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CHAPTER 1
INTRODUCTION

Nick Last!"! stated that the prevalent completion strategy of all operators to

economically develop gas field in the Gulf of Thailand of which reservoirs have the

most significant factors
impairing recoveryeffic ; i ellS 1$"waler production, the source of
which cannot usua > D cdin advance, Gas productiyity from non-watered out
reservoirs is impairgdfor o¥ ). en gas vel alls below the limit of which
d liquid loading occurs
when accumulategd® n formiec he,we and increases hydrostatic
head that cre: additignal® back (pre t e B2 servoirs penetrated by

wellbore. Shutting atg lcing is the prevalent intervention to resolve

To identify water produei A tiemo pduction logging tool (MPLT) is run to
investigate flow profile of hfufiiple sands ify the phase of fluid. The problem
is what should be the bes r"‘ﬂ .-I"ll.l‘l" .}

the gas flo ‘h e f;

iming to run PLT is needed before
ri I velocity prediction

is investiga ‘ ands are identified,

decision to s "'.i ; 'ii potential of the rest of
sands in term Oflreserve left and the cost of water shut offlintervention. Ability to
determine individuil Original Gas In PIaUOGIP) of each sand with petroleum
exp d calibration of

ﬁeﬂ AN I8 b 0 e

whcthc watered out sand(s) sho&ld be shut off as well as improve suﬁjss rate of

A WTALALLS ELAT TN

callbration with all available data since this feature is not available in existing

software features.



Apart from improving the success rate of WSO intervention, multi-tank model is also
beneficial for flow profile prediction of individual tank, investigating the likelihood of
cross flow when perforating later batches. Another goal of this thesis is to bring
simplicity to build and history match multi-tank model which should improve its

popularity and promote it to beco dard reserve determination methodology as

well as demonstrate its benef _optimization related decision making

improvement in commi

]

A

AULINENTNEINS
AR TUAMINYAE



CHAPTER II
LITERATURE REVIEW

2.1 Commingled Reservoir Model and Method to Determine Individual Layer

Properties Y Y

15 Il'l. : .
El-Banbi and Wattenbagger ™ presented a’laethodeto match the production data of
commingled tight gas rese oirs with simple*€omputer program that used to history
match the productigi Sstimate the indiVidualw@GIP and productivity of each

e,

layer and forecast well, Their method is based on a
layered model that coliplcsth ial balance equation for gas reservoirs with the

stabilized gas fi@W eq 1@r gach late 1€ comming /stem.

The volumetricgfategi! bals £ Or' gas, rese oir (Equation 2.1) and the
flow equation (Equéitiog'2.2) are Oupleg as flow rate (qg) and cumulative gas
""l

production (Equétion, he niaterial blance and gas flow equation for individual

layer are described p€loy

P_(P) G2

5 ( Z).- _ @.1)
g, 1 2.2)
G, 2.3)

The ﬁormance ‘oﬁin le Iag stabiliZéd’flow model can be added for all layers

CREAREHA TS

“ nlaver

RTRFIUNRINYA

where

G

Il

Original gas in place, MMScf

G

P

Cumulative gas produced, MMScf



J = real gas flow coefficient, MScf C}:»"D.r’psi2

m(p) = real gas pseudo-pressure at average reservoir pressure, psi- /cp

m(p,,) = Pseudo-pressure at bottom hole flowing pressure, psi®/cp

The parameters to B ing 2O J, foreach layer. The analysis of
commingled system is OUF By assu ues for OGIP and J, for each layer

and calculating the total time) for the entire commingled
system. The.grror in rved values (total gas rate from
well test v, {,—;z;";—z;*;—“;:::";:"::;,; ed as the objective
function fo v : '." fion routine is used to
minimize the 'IE s betwe modcl forecas by adjusting OGIP and

J, for each layer ‘qntll the sum of the squares of the errors is minimal. EI-Banbi and

AN T

are acquired when all the layersgre in pseudo-steady state; otherwise, gaonservative

AR AR SRR AR

in pressure drop across formation. In addition, the optimization routine may converge

to a wrong minimum when field data for history match is not good enough.



Spivey B3] presented a fully-coupled reservoir/wellbore single well analytical simulator
for multilayer unconventional gas reservoirs that automatically history matches
production and production log data simultaneously. His simulator accounts for
transient and boundary-dominated flow in each layer and pressure drop in the
wellbore, including pressure drop between adjacent layers and pressure drop from the
reservoir to the surface. By history matching data from multiple production logs as
well as surface producti this s 3 yides estimate of individual layer
properties such as pegmeability, fra ﬁ@ge area. There are different

. Well models include fully

penetrating vertica chie™ Latiic %_‘;‘; ly fractured well, and
horizontal we d ous, pseudo steady state

dual porosity, ang r boundary models include

infinite reservoir, cl@sed€ tireservoith closed rectangular reservoir, and infinite

or finite radial posite aleulatesdayer and total well flow
rates for a specifigd” puéSsufe <history- which' ¢ \" ‘}5 ther wellhead pressures or
sandface pressuf€s. veber. .i" q a 1-lincar regression algorithm is used.
This algorithm combineg't! $rapig conyergence o \ ¢ Gauss-Newton Method, when
the near solution, witht the ghdranteed: gase i the objective function of the

steepest descent algorith arfiol olution. The objective function for

minimization is shown in Equation

e et

(2.5)

where

ﬁUB?ﬂEﬂﬁWUﬂﬂi

production

w'raﬁﬂ‘z"mum'mmaa

pro 4 can be either cumulative production (G ,) or incremental production data

(AG,), and & i is the gas rate of individual layer at particular PLT survey. At most

3 different matching parameters would be allowed to vary for each layer. It is



1

recommended that as many parameters as possible be eliminated independently. For
vertical wells, recommended matching parameters are permeability, skin factor, and
drainage area. For hydraulically fractured wells. permeability fracture half length,

fracture conductivity, and drainage area are available as matching parameters.

Nick Last!" developed CWM wellbore model), a spreadsheet-based
commingled well simulator of estimating individual reservoir
volumes, by adjustin ated well performance matched

2.2 Critical Ga
Tumcrela!.“ C it : " 1 (ras wellas [ollow:

“Gas phase liquid phase material

associated wit ious sources : liquid
and free liquids produced into

AN

s€, hi ' ensity liquid phase, being
0 th

condensed from g

wellbore with g ation or water influx

encroachment to g

essentially discontii urface by the gas. In late event

that gas does not provide suffrcient 1 , Sp py to' lift liquid out of wellbore, the

accumulation of liquid wil] ..---,W} 2. on the formation that significantly

affect the preducti pacity of the we ure gwells, the liquid may

compIthIy -..'.-:;‘::i?:ll'_‘l-‘!iifa-ii-iiloln-'ﬂ-"_l!(!liii"_'.iifﬂ.i!h.:lui'_-wlr:,-- r a variable degrce

o
11 1al

of slugging ‘&r'chu in routine well test

and bottom el:! pressure calculatie e proposed a ‘l:-: model to calculate
minimum velocity égf gas that breaks liquid into droplets and transports these droplets
out eavell ¢ liguid i i ieles insa fluid medium.
Theﬁicu:ﬁlﬁ M&I miiwmrﬁilocity that can
attain mdcr the influence of grav._jty alone when the drag forces equal i?vitational

WS TSI Y TR

can be defined as follows:

v . 2gm,(p, - p)
f ——~pp o4,C, (2.6)



where

P = Density of particle, Ib mass / ft’

A, = Projected area, ft*

C Drag cogifigie

g

m, Mass-effalling particle;

ol
Equation 2.6 ¢ca

v @7
where

dF
The bigger the ro let, the higher terminal velocity is required. Hinze showed that

TRV

dete ed that it is antagonism of two pressures, the velocxty pressure, V* pg / g, and

19 NI Ny

drop would shatter. This ratio was found to be 20 to 30. From Weber number

definition above, if we substitute N,, by 30 and solve for droplet diameter with the

following equation below.



300.g. 2.8)

Substituting Equation 2.8 into Equation 2.7, we obtain a new equation

0,)"

L

v B \§ 1 ’ 2.9
SN\,
Interfacial tension ea --i___ ed fro ngineering handbook. Drag

coefficient depends on the Dreop Reynolds nu;-_z_h ). A correlation ofC,vs.

