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very |mporb
handled and c

CHAPTER I
INTRODUCTION

Pattani basin. The%ﬂ‘m Io*ted neurthe-yvgﬂphlc center of the Gulf of

Thailand and CM

ents. Some hydrocarbon

productions in t tapi*basi I_ lattked. ‘™agagement associated with

produced water h produced water is the main

waste from p Buced water has to be

disposed. In ad bive in dealing with the
environment Blafifain offshore fields

.‘-‘ - -

Three m 5 e@Water. The first method is

injecting produced flooo g\\,‘ ject. The second alternative

is to inject produ y r .'.A.L.'_v guifer)yWhiCA may not be connected to

hydrocarbon. Lastly, E;;;r;g antly ed Wter can be stored by injecting

it into depleted reservoirs. AlFthese-three-metots are known as “Produced Water Re-
o kel g o,

Injection (PWRI)”. _ a8/ A7

J water injection is

e_d water to be better

N W

ﬁVOI ‘ pﬂduced water handling.
Thereforé, this study would like to investigate a probabilistic approach to

estimate reliable ﬁujectlon volume into ultilayer reservoirs by accounting for

AU IRENTNGINS
.iiﬁﬁmmmnwmaﬂ

2. Create OpenServer to create and control simulation model.

3. Use Integrated Production Modeling (IPM) to create test model with given

required parameters in order to create the production and injection profiles. These



2
profiles are considered as actual profiles and used as base case to verify the
methodology.

4. Run prediction in test model with difference verification period to verify the

methodology

history.
. Study injectio

© 0 N o
=)
=2
<
~—+
=
1)

1.2 Thesis Outli

This thesis. / ang tf “ putlines of each chapter are
listed below. ’ \
Chapter 1l re ed¥ihe management of produced

water.

Chapteﬁ-jl ., at.oﬂ the stuly.
ﬁﬁﬁf’?ﬂ EW]ﬁWEﬂﬂﬁ

The probabilistic estimation of water injection volume can be used to estimate

j tion vol into multilayer dep handle p
Q ater n %d rgd ce ect n valu EJ
u u

esign an prepare aclilities to handle produced water in the Tuture.




CHAPTER Il
LITERATURE REVIEW

water managemfent. THei | 0 inje 0] Bebvyater (1) to drive oil,
(2) into aquifer (3) 4ty oil as, reservel . Ple advantage of injecting
produced wat€r i : f ' gservolryis il ervoir volume can be
estimated from histori r Sithat an existing produced
well can be conver / : o a pilot test indicates that
depleted oil and gg produced water.

Sirilumpen et'g@F [2 t*’:’; ield§h the Gulf of Thailand handle
produced water from oil and gas=o; Imize an environment impact. Water
treatment and water resifj
wells hav{ag '
approximatu
To estimate

e-injection option, the injection
pl @wells by injecting
ded on 12 platforms.

e:ﬁduc ace Mlumes of cumulative
| arm
nverted to reservoir volumes.

Ahmet et‘lﬂ present produced Wlar management strategy and water

St RO RN

fractured injection. Matrix |nject|oaﬂs a process whereQy contaminants are de sifed

A ISR RIS 1

of formation plugging around the well bore. The rate of formation plugging is

production ar

influenced by produced water quality. Therefore, long-term injection requires high
quality of produced water. Treatment facilities are required to treat produced water.



q

LEER
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The requirement of treatment facilities causes higher operating cost. The fractured
injection is used to restore injectivity, and has the ability to stimulate itself and to

generate new surface area for contaminant injection. The operating cost of fractured

because it helps reduce surface water

: }( gifient strategy with the aid of
€d_as a framework for making

gduced water management,

Igh=Pressule \\' \injdet on above the original
: % S .
f Mg “€dpdition and radial flow

Furtado et g t-an.¢ (epiew ofithe "plbduced water injection in
Petrobras fields. Prog Jter-imjectic gomes @ solution for produced water

| A 4
disposal because of ‘low ehvironmental® and low costs. Injectivity decline
during a produced water_i

poor. To s %t i

formation dadage=\VWhen-workover-efl eneugtiytd maintain injection
ab@Ve fracture propagation

i) i

Bachman f A [6] present produc&water injection at high rate. Oil

AU INDNIWEN T

t
injealn at high rate is large reduction of injectivity. The injectivity is reduced by

r.(o tamipants with ed water cap ca '
gwoﬂ;%ﬁreas S Wi ﬁj uc

i-r_;, S the | llem, mainly if quality of water is

id afeé used to remove the

performance™

is used.

id and oil in w.
fracturing may take place. Therefore, the authors created a simulation to predic
permeability change, fracture propagation pressure to minimize disposal costs. The

application of simulation in Masila Block in Yemen shows that it is feasible to sustain
over 100,000 BWPD in a single disposal well.
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Rubiandni et al. [7] present an injection program of produced water injection

in mature fields. The reservoir simulation is used to find the most suitable reservoir
based on production and pressure history. OGIP and pressure build-up due to

injection water for each reservajn estimated by reservoir simulation. For

operation design, the auth@ps® i ! m allowable injection volume by
plotting the reservoir pig e varsh ater injection. Injectivity index and
maximum dischar . @on can be estimated from
the simulation. T ¢ \ e imated by using the plot

principles. These pfincigles fhc ?‘;'f- : | \ he V@lume of produced water to
surface during#oil aiid  gés. produc " LS \”\.'- well management, (2)
| : ] J - \ -
maximizing the re-yé ced-water By injecting, 18 support depleted reservoir
' Moyl | T
pressures or for water, -ensuring Ic pact omlihe receiving environment.

f‘; “' vell

Rangponsumrit [9]«ptesen servoir management for mercury

contaminated waste disposdl ‘_J , ,’ d waste is one of the byproducts

from hydrw 0

to inject mMEYCUE

dispose the waste is
ined=depleted) Teservoirs through a
; '@%Tnized by performing

Y, Injection rate ad‘.hjg slurry viscosity. The

i
depleted welt” fvjere

sensitivity sinm tion on slurry def
optimal injection‘rii(irion IS minimum injew time under a condition that the

AU INENTNEY NS
ARIANTAUANIINGIAY



CHAPTER Il
CONCEPTS AND HYPOTHESIS

multilayer depleted_.re

production well ¢ envertet! to |Iﬁct|omﬂ-wqﬂg the costs of drilling new
injection well. <%k » ' injection well when

reservoirs are de Pte. handle produced water,

One

|nject|0n water vi yecteckl 10 “.\" ﬁ“..\ ‘, the reservoir pressure

is the calculation of

H H = " i ] N A ‘\\. A - -
will increase: roductian frormipearby Wells, the final reservoir
Al : \

be Righ&rkthagithe original undepleted
\

epAds on the knowledge of

original pressure, cur eSErvoir Fes: ctiofmrate and original hydrocarbon

in place. The wells in the pre R | = nterest have commingled completion

penetrating multlple csei fr"g%r-r- hese reservoirs may be produced

smultaneo@ a@hedule Figure 3-1

illustrates zts : jt connects to three

reservoirs by oﬁﬂtubl : : 'f'
For comihgled well, only production rate of the v;u, IS measured, but the

current reservoir ‘ue and production rat@dhd original gas in place (OGIP) of

LA HRN LY ek L

Produced water usually (“ntalns contamlnanii and can cause Skl

qWIRNT IR MIINBTRY

injection starts, the injection skin is still unknown.

As mentioned above, allocated production rate, original gas in place (OGIP)

and injection skin for each individual reservoir are main parameters that affect the



estimation of water injection volume. These parameters are considered as

uncertainties and will be described in the next section.
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3.1 Uncertainties

3.1.1 Allocation of Production Rate for Each Reservoir

Production rate is yipéiigit parameters that affect reservoir
pressure. Figure 3-2-illUStatessa reservo ﬂ different production rates.

Higher producti eauses mo‘g pressure=deelmein the reservoir. Lower

remaining reserves acce Ore Wal »This figure also shows

reservoir pressu ifljeeting jat the\se ater_IMegtien rates. In this case, it
. \ -

tg_the original undepleted
reservoir pre Ny ommingled well, only

well productlon ‘ f&servoir pressure of each
e L% R
individual res€rvoir frergbra LWg ig: ave \ \ er ore, reservoirs are not
produced simultag€oushly far all r*-r ds:; \ be closed while others
i ., rl
are still produced agl t 'W ¢ che \ fig well schedule. Therefore,
N oYy
allocated producti@f ratg#ror eacl N ,a ,u_ 23ervo \ amuncertainty.

/ rt;;f;

3.1.2 Original Gas Ig L:.j;_??ur cm =

I

Ori r'-m:i&T.iTu--'—'.‘ e fluid that can be
; > '-r igh, a reservoir can

stored in a Te
produce more‘HJid (for the same recovery tactor) and it haﬁjplgh pore volume after
the reservoir prod‘u:es hydrocarbon. Thus, a large amount of produced water can be

ALY ANIVINEING

rese irs operate at the same separator and injection manifold pressures durlng the
roduction and injection periods, e reservoir with aﬂwer OGIP can be pr
ss?.a.r

gt Ryl

high. Figure 3-4 shows the difference in pressure declines for reservoirs with high and

low OGIP that are produced and injected at the same rate.
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[<5]
=
—

uonoalul Emggo

Lower production rate

—Higher broduction rate

Figure 3-2 : A reservoir produced at different production rates
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UINYNS

uononpo.d aAeINWND

ainssaid 110188y

uonoalul 1ayem a

¢

HIRIINYTNY

w

:
AWIANN I

|

Figure 3-3 : Difference cumulative production and injection of higher and lower
OGIP reservoirs at the same separator and injection manifold pressures.
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Cumulative Prodction

Cumulative Prodction

c
o
=
(&
(5]
r—
c
o
[<5]
+—J
s

—— Higher OGIP

Lower OGIP

Figure 3-4 : Difference pressure of difference OGIP reservoir when producing and
injecting at the same rate.
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3.1.3 Injection Skin

Skin causes an excessive pressure difference that occurs around the wellbore

and reduces permeability. If exigti r , e facilities such as injection pump can
roduced water until the reservoir is
n rate A lower injection rate

A Higher skin requires a

a method to estimate

( is required. The

: \ "'"\-.o. n history matching the

oil/gas well productién, V%?., } ct ca r eRlincertainties in original gas
in place (OGIP), prod@iction 2 fion hi

skin. The method es "”"ﬂm disposal capacity that converts

production history to wategi .J';rw

future bectﬁ We ' 0%5 before converting
. —— =<

volume.
Due ( i
—— '
multilayered r&l% rvoirs with a - search will b@?

approach to forec? water injection volume in ultrlayer depleted reservoirs.

ﬂUEJ’JVIEJVIiWEﬂﬂ?
QrW’]Mﬂ’iﬂJﬂJWYMH’]ﬂEJ

\ |dual reservoir and injection

gt forecast disposal capacity in the

sposal capacity into

stigate a probabilistic
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CHAPTER IV
METHODOLOGY

two main parts. The first part

n including reservoir, fluid

v \no multilayer depleted

‘ ed Yia ction Modeling (IPM)

estimate product
The probgkil

reservoirs i s

software pro a Wai™modules of Integrated

Production Mod = e re to create models and

GAP (Geglr ion Pt is a ‘MultiBhaseloptimizer of the surface
network which lin ith PROSPER ‘ odel entire reservoir and

production syste ction 'sy&teMs containing oil, gas and

condensate, in additigh* to g ] systeéms. GAP allows the user to
build complete system mode in in ervoirs, well and surface system. Its
powerful calculation jing 10 imize very complex networks,
composed@ _}sors, pumps, heat

exchangersk j optimizer allows
optimizing thﬁ/ste : ﬂrtlon for example oil
production or #eth oil and gas production. The application' GAP can be listed in

the foIIowmg belcﬁ -9

"i:&&f@ﬂmm NENA.....
q Woﬂ TN T Y

- Compressor and Pump system modeling

- Production forecasting
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- links to PROSPER (well model) and MBAL (tank model) to allow entire
production system to be modeled and optimized over the life of the field

The MBAL package contains the classical reservoir engineering tool, which is

part of the Integrated Productioj ing Toolkit (IPM) of Petroleum Experts.

MBAL has redefined the useef  ; fy C n odern reservoir engineering and

pand hydrocarbon volumes. For

existing reservoirs ,  =Brovi v hlng facilities. Realistic

production proW‘ e }1, lsor=without history matching.
MBAL is commonl ' \‘ C u effects prior to building

a numerical si 4 ations, OfMBAL can be listed by following
below. | Y J ‘ SN N

idBgbify hydrocarbons in place

cycling j',!.-r
i

- Decline curve ana

- Monte Carlo sim J_:;, ‘.{.‘

- Rg %/0 SRS . ﬁ
PROSPER-is-a-well-per esign and optimiza: f program which is
PER is designed to

egJ;
H of reliable and consistent well model, vdthe ability to address
each aspect of ,el bore modeling VIZ PVT (fluid characterization), VLP

ﬂ“ﬁ%ﬂ%ﬂﬂﬁw 1LY g

s pipeline stability, Slug Size and Frequency. The capabilities of PROSPER

o Wlﬁ R Ineay

eservolr model
- Well bore and pipeline hydraulics (VLP)

part of the |
allow the buil

- Artificial lift options
- Flow assurance and advanced thermal options
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- Design and optimize well completions including multi-lateral, multilayer and

horizontal wells

- Design, diagnose and optimize Gas Lifted, Hydraulic pumps and ESP wells

: ' th i odel has many reservoirs

er, t bj Gtive of this study is to

estimate water injghti Lmie. sction yell is €o W& cd from production well

after the reservoirs arg ': iefo B modelincludes both production and

injection wells. The tubi :r h wells BBt to all reservoirs that are shown in

Figure 4-1. The reason fo \ d injection wells connects to the
th

well to injection-well-while-the-simulation-is-running:Fhe-Production and injection

reservoir be ell from production

well in the r s controlled by setting

0
opening/closinM/ith each individual"Well’s schedule. In tiUproductlon period, the
production well |~°‘Fﬂd and the injection Wajs closed. In the injection period, the

AUYT WﬂWWﬂ’]ﬂ'ﬁ
QW’]Mﬂ’iﬂJﬂJW]’mmﬂﬂ
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Inj W Inj

<-0—]
©)

v

InjRes 1

e Isifithe model

The overview of methag ology 1"; f‘ edhin Fid . The methodology starts

from creating model 8 | details of each step will be
described. v

To create modelés by inputting and connecting
" _'jpld (Inj) in models
: : ,nj injection wellhead
ﬁtio : nj".-lg) are used to calculate

mance (VLP). Production inflow (Inf Res)and injection inflow (Inj

items autofal r
are conside&a
pressures. Pro
vertical lift pe

Res) are used t‘ut injection skin forggigfection well and calculate inflow

fiid HANANTNAHINT...

Wate jection volume that can be‘njected into the reserv0|rs The prediction Wss

QRTHNN AR INYTNY

Figure 4-3 shows the sequences of steps and simulation results as the
procedure progresses (the numbers in blue circles indicate the step order that will be

described in the next section). Three main sequences of simulation process to estimate
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water injection volumes are also shown in this figure. In the first sequence, MBAL
simulation period, the well production rate from the production history is allocated to

each individual reservoir (step 1). Then, Monte Carlo Simulation is applied by

j ingl gas in place (OGIP) for each individual

varying allocated production rate g
AN |

e _considered as uncertainties for

i i ep. . e Aetiu rate and OGIP are used to
calculate the remain ng--;;,..»f oi e e (GIP) by using MBAL

imate the values of these

the second se o res( frém N Manare Uted to run prediction in
the verificationg g AP Culate ' d tio during the verification
period. The predicid psbd i ' . ol .. cent error at the end of
verification pasod tafvegity fh roducti I8 ¥\ (step 5). In the third
sequence, if the pg fent rrgf i i Fallbe prediction continues to

forecast produetion g ..' ﬂ ectia o o). If not, repeat in step
number 2. Finally, @ res tsar Vv 'Pr J p ) \

.r r
‘ ‘r’;:’: .
e

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw
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Run pradlctlun 10 Lhe end
of injection

ﬂﬂﬂ’mmqm\lﬂ’lﬂﬁ

Figure 4-2 : Overview of methodology
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Cumulative
production

> time

Reservoir =t . | \
e o’ R ch target pressure
pressure ; 19 :

» time

Cumulative

water injection |
& .

time

'h

o ol " 0

® @
— Prediction results

ﬂuﬂ’mﬂﬂi?ﬂﬂ’mﬁ

Figure 4-3 : Overview "S|mulat|on proceﬂ)r 1 realization)

QW’INﬂ’ifUSJWYJVIEI’mEJ
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4.1 Production Rate Allocation

In this step, well production rate from wellhead is allocated into production

or the end of productig] Or /( production to each reservoir,
porosity, water satUfatior '-‘ Y essure difference between
— .

reservoir and estima depth are required to create

Thec Fguation 4-1 and 4-2.

At a specific ti

R;

(4-1)

and

Ap; = p, __ ! el , = ‘ W 1 | (4-2)
where | :

i producing f’;.f;"....m:*.';

j date =

reservoir (ft)'rﬂl

j
saturatlon for the i" ru/mr (fraction)

FHJ HANENINGNT-

= reservoir pressur?for the i" reservoir (psig)

ammmmmﬂmmﬂ

Equation 4-1 shows the calculation of allocation ratio for one day only. When

reservoir thickness for the i

allocation ratios of produced reservoirs are created, these ratios are multiplied with



22
well production rates to calculate allocated production rate for each individual
reservoir. Allocated production rates are calculated from start of production to the end

of production history.

