr
efficiencyl
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Mleasured perf length [mi) E
deviation angle 25.0
PG ratic o.v
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More lines Enough | 100 lines read - end of fle not reached - numbet of points in file is 460
Elapsed tine Pressure -
Ehr% iﬁsiai B
2E-4 1201.2
3E-4 1201.9
4E-4 1202.3
5.03570164717667E-4 1203.1
6.339572769844456E-4 1203.5
7.981049259875522E-4 1203.6
0.001004754572603833 1204 .3
0.001264911064067352 1204 .7 N
Field Type Unit Name Info Well Filter| Window
0.000100 Decimaitime vl hr Il A “NIA WA NA | NA
1200.700000 Pressure  ¥J| psia slugdata Not entered Tested well ] | [l
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~ Column 7 Steps : time @ start Cuitent fne: Absolute 08/11/2012 00:00:00
Free rormatrmasi-;-.ue v ) Steps: time @ end Elapsed 1E-4 D
rSepatata ] [Decimdswbol]
[ Hep | [ Cancel | | <«Back | [ Load>> |




8) file B Acton Yiew WEB Window Help

DFd ERIE D T2

&
BALA O& S8 &8 File View Play Mavigate Favorites Help
—] NEEL HIE T L
B2 GaoC | Il Ede Data | BB £t Rates | =] 20 Map B su l| new
History plot (Pressure [psia], Liquid rate [STB/D] vs Time [hr]) | I3

e —— eee—————————— _ Optoe  Saardard Model b
tgdats > @ Aoaysic D B M B Newpt . B b Cn
03 20 S 1 o sihare mode
C3 20m IR S V[ §l Parsmater Value [ vet T prex |
Corstant welbore stovage v - -
Well & Welibore parameters (Tested well)
— Sk
o
pd Roservor & Boundary parameters
a Wel moded LT i
@ 3000 Jeescal . 7 Wa m— =]
@ K a ¥
3
“w
w
L
(o
Reserver model
2000 HONOOENeOuS v

Ny ansetrap

Boundar y mockl

Irfiree .

new analyes beeD opered re HeD Cancel ﬂvg’a:r
e




7

Load Q

,_
o
-
o
-

, -

EIS
-
-

v
v
Q
>

»

,.
c
2
b
o

).

-
Imgrove
-—

Presiere [pia)

e
2 |

Superposition Tene Tene [hi)

More 100ks
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__|Comparison for productivity between the initial test after TCP andthe test
conducted after frac job

_d
4

p Without waiting cleanup post

The fill up comparison shows frac treatment and aVOiding

how much improvement was putting we| i
achieved as a result of frac ; Is on pr oduction

pack stimulation job. test for longer time
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Finally !

Mostafa Kortam



Constructing Workflow
Strategy

. Step 3 8

Step 2 e Calibrate with § |
. Surveillance 3
Y Compare with methods E-

o other Slug tests  py sensor, 2 I
Step 1 Ecometer pulse, a

Nodal model match)
e Conduct the

Slug test

N

Slug test Build up test
Overall period (traditional)



Impact of the application...

* Several advantages can be obtained
with utilizing such test.

Operational time
reduction

Quick treatment Effective cost optimization

Judge

Safe and simple (no need to

Precise comparison manage produced volumes)

with less variables
“Certainty” . .
Well Heterogeneity
Identification
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' Operation Scheme ] » 3
» is 2 Drilling rigs No of Slug tests vs Cost saving over Traditional Well Tests

and 8 WO rigs ! B Cost save / Vacuum (MMS) mmm Cost save / Perf.(MMS)
} 80 | —e—No of vacuum —=—No of Perforation UB i 2.75

I

350 Active well.

50

Results

40

30

No of Slug tests

20

10

0

= Cost save / Vacuum (MMS) 1.35 1.23 0.93 0.84
mm Cost save / Perf.(MMS) 2.48 2.57 2.34 2.43
=o—No of vacuum 45 41 31 28
==No of Perforation UB 55 57 52 54