N, range from 1,000 coefficient is approximately

constant in thi cal field condition, N, ranges

from 10* to the value of C, into

Equation 2.9, we

V. (2.10)
Equation 5 in refereng -: juation was taken from reference 13.
Analysis of this equation with field data . e need for adjustment of Equation
2.10 to Equation 2.11

. '
v, F-- A @.11)

diF

The field testmg result showed that the wellhead conditions were the controlling

e ST R TS g s o

used sxty of water is relatwcly constant at 67 lb mass/cu.ft. Terminal vclomty for
W"T"Mﬁmumfmmaa
V (Water) == (2 12)
p

B

Converting to gas rate at standard conditions, we obtain



3.06PV, 4

q,(MMscf | D) = 7, (2.13)

Turner''?) stated that the liquid gas ratio does not affect V, in the observed range of

liquid gas ratio up to 130 bbl / MMscf.

-
j Gas phase Viscosity; 16'mass / ft sec JI|

Uy MY NS
QLTS AR

slugging behavior may not follow the liquid droplet model because of different

7,

transport mechanism. He also confirmed that in most cases, wellhead conditions can

be used to predict the onset of liquid load up.



CHAPTER 111
THEORETICAL CONSIDERATION

3.1 Non-linear Regression Analysis in Automatic History Matching

A process to improve reservoir dese: ; sense, the “inverse” of simulation to
predict reservoir performance e approdut adopted is to search for the set
of properties that defines a“reservoir, Mﬂllatlon based on this model

will produce cal escnts the closest match to the

observed behavior. atching”. By far, the largest

fraction of this mag by running a number of

simulations apd™altecifg ghe del be sugcessive simulations as needed to

improve the matcifbetweenr plit ¢ data. Due to the lengthy and

%
» 2t oy 1 1
on oﬁ' ithms adjust the model

unstructured re Of this
provide an automated i

cess, there is an incentive to

(matching) parametes§ aggo e ed guideline. The quality of

¢ . *
the match is quantified i ‘of-object

¥ E |

elationship that reflects the
difference between obgerve 3 A leuafe oirBehavior. The goal is to find the
model that will optimize the objectiv - 1.e., minimizing the error. The process
is generally referred to.as*auté g”". The most common objective
function is theSum of squares of the difference between obsertediand calculated data

Y

5& .

3.1.1 Gauss

JJ

Consider P as the parameter vector and the components P|,P2, ,P} to be

~ELEl Aneysyrerrs

aw'faﬁfﬁfuﬁmqwmaﬂ

Ep) = S 120 (32)
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L= W,|H(p)-H"] (3.3)

where

H;,(p)= the calculated value corresponding to measurement H”

Wm

I oseness of the match on that
particular pair of ¢

N,

In a regression 1 inction with respect to each

o LY by " .
variable are analy, e eptimum direction for the

parameter AP, . Tets Al Variables on e 1 tesidual are included

simultaneously.

From objective of § minimum atP’' + AP, the

following equation musth

0 (3.4)

fori=1,2. 0
‘r".

A Taylor-series *E pansion abou ir ngonly the firs#derivative gives

ﬂﬂﬂqwﬂﬂﬁﬁﬂﬂnﬁ“”

Upon s stltutmg, Equation 3.4 bieomes
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F (P +AP) o (P")
oP oP

Rearranging gives

% 67)
&= OF, OP,
fori=1,2... vher ivatives*ase Cyalliited at P’ Equation 3.7 has the
form
AAP
where
4y
And
bl
For this study, the measure Ju 5 ./F:-ﬁr matched are;
1) Well tes ;.n.__-,..:._,_,,,.m_.,...A,_r...,.“_,___‘__ -
F: I"' i
2) Well test i ‘date( Q% ). This is optional if
A

water need 7 to be matched.

 gRE ey
Ll i) (g

5) Pressure (average reservoir pressure) of particular tank on particular PLT survey

(p'*). This is optional if PLT match is selected.
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Matching or model parameter are

1) OGIP of particular tank, G,

2) Agquifer size of watered-out tank, 4,

Al.j = j =
=l a})l e i - ] A e P

NS A LA
kz.,: 0P, oP,
1 (3.9)
2
. | s & A

+ OP, OF, o O. oP, OP,

...:—izw-

ﬂ'HEI’JVIEW]‘iWEI’]ﬂ’i
’QW']@\‘Iﬂ‘iEUﬂJW]’mEJ’]ﬁﬂ
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(3.10)

where
P parameters (G, , 4,)
N =" J ] o T T i III fd id
r 1 — 2 e g 3Q P )
k
i
Y
m 7
The first derivaives are obtained by numerical method, i%e# perturbing the variable
P, once at a tlme holdmg the other variables constant and computing the effect
ﬁ%&ﬂ'ﬂﬂﬂ‘iw N7
af‘k - |‘+I ) f ‘f,—l ) ﬁ 5
where
h = 0.00000001

(P = P x 1.00000001
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(P.) = P x(1-0.00000001)

Steps for Gauss-Newton algorithm are shown in Figure 3.1

Loop Count =0

Make initial Gaw

abdind |4

I ————l

Fg}-; ;_ffr{%ﬁﬁ'

T i —ee e oo
b-.%

v;

Solution

ﬂuﬂmﬂﬂiﬂmm
AR TUNN NN Y
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Convergence criteria

Three converged criteria are used in automatic history matching algorithm:

) |Ep) - E(p,)|<0.005

2) E(p)<0.005

The Levenburg E(p,.,)ZE(p,). e,

the objective an previous iteration.

Levenburg- Marqurafdt (EMJ) methgs includes -additio al term added to 4 to

(3.12)

When Ay - 0, the mefiod atEee 10" kon®ind if A tends to infinity,

Ap,turn to so-called steg; fﬁ"r F"i nd the size Ap,tends to zero.

Therefore E(pd) (p,) can always be expected by incredsing the value of 4, .
Press et al. ( 958 _ _ s ows:

- ™
1) Complete :‘*I L) -

T INGTIN YN S

3) So“ the linear system oquuatlon 3.12 to find AP, and calculate E(pJt +Ap,)

RTINS BTN Y

If E(p, +Ap,)<E(p,), decrease 4, by a factor of 10, update the trial solution,

i.e., replace p, by p, +Ap, and go to next iteration

These steps are illustrated in Figure 3.2.



Compute g(p,)

#LOOP,or k=0

llnitiate with ;"m =0.001

A

Ly

i i #

U AN

Solve  (4+ 4 1AP=b
ForAP

17

i+ 4, 1)AP =bfor AP

-

heck for convergence

e

"NO

ARIRNNITU S

9 »

YES  golution

[P T

Figure 3.2 Flow chart of Levenberg-Marqurardt algorithm
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3.2 Theory behind MBAL to build Multi-Tank Model

Calculation of MBAL that models the production of multiple reservoirs through the
same wellbore is simple dynamic nodal analysis. Constraints such as manifold
pressure (tubing head pressure) or specified flow rate are given to MBAL. MBAL

uses VLP curve to calculate the pressure. Knowing the bottom pressure,

fluid production rate can be cal ¢ a8pegified IPR. Depending on saturation
of the tank at the current time sociate d can be calculated from fractional
flow equation derived .' g abiliiyweufVe (function of saturation) and
viscosity (function o ] y=Calc ' and specified time step dictate the

\‘

,,'. a3 _ rock and connate water and
“x &L N
‘1 R

again to calcula gffron’ spec "'-. h ubsequent time steps.

calculate the ave & step. This new average

nk, and the process repeats

M@ﬂﬂ;ﬂﬂﬂiﬂﬂwnim@

Q'ﬁ‘ﬂﬁﬁﬂmgueﬂﬁﬂﬂmﬁﬂ

P = Pressure in psi

=
Il

Volume in Scf
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n = mole in Ib-mole

R = gas constant which is 10.73

T = Temperature in degrees Rankin (deg F+460)
Z = Gas compressibility factor, dimensionless

3.2.1.2 Pseudo reducéd'pressure

Pseudo reduced p

-0.57<y,<1.68

n is good for a range of

P, (3.15)
, (3.16)
3.2.1.3 Z Factor
The Z factor correiffionj§y Draghiiang L , T
02< P, <30 '
1.0 <, <30
z - b X BIERT)
where g
Fi"lIEl'ﬁﬂ ﬂﬂ‘i“ﬂ gng =
(T )= A+ 4, /Tp,;Agl +A.,/ +A5/ (3 17 b)
L INTHNNIINY 1B
Cy(T,)= Ay (4, 1T, + 4 /T},) (3.17d)