For example, ‘ Wy

One well con e re ifseth ary, the well produces from
reservoirs number - @from reservoirs number 1,
2 and 3. : 1 ~
In January,

ZJanuary

R

3January

In February

R =
1 February ¢1 ( + \". (1_ Sws)Apa

i ¢3h3 (1_ Swa)Aps

(=S JAD T 4h.(L-5.)AD. T4 b ( o,

i
i

— o
In JanLLHA/, reservoir NUMBEr s does not produce; @[efore, allocation ratio

equals zero. AIIocaﬂon ratios are calculated for reservoirs number 1 and 2 only.

ﬂﬁ%ﬂ ‘ITEJ‘VI‘TWEJ"T?W@

wher

q mmnﬁmﬁmm VYIa Y

= well production rate at the j™ date
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4.2 Calculation of New OGIP

OGIP for multilayer commingled reservoirs are considered as uncertainties.

Therefore, Monte Carlo Simulatign fis:

ligd to OGIP for each individual reservoir.

In this st > @arfo Simutatign iS&pplicdio Allbeate production rates for
all reservoirs’ egled fiom the, opA Sihpifalto the second step, the rate
correction factor ' ndo ion B IRGINHGEM distribution.

quation 4-4 to Equation

4-7.
At a specific time,
qi’j =0; x X, (4-4)
if
i=1 , | (4-5)
Then Hl, ‘ 1 I'
Fl 1: *%‘VIEJMWEJ'IﬂT)

qnu qu X N

ammmmwwwmw

reservoir index

J = lime index

off allocated production rate for the i reservoir at the j™ date
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qui = well production rate at the j" date
q5j = corrected production rate for the i'" reservoir at the " date
Gvj = new production rate for the i" reservoir at the j" date

Xi = rate correctio e| " sand
N; = normallz
The rate &rs at‘mul@ocated production rate to

calculate correcte

sum of corrected g ' aftar ‘apphungsctesgerrection factor may not be
equal to well i Fquati ) \Tk Buthe Corfected production rates

have to be nor

normalization ratig" i huttipli Wit \ production rates for all
reservoirs, so #f Rev _,ffi--"'; ates e a o well production rate
(Equation 4-7). HoWeve 1eW-Cumu ' e prodt :“ should not be higher than
the new OGIP. If the V ,1,%{ | 0 iS hiC erthan new OGIP, repeat the

Joe. -

second step to calculdl e newOGH

4.4 Deterg I;‘T”’T”ET’E*ETEE’T’”fffi?::{??if??’ ] .,— gand GIP

To calﬁ ate re a GIP the undepleted

reservoir pres e or original reservoir pressure, new OGIP d new production rate

for each reservm‘hﬂto be input |nt0 MB’J New production rates are used as
lati the®remaining

reservoir pressure and GIP can b@escrlbed using a t of P/Z against cumuve

Q\W“T‘Wﬂ?ﬂlﬂﬂﬂﬂﬁﬂﬂ d
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v fam
A OGIP

i P

claining OGIP

3

, -
MBAL usesth eneral materialba gaation to calcula@he remaining reservoir

pressure and GIP %iE uation 4-8.

YHAINENINYING
- average reservoffpressure psia

Qmﬁmmwrmma d

initial gas deviation factor, unitless

whe

»
1

cumulative gas production, scf

()
I

original gas in place (OGIP), scf
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The assumptions for this equation are no aquifer influx and the rock compressibility is
negligible. Only depletion drive due to gas expansion is considered. A plot of P/Z
versus cumulative gas production (Gp) is a straight line. The intercept in the y-axis

represents the initial pressure divi initial gas deviation factor. The intercept

_initial pressure and cumulative

Pre can be calculated by reading
ssure can then determined

until the value of iterated

ucm gas have to be input

ediction from the start of

as initial pressur f|Ie ¢
) . - -?“ \ \

Bystart of verification period

o date that all reservoirs finish

can be specified fOm t of product N date .\.\
production. The sho :'.::i:w:.'i:, per uld™@e specified for all reservoirs
being produced at the same tirm - : '

At the end o L Bl results_are compared with
productlonk_- story. Percent errors between actual producti _Jbte and prediction

results havtt ! ;‘tﬂow appropriate the

S, if fﬁpercent error is higher
ed as “unacceptable”

values of newﬁ IPa

than the acce bIe error, this prediction run will be m
realizgtion (the vaﬁﬂ new OGIP and newuductlon rate are not good enough to
FIRE N PASNESNT

sec ds to be

repeated (drawing new random OGP value). On the o r hand, if the predlct

q mmmm IRIINEINY

difference between production history and prediction results. The criterion, which is

error in cumulative production, is used in this study.
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4.5.1 Error in cumulative production

In this method, the prediction is run until the end of production history. Then,

percent error is calculated by compari

he predicted production profile with actual

production profile during a gei ation period.

The cumulativegrottictions f fuetlogghistory and prediction results in

the verification perioU™aré=use i 7 e historical and predicted
— : —

production rates i

tiine

AULANENINEINS

Figure 4- ‘ Cumulative produ€io

RIAINIUNHAII NERE

The difference between the prediction cumulative production and historical

cumulative production is divided by the difference historical cumulative production

within verification period.
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(4-9)

Np1 histy = ulaitt erification period from
Np2 (nisty™= 11a$s ' N tion period from

No1 @red) = e iction'a Nleification period from
nEdictiod res " \ N

Np2 oreq) =gfcurpiilagive’p -;}:-ij. at'the gne ication period from
# piedic : "::vmr':' _‘
Py N _ -

4.6 Forecast of FU Wate [ Injection Volume

After the valug

percent er@
prediction fg '
well to injectijltve : , ula.:n is applied to another
uncertainty vari@ble; injection skin. The injection skin for eéﬁ individual reservoir is

generated by raﬁtﬁpng within the mirfighm and maximum range without

ULIRENTNED T

PROSPER calculates IPR for eaclwmdlwdual reserv0|r The prediction conti e to

qRIANTI U INGTHY

Finally, OpenServer records prediction results. The cumulative water injection

duction rate are verified or the
)mnued. GAP runs
_[ﬂad from production

including correction factors and injection skin for all reservoirs are recorded. New

prediction run (realization) will start from the second step until it reaches the
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maximum number of realization or until there are enough acceptable realizations to

create the distribution of uncertainties and cumulative water injection.

4.7 Creating Distribution for ir |ct|on Results

Several plots wil the distribution of uncertainties

and the relationshi ﬂde cumulative distribution

functions (CDF) oftet i 8 OGIP from all reservoirs,
end of injection 0 a J€lations oetween el ncertainty variables.

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ



CHAPTER V
VERIFICATION OF METHODOLOGY

proposed method tual-i 'ormgon of-the=yvelsifilie details of test and actual

cases will be de

. slining all parameters are
known. This sectigf ibBs ‘Cetails o testhmoliel aw to generate production
and injection pr . c.test mod 1\ ethodology and study

effect of injection

5.1.1 Generation of :;l' ...... i@ ifjection Profiles
are required for
generating k . _ odjction and injection

profiles are coﬂ : n hmy that are used as the
base case to cal€ulate percent error of prediction results. TF ethodology proposed

in this study is apl‘ iede the test model to verifigfhe methodology.

fUHANHNINGNG:

e in order to use one as pro?cer and the other |njector The inside d|

AWIRNAJ TINYIY

to the reservoir thickness. The two wells connect to three gas reservoirs. These
reservoirs do not connect to one another. Only the tubing connects to each reservoir.

The three reservoirs in the model are reservoir A, reservoir B and reservoir C. Fluid
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and reservoir properties are shown in Table 5-1 and Table 5-2, respectively. All these
data are set to be constant throughout the simulation model. In Figure 5-1, “Sep”

represents separator, “Inj” represents injection manifold, “Prd W” and “Inj W”

MM Res A | InjW - Res A

~3

\/

2'312?'

ﬂUﬂ’JVIEJVIﬁWEJ'm‘i
qmmmwmmmw



Table 5-1 : Fluid properties of test model

32

Fluid Properties
Reservoir name A B C
Gas gravity (sp. gravity) 0.774 0.728 0.8
Condensate to gas ratio (S 4.35 6.19 4.35
Condensate gravity ( . 63 58
Water to gas ratio (S 6.19 7.5
Water Salinity (pﬁﬁ-—- 100,000 | 100,000
Mole percent OW 1 0 0
Mole percent of C r 14.95 23.86
Mole percen 2 e ‘ 1.38 0.34
Table 5-2 : R&Servoighropértjésofitest-mo
“ s R
Reservoir Name : B C
Temperature (de@'F) 355 360
Initial pressure (psi J 3,550 3,600
Porosity (fraction ¥\ S 0.05 0.05
Connate Water Séturatin (fr 2. 0.1 0.1
Original Gas In Pla 3 25800 30,000 35,000
Reservoir Permeabilit 80 80 80
Reservoir Thickness (feel) s i il 4. 100 125 150
Drainage Area (ac ; ‘ 150 150
Bottom J7,500 8,000
Injection =10 0
Start of Pr o944/2000 | 1/1/2000

=
I
5.1.1.1 Generajon of production profile

M

P NHRINHANT

closed. GAP is used to smulatefroductlon proflle rom 1% January 2000 ogl™

q RS INNNIINYINY

1 MMscfd. This time is then chosen as the start of injection period.

The results generated by the test model are shown in Figure 5-2 to Figure 5-7.

Figure 5-2 shows cumulative gas production. Figure 5-3 shows gas production rate of
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the production well. Figure 5-4 shows the cumulative gas production for each
individual reservoir. Reservoir C has the highest cumulative gas production while

reservoir A has the lowest. Reservoir C has the highest cumulative production

production rate while resgo * a8 1 Sidfas aRoduction rate. Figure 5-6 shows
the reservoir press (o) m-r. ' | I , as production. Figure 5-7
e —— - i

umulative production of

uctlon profile is shown in

Appendix A, hown in Appendix B.

The productio ecovery factor for each
reservoir is aroun afit fThe '_J ljectio hdategMor test model is set on 1%

July 2012.

75000

Prd W

60000 _ _ _ _ _ __ _ _ &k A " ' __ & ______

45000 _ff WA o

Cumulative Gas Production (MMscf)

30000

I
| |
" | |
| | |
| | |
‘ | | |
| | |
ool f & "~ L B " Ll TM
ﬂ ‘ ﬂ ‘
| I
| |
| I
| |
| \
12/29/1999 03/30/2006 06/30/2012 10/01/2018 01/01/2025
Time (date)

GT | ‘l’ ,i .

dure 5:2% ClumiffatiVe g productior (MMsc ¥ for prodtion we
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Gas Rate (MMscflday)

.
01/01/2025 Prd W

| l i
i !’?f

< :"*’ f. \
rqu B3 *Ga ’:ﬁn ' ate -~ oduiction well
/ VA \_' ,

- F
g g
PR N et o L
i -

A v o i

T et F :
gl A ‘. - )
. e~ Res C

I Res B

Res A

Cumulative Gas Production (MMscf)

Q7

| » 2 = = = » ; ‘ 1 7 o H
I I 5/28/1900® & 13/30%9606 =06/80/2812 0/01/2018 01/01/2025%

q Time (date)

Figure 5-4 : Cumulative gas production for each reservoir



Avg Gas Production (MMscf/day)

R : 1 | ; 3
12/29/1999 i A ! 38 01/01/2025
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Time (date)

Figure 5-6 : Reservoir pressure after producing for each reservoir
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Gas recovery factor (percent)

| L N
12/29/1999 8/30/2006 - 2% | 2018 01/01/2025
[ ! - 9N %

F| re 7 Gas" fx“__ factor foncachyreservoir
- ‘ lJ / ‘

Vi -
5.1.1.2 Generation offinjeét f"'“”'ﬁp

the t|me tO%S] lﬂ- water iniection. 1.e.. the tim

The.q 'ect' ulat;ﬁwater injection and
rJ)ressure reaches the
original pressufe. ¥

==t -
The injﬁ ion profile D Oductio'w eriod has ended. GAP

is used to generat the injection profile. On 1% July 2012, the production well is

ege e _mo roduction
AUSIENS Wy

elm"te the skln effect on the |nject|on profile.
The results are shown in F‘Jre 5-8 to Figure g8, Figure 5-8 shows tigmell

RIBANRAR TN 3]

for the injection well. Figure 5-10 shows cumulative water injection for each
reservoir. Reservoir A has the lowest cumulative water injection and reservoir C has

the highest cumulative water injection because this reservoir produces the highest
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volume of gas and it has the highest OGIP. Figure 5-11 shows water injection rate for
each reservoir. Reservoir A has the lowest water injection rate, and reservoir C has the
highest water injection rate. Figure 5-12 shows the predicted reservoir pressure for

ive water injection as seen in Figure 5-12,

aches the original pressure after
;j % has the highest perforation

each reservoir. Corresponding ta

in Figure 5-13. Therefore,

100

T
|
|
|
|
|
| =

80| _ _ £ _

|
T Inj W
|

60,,t
- AN

er Injection (MMSTB)

0L - __ as

AuFANEMingIns

——
=1

0 | | | .
01/01/2012 04/02/2015 ‘ 07/02/2018 ﬁ/ollZOZl 01/01/2025 u
" [ r i | i il X A | 1 : [ 1 | | 4 :

Figure 5-8 : Cumulative water injection as a function of time
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18

Cumulative Water Injection (MMSTB)
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Figure 5-10 : Cumulative water injection for each reservoir
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Res B
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10400 . ___°
56000 |

(Rep/g1s) uonoaluj tarepn Bay
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0/ 01/01/2025
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Res B
Res A

3/30/2006
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Figure 5-12 : Predicted reservoir pressure for each reservoir
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:
4000 0 W Yy, :
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Well flowing pressure (psig)

1000 | o o i f T W R

01/01/20 /02/ b1, -‘v 01/01/2025
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Figufé 5-18 A 3'as«-,..- gt R h reservoir

4 NV-ZL

T

o 7 <
5.1.2 Determination f;*;.;;-
J o e - ’n
2 -"'/d’ '.a‘ .

Aftergeners e next step is to use the data
to estimate:OGIP-This-OGIP-will-be-comparec aetbet=© GIR/in order to validate
the methodotody. : ,' get to 1 (no variation).

==t

o
After allocating| productiofrateie ye"production fiar reservoir A, B and C
on 1% July 2012 is 19,369.43, 22,454.49 and 24, 836 61MMsct, respectively.

r e of| tudy, the
re eachire e At ore estimated OGIPs

can “calculated by drvrdrng cumulative aIIocated production by the recovery factor.
The estimated OGIP for reservr‘ A, B and C igg8{,670.614, 32,077.843 A

IR NN IR



41
Table 5-3 : Estimated OGIP

Reservoir name Res A Res B Res C
Cumulative allocated production 19,369.43 22,454.49 | 24,836.61
Recovery factor 0.70 0.70
Estimated OGIP 32,077.84 | 35,480.87

history) is 66,660,368

the two values jé

e gas production between

0 (.33MMMsc 7, g\ the Clinulative gas production

of production histogf an@l pfed g‘.f* § /15%0.95K Thekrange of OGIP correction
4 \
aey

factor is calculated fro plus d” mint ". rcen \_. the ratio between cumulative

- ffarww

gas productions. For/the té; lose%to 1. Therefore, the range of

OGIP correction factorjj yT-TT;F ’ -14 and Figure 5-15 show the

prediction @ts

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw
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—+—Simulated production history = —==—Prediction results
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Figure 5-14 : Gfmpufed,
M lated production history.

comparison Mith cinu

Prediction results

~
o

(2]
o

a1
o

N
o

Figure 5-15 : Gas production rate based on estimated OGIP in comparison with
simulated production history
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5.1.4 Verification the Methodology Using Test Model

In this section, two cases of prediction are run with different verification

periods in order to verify the methdpdlgiy; In the first case, the verification period

starts from the beginningof . In the second case, the verification

Again, test model i ' o=to: : . The range of productlon

|rd of the production period.

Correction Factory Maximum
Production rate alloca 1.25
OGIP 1.5
Injection skin 20

5.1.4.1 Verifigatio Jugdtion Histor
(B iy ity
AJ

This ofﬂrlflcatlon period at the

beginning of pkaduction history. The schedule of thls case isshown in Table 5-5, and

verification perlo.'ﬂlustrated in Flgure . From Figure 5-16, the start of

.s Fm HANENTHE IS

of re ts The acceptable percent ea;or for this study i |s 25%.