3.83 3.8 3.27 DY VI
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The Role of Wettability in Engineering Operations



Time lapse productivity decline

BELAYIM LAND FIELD Date 31-05-2009
1450 FILL UP DATA Comparison
WELL : 112-82
ZONE : IV
1400 ‘
";-J %XX”(XX
xxxxxxxxx
1350 X><><X ><><><><
X
XXXXXXXXXXXX
%

1300 2

1250
@
o,
— 1200
hd
-]
0 NN
$ 1150
e
o

1100

fx* = Feb-06 + Sep-08 Jan-09 ~May-09
1050 oL
X
poeed :
1000 +———r— e — — s e — s e — — e
0 10 20 30 40 50 60 70 80 90 100 110 120
TIME [min]
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Caliberation with Buildup

BELAYIM LAND FIELD
FILL UP DATA AFTER VACUUM
WELL: F-06 FORMATION: L.SEN.

2300
@
o,
W 2100
=
o
oy
1T}
o=
o
-
1900 =
16.0 17.0 180 19.0

TIME [HR]
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© F#06 FILL-UP Comparison
AV

& 7 —01/06/2022 = =29/01/2016

B.H.PRESSURE ( PSIA)
N7

0 20 40 60 80 100 120 140

TIME ( MINS) @
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R4 F-06,9 build ups ==&
- Edit / QAQC Reference logs Map Additional tools Analysis Window @ aBn Y % H - & x
‘- e -
Iisl o Ap
Browser | Analytical Mumerical | Average IPR Wellintake | Preview Print  Productivity
design design pressure Index
Test design W Report N
o buildup1 | build up2 | buildupS | buidup4 | buildup? | buildup8 | buidup3 | buildups + New ¥
P P p P P P P
Loglog plot g —
oglog plo Standard Cil Ana
@ e Productivity Index Table 7 x
10000 3 Analytical model
Load Q 3 Event name | Start date/time (Jocal) Elapsed time | PI {pi}
7 g - = hi STEB, i
E—— T s ' [STB/D/fpsia Wellbore = Constant
- / build-up 1 (buildup1) 2/5/16 6:00:28 AM 151.258 0.00108443 well = Vertical
T build-up #2 {build up2) 2/8/16 8:54:47 PM 214,163 000243078 Reservair = Dual permeability
LoadP 3 build-up #4 (buildup5s) 5/22/16 7:04:07 AM 2696.32 0.00520904 Boundary = Infinite
ri z 3 build-up #8 {build up4) 5/16/16 9:04:07 PM 2566.32 0.0128752
‘ £l ] build-up #7 {buildup7) 7/17/16 12:41:39 PM 4045,94 0.0120518 Pi = 2300.00 psia
— g build-up 5 (buildups) 6/21/16 10:53:52 AM 3420.25 0.003043 kh = 72,4439 md. ft
2 100 =
£ 1005 build-up %9 (buildupa) 7/25/16 4:55:44 PM 4242.20 0.00339409 k= 0'552063;:?
=3 — = 1
’ @ 3 build-up #3 (buildup3) 4/15/16 5:23:33 AM 1806.64 0.0115914 € = 0.00464359 bbl/psi
/ 5 e n =
AT 2 - Sk
volution g i Skin 2 = 0,00000
Omega =0.1
ﬁ 103 Lambda = 9,22895E-7
‘ 3 Kappa = 0.99
Analytical = &
3 1
!
‘ T T T T T T T T
a2 01 1 10 100 1000 10000 1g+=  Display: Event name[3] i Clipboard OK Cancel
Numerical Time [hr]
@ Semilog @ g o||H @ [g o||mrr @ g o x
— —
= E al 3 i =
Improve b E i Q
- = STTT 3 ¥ = 2500 1 =
NG 2000 | = 3 -
. / & [2E 3 &) ] &
i Wz = i
Forecast i ﬁ' E § 1000 3 ﬁ' i ﬁ
Iy o3 — 2000 \ A
oS ] £ :
& = 1500 e 0 E = 7
e = - W = -
Sensitivity == _ B 2 1500
2 i . = o]
2 T ' 2 ]
g g 3 = i i i
= 7 = J £ 1000
1000 J/ [ g i 5
=2 5 ] \
- U & % —_ e i
4 & = ] 500
4 = _
= ~
- — i T
>0 x % B 0 ]
4 o« x %o A a e = e e e 0 2
T T T T T T T ——— 72 0 1000 2000 3000 4000 5000 6 |7 L B B e e s e e e o B
3 2 A Time [hr] 0 100 200 300 400
Superposition time 3 3 Liquid rate [STB/D] 3
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Slug test in flowing wells (deep) .. Gty -