Co(p, T, )= Ao+ 4,0, )P} 1T, )exp(-4,9]) (3.17¢)
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Constant A, — A4,, are as follows:
A, =0.3265 A, =-1.0700 A4, =-0.5339

A4, =0.01569 A, =-0.05165 A, =0.5475

4, =-0.7361 4, =0.1056

A, =0.6134

B, (3.18)
P_is 14.7 psia, T,

B, (3.18 a)

(3.18b)

3.2.1.5 Isothermal compre :;_‘;:u_w

8 = : (3.19)

- .
Gy W 5= (3.19a)

P Z dp

ALt INYRININT om
Q“W’i ASHTSEINT \iq?;l"ié’l' d

3.19
2T, |1+ (p, fzxaz;ap, ©.19¢)
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Taking derivative of equation 3.17, equation of state developed by Dranchuk and

Abou-Kassem correlation, we have

+ 2 a0 G194)

op,

(74
() - o -se
P ),

and

= (C4(Tprlpr))

I

o’ Jexp(-4,07) (3.19¢)

3.2.1.6 Gas viscosity,

Lee, Gonzalez, > following range
100 < P(psiz
100 < TC degfF -

0.9 < CO; (molé %)

K, (3.20)
where
. (3.20 a)
K —— - 320 b
(209 +19M, +T) ( )

ﬁ%ﬁl’)ﬁ&lﬂﬂ‘iw BTN o

ama“ﬁﬁ“‘f%ﬁumfmmaﬂ

P = pressure (psia)



22

r

Temperature (Rankin)

M

molecular weight of gas

w

3.2.2 Gas Material Balance 1*6/"]

Material balance or tank model is zero dimensions, i.e. no difference in reservoir

properties across the given e e f / onsiders properties of any point in

reservoir as single average al' balance can be applied to a

- who dcww rapidly any pressure

othe relservoir. S0™that it umay be treated as zero

hydrocarbon accumulatic
disturbance is equilibig
dimensional. This.2g de of the hydraulic diffusivity
constantk/ gric " The SEEECLmgrE this ric-group, the more rapidly is

pressure equilib

G(B (3.22)

8

where

= Imtlal or connate water saturation

ﬂ Lt FRURTHEIN S

= Change in aﬁrage reservoir pigssure, psia

ammmmumfmmaa

G

P

Cumulative gas production, Scf

B = Water formation volume factor, bbl/STB
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W, = Cumulative produced water, STB

Initial standard cubic feet of gas in place by the volumetric method expressed as:

43,560(9)(1-S,,)

G B Scf/Acre-ft (3.23)
Connate water volume = 43 () f (323 a)
Reservoir gas volume 43.560(¢)(! Acr (3.23b)

Reservoir pore VM 43.560(¢) i/ A i (3.23 ¢)

After the reservoir is

Water volume (3.23d)

Reservoir gas volu (3.23¢)

S,, is residual gas sagliration wit tion which is trapped after

o "oy BN
infused water invades the gasireServoir. s ’11!‘ ove into the pores of gas
saturated rock by imbibiti Jr rces) and displacement (due to
viscous force). These meg imes referred to as spontaneous
imbibition and fo isplacement and dynamic
displacemente A Syater moves into the reseryor—~ome—ofthe' gfis becomes trapped

! ; LY
behind the v n J¢ ' being developed.
| I
4

S, can be meas d in the laboratory on representative core’samples.

. "iiEI winenineang

laborato samples. The values rapge from 16 to 50% and average near 0°o When

q A IR Y ﬂ'ﬂﬁ |/

abandoned owing to excessive water production, considerable unrecovered gas

remains in the less permeable beds.
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04l

Correlation of S, was founded to decrease with increasing porosity. Agawal™™ also
recommended that S, is about 50% of the initial saturation (S, )
Equation 3.23 can be rearranged as
G(E, -!-E_ Wik, (3.24)
(3.24a)
(3.24b)

pore space (3.24 ¢)

For normal pressure geser¥oirs andypraetical case, £, < By .Therefore, Equation 3.24

reduces to

(3.244d)

(3.24¢)

il 21?1“3 WO
ﬂmﬂﬁ"ﬂ“ﬁmﬂ‘ﬁwﬂmﬂ’ﬂ
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Strong
mmmwe = fBEED \Wiaterdrive

-
....---U-'
o=

-':.ﬂlni-l........-'..'-' e, Moderate
Waterdrive

Weak
Waterdrive

‘..-
L ]
...--."l N,
-'.-l--..
[ ]

&B’ / (Bra’j) , Mscf

Figure 3. 2 ‘: n gas reservoir

Pore volume ( PV ) (3.24 1)
Hydrocarbon pore ¥l : '_ f AN (3:24g)
Movable gas volumé A 3., T (3.24 h)
When water influxes into the resepvoir; J nvades gas reservoir, the volumetric
sweep is

o S “ (3.24 i)

..i
i

The volume of gai.that was trapped behlnd the water front can be expressed at

S‘a“ﬁmnnamwmm

G
_S._PIZ D

q WradnIAURIINENS EI

Production at abandonment = OGIP — Trapped residual gas — By passed gas
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+(1-)GB, }BL (3.24 k)

gahd

-S

we

S
G, = G -—|:aGBs, 4
[

To express Equation 3.24 k in term of P/ Z , we can write it as

(3.241)

Recovery efficiency (RE) is deseribed by divading Equation 3.24 k by G as follows:
RE

Or

(3.24 n)

3.2.3 Water influx mo

If the aquifer is rclatlvely ymmunication with the hydrocarbon

reservoir, and permeability ;.'f"’;- Ciendly't ifer can be represented with the

pot aquifer mo

Ii:i

(3.25)

where

Ay mgm“%’wmﬂ“ﬁ

Initi uller or reservoir pressure

AT M ANTINY e o

mThe equation is simply a re-statement of basic definition of compressibility and only
applicable to very small aquifers. For large aquifers, a mathematical model which

includes time dependence to respond fully to pressure change in the reservoir is
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required. For the pot aquifer model, any drop in reservoir pressure is instantaneously

transmitted throughout the entire aquifer.

3.2.4 Inflow Performance Relationship (IPR) of Each Individual Layer

\ '

IPR of each layer is calculated fron

multirate PLT. Multirate PLT is

conducted by taking P. \ three stabilized flow rates by

changing the choke _ vey. Conventional PLT which

L H

takes one survey on normafiow ondition watli shut-in survey can be used with

lesser confidence in . oints were used for IPR

fitting.

From PLT survéy, P 5. @ dnd perha flany, vill be"acquired after choosing
- -.,.". )

best fitted modglfto thi€se its. sintereeption’ \ €y-axis (P, ) is the average

reservoir pressure wiiich

Steady state inflow egiatic
1':.

m(p)-m(p, W FiEis

(bt 24

(3.26)

where
i

m(p \ F_ ; ':-'d'[ si*/cp

L ]
m(pwf) ;j - Pseudo wellbore pressure, ;

Ue IS BeNng
RN I INYaL

r = Reservoir radius, ft

A Wellbore radius, ft

~
I
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S Skin factor, dimensionless

F

Non-Darcy coefficient,

The pseudo pressure is defined as

m(p)—m(p,)= (3.27)
In practical, these parameter - ferefore, from data points of IPR for
each layer from PL¥ an use . describe IPR of each layer.

where

inar flow and 0.5

for completely

Normally, C and n can bc determined from a plot of Q vs. ( e )on log-log scale.

pmsﬁmﬂ::mm (40 2 e

depend . The rate dependent shm factor will va with flow rate. The effect of

AN IRTI NETEE

2) Forchheimer equation

=2
(P-P)) = Aq, +Bq; (3.29)



where

A Laminar pressure drop coefficient, psi’/ (Mscf/day)

I

B turbulent pressure drop coefficient, psiz,’ (Mscf/day)?