RIS LR giodifigest]

water injection is 66.70 MMstb. From the distribution, predicted cumulative water
injection is around 67 MMstb. Figure 5-19 and Figure 5-20 show probability density

function and cumulative distribution function of cumulative water injection,
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respectively. We can see from the figures that different acceptable error results in
different probabilistic density functions and cumulative distribution functions of

cumulative water injection. Lower acceptable percent error shows narrower

distribution of cumulative wateg illidetlon. Table 5-6 shows the 10", 50" 9o
percentile, mean and variang walter injection for different ranges of
acceptable error. The &8 ater injection for 0-5% and 0-
12% acceptable er 3 an@667 gpectlvely The simulated
cumulative water in 9.282 MMstb. The results

: x-'\ .\ has the 10", 50" and 90"

, fagsimuls ed cumulative water
injection wheng ' i ider range\ of, aceep(a error. The range of
: Cent_had | ' \when compared with the
range of acce ,0 {6712 Nty F eN W8hows percent error of

then. The cumulative water

injection is cl he™actual cumulative water
injection for the t | ighence of the two values is
around 0.282 MMstbr ’ , : s distlibution of the end of injection
period when the resefvoir !'t_i; ='--‘--~ achi iginal pressure. Figure 5-24 shows

percent error of cumulatL ,-rrf »*r:)r"' i e ‘ he end of injection period. From
this figure, mst ‘ ebruary 2018. The

end of injectidh-period- history-is-7. ~January=2018. The difference of

end of injection d, i-}af years of injection
period. Figureﬁ@j; shows percent €ffor of cumulative gaﬂﬂ[oduction against total

OGIP. At 0 per?nt error of cumulative wproductlon the total OGIP from

ﬂ UIINY mnm ﬂ“ﬁ ?h‘i

metlﬂlology for this study can be used to estimate cumulative water injection, end of

ion rlod and_total OGIP. F ce tile ‘
ater i i SI eptabl ions
percentile o cumu ative water injection star s 1o stable when the cumulative number

of realization is around 50.
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Table 5-5 : Schedule of test model (The verification period starts at the beginning of
production history)

Prediction schedule

Start of production 1/1/2000 m/dly

Start of verification period | 1/1/2000 m/dly

End of verification periogh m/dly

Prediction time step w week
Table 5-6 : Cumulative wajes-inie = e riod starts at beginning of
production histe = 77 | N

- v 1% by, g,
Thew ificaion,elarté At the b ‘ofyproduetion history

Acceptableerror o S //1 4 ) 0-12%

P10 of cumula#®® watlt igleglide (VI @u\.\\m 61.15

P50 of cumulative ‘@ﬂﬂ“ﬂ'ﬂh __,El\\ﬁ 66.70
P90 of cumulati® watr igiegtion(M 72.44
Mean of cunlilativg Mﬂ sction (MM A W o0 66.70
Variance vt A .3 19.26

ﬂUEJ’JVIEJVﬁWEJ‘TIﬂﬁ
'ammmmwnwmw
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Cumulative

production ——

— A |

P ]

1
"™ End of production history

> time

| 7 ‘|
g \jmge‘[ pressure

» time

Cumulative

water injection |
& .

time

=
=

1/1/2000

— Prediction results

ﬂuﬂ’mﬂﬂi?ﬂﬂ’mﬁ

Flgu #5-16 : Prediction timeline s wing verification perlod starting at the beglnnlng
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Figure 5-18 : CDF of cumulative water injection
(Verification starts at the beginning of production history)
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o
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Figure 5-19 Dis} u ol of tien TOr different ranges of
acceptable error, e( i ne ':~: Starts @ 08gMNiNg of production history)
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=Error 0-5%

JINETS
waﬁ% Y188

Figure 5-20 : CDF of cumulative water injection for different ranges of acceptable
error (Verification period starts at the beginning of production history)
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% Error of cumulative gas production vs. cumulative
water injection

[EEN
(S
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o

(6]
1
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&
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Figure 5-21 : °/ error@f cumulative-gas | galfigt cUmulative water injection
(Verificag n\, : iod starts at the beg Jlofpreduction history)
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% Error (cumulative gas production)
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Figure 5-22 : Distribution of end of injection period
(Verification period starts at the beginning of production history)
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CDF of the end of injection period

CDF
o
o

injection pekiod
Boduction history)

| — I|
% ErrgFof cumulative gluction vs. end of

SNEASAVAS AT

Figure 5-24 : % Error of cumulative gas production against end of injection period
(Verification period starts at the beginning of production history)
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% Error of cumulative gas production vs. total OGIP
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Figure 5-26 : P50 of cumulative water injection against cumulative number of
acceptable realization
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5.1.4.2 Verification Period Starts at Two-Third of Production History

This case verifies the methodology with the start of verification period at two-

third of production history. They f this case is shown in Table 5-7, and

“-.‘ e i ini i
» , It|ve water injection and
BIYinT MeRB0" Petrcentile of cumulative
A N .
Sirtbutidn, Predicted cumulative water
AR
‘ r‘i\‘ “";;. show probability density
. R
IS BUMUMGtive water injection,
\&rraper distribution. Table 5-8
cUmulative water injection
\o GUinulative water injection at
Bihe re s from Table 5-8 shows that

] pécentile of cumulative water

injection closer to simulated“cumulative jection. Higher acceptable percent
error sho S;Hi es ly 'dﬂ)\f cumulative water

injection. Riglre=b=32=s| | cumulat ‘?production against
T ingection is not clear. The

cumulative VAgey I
maximum curﬁiﬁative water injectior ose to 70 MMﬂat Zero percent error.
Figure 5-33 and ?34& show distribution of@ end of injection period when the

re ifpré r 4 O i 2. Fi ' e error of
cufhu tﬁﬁdu} niegdingt fnefen Sﬁnj i egjod. | rimltﬁgure, the

50" Bdfcentile of the end of injection period is 25" March 2018. The end of injection

rigd from injection history i 7t‘J uary_2018. Th erence of end of i Ion
Iﬁio iﬁl@l?id}/s %t I a?k‘ ear§ of jev;vﬁ)d. i 5-
shows percent error of cumulative gas production against tota P. At 0 percent’

error of cumulative gas production, the total OGIP from prediction results is close to
90,000 MMscf. Figure 5-37 shows the 50 percentile of cumulative water injection

against cumulative number of acceptable realizations. The 50" percentile of
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cumulative water injection starts to stable when the cumulative number of realization
is around 55. Therefore, the number of acceptable realization for test case can be

reduced from 250 realizations to 50 realizations to estimate reliable cumulative water

injection.
The prediction results.$0c %
i injee : se to the generated injection

i 10 “nod‘;r th sstarts at the beginning of
production hlstoM‘ thefactua .{"]\\:--... case. However, it takes a

shown in Table 5-9. The estimated

longer time to run jimie ¢\§ al R for both cases are 90,000
MMscf. Predictiol Mgrifi ' x\ H“‘-‘u;‘-'-‘ production of history

\

] y of production history.
Finally, the resultgf ; _show \th X dology can be used to

: /¥ . 5 8
estimate cumy cloi ol | total OGIP. Predicted

Table 5-7 : Scheduléof €8 el Verifi ' afts at two-third of
production history) =% ’
Start of production m/dly
Start of verification peit m/dly
End of ve 'if L] midly
Prediction fldes week

-.
.'—

Table 5-8 : Cumi/lative wate

production histery)

0-25%

65.25

(M Mstb)

P50 of cumulative water injection

68.34 | 68.234M68.09 | 68.04 | GB7

..‘- ’: -". e | £ ke — . e,l 'e |—~ _-1 s
N T E Sl d 49 ;!' 69.F M: 8 77" |

Mean 68.12 67.86 67.65 67.64 67.69

Variance 2.42 3.29 4.13 4.11 3.90
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Cumulative
production

End of production history

5 \ !targe’[ pressure

> time

» time

Cumulative

water injection |
& .

time

112000 ||| Simulation

— Prediction results

ﬂuﬂ’mﬂﬂi?ﬂﬂ’mﬁ

Flgure 5-27 : Prediction timeline fowmg verlflcatlonﬂlod starting at two- t

QW’mﬁﬂ’iﬂfﬂWl?ﬂmﬁﬂ
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Figure 5-29 : CDF of cumulative water injection
(Verification period starts at two-third of production history)
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Figure 5-31 : CDF of cumulative water injection for different ranges of acceptable
error (Verification period starts at beginning of production history)
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% Error of cumulative gas production vs. cumulative
water injection
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Figure 5-32 : %#Error g_.:’ | ;‘ € ~ Bmulative water injection

(Verlf,i ionipetiod-starts at I\ pduction history)
’ ¥ | : \

a
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TR et mam

Figure 5-33 : Distribution of end of injection period
(Verification period starts at two-third of production history)
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Figure 5-35 : % Error of cumulative gas production against end of injection period

(Verification period starts at two-third of production history)
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% Error of cumulative gas production vs. total OGIP
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Figure 5-37 : P50 of cumulative water injection against cumulative number of
acceptable realization




Table 5-9 : Prediction results

60

Prediction Results

Cumulative water inject
(MMstb) :
End of injection pe

Total OGIP (MMsCT
Acceptable reah :
Total realization.
Prediction ti -

Generated

177

thJ 18~
90,0

Verification e
Verification
starts at
o starts at 2/3
beginning of .
; production
production histor
history y
66.70 68.07
16" Feb 18 | 25" Mar 18
0,000 90,000
250
3 11,106
Min | 12 Hr 35 Min

ﬂUEJ’JVIEJVIﬁ‘WEJ'Iﬂﬁ
RIAINTUURIINYIA Y
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5.1.6 Effect of Injection Skin

In this section, injection skins are varied in order to observe their effect to
cumulative water injection that,cah f/d jnto the reservoirs. The injection skins

: s that the cumulative water
. Fiaure ows that the reservoirs

he original reservoir

injection declines assiiajei
take longer tim

pressure when the i@

MMistb of watetan befinjgCigtl Wihep the skih 18,0400%kin) 38.67.45 MMistb of

water can be inje

different injectiogg€kingyres ect|v ,f e figurelsie Nalreservoir C is the first
reservoir that the pre reje ' s ol orlglnal reservoir pressure
for all different injg€tio mulative water injection

of reservoir A, B and /@ ifferent _ s, ragfectively. These figures show
reservoir C has the same cult " i Btion because reservoir C reaches the
* lkins but other reservoirs have
the last date of
_Ijen injection skin
_Lj orireservoir A, B and C,
respectively. T water injection rate decreases when the injﬁon skin increases.

Therefore, a hlgh‘suakes a longer time toffipdke a reservoir reache the original

ﬂﬁMﬂﬁWﬁ WIS
Qmmmmum'mmaﬂ

original reservoir pres

lower cum@/

increases. Fig
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Cum water injection vs. injection skin
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Figure 5-39 : Last date of injection
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Figure 5-41 : Reservoir pressure for different injection skins (Reservoir B)
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Figure 5-43 : Cumulative water injection for different injection skins (Reservoir A)
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Figure 5-45 : Cumulative water injection for different injection skins (Reservoir C)
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Figure 5-51 : Well flowing pressure for different injection skins (Reservoir C)
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5.2 Actual Case

In this section, the methodology is applied to an actual well. The well for this

study is a former gas production t,r vill be converted well to an injection well.
I )

5.2.1 Actual Mo

diameter of thesegae! 2 4 ' : ed to 14 gas reservoirs.
i first.g Qup started to produce on
_ \ Biodtige o™ October 2003. The
well is convertedg® injg€tigh y 6 Novamber 200080, 18" October 2009, the
cumulative of" wate -nJ |l 9{ f‘é . Separator and injection
' : pssure of production and
Whin Table 5-10. Table 5-11

injection well, respg iv &k
shows deviation si "ey the v

1
*

5-52 illustrates the agtual ‘.‘ de

i
o

\
sho “-\ he"ieservoir properties. Figure
e gas productions at the start of
verification period and the e -,---—v-e---‘i period are used to calculate percent

.-f’ .
error to verify new O 0. The acceptable percent error

for this m@ e ————— : Q

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw
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Table 5-10 : Fluid properties

Fluid Properties

Gas gravity (sp. gravity) 0.85
Condensate to gas ratio (STB/MMs! 35.69
Condensate gravity (API) H ﬂ 60
Water to gas ratio (STB/MM! 'u\\ Wiy e. 161.60
Water salinity (ppm) e e | LS 100,000
Mole percent of H2Ss{@arcerT! , . — 0
Mole percent of CO2*¢percent)” - —— 10
Mole percent of \igsée ” &= 5

—

Table 5-11 : De? atlo firve

/ /
No. | MD (fee "ﬂ] ,{;ﬂ:a TVD (feet)
1 vy 6854.50
2 ,7 §' J-0035 A 16 6969.91
3 | 912 ‘l'l’ﬁ-ﬂ:"*‘}" 'IHL A\ ‘!.\ 7044.38
4| 9. 'ﬂﬂ!‘s} R WD 7216.28
5 9,166, ,ﬂ Jo 38688 )8 A .0 1 7225.23
6 9,270 6467 4 3Tk 7348.58
7 9,541 ' 052,60 | 10,666 7394.74
8 /3242 | < 10,680 7403.70

ﬂﬂﬂ’)ﬂﬂﬂﬁWEﬂﬂ‘i
'QW’]Mﬂ‘SfUNW]'JWFJ’]ﬂEI



Table 5-12 : Reservoir properties "'—-‘:_-i"—"‘ _._ —i-‘—"ﬂr
S o
Reservoir name 490 | 626 V53 e : 686 | 694 | 711 | 712 | 7244 | 729
Temperature (deg F) 268.38 | 288.20 | 288.4 8 Jfgl(ﬁo 2 : 298.94 | 300.30 | 304.72 | 304.93 | 308.26 | 309.68
Initial pressure (psig) 2168 2861 7 12 009 il 67 3207 3294 3299 3360 3386
Porosity (fraction) 0.21 0.18 0.17 6 18 | ] .16 0.2 0.16 0.13 0.14 0.14
Connate Water Saturation (fraction) 0.61 0.47 . 0.43 : 48 0.78 0.4 0.55 0.64 0.76 0.62
Original Gas In Place (MMscf) 97 421 M* 450 4 388 4 4 464 70 64 27 257
Reservoir Permeability (md) 57.27 2136 | 14 3 \ 0. 10.35 | 44.10 | 10.35 3.49 5.01 5.01
Reservoir Thickness (feet) 5 15 : 0¥ 3 42 12 2 2 2 8
Perforation Interval (feet) 5 9 9 - 10 9 2 2 2 4
Bottom depth of reservoir (TVD) 5008.4 | 6377.9 | 639 : 4.8 | 6494 3¢ 6756.0 6 7003.7 | 7054.3 | 7218.8 | 7226.5 | 7350.5 | 7403.7
Drainage Area (acre) 40 40 40 40 ' 0 0 40 40 40 40 40 40
Start of Production (date m/d/y) 10/17/03 | 6/20/02 | 6/20/02 # 10/1 /02 | 10/17/03 | 6/20/02 | 10/17/03 | 10/17/03 | 10/17/03 | 10/17/03

QW’] ANNTUNRIINYINY

1.
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5.2.2 Determin@tiog .a.;f
Vs
This section determl es—the-rang OGIP correction factor for the actual
model. The predictiog sct ﬂ’ diction in the production period
only. The @ 7777777777777777777777 u 3 dnFactor of 1 to predict

cumulativeﬁa | r}006), the predicted
cumulative g

ﬁodu actﬂcumulaﬂve production
is 1,213.29 MWiscf. Figure 5-53 shows the predicted c' lative gas production

results compared ‘iﬂe production history@#fie ratio between the cumulative gas

WHARENR IR AN

prediCled cumulative gas produc?ns and the prod&on history. For the z@c aI

q WAGRITIR IS NYIAY

model.
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—+—Production history =—s=—Prediction results (OGIP correction factor = 1)
2,500

S
o
o
o
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‘!d
o
o
o
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Cummulative gas production (MMscf)
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1 J
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1\ -
\Q,P& ! ,ﬂ,‘(:e
.q | ’#’l;
/ —-fPf
Figure 5-53: Predlc umu ) - on andactual cumulative production
f .J'. o
& - - W h,
-13: ctionfactor
Table 5-13 : Ranges of cOrFECHDE b 1‘5:57
CorreCliol _\Maximum

‘;5:—— — —J{ 1.25
: Fad o075

oG
Injecﬁu skif .dHI 100

ﬂuEJ’JVlEJVIﬁ‘WEJ'Iﬂﬁ
qmmmmummmaﬂ
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5.2.3 With Actual Well

This section shows the predictign results of the actual model after applying the

production hi | , » :
prediction timelig€ i ated i ! gures 5-55 to 5-59, the

different range of.a ep Ié‘g [foWwe \ u-\"-.\ pf acceptable has narrower
A0 affd 90", .ﬂ':...\ mul

acceptable error for Qo t,.;r‘_.,;.-r as | Jariaf@e when compared with other

range between th | e Water injection. The range of
1d_of injection period is around 13"
Q.10 5-62. The predicted total
' trated in Figure 5-

ranges of acceptable errorv.’
November 2007, whi i
OGIP is around 1,800 MMscf at percent error equals z
r injection against
le of cumulative water

7

cumulative nuﬁer 0
injection startst0 stable when the cumulative number of realization is around 75.

Prediction time step 1 week
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Table 5-15 : Cumulative water injection (Verification period starts at the beginning of
production history)

The verification starts at the beginning of production history
Acceptable error 0528%, | 0-25% | 0-25% | 0-25% | 0-25%

P10 of cumulative water |nje i0 -
(MMstb) \ ‘J 0.50 0.50 0.50 0.52

jection. |
P50 of cumulative wagegl . ,. n 076 078 078
(MMst)s : :
P90 of cumulative waterInjection
o 077 | 0.77
Varigne® " /// 003 | 003

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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Cumulative

production ——

— A |

P ]

1
"™ End of production history

> time

| 7 ‘|
g \jmge‘[ pressure

» time

Cumulative

water injection |
& .

time

=
=

6/20/2002

— Prediction results

ﬂuﬂ’mﬂﬂi?ﬂﬂ’mﬁ

Flgure 5 54 : Prediction timeline szg verification HOd starts at the begln

QW’mﬁﬂ’iﬂfﬂWl?ﬂmﬁﬂ
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Frequency
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Figure 5-56 : CDF of cumulative water injection
(Verification period starts at the beginning of production history)
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Figure 5-57 "CDF #f cuffula
error (Verifi§atioff peri

CDF

1
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—=Error 0-5%
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Error 0-15%
—Error 0-20%
—=Error 0-25%

jon t
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begin roduction history)

er injection

| ——Error 0-5%
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Qo1
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rrgf 0-20%
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Figure 5-58 : CDF of cumulative water injection for different ranges of acceptable
error (Verification period starts at the beginning of production history)




79

% Error of gas vs. Cum water injection
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Figure 5-59 : %h-—r or . § ulatiyi "}:"' N shQlmulative water injection

(Verfficatigh peffiag st "q‘" ighing, of Broduttion history)

.ii“i'@
30 AT :
Z) W

™ - . e
A ¢
s,

N
o

Frequency
H
(6]

(BN
o

q wmnsmmmma

Figure 5-60 : Distribution of end of injection period
(Verification period starts at the beginning of production history)
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CDF of end of injection period

CDF
o o
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‘rl'r

' gul ,ur d g in period
(Verificaf#on gefri s -_-’-T Jeginni “‘.h pf pr@duction history)

i
¥

% Error of

e@ve gas production)

00
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5

Figure 5-62 : % Error of cumulative gas production against end of injection period
(Verification period starts at the beginning of production history)
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% Error of cumulative gas production vs. total OGIP

30
25

)
h \\III/ T
15 - s

10 -

200 2,400 2,600

% Error (cumulative gas production)

Figure 5-63: F O asip \\ i @n against total OGIP
(Verifica bn plriod _.v. f{ ingef pr@duction history)
y e

\

f‘ﬂrfndsﬁ :
vater Ction vs. cumulative of

© O O O

sth)

ive water injection

'~ 01 O

50 E:u -
o v =

o

AR aanmmnmﬂw

Figure 5-64 : P50 of cumulative water injection against cumulative number of
acceptable realization
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5.2.3.2 The Verification Period Starts at Two-Third of Production History

In this case, the verification period starts at two-third of the production

| (e 43@" ction of different range of

@sta:5+percent has lowest variance

""'x

“"7..

redicted end of injection
Figures 5-71 to 5-73.

error equals Zero as

x tile of cumulative water

& 1-\1\-: A The 50" percentile of

Ol3tive number of realization

| _ \ ati for actual case can be

reduced from 250 rgéli 30, realizations to reliable cumulative water
X » showrlin Table 5-18.