r

3500 “YI
FILL UP EVALUATION % fﬁ.
J5 = 2090 Psi Gauge depth = 1727.65 mMD | ézm i
Q0= 1147  Psi 1718 mSSL o |— ! . [t
Tbg. size = 35  in 1000 -+ e
Ibg. cabacity = 000742 bbls/ft DP = 9432 500
Jatum 90000 ftssl Top Perfs 3142 m ssl 04 . : S —— - 0 -
Ps @ datum 4182.9 Psi Ps @ top perfs 4706 psi -
cushion fluid grad.  0.560 Psifft Pressure gradient 046 Psifit  |Flowing |
TIME(T) PRESS PDR dP dH dv RATE
Min. [, Psi |, = Psi = ft (. BBL;,: BBLIC,
0.0 11468 1.00000
0.5 108289 1.06776 639 114.1250 -0.847 | -2438 81
1 117032 097506 87 4 1561250 1158 | 333633
1.5 1267 27 0.87228 97.0 173.1250 1 1.285 | 3699.61
2 127593 0.86309 8.7 154643 | 0115 | 33047
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date 01-11-2008

Slug test in flowing wells (shallow) oL U DAAAHERSABO v

WELL : 113-A-46 ZONE : 1-0
FILL UP EVALUATION
Ps = 2089.00 Psi Gauge depth = 1724 mMD 2500 E“
Po= 1498.24 Psi 1381 mS5L s
Thg. size = 312 in
Thg. cabacity = 0.00735 bbls/ft
datum 4870 ft ssl Top Perfs 1483.5 m ssl [ 2000 £ 3 g
Ps @ datum 2260.8  Psi Ps @ top perfs 2261 psi ;E ° ;
grad. 0.5066 Psift 0.465 Psilft -~ & 5
_ 7 1500 ? g
TIME (T) PRESS PDR dP dH dV RATE m =
Min. Psi Psi ft BBLs BBL/D =
0 1498.24] 1.00000 E :
0.5 1544.70] 0.92136 |46.45849] 91.7065 0.674 1940.45 £ 1000 ]
1 1583.93] 0.85495 |39.2271| 77.4337 0.569 1638.45 j
1.5 1623.52) 0.78794 |39.59021| 78.1489 0.574 1653.58 H
2 1659.46) 0.72710 | 35.94165| 70.9468 0.521 1501.19 0 B
25 1693.50) 0.66948 |34.03967| 67.1924 0.494 1421.75 500 5
3 1725.63] 0.61509 |32.12964| 63.4221 0.466 1341.97 ﬁ
3.5 1755.27) 0.56492 |29.63818] 58.50M1 0.430 1237.9 =
BELAYIM LAND FIELD 0 _EJ_F'D E
2200 FIbL NELL  113.A4EZONE: 1o date 01-11-2008 0 5 10 15 20 25
TIME [HR]
2100 e ]
2000
1900 .i-'-
gmoo _-“
% 1700 -
1600 :
1500
wol L L L L L 1 | . @®)
L
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Layering effect

Belayim Land Field
Well BLS-09 Fill Up
1500 Zone IV-A (Aug-12)

1400

AAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

PPV VV VIV

Uasntttbbtbtd v

1300 e,.ammw‘

vvvvvvvvvvvvvvvvvvvvvv
vvvvvvvvvvvvvvvvvvvvvvvvvvvvv
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PDR chart
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