The pseudo pressure may be used

which is similar to Equation 3.2

(P, -

wf

straight line wi

3.2.5 Relative P

29

stead of pressure square yielding an equation

In order to detergfine glatiVe il water displacing gas'”, steady state

technologies must bgfised t6fgenerat fullsCurve data. Water and gas are injected

simultaneously into'the gore safiple 4t if pental Wateér-gas ratio. As the system

reaches pressure equilibFiuni(indicating st ate flow) at each incremental ratio,

relative permeability both

measured and the increase in S,

determined. Severa nerage- decreasing relative

L
pe[meabi]it . i:‘p"kl'etﬂi—ili‘ﬂ-';kbli.i-—i‘

increasing wat

Many correlations'are available in the literature:

Mﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂﬁmm
AR TN TUARING &Y

Boatman

Ky = (S¢S’ (3.30¢)

n

: fvater curve versus
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K, —8)—8" = gy (3.30 d)

For both cases,

s = e (3.30 €)

Boatman correlation gives. d poins 10 1; Willie correlation gives water

end point to a much lowers th correlatiCas®@iVe gas end point equal to 1.

Corey function can be usedsto tepresgnt data from orrelation for easier data

entry

Corey function

(3.30 1)

where

nx ==& Corey exponent

ST D
amawfﬁiumfmmﬁ‘ﬁ’

wherc

=
Il

Fractional flow of phase x

X
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Q0 = Flow rate phase xat surface
B = Formation volume factor of phase x

g, = Formation volume factor of phase y

(3.30 h)

where

3.2.6 Vertical Li
Vertical lift per rmance orre ' beS  various ‘ ethods of calculating

pressure losses in m lined pipes. While the basic form of the pressure loss equation is

= WIS R

pressu raverse curve of corresp(?dm g required ﬂow rate.

RAIATRHRAZNHR Y-

The general pressure gradient equation is
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Ve ¥.dv.
ar - _ ips sin@ + #J:Ef____. T PVndVm (3.31)
dL g. zgcd gch

(AP Elevation) (AP Friction) (AP Acceleration)

The pressure drop caused by elevation change depends on the density of two-phase

mixture and usually calculated usir 1{' old-up value. Except for conditions of
N ,

high velocity, most of the pr is caused by this component.

The pressure drop caused by , on losses réquited Cyaluation of a two-phase friction

factor. The pressuré drop causec by accelerating the fltid is sometime considered

"Cgligible and usually calculdted o ) f
\‘\\\\:**«

Many correlations o-phase flowing pressure

\\\\x\
N

gradient. Thesgg€orre i .,n: '

velocities.

ctor by dividing flow
condition into pa rrespondmg correlation

for its specific eéonditj

Various VLP coprelati re ’r '-:u:}_ Dec ‘ ata sets of lab and field data.

' | Id conditions that fell in the
range of the captured | e onditio here i no universal rule for selecting
g pressure gradient traverses using
different correlations, the r::g f estima yres can be assumed. We select a

VLP correla 01 is of flow' reg s of* fit to the measured

.
o

essure. | .
pressure v Y]

Iy j

3.3 Multi-Layer (fied-forward) Neural Net

oy’ |- @“ﬂﬂ’ﬂ ARG
AN A e ﬁm:::;

rcprcscntanon of the input patterns.



inputs hidden layer outpul layer

Weights( Vi)

Figure 3.4 | | Network diagram

The input-output fi0W oiffthe’ e gwork-mode! ‘ by the strength of the

connection and oper

consists of a wejghted f the ineoming signals and,a bias term feed through our

33

eration of a single neuron

activation function 4 (.)freshlting in-the value of neuron. This is shown

mathematically a

Y

where

y e FOULDBLE -l

A i

A

= Number of neurons in the hidden layer

F’WJEI’JWEIW?W 19

= Bias ‘yalues of the neuron in the hidden and in the

’Qﬁ'lﬁﬁﬂ‘imﬁ‘m’mﬁl'lﬁﬂ

Activation function, normally sigmoid function
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The knowledge to map input patterns into appropriate classification is given by the
strength of the weights. The process of finding a suitable set of weight is called

training.

The rational of most of the learning algorithms is based on search directions

according to an objective function ivative information and this is what the

methods use the sec

3.3.1 Back- Pr

Back-propagatio mean squares algorithm,

which modifies the it search in the weight space
to minimize the nd actual output of the
network. It is the si ack-propagation algorithm
could also modify rmediate layers (hidden layers) of any

multilayer feed forward ne ralnety 'kg;-J'

E AT < 0k . —
Back-propagation uses supervised-ie Aring doing so, the network is trained
using data for whi : b€ trained is completed,

the network Wweigh ,'2",3' d to compute output

values for uns it the back-propagation
algorithm is its"sfowness by need of a considerable numbeérof iterations to train a
network. It can als@’ besgasily trapped in logalyminimum and thus learning procedure
can f: %ﬁ fa weﬁ nﬁ:ﬁnﬁﬂﬂ mber of hidden
Iaycrﬁ ay t eistoi omertum term in the
learning rule. This procedure is Based mainly on heuristics and lacks @theoretical

ARTIRIAFRURTING IR Y

4 Two steps for application of back-propagation are
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1) Input vector is presented to the network and propagated forwards through the
hidden layer(s) to the output layer. Then, the desired output and the calculated

output are compared to each other, and the error signal is calculated.

2) The error is propagated backwards through the network to each hidden layer(s)

crror (SSE)

(3.33)
It is analogous s are to be determine to
minimize SSE. In Eas in this study, the error
is normalized. Individy and aver: or of the network is recorded

(dividing by number of re

s
3.3.3 Activation Function =
ctivation Function ﬁ!‘ ;

The most COMMIP

\ Y7

y , : (3.34)

-
J

This ﬁmcti(' cmbines nearly IinearUavior, curvilinear behavior and nearly

"""“Ffﬁ“ﬁl“‘? NENINE 1N

ch of center of the domain of input x (i.e. -1 <x < 1), f(x) is nearly linear.

q As it moves awa %cc ICI“ fﬁccoilﬁ]cﬁ % hen the ﬁ reaches
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3.3.4 Gradient Descent Method

A prevalent optimization algorithm during the learning step to find vector of (weight)
W = Wy, Wi,..., Wy, that minimizes SSE employs a gradient-descent method to find

direction of the adjustment.

w - W

new

The gradient of SSE with ights W is the vector derivative.

VSSE(w) (3.35)
The direction of ad

n
7 is adjustment todderiyati

AWﬂtrm.‘ - (3.36)
3.3.5 Input and Outp
All attribute Valf ' aking value between
0and 1. Min - -._".-’7‘ ;

. “ X-Min(X) _ X = Min(X)™ (3.37)
¢ =Range(X) eMax(X) - Min(X)

ﬂ‘lJEl’JVIEWI‘iWEI']ﬂ’i

3.3.6 Back—Propagahon Rules

ammmmum'mmaﬂ

whcre
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o, = “responsibility” for particular error or node j
9, = Output j (1- Output j )(actual j - Output j ) for an output layer nodes
OR  =Output j(I-Output ;) ZWJ,.*GJ, for hidden layer nodes

> » k .\ - " 3 - - -
One can set termin aséd_on thresholc \ SSE or number of iterations which
is directly resultec T training willing t N training operation. However,
too low SSE g izing the pattern in the

training set insteagd'® en data.

Therefore, most negWork t the following cross validation termination procedure:
1) Retain port of d:
2) Proceed to train thg

3) Apply weight learn to v """. o dat;

A

4) Monit ) weights, one weights produced by the
trainingd: fwmmﬁ“W“mF‘ e lowest SSE so far
]

on the Vatida
.' I'|:

5) When the“¢urrent set of weights has significant gre' SSE than best set of

weights, thenémate the algorithm. @/

ofthbdihd NEVIWENT

If the leammg rate is small, wei t adjustment willthe small. It will taMlon time

IR RER -

near optima alue of » as training move forward.

Therefore, it may start with relatively large value and when the network is near

optimum SSE, it should be reduced to avoid overshooting.
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3.3.9 Momentum

AW e =  —1(OSSE/ W, )+ AW, .0 (3.39)
where

AW s =

a =
AW, 0 nent for a given weight.
The momentum repeeSentsfinerta which in! rent weight adjustment to the

\

The momentum, un the optimum point. It

will, in the ind € weight approaches the

< \ )
neighborhood of gpf . Fh&"monieptim s helptul when OSSE /oW, is flat. If «

; :.\Lw

inimum: te
A\

is too large, it"w oid being stuck at local

) %
minimum but it ¢ yther local minimum. The

parameters 7and « t result.

Global minimum can also, be E‘?n 'r't of W, with fair value of different
initial ,& hi t randomly _cofifiguration.