------ s lower than the actual cumulative

water injection because t _,-[,, avater when the reservoir pressure

;::Eg ' bressurb. K Iﬁ‘?‘ll stopped injecting

qa-wel conditions. In this

reaches th

water whe

1%

case, the reset

Ve Pialreservoir pressure. The
results from tM model are regarded aS an estimation f(ﬂ'Jp safe water injection

volume.

Taﬁt.w:acmea NINEI ﬂﬁdmn

Pﬁjlctlon schedule 4=y

TN Rt Frvdlid) 1 9 198 a9/
| & oNefirideih bl ON [V | 2282k |

End of verification period 10/31/2006 m/d/y
End of injection period 10/18/2009 m/dly
Prediction time step 1 week
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Table 5-17 : Cumulative water injection (Verification period starts at two-third of

production history)

The verification starts at two-third of production history
Acceptable error 0528%, | 0-25% | 0-25% | 0-25% | 0-25%
P10 of cumulative water |nje i0 -
(MMstb) \ ‘J 0.42 0.43 0.44 0.44
ject \. |
P50 of cumulative waterTnjecti )68 ,. 067 069 069
(MM sth)se :
P90 of cumulative waterInjection
(MMsth = 0.89 0.89
o 068 | 0.68
Varigne® " /// 003 | 003

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂ’lﬂﬁ

QW’]Mﬂ’imﬂ‘Wﬂﬂmﬂﬂ
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Cumulative
production

End of production history

o \ Etarget pressure

> time

Cumulative

injected water
A

"}L . - — {1

6202002 JIi} Simulatod

— Prediction results

ﬂﬂﬂ?ﬂﬂﬂ?“ﬂﬂﬁﬂﬁ

Flgure 5-65 : Prediction timelineghowing verlflcatloErlod starts at two- thl

QW’mﬁﬂ’iﬂfﬂﬂmﬂmﬁﬂ
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Figure 5-67 : CDF of cumulative water injection
(Verification period starts at two-third of production history)
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Frequency
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? 20 - Error 0-5%
j;;— 5 , < - ——Error 0-10%
L e - — Error 0-15%
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5 2/ AR e ——Error 0-25%
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Figure 5-68 4 F cugfulati ,- i€ ctign fer differ ranges of acceptable
error (\Ver, catipn pe . fWosthirg,o duction history)
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N 0.6 - "‘ ' :II ——Error 0-5%
g 05 y ——Error 0-10%
/ ~—Error 0-15%
rrog 0-20%
“Error 0-25%

Figure 5-69 : CDF of cumulative water injection for different ranges of acceptable
error (Verification period starts at two-third of production history)
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% Error of cumulative gas production vs. cum water
injection
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Figure 5-70 : °o Erro f wla -f‘.» ctio o cumulative water injection
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Figure 5-71 : Distribution of end of injection period
(Verification period starts at two-third of production history)
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Figure 5-73 : % Error of cumulative gas production against end of injection period
(Verification period starts at two-third of production history)
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% Error of cumulative gas production vs. total OGIP
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Figure 5-75 : P50 of cumulative water injection against cumulative number of
acceptable realization
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Table 5-18 : Prediction results

Verification o
Verification
starts at
o o starts at 2/3
Prediction Results beginning of ducti
roduction
production 0 )
. history
\ history
Cumulative & .
End of injectig e 13™ Sep 07
Acceptable rez a 250
Totale Wl‘,_ = \\ 2144
i\‘k L5 Min | 20 Hr 35 Min

Predictjgl i ll‘

AN

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ



CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

— . el
The objective—gfsthts=study 5 to dfvestigate=a,probabilistic approach to
estimate cumulative | nfo i ayer o d reservoirs. The model in

this study is a

still producing , i &-fbturé,production anglimjection volume is hard

These uncertaintiegf n,;OGIP, ‘andlinjee '.Il'"-. in.
' : ‘b"‘{ dy™®A test model is used to
verify the methodgfogy, an _ 3 T lel is @eatdl from real existing well
information. | ‘ |
The predicted”cu )  endof injection period, and total
OGIP for the test mol L?u”‘_ a-:; estimation is a reliable method.
Relation belmen rs can |
1 ‘ C),.mm._m..z CtiOﬂ. With h|gher
‘b:. E. gre higher volume of
e {

2. Injecti%w skin has little effect on cumulative water injection but has

AUgINUNI WY TS "

3. The results from probabilistic approach are generated in the form of

statistical distribution. “he distribution oﬁdiction results cothe
V

ARTRAR AN NEARY

water injection volume.
4. Cumulative water injection obtained from two different lengths of
verification periods is close to actual cumulative water injection. The
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verification starts at two-third of production history cases has narrower
distribution of results. Since the two methods provide similar answers, the
methodology is not sensitive to the length of verification period.

5. The required number @f ? ' aple realizations is around 50 although the

algorithmis r table realizations is 250.

rs.a . ,' verify the methodology. In

llistic approach, oil reservoirs

anel gas reservoirs should be

AUINENINGINS
RIAINTUNRIINYIAY
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APPENDIX A
Additional results from generation of production profile

Cumulative Oil Production (MMSTB)

1212011999 ;i el \ LW 10/01/20 01/01/2025
\

imulative ol jon'@liproduction well

012

o9, _____ 4 & '\ _____________ . _____

ool

Res C

Cumulative Oil Production (MMSTB)

AYSIMENINENS
ARIAIAS A UBIINY

f

NTUURIINE

0
q 12/29/1999 03/30/2006 06/30/2012 10/01/2018 01/01/2025

Time (date)

Res A

o

3

Figure A-2 : Cumulative oil production for each reservoir
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Figure A-4 : Oil production rate for each reservoir
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Figure A-6 : Cumulative water production for each reservoir
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Figure A-8 : Water production rate for each reservoir
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APPENDIX B
Procedure to set up multilayer reservoirs model with IPM and procedure to use

1) Procedure to constru

| Create Mo o ted Q)

gram codes)

mWE W\“

T dfithe GAP model inputs

Producer Inflow
Injector Inflow
Producer well
Injector well

After number of sands elifered,

Create
Table

(Top)

(Bottom)

|
—
o
LI -

A —

/W

@Production well’s name

d) ‘j n well’s name

ﬂUEiﬁec ENINYINT

2) Create table to input resevow name

QW’]RQTT‘?W?]W]’JWFJ']&EI
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2) Transfer required information to created model
1) Reservoirs information
2). Production inflow
3) Injection inflow
4) Well information
5) Tubing

@del change from red to
e created automatically
Wding Microsoft Excel

4) Set up and run OpgiiSer

PWRI Simulation

T Error in any tme step Yes
Multiplier range [Min i Y%max error rate max error (if desired) Obsene
Allocation o, No
OOIP/OGIP 00| yes
Skin 1 No
Condition and constraint
Target resenvoir pressure - iteiati *oil and water rate in stb/d
End model history period ) *gas rate in MMscf/d
End test prediction period i ™ ) Mean error option 1
End injection period ) i | Mean error option 2
Model history period data 4
No. of desired successful realizations 250]c: .
Max number of realizations 25000|realizations i |
Show realization counts live I No|(yes or no) il REEMLS ‘ ] I
Prediction time step (if specific desir 1[weeks ol

(Top Sand)

[ Wwell = Res A | Res B
Producer name in GAP ' Fluld type Fluld type
Injector name in GAP OGIP (guess) 27670 614300 MMSCF OGIP (guess) 32077 EAzgoo MMSCF

ﬂUEJ’} ENINYINT
’]ﬁﬁﬂ?ﬂlﬂ%ﬂﬂﬂ’mﬂ

3) Specify the end of MBAL simulation
4) Specify the end of verification period

5) Specify the end of injection period
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6) Input desired acceptable realization number
7) Input total realization number
8) Select time step

9) Select error calculatio

ﬂuEJ’JVIEJVIﬁWEﬂﬂﬁ
RIAINTUURIINYIA Y
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The verification period starts at the bg
Table C-1 : Test model (\Verification starts at the beg ) pr tion | | _ aptable realization

Res B
Injected Multiply factor
e ) Water
(MMstb) %li;%; e skin | Flowrate| oOIP skin | Flowrate| OIP
(stb/d)
1 1 9/7/2018 71.885460 15.039618 | X 0.9101 5.4349 1.0980 0.7046  19.7860| 1.1994 1.2742 8.4891
2 5 1/5/2018 62.950808; 13.600392 i ._ 1k ) \ 3 1.0533 9.9994 0.7916 0.8813  19.7347| 0.7565 0.7379  17.2169|
3 7 4/27/2018 70.313562 15.021640 ! - B 31.2 ) 0.9148 10.1042 0.9867 1.1145 4.0584 1.2098 0.8979 3.8312
4 9 4/20/2018 66.642866 15.185571 1 w { 0.9066 8.9529 1.1369 1.4277  16.9767 0.9070 0.6547 4.1833
5 13 11/17/2017 61.305766 14.403048 0.5995  -0.8455| 1.2090 1.4735 18.1489 1.1630 0.7062 8.8360
6 17 5/18/2018 69.653207 14.615960 0.5386  -1.5070 0.8052 0.9391 3.2365, 1.0498 1.2728 9.7643
7 18 7121/2017 61.844188 13.079309 -10.412 0.5447  13.9314 1.0897 0.8743 6.5192 0.9507 1.0440 -0.3783
8 19 3/23/2018 70.298061. 15.035517 2.988 1.2136  -2.7006 1.1088 1.0364 8.6365, 0.9653 0.7393 3.1060
9 22 8/18/2017 62.652526 13.337928 -8.640! _#' 0.5464  15.9483 1.1845 0.7399  15.3953 1.0062 1.2108 -2.7870
10 23 2/16/2018 66.586952, 14.166156 . ""-i::-‘_- i 3 0.8008 17.1529| 1.0521 0.9250  -1.2982 1.0743 0.9977 13.0322
11 24 7121/2017 59.624439 13.490543 oy ) f .0389 . 7877 0.8265 1.0431  -1.1355 1.0544 0.5835 16.8434
12 27 1/26/2018 65.913325 14.344068 ﬁ 1.0335 1.2002  -0.2313 1.0771 0.6479  16.4147|
13 28 9/22/2017 65.229308 13.771337 0.9918 0.6556 4.3153 1.1679 0.9549 0.1484
14 32 1/26/2018 66.457563 14.969612 1.2076 1.2254 1.7305 1.1600 0.6470 4.2773
15 34 1/12/2018 66.820577 14.073596 0.8283 0.8796 0.6758  19.9378 0.7839 1.1840 2.5729
16 36 6/22/2018 69.378284, 14.534125 : 8 Olﬁ_'ﬁ) 14.8855] 0.7991 0.7830 10.8948| 1.2073 1.2264 8.2815
17 37 11/17/2017 62.707961 13.051819 -10.600 0.9245 1 8.8405| 0.8713 0.8453 8.0342 1.0167 0.9562  12.3500
18 45 10/13/2017 60.995524, 13.502971 I -7.510 -1.096358 0.8989 7.6466) 0.7979 0.5384 3.2151 1.2190 0.7686  17.5099
19 46 1/19/2018 65.537466 14.274147 -2.227 -0.325181 1.0859 .8885  19.9517 1.0476 0.8165 11.7027| 0.8810 1.0473 4.3389
20 51 5/18/2018 65.443400, 15.600210 6 856 1.000881 1.2023 1.4861 19.8630 1.1211 1.0169 17.7798 1.1116 0.6535  15.1744

ﬂumwamwmm
Qmmnmum'mmaﬂ

v0T



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

41

S5R&EN

46
47

49
50

57

62
66
67
81
82
86
89
91
94
98
99
101
104
106
114
116
121
123
124
125
126
127
130
133
134
138

10/19/2018
7/20/2018
5/25/2018
5/11/2018
4/13/2018
4/13/2018
7/20/2018

1/5/2018
4/20/2018
4/20/2018
12/8/2017
8/17/2018

10/12/2018

12/15/2017

11/24/2017

12/15/2017

12/22/2017
9/14/2018
7/13/2018

9/1/2017

8/3/2018

1/5/2018

11/10/2017

11/17/2017
6/22/2018
2/16/2018
3/30/2018

10/26/2018

9/7/2018
3/23/2018

Injected
water
(MMstb)

74.342622,
71.838379
69.122219)
67.130307|
70.712996|
66.062724|
68.673414]
66.421196|
68.259867|
67.229189
63.618555|
74.496751]
72.848648|
66.033659)
66.293172,
63.268527|
66.566705
72.063943]
70.478903|
61.913803]
72.581173]
66.625948|
64.801244
66.685873|
71.255474]
68.034609)
67.040583|
74.444202,
70.406304
67.597888|

Oil rate
(stb/d)

Water
rate

(stb/d)
15.608124
15.180451
15.398523
14.486274
15.214444
14.716296
14.576332
14.330052
14.445048
14.866073
13.480807
15.515441
15.519636
14.379496
13.865914
13.751252
14.045850
15.509492
15.172001
13.946152
15.332215
14.758032
14.071210
14.122974
14.884127
14.714577
14.792544
15.668142
15.675708
14.463842

Res B

Multiply factor

skin | Flow rate olP skin | Flow rate olP
15.9847|  0.8066  1.0696  8.0558| 0.7774  1.2993  4.9229
©19.2202| 11961  1.1625  1.8369 1.1033  1.0230  8.6162
16.0228|  1.1212  1.2576 17.8145] 0.8230  1.0587  0.0276
3 142575 11142 0.5413 13.3999| 1.2485  1.1767 10.9030|
2.2123| 0.8271  1.1550  7.7126| 1.1732  0.8502  -1.0670
- 17.2131f 12296  0.8818 12.9500/ 0.8689  0.8328 14.0016)
0.0724] 0.8384  1.0882 16.6929| 1.1169  1.0069 18.3104
91 05474/ 09168  0.9267  6.4629| 1.2362  0.5480 10.9161
4 62928/ 0.8048  0.7650  3.9848| 0.9004  1.1152 14.5754
1.2500 12.2141| 0.7860  1.0329  9.3905| 1.1339  0.6826 14.3500|
0.8160 14.3564f 09339  1.1333  3.0207| 0.9639  0.6734 19.7882
0.5263  -2.7320  0.9001  1.2443  -1.8747| 0.8772 11777  6.4561
06948 193624 11323 09112 15318 0.8639 13468 13.6667
0.8260  0.8164f 1.2333  1.3911 57377/ 0.9359  0.5995  0.8455
0.5907 10.2079|  1.0743  1.1886  -2.3816/ 1.2304  0.8692  5.5379
0.7397  7.2853| 0.7973  1.2588 11.7725( 1.2220  0.6696 14.4169
0.6165 14.2635( 0.8981  1.1895  0.6686/ 1.1801  0.8813  4.7369
0.6266  13.7595  1.1193  0.8376  -0.8474| 1.0192  1.4649 13.8683
0.9369 12,5443  0.8543  0.7546  -2.0224] 0.7711  1.2332 15.3560
0.9251 __-0.9705( 0.7968  1.2225 14.6463| 0.8219  0.5940  -3.5237
10.3117) 12212 1.0249 11.5895| 11720  1.3433  1.7779
0.7683  0.7941  4.8126] 1.0005  0.8429  1.3915
0.9031  0.6534 18.3792| 0.8105  1.0042  -0.6497
1.0486  0.7863  1.7723| 1.0346  0.9882  0.6480
7.3138|  1.0021  1.4342  -2.7929| 1.2497  0.7849 16.0531
0. 17.8881 0.8129 09773 153342 1.0120  1.2058 -3.3787
1.323 0: 6 16,5250 1.1544  1.3165 121330 1.0424  0.7793  2.5967
7.321 1.068814 ' 87273 1.0528  0.7943  7.7805| 1.1700  1.2314  7.3911
7 373 1.076380 1.2788 153398 1.1793  0.5518 -0.7910f 0.9114  1.2471 15.8071
-0.135487 0.8915 15.3353| 0.9624  1.2826  1.2281| 0.7534  0.6615 17.2338
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52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80

147
151
155

158
161
164
167
173
183
185
187
188
189
194
195
196
199
200
203
204
205
208
209
210
211
214
217
218

5/11/2018
1/26/2018
9/21/2018
8/31/2018
8/3/2018
12/15/2017
2/2/2018
2/16/2018
10/6/2017
8/18/2017
5/11/2018
6/23/2017
6/1/2018
7/21/2017
1/4/2019
4/20/2018
11/24/2017
3/2/2018
4/20/2018
10/20/2017
8/3/2018
4/6/2018
4/20/2018
5/19/2017
11/9/2018
6/22/2018
6/30/2017
12/30/2016
4/20/2018
2/2/2018

Injected
water
(MMstb)

70.871878|
66.478956|
71.371691]
70.761969|
70.299403|
62.972431]
68.347688|
69.671719)
61.707114]
61.699520,
69.840941]
61.227004
68.832536)
61.537697|
74.118023]
69.346701]
64.610804
67.191948|
68.028986|
60.819955|
71.064238|
69.545747|
68.432649|
61.171820|
73.093167|
72.419874
58.957793]
54.059654
69.891101]
69.141513]

Oil rate
(stb/d)

14.905030
14.133653
15.187749
15.075903
15.012419
13.291681
14.472694
15.093312
13.541937
13.563554
15.287187
13.142642
15.104893
13.206742
15.681802
14.938380
13.552131
14.355693
14.289781
14.266498
15.590782
15.504034
14.954924
12.972446
15.502102
15.349307
13.223232
13.269523
15.093402
15.195916

Res B

Multiply factor

skin | Flow rate olP skin | Flow rate olP
10.5736|  0.9866  0.7500  9.8573] 11013  1.3580  0.8134
“17.4873| 09720 05386  6.9976| 0.7597  1.3667  2.2486|
1.4767| 09848  0.8810  6.2399] 1.2231  1.4330 14.3903
-2.2107f 10906  0.8972  9.3231] 0.8694  1.2781 18.5776
14,8960, 0.8322  0.9314  7.1676/ 1.1821  0.9726 14.0505
- 10,9485 10015 09591 12.1620| 0.8729  0.8438 15.1118
-1.5323] 11738 0.7559  -2.7683] 1.0742  0.7249 11.5202
0.6026/ 0.9027  0.8898 -1.2350| 1.0993  0.7071  -0.3936
3.5749| 0.7972  1.0967 17.1983| 0.8916  0.9489  4.7562
49347 0.8174  0.8940 19.6534| 1.0802  0.7956  -2.7130
5.8863| 0.8407  1.2379 12.0305| 1.0271  0.7837  -0.0403
154413 1.0817  0.6890  9.4471f  1.0269  1.0927  -3.0346|
56052 11631 05162 -3.0195| 0.7834  1.0139 17.7906
7.0096| 0.9728  0.7187 29961 1.1250  0.8568  3.5566
9.6356/  1.1400  1.1175 16.1344| 0.7597  1.1050 13.5936
-3.3392| 0.7868  0.9987 18.8112| 1.2174  1.0294  4.8057|
43004/ 0.8221  0.6948  3.6510, 0.7604  1.2135  7.4294
17.0996| 07739 1.3247  0.9389| 0.9181  0.6694 15.0895
4.9306|  1.2027  1.0504 95890 1.2164  0.9882 11.2101
-0.9888|  0.8933  1.4369 18.2053| 0.9754  0.5224 11.2875
17,5691  1.0997  1.1516 10.9987| 0.8756  0.8945  6.0053
1510f  0.8641  1.1496 18.9663| 1.1744  1.0011 -3.5376
.3964|  0.8660  1.1162 18.2932| 0.8725  0.9072  5.7929
.7502|  0.8677 11390  0.0930| 0.9980  0.5997  0.8138
-2.8521|  1.1437  1.2786 12.0515| 0.7530  1.0124 15.4799
2.8180| 09795  0.8910  1.9377| 0.8937  0.9295  7.1319
6.5211] 11791  0.6108 -2.7629| 0.7613  0.6470 12.5075
16.2727)  1.2418  0.5699  6.8752| 1.1107  0.7968  -2.5860)
7.3092|  1.1310  1.3422  1.1569| 0.9936  0.5653  8.8957
9.1080| 0.8866  0.7322  -2.8054| 1.1830  1.0823 -3.0198
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82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110

222
223
225
226
228

233
234
235
236
237
240
241
242
243
247
253
254

259
260
262
264
265
273
278
279
283
284

3/30/2018
12/22/2017
8/31/2018
12/22/2017
3/23/2018
716/2018
3/23/2018
6/8/2018
9/29/2017
5/4/2018
10/27/2017
12/22/2017
4/13/2018
10/13/2017
5/12/2017
3/2/2018
12/22/2017
3/30/2018
9/21/2018
8/31/2018
9/22/2017
4/20/2018
12/8/2017
1/19/2018
1/12/2018
8/31/2018
9/14/2018
4/28/2017
2/9/2018
9/15/2017

Injected
water

(MMstb)

Oil rate

(stb/d)

67.017527|
64.789754
72.666759)
61.808021]
69.960073|
71.470685|
67.593175|
72.181680,
63.261181]
68.007585|
63.473785|
64.551008
69.440992,
64.406160|
59.327314
68.250409|
67.101507|
66.582634
72.574012,
72.267067|
63.555924
68.725683|
63.488273]
64.603268|
66.409404
74.209007|
71.621053]
54.959560)
69.744193]
62.598221]

15.077465
14.281170
15.617152
13.771249
14.958855
14.940064
14.957763
15.106424
13.520097
14.460227
13.366124
15.205665
14.822558
13.672461
13.243869
14.206909
14.566846
13.993004
15.412427
15.578139
14.656877
15.019693
13.336844
13.908480
14.573461
15.470624
15.607463
13.076368
14.840712
13.949295

Res B

Multiply factor

skin | Flow rate olP skin | Flow rate olP
6.7004  0.7578  0.9270 17.8807| 0.8643  0.6298  1.0318
0.6460"% -2.5675| 1.0313  1.2805 12.8823| 1.2068 0.8201  4.9338
0.8105  7.1346/ 11928  0.8068  -3.4990| 1.1749  1.3695 14.4023
12.0699| 09230  1.2273 19.7707{ 0.8391  0.8816 11.8661
04 17.7405/ 1.0918  0.9863  0.9061| 1.2044  1.1101  0.5191
0.8056% 5.0486/ 0.8511  1.1953 -0.9894| 1.2139 0.8950 19.6190
1990 10.0922|  0.8948  1.1363 89506/ 1.2354  0.6464  3.0867|
| 06647 11.0417| 1.0354 0.6809  6.3729| 1.1367  1.5000 -0.4933
05 ~ 1.5000f 11921  0.8571 11.1373| 1.0893  0.7083  7.2961
0.8786 14.8728| 1.0898  0.8747  2.4294[ 1.0060  1.0368 15.6879
0.6951  -1.9901f 1.0451  1.1486  5.8019| 1.0208  0.7327 13.7192
1.4362  13.6644f 11380  0.8549 11.9405| 0.9393  0.7625 -3.5028
10993 17820 12160  1.0079 107365 0.9702  0.8134  7.1626
1.3931  -1.4809| 1.0638  0.8574  -1.5954f 0.8355 ~ 0.5097 19.0201
0.9215 16.7891f  0.8915  0.9841  -0.0278| 0.8989  0.6825 -0.3150|
0.5042 10.8368| 1.1853  0.8255  3.1497| 1.0294  1.3262  2.6900
0.9241 12.3901f 1.2113  0.9812  3.8468] 1.0231  0.9256 -1.9721
0.5768  2.5535| 0.9687  0.8389 19.2604] 1.2336  1.2178  7.5759
0.9585 10.4809| 0.7919  0.5021 13.2072|  0.8161  1.4909  7.0485
1.0273 __.3.8136| 1.1453  1.3288 10.3123| 0.8063  0.7242 13.9240
0.9795  1.1020  -3.8600| 0.9947  0.5819  1.5853
09118  0.8292  0.4146| 0.8415  0.7057 14.2308
0.8065 11279 66268 0.8505  0.8241 14.8790
0.8113  0.6060 10.4801| 1.0731  0.7742 16.6095
0.9643  0.6473 16.4210f  1.1279  1.2263  -0.8749
0.9496  1.3051  -2.9927| 11567  1.0126 13.4987
18.1097|  0.8209  1.3252  7.8009| 1.0244  0.7554 14.3273
: 18.2404|  1.0726  0.5089  1.4892| 0.8889  0.8018 13.5206
0.7633  -0.8847| 1.0150  0.9976  8.1415 1.1904  1.0870 -2.7666
11131 12.8573|  1.2154  0.9928 -0.4960| 0.8762  0.6550  7.8808
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112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

291
292
293
297
300

306
309
311
313
318
322
326
328
331
332
336
337
343
346
347
350
352
353
356
357
363
365
371

1/5/2018
5/18/2018
1/26/2018
7/28/2017
8/11/2017
1/12/2018

1/5/2018

1/5/2018
5/25/2018
6/23/2017

9/7/2018
4/13/2018

3/3/2017
7/21/2017

10/20/2017
10/13/2017
4/6/2018
4/6/2018
12/15/2017
5/25/2018
12/14/2018
11/17/2017
7/14/2017
5/26/2017
3/2/2018
11/17/2017
1/26/2018
5/5/2017
10/27/2017
7/20/2018

Injected
water
(MMstb)

62.905114
71.922732,
65.609579|
62.428834
60.889314
69.101794
63.024084
66.146835|
72.948803|
58.293393]
71.231932,
68.063465
56.620259|
60.812215|
63.397992,
60.957061]
68.998719)
66.828687|
64.869754
67.799837|
74.901441]
64.408524
59.962112,
59.445249
64.882807|
63.778912,
66.326568
59.854924
63.987590,
68.788971]

Oil rate
(stb/d)

13.618207
15.107206
14.029880
13.606912
13.199960
14.528584
14.110883
14.915714
15.499618
12.973260
15.551216
15.282755
13.735773
13.044567
13.846351
14.307073
14.615206
14.737604
14.089526
15.327918
15.650289
13.512745
13.136249
13.857644
13.989819
14.562097
14.408719
12.897741
13.543447
14.849515

Res B

Multiply factor

skin | Flow rate olP skin | Flow rate
6 16.6568/ 0.8565  0.5770 10.4280| 0.8583  1.0752 14.6403
“ 31222 07748 08178 -1.4079| 12172 11518  4.9680)
5.1894]  1.2293  0.7422 45470, 0.8796  0.7821 15.1328
16.6758|  0.9277  0.8777  -2.4916| 1.1741  0.9054  0.4877
8.6152|  1.1964  0.8469 -3.9197| 0.8780  0.6428 17.1013
- -0.3522| 10723 05733 11.5377| 0.7867  1.3134  -2.4363
8.3855  1.0658  1.3091 16.3601| 0.8770  0.5970 14.4894
14484 7.4470| 0.8064 05640  7.9008| 1.1077  0.9608  0.1922
09978  6.9748| 1.0423 06195 -1.2428| 1.2235 1.3704 -2.1970
0.6083  7.4530f 0.9187  1.2534 12.2480| 1.0300  0.6350  4.0549
1.2190 10.9452f 09162  0.5303  1.5151| 0.7589  1.2890 14.5227
11099 18,5128  1.0426  1.3413  2.9513] 0.8023  0.5930  8.2964
11838 104049 09825 06047 25441 09749  0.9104 -1.7891
11573 44925 11682  0.8314  -1.6547| 0.9746  0.6010 15.1155
1.0944  7.3205| 1.0131  0.7694 18.7963| 1.0302  0.8514  0.4572
0.6424  8.4014f 0.8514  1.4690 16.3431| 1.0136  0.6591 -2.0517
0.9685 62018/ 0.9382  0.6259 28371 1.1843  1.2202  7.2812
11426 2.8399| 1.0992  1.2841 14.4711] 1.2043  0.5167 17.2342
1.1024  3.0834f 1.0555  1.0663 12.5497| 1.0180  0.6230  7.0711]
1.1917 _18.1868| 1.2075 ~ 0.9873 17.2508| 0.8711  0.8553  6.4341
7631 1.9738) 11926  0.9176  8.3491| 1.2363  1.3122 12.2609
61 219 1.0270  0.7885 12.5229| 0.7632  1.1485  4.1851
94 .6163]  0.9814  1.0873 124422 1.0948  0.7893  -0.0800
.8398|  1.2217  0.8780  2.8846| 0.9542  0.7787  -3.2455
3.9665| 09383  0.7856  3.1297| 1.1291  1.3226 16.6427
155978 09279  0.7536  1.1584f 1.0371  0.8906  6.2896
7.8065 0.9223  0.8223 -3.7525| 1.0391  0.7895 14.3762
: -1.7756|  0.8485  1.1525  4.5987| 1.1106  0.5795 -1.9923
0.8259  8.3754f 0.9276 ~ 0.9192  -3.4348| 0.9725  0.8695 16.3500)
1.1337 15.6001f 11786  0.7800 11.2030| 1.1172  0.9968 15.0003)
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142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

377
378
380
383
387
389
391
394
397
398
403
404
405
406
407
408
409
410
413
414
415
416
421
425
426
427
428
429
433

11/24/2017
4/13/2018
3/23/2018
8/10/2018

5/5/2017
9/8/2017
12/8/2017
1/12/2018
3/16/2018
6/22/2018
11/17/2017
10/20/2017
4/6/2018
8/31/2018
9/2/2016

12/22/2017
12/1/2017
4/20/2018

9/8/2017
8/25/2017
2/9/2018
9/22/2017
3/2/2018
9/21/2018
2/23/2018
11/9/2018
8/31/2018
5/25/2018
6/1/2018
4/13/2018

Injected
water
(MMstb)

68.366716)
68.838829
67.067940,
70.349444]
58.467161]
61.238623]
65.996416|
64.171577|
69.059148|
67.625189)
62.531456
64.042242,
68.198828|
74.129914
48.557702
65.005018|
65.076661]
67.089077|
60.729451]
64.968670)
65.836228|
62.475526|
67.283375|
71.714964
66.591878|
72.917531]
70.872673|
69.080587|
72.009447|
69.777257|

Oil rate
(stb/d)

14.348606
15.237486
14.821784
14.829626
13.867833
13.542041
13.768735
14.251609
14.856353
15.015118
14.418107
13.399142
14.901652
15.549565
12.905545
14.917804
13.794628
14.269340
13.631331
13.632161
14.274246
13.107460
14.846906
15.527808
15.162336
15.672015
15.068740
14.659002
15.439361
14.730845

Water
rate
(stb/d)

3.215
0.409

5 754

Res B

Multiply factor

skin | Flow rate olP skin | Flow rate
-0.2924) 09349 07378  0.7953] 1.2139  1.2018 -3.0202
1.18 1.7263]  0.7698  1.1970 15.2338/ 0.8616  0.6552  -1.3195
0.8978  6.4022| 09771  1.3694 11.8276| 0.9027  0.6453  5.5343
61 11.4159| 09355  0.8096  8.1376| 1.1062  1.2523 14.0511
10.4016/  0.8709  0.6579  0.2807| 0.7917  0.7265 -3.1783]
- 17.3182| 11059  0.8788  4.0011] 0.9148  0.7741  9.7498
3.8036/ 09038  0.9192 -0.8633| 0.9922  1.1512  6.0704
12336 13.8141| 1.0677 08366  1.5844| 0.8586 0.7576 16.7858
8171 18.6144| 09217 14248 -2.7044| 1.2113  0.6650  9.8168
1.3643 13.8191 09784  0.5244 189161 11171  1.0800 11.7506)
11919 17.8735/ 0.9165  0.9102 154059/ 0.8858  0.7545  0.8230|
1.0451  -1.9690|  0.7628  0.8281  6.8693| 1.1024  0.7549 13.1245]
11200 13.3975| 0.8793 06262 80361 11239 11491  4.3257,
\ i3 0.7805  6.6264f 1.0239  1.0048 59415/ 0.8266  1.2010  4.3326
59 14415  17.7677| 0.8276  0.5126 10.0689|  0.9774  0.6433  3.7968
1.1087 14316 10.3109| 1.2007  0.7871  7.3013| 11009  0.7729  2.0141
11942 0.6364 92535 0.9907  0.7254 19.8412| 1.1853  1.2373  0.7913
0.9646  0.7435  8.3060| 1.1915  0.5722 11.2213] 0.7658  1.3799 11.5383
0.8312  1.3672  8.1722| 1.1955  0.6556 12.5880] 0.7859  0.7037  9.0422
0.6512 __1.2895( 0.9530  1.1118 -2.8768| 1.1208  0.8484  0.2750
1.0621 11763  9.6346| 1.1250  0.5792 13.4814
0.8473  0.7754  9.5405| 0.8840  1.1562  6.6197
1.0379  0.7299  7.3522| 0.8617  0.9175  5.8825
1.0777 10640  9.7052| 1.1992  0.8060 16.9215
1.1108  0.8625 14.2829| 0.9915  0.9499  0.1782
: 0.9060  0.6139  7.8612| 0.9093  1.3795 16.0142
0.46 0.8393 0.9956  1.1904 13.8294f 0.8508  1.1129 11.5378
0.059674 1.2485 ' 13.8056| 0.9731  0.7720  3.1834f 1.0211  1.3755 10.2691
0.840033 0.9970  1.4155  1.5296| 09390  0.5118  7.8830| 0.8333 ~ 1.1322  1.0558
0.131516 1.0116  1.3951 -3.7965| 0.9290  0.9263  9.4019] 1.0428  0.6412| 17.3775
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172
173
174
175]
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