= :
3.3.10 Numbe 1' Hidden Layers and Nodes in the Ne :1 |

The number of ncﬁeﬁeds to be less tharfa/certain limit so that the total number of

ﬂ 1 HA VR IW B

If the umber is too big, it Wll*bc overfitted. Baum & Haussler!"” pr posed the

q mmm IMTIMBANY ™

(3.40)
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where
P = Number or Samples
|W| = Number or Weight to be trained
a = Accuracy on the if test accuracy =95%, a=0.95)

We can see -_;‘__' iracy, we need higher number of

samples relative to num

3.3.11 Measu

After getting.the est! neitv g 2 dedicatet ata is used to test the
parameters of thg _ etwork, and the output is
compared with act ved The dorre :0¢ of the predicted output and

the actual value gan be

(3.41)

| ;r_. ]
- -

ol i¥

AULINENTNEINS
RN TUAMINYAE
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CHAPTER 1V
WORK FLOW METHODOLOGY

4.1 Determination of Individual OGIP and Aquifer Size in Multi-tank
Commingled Model

4.1.1 Software for Build and S y N 2l Commingled Model with and

rated Production Model (IPM) from

components, i.e.. GAP, MFE afid PROSPER. GAP (Gene: al Allocation Package) is

omposed of three major

duction and injection systems
that are connec iz ; nanifolds and 0.a fixed system pressure
called separator i dn be" used nk commingled model by

d well bore model above

the top most tank ¢ erireat 1ift performance eurve (VLP) generated from
Prosper. The pres “tank modeled with a multi-phase correlation
available in GAP. Tt is also eling surface network of various

equipments in the topside 2 ag‘-_y ;i ' ,.-3 1 ) can be used to simulate production
= - - o -'_‘ 3

profile and -higtor nine sthe unknown reservoir

il e
parameters. =
\ Y )

a2

The program Ha§ the iSed ﬂ:
by optimizin oke size, allocating gas lift rate, d

frequency while h"nn%g constraints at théigdthering system, well and reservoir level

AUBINBNINEINT

MBAMS a package made up ofi',arious tools designed to help the engineer to gain a

RS NFAGRATR ARG 111 43

Balance. Material balance is a reservoir modeling tool using classical material balance

aximizing production

ining ESP operating

calculation as discussed in section 3.2.2, Chapter 3. It can be used for history
matching by graphical methods (like Havlena-Odeh, Cole, etc.) and predictions in

association with relative permeabilities to predict the amount of the associated phase
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productions with or without well models. In this study, MBAL was used to built
multi-tank commingled production with well model from the wellhead down to the
top most producing reservoir by VLP curve generated from Prosper. Prediction
function was used to generate production profile to history match the production data

in the same manner as GAP is used to determine unknown parameters.

Prosper is the Production and Systems Pe ance analysis software. Prosper can be
temperatures. The tool can be
used for modeling réservo \ anee (IPR) for single, multilayer,
multilateral wells with complc; | highly cd completions. The multiphase
flow correlations impieMcated can be' ad usted 't H measured field data to
generate vertica USE AP and MBAL which

is the main utiliz

Openserver featuf€ i igned > Srouds en atchitecture for PetEx products. This
allows PetEx progrdms fe >ctly access and deiven by other programs (such as
Excel, or program : _' | Basic) via PetEx public function. These can
then be accessed by nal program inan au \. procedure.

Both MBAL and GAP arc capable o jelling commingled production from
multiple reservoirs but each t5-owinf Below are the discussion on Pros and

Cons of both softwares. =4

MBAL

4

P l"—
ro m

e Easier to e - The only requirement is VLP (Vertical Lift Performance)

Fr Ay

eII can be modeled usm& VLP generated from Prosper.

WAL B A ow (L 1ih2n 1

obtained from relative permeability which corresponds to saturation change

due to water influx. Water production can be simulated throughout production

history if relative permeability and IPR data are available.
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e Can model effect of cross flow between layers whenever the BHP is higher
than the average reservoir pressure. Nevertheless, this might not be an
accurate model since cross flow needs transient solution.

e Fastrun time.

Cons

e Does not includ

de cal tion f ol _io calculate pressure drop between
tanks. All tag -J,____. 2d to be datum level. Nonetheless, there

is a function 10 apply.dP shift to ,*wu-u"*'-f's".."#_ﬁ' AP to account for the

pressure drop wever, this pressure drop is not constant

and can 1 up in the wellbore.
e Does no / history match the total

production ermine OGIP and aquifer

properti
GAP

Pro

e There is a fun @ cafculate pi rop between sands having different

datum. Sometimes cr® ’. 10deled unless the BHP is higher than
i- .

the average re b as during a shut-in period. In

this,ease, GAP will show result as if there is"inje fgom the surface to all

rese F ""

There i ':: optimizer fu ) an objective function chosen by the
i u-'

user.

“ﬂuﬁﬁwaw§Wﬂﬂni

. “Jeed VLP from Prosper and reservoir material balance model from MBAL. It

Vgt Nk ik )

e Result in wrong answer when the simulating well is shut in and, in some

scenarios, when cross flow between layers cannot be modeled correctly.

e Slow run time.
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Even though MBAL does not have the feature to model pressure drop between the
layers, it can model cross flow between layers. Despite this, cross flow might not be
perfectly modeled because MBAL uses steady state solution while cross flow is

actually a transient problem.

Since GAP has features to calc sssure drop between sands but cannot handle

annot use it to a build model and

> ells operated in the GOT need
ﬂng wells which are used as

¢ main| cang -.»;... i building multi-tank model for

Aldnde \\v el i- COr] ct since there will be cross
OW fires \ commmgled system as long
eason that it can model

s not model pressure drop

between sand: ae geadifur "i ~iny Appendix. A for ‘details of this particular
problem. . mﬂ -

Therefore, in this stud: .f‘ el 18 buil 3AL and history matching is
preferred by an automatic hl wory matchi yread 'i,, 2t. Procedures on how to built
and run MBAL com ';. o and how to use automatic history
matching spreadsheet are r"'ﬁ L"’{*‘ A Ep well as program code of macro of
automatic ligto 8” monobore tubing

completion Wis-used-in-at-cases. PROSPER was used-to- ¢ -:'f te VLP curves with
: gt

0 MBAL to represent well
||

ulti-tank com ur.ju gled model with MBAL

PetEx 2 co ? “

n

pressure drop madel. The procedure”

can be found in Aipendlx B.

L AT ) Fosn

is sele@d since its assumption does not violate the geological setting of the reservoirs
in the area of this study small coﬁparImcnt and relafively high crmcabM for water
q R T R
mput If the other water influx models are to be used, there is no way to prove its
validity due to lack of individual tank data for Havlena-Odeh plot which is used for
identifying correctness of each aquifer model. There is also no geological and

geometry data of the aquifer to prove its validation. Above all, we are not really
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interested in obtaining the correct aquifer size but only need the aquifer model which

can match pressure and water production rate of the water producing sand(s).

Relative permeability data are subject to uncertainty. There is no experimental core

test to identify actual relative permeability from the area in this study. Due to this

built with MBAL and

Case 1: simulati with different aquifer sizes

compared with al nvestisate the effect of water on

production i omming led $y rgmy nto 2 cases to compare
the effect of diffegént aguifs ~ ‘;_'=

Case 1.1: Tig n%' all v em vs. 25 MMRB pot
.ﬂl.l-i

aqulfer on waterdrivgtan il

W o el
Case 1.2: Comparison gf alt'volumetrig drive System vs. 50 MMRB pot

. . ' g
aquifer on water driveffankJ=s - o

; : 0l . .
Case 2: simulation of :ﬁrﬁgw?y vithout aquifer by the model that

considers the pre >N tanks (
not consider (g | rop bet Y )

With the model that does

4.1.2 PrograBCoding or Auto History M@ing Routine and its

Application P
=1

L
Non a%r&‘m twﬁ ﬁ- ct’;ﬂilﬁcﬁr 3.1 is used to
build amyautomatic history matching routine to be utilized with the commingled model
built with the selected IPM soffware. Nonlinear #&gression optimizati@n/routine is
wtqi | ..ﬁ&i a Hw&] (%,tﬂ | G}]tﬂeﬂ The
objective of non-linear regression optimizing routine is to assist engineers by
automating the history matching process which is the major time consuming portion
of the multi-tank commingled model construction to get best possible match with the

least residual. The calculation in the algorithm is done by Excel VBA which sends
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the matching parameters to and receive residual values from Petex software via
Openserver until the convergence criteria are met. The flow chart of this architecture

is Figure 4.1.