439
440
441
444
447
450
451
453
454
4
459
461
467
471
4
473
474
476
478
479
485
487
488
4
491
494
4

a
=l

&1
N

«©
o

o ©
i

498
509

o

11/17/2017
8/3/2018
3/16/2018
6/29/2018
7/28/2017
11/10/2017
3/16/2018
1/12/2018
11/9/2018
9/8/2017
11/24/2017
11/9/2018
1/19/2018
7/20/2018
10/5/2018
10/13/2017
3/16/2018
5/25/2018
4/27/2018
5/18/2018
4/20/2018
6/29/2018
6/1/2018
1/26/2018
10/27/2017
4/27/2018
11/10/2017
11/10/2017
3/16/2018
3/23/2018

Injected
water
(MMstb)

66.001208|
72.748123]
64.500888|
70.377309|
61.691703]
64.068893|
66.500211]
65.685056|
74.632441]
61.856687|
62.403303]
73.783842,
67.492092,
68.914344]
73.544075|
66.876929)
65.255610|
70.881626|
73.432985|
70.149594
67.577721]
73.787189
68.801970,
65.810532,
65.774597|
67.310077|
64.677330)
62.736421]
68.291819
70.948496|

Oil rate
(stb/d)

Water
rate

(stb/d)
13.933002
15.491834
13.486458
15.175651
13.323748
13.753663
15.109737
14.637036
15.586969
13.431898
13.501661
15.384402
14.692369
15.378424
15.363350
14.174688
14.072333
14.929537
15.397255
15.315075
15.117754
15.589141
15.055452
15.530920
14.386891
15.405103
13.966229
13.535940
15.004712
15.188782

Res B

Multiply factor

skin | Flow rate olP skin | Flow rate
-2.6697| 0.8482  0.8036  -3.1821f 1.1292  0.6195 18.2403|
" 13.8633| 09646  1.1640 54332 1.0060 1.0162  5.2514
85916/  1.2100  0.7868 18.7096| 0.8590  1.1498 13.5377
16.8445|  1.0883  1.0920 -2.7928| 0.8152  0.8743 18.7759
4.2606|  0.7904  0.7448  2.0745] 1.2227  0.7221  5.3267
- 18.9383|  0.8265  1.2442  -0.4228/ 0.7791  0.6524 12.7119
8.0243]  1.0032 14178 156889 1.0342  0.7907  0.7679
14785 10.7846| 0.7570  1.1320  7.4300 0.8397  0.6064  -0.0215
0.7976 11.4707| 11271 1.1843 25254 0.8839  1.0337 12.7309
0.9342  8.0065( 0.9272 10793  8.8618/ 1.0629  0.6214  4.3902
0.6572  2.7075) 1.0696  0.5766 ~ 2.5621|  1.0181  1.3186 16.3796|
1.0902  3.0006f 1.2440  0.8059 11.7917| 1.0956  1.1080 13.8643
T‘t_ 409 107536 3.0035| 11059 14351 48822 11485 0.6746 -3.2047
\ 67 09426 11.6742| 0.8007  1.3136 18.7680| 1.0541  0.7653  10.9440
0.9024  0.6780 11.3790f 0.9061  1.0668  2.3758| 0.7567  1.1897  11.4540|
1.0940  1.0795 -2.5926| 0.8532  0.9899 -0.9101| 0.8181  0.7249  -0.5861
1.0589 11968 10.8140|  0.7902  0.7921 10.4252| 1.1059  0.7931 19.2426|
0.9237  0.7589  3.6521f 0.9773  0.7195 19.8860] 0.9192 1.3580  1.4349
1.2253  0.9267 -2.9607| 09802  0.8851  0.5500{ 1.2186  1.1659 -1.5341
0, 12655 __ 7.1390| 0.8676  1.0404  7.6530, 0.8644  0.7483  4.4512
0063f 17,2934 0.7572  1.2572 11.9637| 0.9214  0.7171  -0.3027|
0.9865  1.1341  -1.3254f 1.1284  0.9543  3.6130|
0.7588  0.5521  2.0919| 11435  1.2002 10.1378
1.0435 05701 19.0311| 1.2169  1.1325 -0.2808
3.7917|  1.2300  1.3434 -2.8701] 0.8362  0.5914 -2.7847
"8 16.6749| 09423 0.7204 17.0609| 0.9128  0.9954  6.1806
0.633099 1.0318 16.8571)  1.2411  1.0880 -1.9209| 1.0200  0.7657  8.9312
-7.284 -1.063388 0.8431 : 57793 0.9488  1.0409 12.4380| 1.0654  0.6111 14.9781
2 77 0.405384 0.9231  0.6892 11.0445|  1.2492  1.4049  8.4358| 0.8869  0.8098 -3.8958
0.589453 1.2268  0.7288 18.6940] 0.8498  1.2242 -2.7896] 0.8942) 0.9757| -0.8889
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202
203
204
205
206

208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230

515
516
518
523
525
526
530
531
533

542

554
555
556
557
561
563
569
571
572
574
579
584
585
586
589
596
598

11/24/2017
11/3/2017
12/1/2017
7/27/2018
12/8/2017
4/27/2018

5/4/2018
9/8/2017
6/30/2017
7/27/2018
3/9/2018

11/17/2017
9/14/2018
5/18/2018
4/20/2018
6/23/2017

10/26/2018
5/11/2018

1/5/2018
9/1/2017
1/26/2018

10/27/2017
7/21/2017
6/15/2018

12/29/2017

716/2018
9/22/2017
6/15/2018

3/9/2018
12/8/2017

Injected
water
(MMstb)

61.458469)
65.572828|
61.315468|
71.679515|
65.942549
66.400061]
66.987220,
59.021570|
60.588784
70.709002,
66.756935|
65.535770
74.645844)
71.214806
71.394624
56.194580,
72.875435|
72.271177|
65.606445|
63.682435|
64.092451]
63.083204
60.875054
69.037417|
64.506810|
72.938298|
60.759113]
72.084379|
68.058623|
65.082548|

Oil rate
(stb/d)

14.497111
14.466548
13.642103
15.029001
14.270880
15.471997
13.938321
13.313958
13.198744
15.475355
14.211475
13.653882
15.657392
14.921398
15.030732
13.905471
15.464228
15.292679
13.721463
13.499090
15.071986
14.971372
13.519495
15.541436
13.700703
15.260387
13.254630
15.371385
15.022674
14.718004

Water
rate
(stb/d)

5.288 0.772057
2 900 0.423346
0.118675

Res B

Multiply factor

\ 001 "'.L 0.9811

_.\ 420

9
1.1720
0.8279

0.8105
1.1713

0.7573
1.0809
1.1168
0.9037

skin | Flow rate olP skin | Flow rate olP
-3.7405|  1.0331  1.4474 19.7381 1.0374  0.8071
0.9 % 18.1008| 09043 07688  0.7823| 1.0567  1.1004
.0708 19.0302| 1.0511  0.8392 17.2209] 1.2356  0.7695
48 -0.8386| 0.8570  0.9051  4.2253] 1.0891  1.1108
-1.3214  1.0564  1.3347 53149 0.9008  0.5011
1.3439% 18.8852| 0.9603 ~ 1.1286 11.8742| 1.1459  0.6386
3.0287] 1.1691  0.6791 19.3466| 1.0244) 1.0375
$g770 10.6497| 1.1922  0.6145 11.3679] 1.0662  0.6752
2601  2.9664| 0.7506 05008 18.8596| 1.2330  0.8470
1.1955  3.7314| 1.0491  1.3187 12.6578|] 1.1709  0.5837
0.6824  0.5578| 0.8107  1.3469  6.8373| 1.0869  0.7196
1.0878 -3.0437| 0.9192  0.9217  1.5242| 1.1038  0.6845
0.9183 -3.8909| 1.0183 0.7664  3.7597| 07766  1.3297
0.6165  6.7822| 1.1755  1.0230 -2.3745| 0.8317| 1.1935
0.8535 -2.8163] 1.1250  0.6245 -0.5394| 1.0908  1.3892
1.4585 19.0954| 11510  0.5108  8.7476| 0.8920  0.8139
0.5021 10.8486] 1.1399  1.2975 10.5002| 0.8997|  1.1390
0.6229  6.9983] 1.1410  0.8764 10.6384| 0.8308  1.3912
0.5866 17.0984| 1.1513  0.6612  8.7342|] 1.0527  1.3208
0.9034 __4.5793| 1.1976  0.9551  0.5489| 1.1704 ~ 0.7690
42828 17,1331 1.1760  0.6030  9.2249| 1.1851  0.9704
34 1432 1.0628  1.0681 -1.3890] 0.8773  0.5956
4297 1.0263  0.6486 16.6669| 1.1428  0.8721
445 1661 0.9872  1.0841  6.6750| 1.2324| 0.6132
0.502 -3.56823 1.2164  0.7979  2.0811f 0.7955 ~ 1.2594
/ -0.8224| 0.8831  0.5909  7.3467| 1.2393  1.4570
0.5097] 0.8758  1.1231 155422 0.9941 0.5973
' 14.4970, 09118  1.2222  6.4441| 12099  1.1328
0.7798  0.0510  1.2500  1.3318 11.7181| 1.0761  0.8083
1.3773  8.3978] 0.8506  1.0779  2.1422| 1.0473 0.5166

7.3556
-2.0628|
15.5224]
15.8152
6.1232
8.4077
14.7821]
19.5653]
0.2646
14.0902,
16.0755]
15.8679
8.5798
7.8267
3.7028
13.2756
9.4813
-3.1954]
2.8292
4.1132
8.5730
10.6649
-2.7493
16.0747|
12.8745]
2.9414
18.2791]
-0.5177,
0.3522

2.1867

ﬂUEl"JVIEm‘WEI’Iﬂﬁ

QW’]MﬂiﬂJNﬁT}ﬂmﬂﬂ

111

171



Table C-1: Test model (Verification starts at the beginning of.pre duction hist

Injected

water
(MMstb)

231 599 1/26/2018 65.565033;
232 600 3/16/2018 65.301675
233 601 1/12/2018 66.711492
234 606 10/19/2018 72.821790
235 607 1/26/2018 68.184293]
236 610 6/29/2018 69.938797
237 611 4/7/2017 57.147903]
238 614 1/26/2018 67.611747,
239 615 4/27/2018 69.386780
240 619 4/6/2018 66.605057,
241 626 1/19/2018 68.501499,
242 632 9/29/2017 64.320221
243 633 3/16/2018 65.981562
244 642 10/6/2017 63.179550,
245 645 3/2/2018 69.096072
246 647 12/15/2017 63.398122
247 648 9/15/2017 60.147975
248 649 8/31/2018 74.124394
249 652 1/12/2018 64.634461]
250 653 6/30/2017 62.992849

Water
rate

(stb/d)
13.727208
14.394993
14.674768
15.334560
14.787004
15.466537
14.141352
14.341723
14.729720
14.232378
14.443293
14.013949
14.268676
13.202658
14.849817
14.492576
13.168165
15.568277
13.483320
13.262598

112

[ =

Res B

Multiply factor

0.7068

skin | Flow rate OolP skin | Flow rate olP
3.1385 0.7838 0.7772  16.1313 0.9149 1.2021
13.0650 0.9956 1.4165 11.3581 1.1362 0.5804
7.3474) 0.7948 07753  7.0703| 0.8117  0.8633
16.1828| 0.9440 1.0318 3.1563 1.1883 1.1568
16.4088| 0.8404 0.6078 0.5255 0.8680 1.3224
10.2570 1.0421 1.3049 5.8251 0.9022 0.5174
16.5217| 0.9596 0.5407 3.7933 0.7648 0.9014
-1.9346 0.9402 0.7468  19.3464 0.9823 1.0018
2.3306| 0.8821  1.0852 55590 0.8444  0.6624
1.0261 4.8835 1.0818 1.0250 15.8199 0.8756 0.7454
1.2203 -1.9724 1.1031 1.1329  -1.6296 1.1347 0.5374
0.8405 16.0005 0.9172 0.7930 7.6232 1.0754 1.0578
0.9772  16.0602] 0.9629 0.9431  11.7492 1.1152 0.8635
0.5269  16.8030 1.2028 1.3518  -2.4339 1.1836 0.6516
0.9219 12,9348/ 0.7662  0.6925  6.0991| 0.8628  1.2403
0.7880  -3.7698 0.9352 1.3257  18.6967 1.0008 0.7085
0.9967 9.6118 0.7596 0.9268  18.9624 1.0749 0.6620
1.3301  -3.2462 0.9796 1.0248 7.3202 0.9826 0.7605
0.7818 6.7607 1.1427 0.5511 19.5676 0.8827 1.2245
e 0-4029 1.1768 0.7168 6.6239 1.2283 1.0930

6.0851]
15.8856
1.5719
16.0369
-1.7126)
14.3558
-1.3353]
3.9531
16.7904
17.7494]
14.6492
-3.1234]
12.0830)
16.9960)
-0.8875]
9.3681
11.8391]
15.9143
6.8681
-3.7497|
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Wy

Res B

Injected Multiply factor

water

(MMsth) skin Flow rate OIP skin
1 5/6/2018| 68.061725, 2.090567 14.4704 0.9711 0.9122  -0.1280] 0.9270 1.0460 19.6539
2 24 4/22/2018| 69.809821 2.091811 -3.3215 1.1733 1.0241 4.4581 0.8221 0.8037 15.7644
3 73 5/6/2018| 68.127092 2.162126 9.1228|  0.8044  0.6311  4.8757| 0.9959  1.1713 13.7601
4 190 2/18/2018| 63.911294; 2.713555 15.6111 0.9234 0.7011  17.0852] 1.0498 0.8443 12.6086
5 209 9/2/2018| 69.835814; 2.190910 10.6505| 1.1327 0.8863 16.1688 0.9343 1.1738  13.2530
6 285 4/1/2018( 66.408152 2.036265 -2.3881 1.0571 1.1620 19.4265 1.1427 0.7779  16.5535
7 296 3/4/2018| 66.058887, 1.903285 15.5902] 1.2450 1.2075 14.0292 1.0120 0.8243 5.6326
8 302 3/18/2018| 66.971502; 2.233332 15.6116/  1.1853  1.0588  3.9764| 0.7501 ~ 0.7661 13.2574
9 318 1/7/2018] 66.765516 2.240499 -2.3879 0.7797 1.3337 8.3063| 0.7991 0.6974 0.7730
10 433 4/8/2018| 66.071568 2.354594 3.7859| 1.0235 1.2211  19.8010 1.1415 0.8546  12.7406
11 435 11/5/2017) 64.514485 1.723240 6.7645| 0.8571 0.9368 3.5190 0.8268 0.6042 1.1253
12 487 10/22/2017| 62.052825 2.518320 .8408  -1.8974 1.1482 1.4037 19.0179 0.9997 0.6411  -0.4110
13 543 4/29/2018| 69.668983 2.228108 0.9455 0.8426 1.0098 0.6636  15.1645| 1.0788 1.2009 5.5490
14 556 3/11/2018| 68.792832] 1.790295 1.0960  -0.1589 0.9417 1.0534 2.6990| 0.8924 0.6962 15.8562]
15 572 4/15/2018| 68.986310 2.471294 1.0121 7.4513] 1.0933 0.9943 5.5632 0.8854 0.8674 9.6792]
16 679 1/28/2018| 69.037287 2.401612 0.9633 0.7751  -1.9392] 0.7942 1.2664 1.7234 0.8486 0.8057 1.7321
17 773 3/4/2018| 67.734245 2.012670 0.8264 0.9634  -1.9634 0.8412 1.0311 14.8404 0.8302 0.8359 8.7479
18 850 2/11/2018| 67.583570! 2.012972 o -1.4171 0.9935 1.1302 9.2625| 0.8087 0.5896  11.7986
19 881 4/15/2018| 68.864246 2.052984 i -1.3238 0.8883 1.1240 7.5751 0.9484 0.6712  19.5838|
20 970 6/24/2018| 68.292682 2.160498 0_#035 1.0146 0.9488  18.3337| 0.8256 0.9248 15.0859
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Injected
water
(MMstb) Oil rate
(stb/d)
4/8/2018 69.515890
22 1018 1/21/2018] 63.623862
23 1096 7/1/2018| 70.138813
24 1106 4/1/2018| 68.237634
25 1109 1/28/2018] 65.876675
26 1146 1/21/2018] 63.002596
27 1184 4/29/2018| 69.212059
28 1210 5/27/2018| 67.072764;
29 1234 4/1/2018 67.910052
30 1259 6/3/2018| 69.649586
31 1327 9/3/2017| 63.417731,
32 1334 12/3/2017] 65.639547
33 1393 7/8/2018| 69.784318,
34 1492 2/11/2018| 65.889179!
35 1625 12/10/2017] 65.464714
36 1634 1/28/2018] 69.307602
37 1645 12/3/2017) 62.347477
38 1729 9/17/2017| 62.195089!
39 1733 4/15/2018| 65.831753
40 1880 3/18/2018| 68.984826
41 1888 4/8/2018| 67.906363
42 1896 2/18/2018| 66.636504
43 1922 4/29/2018| 69.596658
44 2048 5/20/2018| 68.576936!
45 2054 12/24/2017] 63.069009
46 2072 3/11/2018| 67.974691]
47 2138 4/1/2018( 69.723326
48 2144 5/13/2018| 68.669552!
49 2158 5/6/2018| 69.196928
50 2159 4/15/2018| 69.104997

2.592593
2.435964
2.392509
2.620059
1.777291
1.738920
1.969075
2.352777
2.371510
2.154112
1.927602
1.766633
2.333868
2.704243
1.941743
2.545043
2.352706
2.352047
1.823207
1.936911
2.622332
2.591549
2.351690
1.917949
2.055132
2.236792
2.068315
2.708334
2.688702
2.562621

rate
(stb/d)