I Input intial Quess of matching parameters andweghting factor

Fﬂ VBA-Spreadsheet with Non-Linear
Regression Optimization Macro

Soutor s (P

\\ Mg parameters
G CAL A LA as model input

W1, W

Figure 4.1 Flow chz alculation between IPM and

L7 L J
Levenberg-Marqua al-B4Sic procedures for data

I T
communicatio 'I ith Petex  SOftWa as well as data interface/display for

automatic/semi auiematlc (manual) history matchmg are written in VBA Ianguage for

P E’I EWT WE T
Autorqlc istory matching spreadsheet coupled with multi-tank model is tested with

simulated and actual field data with the following cases:

o Y G A L A G 8 8o

commmgled model with water drive on one tank. The simulated data of the two-tank
commingled model with aquifer drive on one tank without pressure drop between the

tanks is generated, then the following models are used to history match the data:
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Case 3.1: Use a two-tank commingled model with volumetric drive on both

tank to history match data in Case | before water breakthrough.

Case 3.2: Use a two-tank commingled model with one aquifer model on the
tank which has water breakthrough to history match data in Case | after the

breakthough (at the time we know tank has an aquifer).

Case 4: Investigate the effect ¢ {
pressure drop between tafiks S E datd generated by the model which has

the pressure drop b

Case 4.1: Sig

the préssure ar¢ volumetric drive. Then,

cd model which considers

we use_altwo-(a Oy pressure drop between the

tanks, bot ectwe data.

Case 4 le model which considers

the pres is volumetric drive, and

) f '!'
the bottom ghe i§ water 'n : o-tank commingled model
without the pregsure duop beiwee san 5. one tank is depletion drive and

the other is water drix e 16 -.u 7 ,-ﬂ spective data.

Case 5: Investigation of. I{'F!L,_ A? of ¢ history matching spreadsheet for

three-tank comim nlé co mingled model, all

with volumetrig:

,'ﬂ",jf an automatic history

match spreads X !
i

Case 6 to 8 are t e examination of multi-tank commingled model and automatic

TN ...

aﬁj@ﬂmmwmmm@&m

Case 8: Actual field data, well C, with five-tank commingled system with water

production from one tank.
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4.2 Determination of Gas Critical (terminal) Velocity by Neural Network

Neural network (NN) is used to build the model to determine gas critical velocity and

compare with result of Turner’s gas critical loading velocity.

As mentioned Section 3.3, the knowledge or correlation of output and input

death well database

The sudden death we ' ell test records before the

wells went to wells from the end of

2005 to the migd

were removed ougffroni’ the dafabase=for neural netw building because of the
following reasens: . - \

1) The flowingftubing pr ading up was higher that
! ed line pressure)

the FTP before
smaller than the previous well

of 20

database. Some records

2) The choke size whe e well W
test (no flow because increased FTP)-

=

3) TheF lil-l he ‘the previous test (the

well ":(__ d-do lr-‘

4) Doubtful \E)rds Wil die, > 40@5.

The total remainigg 4of 116 records is kept jin this database. This database should

M Xl LR 1
caus s“T ¢'reCords of th te"might'not actually represent the critical rates as

per Turner’s definition but theyghould be simila&ome wells died sﬂjenly right

 WARRTaAA T AR

platform that did not have automatic remote well testing facility or capability to

monitor tubing head information (normally temperature) from the central processing

platform (SCADA) and required production operators to visit the platform. This may
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be the reason that well testing cannot be conducted frequently enough and the well

may load up long before a subsequent platform visit to perform a well test.

The neural network software used for this project is “EasyNN Plus™ from Neural

Planner Software L.td.

The neural network used to prédie ad up rate needs input and output as

follows;

1) Difference betwees ich represents outgoing line

pressure, psi
3) Water gas

5) Measured degpth inffeefito the*deepe ng sand. Ifthere is no MPLT on the

t.sand with porosity of more

6) True vertical depth subsea TV --n---'
ik '

7) BHT, deg'ah S

. z

8) The -j;.. SCEPD

i

Since all tubing-i$ 2 7/8” monobore, tubing diameter was noeselected as input

parameter.

il UINUNT YD Tr

soﬁw called Olga2000. Olga2%00 is the transient wellbore simulator. The

T ARSI TR e

l) Reservoir simulation results, such as "well block" pressure and PI changing with
time, layer positions, types (oil/water/gas)

2) PVT compositions for reservoir fluids
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3) Well trajectory and pipeline / riser surface system elevation profile, ID and
insulation, and ambient temperature

4) Well structure includes tubing ID, casing ID / OD, casing layers, cement return
height, annulus fluids, etc.

5) Separator pressure and size

2) Momentum

3) Number of hid

The number o ection’ af all n st be 1 nt lower than the number of

training records.

One hundred and sixtéen «rfr O 3

validating, and testing.

t into 4:1:1 proportion for training,

erefores seventy ata sets were allocated for training,
LLloR o
seventeen h‘ fo i tegting. Various training
parameters Wite-tried-to-gei-the-best-networi """"'-'"""‘:.l st validation error and
g) and finally tested

acceptablet
- ; .
for fitness wi 1| he testing data set. All records that contain the maximum and

minimum value ofl'.sach parameter will only be selected for training.

L LT T

ect;o“Z 2 are also used to calculate this velocity to compare with actual gas rate

record in the sudden death well ﬁtabase and at th&end comﬁe with tHe'prediction

QAR TV



CHAPTER V
RESULT AND DISCUSSION

The content in this chapter is divided into two parts. The first part begins with the
investigation of the effect of water aquifer on determination of OGIP in a commingle

system from water production and gommingle model with and without pressure

dgin the first part is multi-tank model
¢ history matching spreadsheet
on many scenarios both With-sii cd and “The second part of the chapter

is about the process o R , 3N CI.II' Network and. testing it for critical gas Ioading

velocity from suddeg, e ///

5.1 Determinatic

Case 1: Effect of Water ¢ i| || !

A commingled twostan $ g ation with MBAL; hence,
there is no consideration of p es; dr n een these reservoirs along the wellbore
and these two resery®irs we # _m- f u.  at the s . atum. The reservoir depth is
8482° MD, TVD 7020’ 403 (oA \

[adadiands = 18
Both tanks have the followi "’*‘""‘:‘{

CGR = 50 STB/MMSEEF; cofidensate den Pl separator pressure 150 psi.

gas specific gravity of 0.8, 15% CO,,

iy #' perty data

y @0-2 Tank : 77-5
Temperature ( ) 332

0.19
3600
0.5

Relative permeability data for tank 77-5 was built with Corey function.

Water: end point = 0.8 and exponent = 1.
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Gas: end point = 0.05 and exponent = 1.

The sweep efficiency was assumed to be 100%. This assumption is taken for
demonstration to ensure water production in this case. It might not represent actual
properties of the reservoir in the Gulf of Thailand. Tank 70-2 is depletion drive for all

cases.

The simulation starting dateis October 11, 2906#ndsend date is June 21, 2007.
Tank 77-5 was experimen

1) No water influx, volumet a-“"

2) Water influx = 50N 1/

€000

4500

3000

FBHP (psig)

1500

-

16

1: 70-2
2: 71-5 3600 £.94782
3: w*vvall layers 14,3855 A u

Figure 5.1 shows IPR curves of both tanks and composite IPR of the commingled

system.
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The result of simulation is presented in the following figures and discussed below:

Case 1.1 is the comparison of the commingled system with 25 MMrb aquifer drive on
tank 77-5 compared with volumetric drive on both tanks.