23.903
23 005

114

Res B
Multiply factor
skin | Flow rate OolIP skin | Flow rate olP

9.6377 0.7804 1.1689  -0.1903 0.7716 0.8194 9.5226

% 16.9002 1.1351 1.0729 19.2734 0.9087 0.6734  -3.1229

-2.2574 0.8501 0.7536  19.2673| 1.0711 0.9625  14.8325]

11.2028)  0.8381 09128 185270 0.9140  1.0990  1.6329

11.4277| 0.9377 1.0168 3.9523 0.7943 0.6810 13.5568

» 12.1480 0.9108 0.7211  13.6726 0.8647 0.6924  19.2517|

0.7538  -3.7143] 1.2415 0.7808  13.6245| 1.0806 1.2235 7.8019

156500,  0.8087  0.7119  8.4139] 0.9090  0.9945 16.2867|

038282 17.5892 0.8169 1.1694 6.1776| 0.7634  0.8468 7.7508

0.7725 6.1039 1.1605 1.1035 1.2573 1.2266 0.9317  19.1414

1.0313 19.9314 0.8565 0.7021  -2.7648 1.1245 1.0731  -1.6737

1.2043  -0.8447 1.1675 1.0994 13.2084 0.8884  0.5693  -2.0285

0.7397  -0.1959 1.0747 1.0923 8.7294 0.8736 0.9818  17.5066

1.0517 18.7874 0.8486 0.8655 15.5806 0.8481 0.9714 2.0491

1.1407  9.9152|  1.0551  0.8197 14.4048| 1.1092  0.8830 -2.5459

0.8049 1.4302 0.7981 0.8000 10.9599 0.9966 1.2110 -3.0116

1.3521 15.4115 0.8609 0.9377  17.4129 0.9141 0.6469  -1.0614

1.3715 12.9242 1.1174 0.8697 5.8217 0.9705 0.6933  -3.6282

0.8087 18.2437| 1.0188  1.2095 16.2377| 0.8788  0.7820 13.5002

0.7817 .8894 0.9256 0.8471 0.1371 1.2239 1.1373 9.7927

-2:5484 1.0262 1.0928 17.9694 1.1489 0.8516  10.2387|

— 778 0.9397 0.8910 11.1329 0.7961 0.9506 3.3219

10.3539] 1.2186 0.9957  -1.0470 1.1811 1.0951 11.2168

.9283] 1.0874 1.0809 6.7175 0.8816 0.9668  11.9599

15.3526 1.1552 0.8894  15.5242 0.7575 0.6990 7.8009

-0.5765| 1.1583 1.3387 7.0104 1.2329 0.8545 5.7462

0. 8 1.1831 0.6797 0.9876 1.0421 0.5243 0.9913 0.8843  10.8563|

0.522480 0.9546 9.1717, 1.1592 0.9228  -2.1046| 1.1749 1.2231 17.7014

0.502849 1.2394 1.1653 4.9070 1.1184 0.6701  18.4723] 1.1371 1.0588 6.1225

0.376767 1.1799  0.7688  9.2481  1.0253  1.3472  3.0571) 0.9504  0.7527 10.0444
=
=
SN
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Injected
water
(MMstb) Oil rate
(stb/d)
7/8/2018| 68.966899
52 2256 11/12/2017] 67.998771
53 2314 4/8/2018| 68.077429,
54 2318 2/4/2018| 65.919510,
55 2322 4/1/2018( 70.498808
56 2361 4/8/2018| 68.945695
57 2386 12/31/2017] 69.107746
58 2513 12/3/2017] 65.174999
59 2520 3/25/2018| 68.228231]
60 2534 6/10/2018| 67.073731
61 2549 6/17/2018| 68.355387
62 2573 1/14/2018) 67.553277
63 2595 2/25/2018| 70.015437!
64 2659 3/18/2018| 65.005297
65 2684 3/18/2018| 68.747451]
66 2702 4/8/2018| 70.483340
67 2824 4/8/2018| 64.523962
68 2843 2/11/2018| 67.342774
69 2922 5/14/2017| 57.456085!
70 2940 12/17/2017] 65.360948
71 2989 3/18/2018| 66.173048!
72 3036 5/27/2018) 69.714699
73 3037 5/20/2018| 69.112352]
74 3144 5/27/2018| 68.967653!
75 3189 4/1/2018| 67.298950,
76 3463 5/13/2018| 67.476727]
77 3556 3/18/2018| 68.797046!
78 3619 1/7/2018| 65.911686,
79 3637 1/28/2018| 69.247682,
80 3726 5/27/2018| 68.368658]

2.682585
1.927714
1.925856
2.501360
2.487989
2.413330
1.666642
2.276199
2.283507
2.502112
1.916240
2.102319
2.205835
2.230206
2.526325
2.722481
1.936220
2.305447
1.897125
2.423308
1.735305
2.071361
2.577943
1.898140
1.985476
2.123734
2.366926
2.046951
2.539697
2.497545

rate
(stb/d)

8.284
-6.355
16 188

Res B

Multiply factor

skin | Flow rate OolIP skin | Flow rate olP
9.4058|  0.8344 11432 119985 0.9200  0.7555 19.4766
-3.7452| 09015  0.8436  -1.1204| 0.9318  0.7024 -0.9514
15.2987| 0.8215  0.9708 13.6324| 1.2203 ~ 1.1398  4.6375|
13.9078| 09758  1.1129 17.1970| 0.9108  0.8633  -2.7326)
-0.0014f 09779  1.0927 -2.5212| 0.9631  0.9590  8.2593
3.0486/ 0.8854  1.0691  9.8490| 1.0075  0.9212  7.0889
-3.3221f  0.8871  0.9849  -3.0034| 1.0106  1.0396  2.0390
9.0954|  1.0946  1.0082  0.4243| 0.8541  0.6163  6.2154]
41 134365 09189  0.8695 -3.2958| 1.0398  1.0338 11.9661
11375 18.2923|  0.7839  0.7302  9.9644| 0.7715  1.0111 16.2027
0.6077  4.0968|  1.1437  1.2379 11.0885| 1.2498  0.9211 15.7173
0.6691 10.4039] 1.0713  1.0993  9.0436| 1.1294| 1.0123| -3.2772
184639 08668 -2.8206| 07631 12321 -3.1544| 0.9762  0.7487 10.4490
.1 00  0.8443 11.4505| 1.1021  1.3293 17.3443| 0.7874  0.6809 12.4995
9 0.8321 17.3244f 12012  0.8419 -1.2338| 0.8845  1.1523  3.6034
11126 07795 -3.2021| 0.8267 09362 -2.0611| 1.2475 11222  8.8055
11834 1.0481 17.5846| 1.0524  1.1649 19.7325| 0.7876  0.6453 16.4631
0.9289 09323 17.3324| 1.1461  0.7457 -3.2135/ 1.1099  1.1405  4.9092
1.1675  1.4604 17.7606] 0.7793  0.6230 -2.1206] 1.1317, 0.8110,  4.9979
1.2820 10.3058| 0.8726 ~ 0.9150  2.2745| 0.9700, 0.7269  5.2205
131740, 1.0719  0.9227 13.5961| 1.0982  0.8101 11.9770
e — }146 1.0116  0.9228  9.2563| 0.9028  0.9396 14.2136
7390) 11772 0.9427  19.6956|  1.0894  0.7933  16.5974
1971 1.1506  0.9662  7.3643] 1.0308  1.0119 11.6600
12.2744) 08280  0.7393  -2.7656| 1.1336  1.2164 16.2436)
’ 0.3258 0.8791  1.1977 15.7907| 0.7633  0.7471 19.9435
0.1810 1.0904 35674/ 1.0586  1.2663  3.1522| 0.7747  0.6531 11.0995
-0.138903 0.8901 3.3982|  1.0059  1.1432 157932 0.9879  0.8701  1.2767
0.353843 0.8900  0.9503 -0.9582|  0.8805  0.6514 19.3013| 1.0223  1.2318 -3.0644|
0.311691 0.7567  0.5855  7.6753| 1.1483  1.1789 14.1299] 1.0834  1.0368  8.7627
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Injected
water
(MMstb) Oil rate
(stb/d)
2/4/2018| 65.076800,
82 3903 4/8/2018| 67.299514
83 3904 3/11/2018| 68.153711
84 4154 3/25/2018| 68.383031
85 4161 6/17/2018| 69.599985!
86 4359 3/18/2018| 67.253549
87 4374 711/2018| 70.371492
88 4378 6/17/2018| 68.852979
89 4397 5/13/2018| 67.393620!
90 4405 12/10/2017] 67.561666
91 4413 7/29/2018| 69.229875]
92 4457 12/31/2017] 64.955213
93 4466 3/11/2018| 67.022637!
94 4473 4/8/2018| 67.840389,
95 4499 8/12/2018| 69.666200!
96 4620 5/13/2018| 70.042802!
97 4632 6/24/2018| 69.469287!
98 4653 7/29/2018| 69.218069!
99 4661 2/25/2018| 68.2016241
100 4688 4/22/2018| 68.919769
101 4726 1/21/2018] 68.732934
102 4829 4/22/2018| 68.860035
103 4877 12/10/2017] 66.095301
104 4944 4/15/2018| 68.636069
105 5026 6/24/2018| 70.205170
106 5057 4/29/2018| 67.623040
107 5186 1/28/2018| 66.701273]
108 5227 3/4/2018| 68.110635
109 5254 5/13/2018| 67.981131
110 5284 1/28/2018] 64.068159

1.924547
2.706382
2.440408
2.444157
2.702350
1.984907
2.324177
2.088337
2.396552
1.765627
2.666438
1.838127
2.155999
1.892914
2.252614
2.571462
2.015577
2.633970
2.329697
2.205554
1.813845
2.380437
2.579348
1.957292
2.689695
2.523961
1.896295
1.661620
1.747269
2.125579

rate
(stb/d)

-23.983
»20 065

Res B

Multiply factor

skin | Flow rate OolIP skin | Flow rate
17.9898|  1.1479  0.8032 14,7085 0.9325  0.9351  6.9610)
“12.0428| 11931 12420 13.8607| 1.2310 0.8639  4.9706|
19.7963| 11580  1.1560  6.9098| 1.0762  0.9765  1.4936|
13.8583|  1.0719  0.8303  2.3601] 1.1048  1.0584  5.7343
155608  1.0609  0.7925 ~ 7.1888| 1.0183  1.1762  7.9401
157479 1.0540  1.0035  -1.0294] 0.9815  0.8271 15.0647|
6.9446|  1.1663  1.0078  4.7071|  1.1494  1.1215 10.3753
16.0038|  1.2305  1.0929  8.7850| 1.1951  0.9413 13.8755
14.6152|  0.8986  1.2132 12.7500| 0.7814  0.7601 13.0824]
3.6198 0.9430  0.7022  3.9019| 0.9759  1.0301 -1.3697
13.7713|  0.7840  0.8265  6.7595| 1.0380  1.2418 17.6215
15.0203|  0.9258  0.9123 16.1856| 0.8265  0.8649 -0.6769
12.6890|  0.8078  0.9590 15.5670| 0.7567  0.9256  4.5174]
0.7994 17.9765| 1.2206  0.7948 14.3220| 1.0195  1.1664  4.8993
0.8456 15167 0.9685  0.8737 17.2029| 0.8365  1.0894 17.2521
08393 05832  7.8073| 1.0433  1.2301  3.0992| 1.0952  1.0008  7.7591
0.9031  0.7436 135172 11582  1.0176 53273 1.0500  1.0194 13.5010
1.2406  1.2181  7.2699| 09631  0.7697 19.8608| 1.1522  0.9243 17.0259
0.8958  0.7640 10.0802| 0.9187  0.8326 17.8474] 1.1785  1.1958  -0.6861
1.0539 _.0.6084| 0.8813  0.5506 ~ 8.8490] 1.2468  1.2158 11.0496
0.1854|  1.0941  0.8995  3.0415 1.2132  0.9559  3.2022
e — 204 1.1459  1.1702  8.3830| 0.9004  0.9482  7.4379
5569 0.7929  0.7540  3.7317| 0.9611  0.8035 -1.2823
.0361| 0.8315  1.2148  -1.3694] 0.8172  0.7513 17.5117
9.3028] 11604  0.8095 13.8515| 1.2317  1.2359  6.2859
10.3939| 0.9538  0.9133 16.3248| 1.0068  0.8539 10.1262
0:289558 1.0020 15.3151)  1.1564  1.1216 11.4325| 0.9840  0.9551 -0.3118
-0.524234 0.8926 18.0847|  0.9390  0.8449  0.0639] 1.2411  1.1738  5.4743
-0.438585 0.8381  0.9144 14.7148|  1.0044  0.8445  9.8323] 0.8083  1.0208 11.6930|
-0.060275 11967  0.8573 45701 1.1067  1.3343 18.4300] 0.8730  0.6587 10.9093
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Table C-2 : Test model (Verification starts at two-thifd of histary-produetion) acceptable realization
Res B

Injected Multiply factor

water )

(MMstb) ?s"ttrxla:)e rate skin Flow rate OIP skin Flow rate OIP

(stb/d)
2/412018[ 68.338805 2.278653 12.4413| 11803  1.4209 -0.1695| 1.0828  0.7136  2.1653

112 5320 | 4/22/2018| 67.793418 1.698036 5.7265| 07701  1.0165 13.7740| 0.7788  0.8564 13.4367
113 5421 | 4/22/2018 69.092027 2.389581 3.5152|  1.0096  0.9556 15.3825| 1.1309  1.0432  7.4613
114 5434 1/7/2018| 69.023084 1.723299 37180  0.8708  0.9407  0.1926| 1.0598  0.9733  2.9261]
115 5584 | 12/17/2017| 67.182580 2.135293 8.2995| 1.0272  1.0421 -3.7607| 0.7918  0.7481  3.9888
116 5613 | 3/25/2018| 65.164452 2.447453 134263 11147 12202 19.6229| 0.9754  0.6849  8.0454|
117 5753 | 2/11/2018| 66.421331 2.452463 10.2581|  1.0337 07895 16.5843| 0.9175  0.9050  2.2916
118 5780 | 5/27/2018|67.885217 2.484440 0.6373|  1.0040 09347 16.1540| 1.0434  0.8062 14.9598
119 5880 3/4/2018| 67.344729 1.743866 3.8856| 09525  1.1940  8.3266| 0.8098  0.6758 13.1897
120 5945 | 2/18/2018| 65.915725 1.814160 11.6956| 0.8066  1.2543 11.4380| 0.9672  0.6875  6.7310
121 6006 3/4/2018| 67.955945 1.938883 ; 6.0004| 1.1186  1.2707  3.6919| 0.9072  0.6497 12.0731
122 6011 1/7/2018| 68.007679 2.423398 i i . +0.237544 o250 35810/ 1.0939  0.8638 18.1887| 1.2025  0.9834  -1.2839
123 6025 | 12/17/2017| 65.150028 2.044569 6.46- | 1128 Al os WL 21.8769| 11804  1.2139 15.1873| 0.7548 05402  2.8879
124 6059 | 12/24/2017| 65.339074 2.212555 ‘ : 11247 10000 17.7024| 07951 11524  54060| 10161 07153  0.8621
125 6079 5/6/2018| 69.144422, 2.644095 64 | 09127 07316  1.4277| 1.0439  1.2960  7.4211| 1.0872  0.8316 10.7440
126 6087 | 12/31/2017) 66.191600 2.436022 . - i #0.25 0.8962  1.0489 14.9064| 09451  1.0457  2.9277| 0.8599  0.7905  1.8957
127 6166 | 7/15/2018 69.349654 2.311394 " i 0 0.8500  0.8913 -2.6073| 0.8204  1.0445 16.0808| 0.9924  0.9036 19.1010
128 6233 | 3/11/2018|66.001874 1.756561 : 11307 11985  7.1948| 1.2312  1.0356 14.8508| 0.8453  0.6301 14.7621
129 6260 | 4/29/2018| 68849398 1.892041 44 A 1.0629  0.8577 -1.0444] 08501 09336 13.6332| 1.2111  0.9965 10.7202
130 6271 | 4/15/2018 69.334366 2.577201 ) i I 0.8539 _-3.4586| 1.0328 09167 -1.2331| 0.8071  1.0699 18.1456
131 6272 4/1/2018| 66.834936 2.636738 621 154879  1.0260  1.0222 17.4476| 1.2198  0.8947  4.0436
132 6380 2/412018| 67.677907 1.909176 E— 385 09822  1.0845 -0.1169| 0.8791  0.6343 12.9749
133 6392 4/8/2018| 69.513202, 2.496674 . 3528| 11057 1.3981  2.0254| 0.7873  0.8366  8.1431
134 6397 4/1/2018| 66.317731 2.677793 26 0855 07729 1.0292 19.2597| 0.8290  0.6544  7.2922
135 6430 | 12/31/2017 68.238572 2.350739 ‘ ! 11205 27923 08320 05754 13.8154f 10808 11530 -3.9036
136 6450 | 5/27/2018 69.158196 2.584562 : . f 18.6266| 1.1859  0.9896  4.0015| 1.0996  1.0155  9.9713
137 6457 4/1/2018| 66.891878 2.700705 ‘ : 0.5148 1.1872 154451 09469  0.8297 -2.7562| 1.1984  0.9338 17.6511
138 6460 | 4/29/2018| 63.848840 2.110984 / -3.425 -0.074870 0.8867 3.2540| 11541  1.2730  6.7986| 1.0040  0.8465 13.1139
139 6505 2/4/2018| 68.166901 2.128926 -2 604 -0.056928 0.7620  0.7744  -2.0445| 1.0383  1.0154 11.6356| 1.1649  1.0058  1.7071
140 6570 | 5/28/2017| 59.130183 1.918747 -0.267107 12059  1.3079 18.3951| 1.0665 07831  1.1277| 1.2187  0.7853 -0.7025
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Injected

water

(MMstb)
5/13/2018| 68.806598
142 6652 6/3/2018| 68.024445
143 6812 5/13/2018| 69.846626!
144 6888 3/25/2018| 68.124162]
145 6930 | 12/24/2017| 62.424747
146 6967 12/31/2017| 68.385200
147 7030 12/17/2017) 65.371779
148 7035 | 12/31/2017| 65.568529
149 7040 1/14/2018| 69.248751
150 7077 4/1/2018 69.761811
151 7086 5/13/2018| 69.428288
152 7092 1/28/2018| 67.707916
153 7126 12/31/2017| 65.699284
154 7163 5/6/2018| 66.670873
155 7246 | 12/24/2017| 66.853548
156 7259 4/29/2018] 70.023693,
157 7267 1/28/2018| 66.301971
158 7273 1/21/2018] 67.770854
159 7278 6/17/2018) 69.018718
160 7332 2/25/2018| 67.918323
161 7362 5/13/2018| 69.762088
162 7463 5/13/2018| 68.898598
163 7469 11/5/2017| 63.210627,
164 7508 12/31/2017| 66.709062
165 7569 2/4/2018| 66.253456
166 7599 3/11/2018| 69.474757
167 7609 3/18/2018| 69.160355
168 7616 11/19/2017| 64.530090
169 7648 5/20/2018| 69.428526!
170 7650 7/8/2018| 70.283554