Case 1.2 is the comparison of the commingle system with 50 MMrb aquifer drive on
tank 77-5 compared with volumet ic drive on t oth tanks.

tpive omtank 77-5

o),

RN

q 21/8/2006 10/10/2006 29/11/2006 18/1/2007 9/3/2007 28/4/2007 17/6/2007 6/8/2007

= Aquifer Drive on tank 77-5 = Volumetric Drive WT Water Rate

Figure 5.3 Comparison of pressure of tank 70-2 (Casel.l)



Casel.1: Tank 70-2 Gas rate comparison

Gas Rate Water Rate
(N:N(I}SG"PD) (BPD)

A/ L NSNS

'WT Water Rate

h A “"‘H‘

pure 5.5'Comp dssure of tank 77-5 (Casel.1)

AR TUNNINGAY



Fa— Casel.1: Tank 77-5 gas rate comparison Watee Rise
(WSCFPI)) (BPD)
5.0 ; — — — — 60
45 + : I
o' : _ i
'y : N b
2.5 JEEE—— ; e e S e - 30
2.0 ey e g e wormessnmen
l .o o ..: - e ¥ 1 s o o ’ o
0.5 - — - — e —

0.0

= 'memhxux e

F' ) L1 '_ _-‘_' rate of tan 7=5 asel.l)

Result discussi ’ \\
Figure 5.2 indicafés that igfal gas'prode ,\g N "

more when there is rb Aquifer drive oh

aquifer drive becomes sma towards 1l d of the simulation period due to an

54

ely 0.6-0.4 MMSCFPD
5. The performance gap of

increase in the fractional fI¢ ﬁ-"' Fwater i 77-5. Figure 5.3 indicates that the

pressure depletion of tank :yg -0l 3

tank??Sc ows that the gas rate
produced from fanic70-2-4n-bot most the samc. i igure 5.5 shows that
the pressure o tank here'ls a 25 MMrb aquifer

hen there is an aquifer support on

support on the a:'_I. compas with volumetric eple‘tio]], :E re 5.6 shows that the

gas production ﬁ'orwtank 77-5 becomes higher when there is an aquifer supporting the

¥ TJE’I‘"’J“P"I“ETWTW“EHT]?

Case 122f 50 MMrb aquifer vs vnlnmetric drive on tank 77-5

Qﬁ?ﬁﬂﬂ‘iﬁu UANINYA Y



Casel.2: Total gas flow rate comparison
Gas Rate ‘Water Rate
( 9 ) l | (Bm}mo
Y E Y o
! i | / |
. : : S
5 W * / | I : 400
N : -
3 y .-"-:_ ; g + 200
2 e 1
. - 4 100
0 = om + 0
21/8/20 "'""# 12007, 28/4/7 6/8/2007
i ..rf‘ w\ N v..;*-..h
j;: e Wt R

FASFF 1S \"\h"-a.

(psi (BPD)
3500 - 700
3000 600
2500 500
2000 400
1500 + 300
1000 200

500 100

iy - o
/200 _y.- ) 5/8/2007
1Bz e
L]
|

Flgure‘ﬁ .8 Comparison of p e of tank 70-2 (Casel.2)

ﬂ‘lJEl'WIEWI‘ﬁWEI']ﬂ‘i
’Qﬁ'lﬁﬁﬂ‘if”ﬂﬁﬂﬂ&ﬂﬁ&l



Casel.2: Tank 70-2 gas rate comparison

(Gas Rate Water Rate
(MMSCFPD) (BPD)
40 7 — :

35
3.0 4+ :
25 ¥

L B

dF
Figure lé.ll) Comparison of pmaure of tank 77-5 (Casel.2)

ﬂ‘lJEl'WIEWI‘ﬁWEI']ﬂ‘i
’Qﬁ'lﬁﬁﬂ‘if”ﬂﬁﬂﬂ&ﬂﬁ&l

56
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Casel.2: Tank 77-5 gas rate comparison

(Gas Rate
(MMSCFPD)
6 T 700
5 T 600
4 + 500

’HE‘

—
,.J" / S/ ﬁ\\‘h‘h

Result discussior ca

Figure 5.7 shows n aquifer in the system is
better than all-depletig S . _ caches 500 bpd. The gas
rate declines while tHe wafer rate ifire: * il the water rate reaches a peak at 620
bpd then start droppin
70-2 becomes relatively s

reason that the total gas-ral

10 flow. The pressure of tank
400 bpd as seen in Figure 5.8. The
0 an increase in hydrostatic
pressure dro ;MAA__AAMU_-_..‘,..,_,-m,., nas large _,__t; on gas production
from tank 70:2.1" SFaie of tank 70-2 which
is similar in botfi Systems : n-;f_uu
200 bpd on Apri 0", After that the gas rate from 70-2 drops qmckiy until the well

becomes no flow. I eiSe of aquifer drive, Hﬁ ure of tank 77-5 is higher despite

R S

thep as seen in Figure 5.10. From Figure 5.11, the gas rate from 77-5 drops at
higher rate after April 28" due to{ncreased ﬁ'actmﬁ flow of water fromsank 77-5
QA T B U TR
qrelatnve permeability to gas (the water rate is stlll increasing while the gas rate is

decreasing).
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Result discussion of case 1.1 and 1.2

Another implication of this case is that we may be able to use the volumetric model
to model and history match commingled system that has a certain degree of aquifer

support while the water has not broken through the wellbore. The degree of error

were observed on tank 77-5.in case | (Figuges 5.5 and 5.6). There are no significant
differences in the pressute and productior ")nk 70-2 (Figures 5.3 and 5.4).
Certainly, if the aquiTSP¥phmslich ag wb on 77-5, high degree of

sing depletion model for history matching

Table 5.2 discussgs iffcgen aeteristics of cach tank and total system when

there is either

Table 5.2 Su

- [RB Pot Aquifer : 77-5

Total gas productig ose 0 yolumetgic drive . | Profile similar to volumetric
l'ltil % € 'a . i 4 ive

Total water et maxin of 620 | Increase to maximum of 53
production bbl to last day of simulation
periog

|

Gas rate ot 'h;_—ru!-1—--r-‘w;.r-‘rnnn..r—_n-f.lfn-.«r_-—:v'.:.-. o

e to volumetric

il

Less than 50 psi d - Ilﬂsidifferent at the end of
from volumetric drive until 2 | simulation period

1CIrel

st

“ oserved after a mnth of drive observed at the end of

& | months after prodygtion
| if] : SCFPD
diffetent frém volumetric

productigh £, | simulation perigg »

olumetric drive observed 4t
the end of simulation period
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Case 2: Effect of Model with and without pressure drop between reservoirs
Case 2.1: All reservoirs are depletion drive

A two-tank commingled system was constructed with the first tank, 59-1 above the

second tank, 78-6. Properties of both tank 59-1 and 78-6 displayed in Table 5.3 were

s used in case 2.1

Tank. Tank 78-6
Temperature (‘F M 1N “i-..,! 328
Porosi L1 AN N 0.17
Initial Pressure (psit® f A4 4 N 254950 3682
Connate WatesSaturatfond” £ /7 . | 21 0455, 043
OGIP Bsch) 4 f ¥ =) T’i‘.\“ﬂ 3
PVT properties ofi
Gas specific gravigl = 0.8 . separator = 750 psi, condensate gravity =

55 API, CGR =12 BE )0,000 ppm, CO; 15% by mole.

he difference in the datum level of

GAP model was built wit :E ,r = data

the two tankssas she

lrl“ﬂ case 2.1

T

Tank 59-1 - Tank 78-6

MD (ft) 9,680 ./ 11,954
' 0

The same VLP and IPR (Figure 54?2) was used for galculating the pressurg drop

QAR DRI R AR -
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FBHP (psig)

G R

IFR - WellOl

6000|

4500

30001~

1500

Tank Pre
: 59-1
: 78-6
: #sepl] Layers

Figure §

Result of simulatio

Gas Rate
(MMSCFPD)

5.0
4.5
4.0
35
3.0
25
20
1.5
1.0

@

th

is case study

3l
'MB”‘AJ

19/3/2007

o/

@ Figure 5.13 Plot of difference in total gas production between GAP and MBAL,

all tanks having depletion drive
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Al S S i e

Figure 5.15 I } ence in tank pas rate profile between GAP and MBAL,

alltankshavmgd tion drive

ﬂ‘lJEl’JVIEWI‘iWEI’]ﬂ’i
’Qﬁ'lﬁﬁﬂ‘iﬁuﬂﬁ'l?ﬂﬁl'lﬁﬂ
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Picisiiie Tank 78-6 GAP-MBAL result comparison
| ki
W AR
|1

'l

in
'y

(psi)
3800

3700
3600
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FigureS.lGDiﬂ‘ enee'in L T8-6 pressure profile between GAP and MBAL,
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v 7 Y]
Figure 5.17 Differer
< MBAL, all tanks having depletion drive

BANUNINENT .

MBAL was observed in Figures .13. From Figures 5.14 and 5.15, thefe is no

I RN NEAR

5.17 shows small difference in production profile with GAP model yielding lower gas
rates and slower depletion rate than MBAL model due to the effect of pressure drop
between the two sands.

ween GAP and
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Case 2.2: Tank 78-6 is water drive

The properties of both tanks are the same as in case 2.1 except there is an addition of
aquifer of size 500 MMrb on tank 78-6. Two different scenarios were investigated:

1) Tank 78-6 is at the bottom with the same datum depth as in scenario 1.