2.005646
2.001146
2.396912
1.909060
1.817528
2.184584
2.064599
2.328141
1.947109
1.945471
2.070572
2.076260
1.769005
1.652428
1.990363
2.256019
2.520462
2.700092
2.241919
1.920037
2.207773
2.469934
1.973362
2.434690
2.307950
2.340386
2.158631
2.314909
2.485189
2.393441

118

Res B

Multiply factor

skin | Flow rate OolIP skin | Flow rate
6.4117) 1.0957 11495 80109 1.1406  0.8710 13.3486
7.9450  0.8192  0.6218 12.4066| 1.1942  1.0372 16.6747
2.5950f  0.7977  0.6668 11.3080| 0.8688  1.1423  6.9175
0.4037)  1.0052  0.7918  0.9144| 1.0083  1.0638 18.5000
19.8165| 09138 0.7320 19.4236/ 1.1031  0.8625 10.2297|
- -0.7631| 08329  0.6427 58679 1.2389  0.9622  -0.7199
7.6151f  1.0417  1.0110  4.2397| 0.8132  0.5912  4.1456
9.2199] 09935  0.9766 10.6270| 0.7827  0.7045 -2.1212
6 -0.5107) 11925  0.9546  -2.9737| 1.0034  0.9197  3.5582
0.6573  -1.9333 11104  1.1454  0.0153| 1.1654  0.9662  8.9278
0.8527  6.9571| 0.7536 09143  2.8562| 1.1791  1.0325 12.3683
0.9552  6.6596] 0.9457  0.8593 12.6272| 0.9709  1.0025 -0.0797
10183 50005| 11532 10198 17.3599 0.8056  0.7836  -0.0439
1.0447 16.6512) 0.9999  0.9179 10.6602| 0.8823  0.8451 17.7977
0.7267 53602 1.0743  1.2657  6.8913] 1.0211  0.8082 -3.4691
0.7121  6.0467| 11885  1.3214 -1.3808| 0.9083  0.7927 14.4842
0.8832 17.1799| 0.8194  1.0543 14.2113| 0.8279  0.9182 -3.7671
11482  7.8572| 1.0288  0.7344  2.7765( 09135  1.0148  0.2458
0.7545 11240 0.8598  0.9720 17.8126| 1.2364  1.0697 11.1282
1.0433 _;0.0552| 1.1864  1.2098  6.4160] 0.8943  0.6066 13.6202
67; 3.6873]  1.0925  1.0602  0.3463| 1.2425  0.8988 17.8562
e — 0 _)6753 1.0637  0.7202  2.0098| 1.0473  1.1901 12.4833
.1381)  1.2470  1.2361 19.3025] 0.8164  0.8541 -3.9382
J.4529 0.9651  0.7574  1.5344] 0.9350  0.8651  2.3371
19.3369|  1.2398  0.9981 13.3125] 1.0927  0.9458  0.2125
7.5109| 0.8016  0.9262 -2.5186| 0.7559  1.0212  5.1330
8.2742|  0.9075  0.8857 -1.8186| 0.9195  1.0870  7.5637|
0.8409|  0.9268  1.1523 19.7592|  0.9680  0.8533  -2.5030
0.9108  9.8909| 0.9979 09368  7.4641| 0.7766 ~ 0.9991  9.3171
1.2294  -0.3031 0.8686  0.7308 12.8229| 0.9492  0.9311 16.4103
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172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

7721
7812
7861
7874
7940
7972
7980
7981
8059
8072
8165

8186
8408
8437

8570
8667
8699
8818
8854
8862
8877

8938
8959
8978
9022
9032

1/28/2018
3/25/2018|
12/17/2017
11/19/2017
12/24/2017
1/21/2018
6/10/2018
12/31/2017
4/1/2018
5/6/2018|
4/1/2018
2/11/2018|
6/17/2018|
5/6/2018|
7/29/2018
1/28/2018
6/17/2018|
2/4/2018|
4/1/2018
7/1/2018|
5/20/2018|
4/1/2018
3/11/2018
2/18/2018
4/22/2018
3/11/2018
12/17/2017
1/7/2018
5/13/2018
7/29/2018

Injected
water

(MMstb) Oil rate

(stbrd)

69.344332,
66.710498|
66.232020)
65.474811]
69.205359|
69.577177|
70.260316
67.495314]
68.931249|
70.687006
68.976500)
67.149583|
67.909293|
67.929611]
69.687674|
67.267388|
68.852460)
64.079693|
67.794788|
70.719437|
68.110950)
68.336330)
67.608362
66.445371]
67.805834]
68.351458|
66.947360)|
66.741484]
68.244888|
68.589174|

2.238549
2.462859
1.881851
2.114612
2.498463
2.446978
2.680057
1.954094
2.337547
2.606509
2.001009
2.021894
2.617643
2.648926
2.462405
2.062863
1.707804
1.885536
2.623260
2.688335
2.066872
2.290331
2.555806
2.631430
2.209498
2.197003
1.961458
1.755181
2.279127
2.432062

rate
(stb/d)

-19.703
4 267

Res B

Multiply factor

skin | Flow rate OolIP skin | Flow rate
2.3379| 0.8864  0.7172 -1.2216| 1.2016  1.1519  0.4085|
© 115384 11204 12650 12,6187 0.7524 07142  7.0619
47341 0.7956  0.8769  -3.7550|  0.8144  0.6665  9.0429
9.4739] 0.8823  0.7372 24149 1.0863  0.9160 -0.1343
-1.1934f  0.8403  1.0198  1.7139| 0.8781  0.9309 -3.4235
W, 0.7212% 54799 11226 09362  0.8498| 1.0168| 1.1453 -2.7985
\ 45, ""\_ 0.8026  11.2284|  1.2342  1.3035  0.2405| 1.0145 0.7732 16.6208
1"';“1 15.0802|  0.8566  1.0159  -3.0164] 0.8535  0.9382  2.9964
. 10.3119|  0.8108  0.7958 10.8826| 0.9583  1.1660  3.0167|
-2.7254f  0.7690 05919 11.7285| 1.1504  1.3646  2.7774
0.4392| 0.8106  1.0734  7.2314| 11028  1.0683  5.7790|
19.5830|  0.8381  1.0875  4.4195] 1.2275  0.9037  4.8559
7.7146|  0.7660  1.1664 18.1442| 1.1823  0.8574 15.8229
10,9185/ 0.9576  0.8661  4.6844| 1.1188  0.8376  15.2465
0.8945  -1.2793] 11186  0.7671 14.7246| 1.1803  1.1647 18.2856
11880  1.0662 58988 1.1767 12195 3.7709| 0.8445 05924  5.9052
1.0251  1.0746  5.0920] 0.9829  0.8565 10.5258] 1.1917, 0.8821 19.1371
0.7672  1.2201 17.2376| 0.8406  0.8273 14.6665 0.7733  0.8103 12.4819
0.8677 ~ 0.6571 16,9296  1.1325  1.0247 17.7513| 0.9604  1.1310  1.2456
1.0518 213913 0.8752  0.6443 18.2114] 0.8812) 1.1725  8.8725
184960,  0.9108  0.7522 18.4193| 1.0285  1.1955  7.1401
e — 877\  0.9648  1.0704 13.0094| 0.7746  0.6270 17.5528
10.8880|  1.1247  0.8842  0.9278] 1.1285  0.8628  9.5607|
.9539]  0.9979  1.3481  9.1955| 1.0100  0.7324 -3.1381
7.3448|  0.8718 11622  9.4276| 0.8177  0.6580 17.4512
0.3602|  1.2369  1.2523  6.3185/ 0.8310  0.7067 10.4674
0.224396 0.8326 1.0739] 09389 09292 16.1816| 1.1885  0.9676 -2.6351
-0.430673 1.0473 17.0329|  0.8639  0.8985  4.1684] 1.0498  1.0174  2.3133
0.093273 0.9899  0.7012 18.1231f 1.2131  1.2530  8.3467| 1.1275  0.8636 10.9321
0.246208 0.8345  0.8669 14.5641| 0.8290  0.6036 14.2029] 1.2368  1.3312) 15.3260
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202
203
204

206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230

9151
9237
9330
9342
9343
9371
9390
9412
9462
9552
9557
9588
9723
9738
9743
9768
9782
9807
9882
9909
9955
10100
10143
10169
10197
10201
10223
10240
10250

4/1/2018

5/6/2018|
1/21/2018
6/10/2018|
12/3/2017
2/25/2018|
7/29/2018|
3/18/2018
3/11/2018|
4/29/2018

1/7/2018|

7/1/2018|
2/25/2018|
2/25/2018|
1/28/2018
3/25/2018
3/18/2018
2/11/2018

5/6/2018
4/15/2018
2/18/2018

5/6/2018
5/27/2018
4/22/2018
1/14/2018
2/25/2018
2/25/2018

1/7/2018
1/14/2018
5/20/2018

Injected
water )
(MMstb) Oil rate

(stbrd)
65.072069
69.087846
64.948186
68.747063
67.777374
67.139330
69.562664
65.551924
67.386510
68.104812
65.942506
69.693081
67.690272
69.049803
66.911616
66.518624
68.379777
68.906144
70.463346
69.472701
68.857959
70.155234
68.715278
68.686830
65.499468
66.621138
68.584075,
67.498608
68.878386
69.472665

2.076604
2.475942
1.858576
2.091879
1.889806
1.944302
2.248701
2.219245
1.742720
2.627068
2.119061
2.529438
1.952242
2.683219
2.100800
1.928605
1.731311
1.903923
2.451832
2.230283
1.685799
2.262585
2.169999
2.659624
1.942990
2.452972
1.644790
1.826738
1.872834
2.675084

Water
rate
(stb/d)

-16.429
»14 320

Res B

Multiply factor

skin | Flow rate OolIP skin | Flow rate
16.3403|  0.8797 09011 19.3727| 0.7740  0.7787 14.8209
0.0683]  1.2058  0.8904 16.3699| 0.8958  0.8349 12.7857
11.0548/ 0.7580  0.8717  8.1383| 0.7505  0.7137 12.7966)
6.7035| 0.7597  0.9121 11.5461] 0.9459  0.8396 18.0110|
-3.1795| 09193 0.8319  2.2963| 0.8115 0.6639  1.9572
- 17.5238|  1.1093  1.3727  1.0991] 0.9635  0.6152 13.3111
3.4665| 0.8446  0.8481 10.6297| 0.9103  1.1351 18.1427
12.0069|  1.0048  1.0152 18.0718| 0.7585  0.6898  9.1275
17.3036|  0.8101  0.9817  6.6362| 0.7735  0.9637  7.5704]
11.3188|  1.1163  0.9132  1.6173] 0.8739  0.8268 15.0467|
0.9074  7.0079| 09463  1.1197 15.1842| 1.0106  0.8074 -2.0571
0.6949  7.2598] 0.9434  0.9039 16.8880| 1.0899| 1.2022| 7.9533
09519 -3.7398| 11685 07317 -0.6457| 11215 11097 18.6525
1.0946  -0.1038f 1.1906  0.9682  9.3568| 1.0712  0.8444  2.4130
0.8735 11.8534] 1.0151  0.8803 17.8159| 0.9519  1.0495  -1.4559
11565 10.1508f 0.9722  0.8556 18.2113| 0.9665  0.8380  9.9950
11032 4.3698| 0.8909  0.9324  0.8828| 0.7960  0.7941 14.4946
1.1803  -0.5600f 1.1117  1.0186 -2.3673| 0.8387  0.6752 13.8637
0.8187  -3.1563| 0.8601  1.3787  -0.6560| 1.0327  0.6769 19.4627
1.0295 33114 1.0591  0.8352  1.8945| 0.9197, 0.9785 10.4503
032! 0.1758|  1.2385  1.0712 -2.7861| 0.7909  0.7192 17.2544
e — 186 0.8526  1.0353  1.1630| 0.9614  0.8272 15.7093
2773 0.7843  0.6208  9.8469| 0.8761  1.0468 18.5429
2616/  0.7957  0.6943  8.9608| 0.7704  1.0166  7.5006
9.9303|  1.1012  1.0477 14.7139| 0.8475  0.7284  -1.5366|
L. 9.2797| 09243  1.0802 15.4250| 0.8096  0.7779  1.5521
0.541064 0.9882 -1.8078| 11221 0.9724 26169/ 0.8761  0.6521 17.6889
-0.359116 1.2205 -1.7512| 11453 09334 10.0012| 1.0523  0.6788  4.3732
-0.313020 0.9456  0.7675  2.2116| 1.2358  1.1283  -0.9336 1.0776  0.8902  2.8168
0.489230 1.2041 09229 14.0390| 1.1996  1.1714 -1.9672| 1.1241  0.7956 18.0714]
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Table C-2 : Test model (\Verification starts at two- tthr OT his roductlon)

231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

10286
10323
10342
10412
10427
10520
10552
10624
10645
10699
10716
10761
10800
10813
10886
10940
10981
11051
11103
11106

4/29/2018
3/11/2018]
8/5/2018|
5/27/2018|
12/17/2017
5/20/2018|
3/4/2018|
4/29/2018
12/3/2017
5/27/2018|
4/15/2018
1/21/2018
2/11/2018|
7/8/2018|
1/7/2018|
3/4/2018|
5/20/2018|
2/18/2018
5/27/2018
4/15/2018

Injected

water
(MMstb)

67.150252]
67.428537|
70.032072|
69.409013|
66.252591]
69.006866
66.069454|
69.915654|
66.947723|
68.434833|
69.707965|
66.475137|
68.805076
70.285330
67.200532
67.498389|
69.880865|
65.253167|
68.208641]
67.065297|

2.246160
2.014690
2.090054
2.166303
2.345352
1.675610
2.063563
2.593020
1.731392
2.106912
2.230843
2.644301
1.984751
2.559090
1.961984
2.465468
2.467858
2.632911
2.186670
2.534589

\\‘%W//

-r_,.di"' lli "ﬂn. N Res A

Res B

Multiply factor

B, R W g

skin | Flow rate OolIP skin | Flow rate olP

9.7932| 1.0613 11102 11.5862| 0.8175  0.6355

6.7141] 0.8403  0.7957 -3.7169| 1.2386| 1.2016
11.8514] 1.1090  1.0273  6.9672| 1.1997  1.1414

1.8232| 11151  0.9969  2.4655| 1.2251  1.0589

-2.3136| 11033  1.0268 19.5386] 1.1230,  0.9489
-0.6348| 11885  0.7446 11.3015| 1.1453  0.8501

57759 0.8070  0.6998 18.1976|  0.9550  0.7582
11.0501) 0.7890  1.0497 -0.9280] 0.9755 ~ 0.9572
3.9069|  1.2240  0.9361  4.1699| 0.9632  0.7917
13.0498|  0.7951  0.9560 13.7096| 0.8412  1.0005
6.3036 0.8773  1.0994 -1.7310| 0.9190  0.8636
14.3354|  1.0598  0.9994  -3.5272| 0.8055  0.7807
5.6951|  1.1117  0.8094  4.5446| 0.9332  1.1153

0.7012 15.4829] 0.7661  1.0893  3.9611| 1.1887| 1.0336
0.7272  16.7463 1.1823 1.2405 2.9993 0.9320 0.8294
0.9463  -3.4682| 11773  1.0884 16.9393| 0.8848  0.8333
. 09312 57243 0.8246  0.9776 49140, 0.9828  0.9461
20.452 1.1308  0.7045  9.5335| 1.1408  1.2541 19.6149] 1.1993  0.8903
1.0547  8.0870| 0.9467  0.9055 17.4227| 0.8414  0.8920
1.0801 _16.5103] 1.0031  0.8469 12.3017| 0.8744  0.9526

18.4636
16.4945]
12.6535]
17.4179
-1.2890)
19.5244]
11.9506|

8.7371
-1.0618,
10.9141]
12.7736|

9.7643

1.5963
11.5073]
-1.5932]

8.1978
11.1169

4.1290
13.8007|

9.2171

1Z1
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APPENDIX D

erver Code
Dim Server As Object _,_-_;_#

Dim [Err AsLong 2

Public Sub SaveMBALEffe(B

=

DoCmd "MBAL.SAVEF fEE{u

End Sub e fi--';."'.-
Public Sub m
DoCmd " .
=
End Sub | |;‘ :
Public Sub De!ctekaHjs
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