Result of simulatior

=7 NS =
/)f/ s m N

vy - |j 5 o e
10/ |# 29/11/2 J I",r 007 17/6/2007

* GAP Ir; ‘- #1_‘7- ttorn MBAL

/A 2]
Figure 5.18 Differe) otal water ile between MBAL and

- (AP (ceona —
L — cenario g anon ) o

\ Y7

e

.,I
ASCF)y |

Figure 5.19 Difference in total WGR profile between MBAL and GAP

(scenario 1 and 2)



Total gas rate comparison

21/8/2006 10/10/2006 29/ 6 | M i 200 17/6/2007

* GAP 7856 0n0p. 600 MBAL

Figure 5.20 Differcs

Result discussion

'BAL and GAP with
< 78-6 at the bottom is
with 78-6 on the top),

From Figures 5.18 to
tank 78-6 on the tg
much different from
especially the result @

Summary of discussion

1) In the sc'o e water il he ob, MBAL and GAP

model shB :m-:’ sould be ised 16
model ...,.E-_‘_.‘w-: m the” op most tank with
il -".

insignificant error.

2) On wa cing M is below the to
ot b o YL L I S

ssure drop between the tanks due to hydrostat:c head is significant and

Y ST LT

§  inaccuracy of MBAL model depends on WGR and TVD difference between the
top most tank and the water producing tank.

3) Characteristic of simulated data are all the same for 3 cases when WGR is low.
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Case 3 History matching two-tank commingle model with water drive

This is the reverse case study of case 1. Automatic history matching spread sheet was
used to history match the model to determine OGIP from the simulated data from
commingled multi-tank MBAL model built with an aquifer on tank 77-5 and
erties are the same as in case | except the

depletion drive on tank 70-2. All
ince suilt with MBAL, both tanks were

aquifer size on tank 77-5. Since it is'ths e
assumed to have the same datum witho _ ss between them. Table 5.5
shows the reservoir p _. tessused in the modEl 4 ﬁ tanks.

a oir pro es used se3

\h
//"ff r l\m
1= E \““x 775

332

Temperature (F
Initial Pressure 3,600
Porosity 0.19

lﬁ"
Connate Water Sa ﬂ _' Iﬁg _}‘,\1\1‘\ 0.5
OGIP Bsch & 4 | !Eﬂt Y 1
Aquifer Volume (M} ‘g 50 (before water out)
30 (after water out)

To reflect the actual situatio 2ld, we divided the scenario into

two cases. Differen ers used inthe sorithin were tried to

evaluate lfd : ;.'-hl-enxuntal"-.n‘-ninuaiiu‘.nrnalﬂ-ul:;nafnnnu"a-{:.
A J

Case 3.1: Usinp atie sﬁated data
Actual aquifer ngth (size) in small compartmentalized=and highly faulted gas

reservoirs in the Glﬂ' hailand won’t allogy the detection of water drive from non-

straig H 1s c Pﬁ”? ,ﬂﬁﬂlﬁavailabiiity of
avera essure prevents us to us o detect the €xisting of non-

depletion drive on the multi- reservoirs interested bﬂe well. Even tho e have

VTR AT et

aqu:fcr and which reservoir is connected to it. This is not always the case for highly
faulted and complex geology as in gas reservoirs in Pattani basin, GOT. For these

reasons, depletion drive model was assumed to all tanks for initial model building and
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calibrating for the period that only gas production is observed in the well test and
PLT.

For this case, simulated production data from commingle model that has an aquifer on
tank 77-5 with 11 sample points of simulation data represents well test data for history
matching. There is no water production until the end of simulation date. Therefore,

only the gas rate is used for matghing sample point of simulated result from each

tank on 1/30/2007 is used -epresent ‘Pl hich is also used in the history
matching. The auto i
OGIP in each tank

summarized in tab

d with an initial guess of

gression, the result was

Summary of resul

Table 5.6 Rg pletion drive model

Last Iteration

Case | Weight 0GIP Last
# Factor Iteration
702 | 775 P

1 1 all 0.7649 | 2.1478 24

2 1 ongas, | Yes 0.771 2.091 37

10 on
PLT

Tabl § et araaing - e3.1#1

Residual typ vh Residual
WT Date: Gas 10/1442006 i 0.0050

WT Date: Gas 10/27/2006 4. 'l 489 0.0414

WT Date: Gas 11762006 . 5.59 0.0657

WT Date: Gas 12/1/2 N 7.81 7.73 0.0825

WT Dates Gas 12/9 o 7.64 7.5 0.0823

WT ] " 3 0.0787

WT Date Gasl/20/2007 6.940 0.0204

WT DafélGas 1/30/2007 6.78 6.80 -0.0138
WT Da:e Gas 2!6;‘2007 i

F"mf{-l‘ ih!'d! Iil‘ll't !EEIE 71/

Gas rate of 70-2 ﬁ'PLT Survey on ]f30!2007
Gas rate of 77-5 f/PLT Survey on 1/30/2007
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Result discussion

From Table 5.7 and Figures 5.21-5.23, the automatic history matching routine
converged and found the solution with a very small residual for both cases. All trials
give a good answer for OGIP on tank 70-2 but not for tank 77-5 which actually has
the water drive but was assumed to be depletion drive due to lack of indication of

O = b W LA O~ 00D

:

211107 2/27/07

ng of well gas rate

R}
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j — Tank Pressure Match Result
(psi)
3000
2900
2800
2700 1
2600
2500
2400
2300 +

. '|
Tank Pressure of 70 _' H‘ /30/20 y re of 77-5 §PLT Survey on 1/30/2007

Figure 5.23 Result of antol istory matching tankpressure

Case 3.2 Perform his “breakt! ugh using water drive
model \

After the water pgoduct S gbse . 1-atthe surfa will normally be run to
identify water produging SY'A uifergmodel we rtamly incorporated to
the sand that prodticed, ,-and -we wo ttempt to history match all observed
parameters such as Wil gasre Wk B P _T gas, water, pressure of each tank

to determine OGIP of eagh ta "‘- ter producing tank(s).

In addition to the usual and expecied cause

stop running when co ence criteriais h > was sometime terminated

jomatic history matching routine to

manually wi Ln-—nuuuuu-u-urun-unl t1ons were reneat -an OSCi“'.ated around

)
.?"-

certain value. ‘Senc
of matching pa '! ter(s) whic : simulation pe L ended before desired
simulation ended, th automatic history matching routine would stop running even

ok .ﬁ"mg NSNS
ammmmumqwmaa

> exaggerated value
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Table 5.8 Summary of automatic histor n simulate . i-tank Model with Aquifer on tank 77-5
G t Iteration 53
it Weighing Initial Gu GIP Last lfutlal Las.t Ciiié
rial# Lamda —8 | Aquifer | Iteration
Factor “ 77-5 4 of End
70-2 -5, ' 77-5
1 1 0.001 0.5 0 - 1 3.4496 183.40 35 Manually
1 onall WT, 10 F & ; MBAL
2 on PLT 0.01 0.5 5 .9 rr 0.0100 14.00 1 Terminated
1 onall WT, 10 Mol MBAL
3 on PLT 0.01 0.8 . 10 Jad 4 No 0.0100 1,394.00 3 ————
1 onall WT, 10 | MBAL
4 an PLT 0.01 0.77 2 7 0 2 0.0100 | 20,244.00 4 Termringted
5% 1 0.01 0.8 1 —+ 0.48 1.0400 30.00 48 Manually
‘ A4 s
gp || TORBEWLAY [ g 0.8 ! & 048 | 1.0400 32.51 28 Manually
on PLT —
7 1 0.01 0.8 1 b 31.99 | 0.0100 10.00 35 Manually
8 1 0.001 0.77 8 1 0.0061 838.00 29 Manually
o* 10 0.00001 0.8 % £0.9900 29.81 23 Manually
10* 10 0.001 0.8 0.9900 29.75 7 Manually
11 10 0.001 0.5 0. ; 0.5000 10.81 14 Manually
12 100 0.001 0.5 0.5 2 0 0. 0.4100 9.06 13 Manually
j3 | lomall WL10 | 460 0.8 Pl 10 195 | 0.0100 | 2,094.00 7 Manually
onPLT ' ' F- | P i ' A%
14 | (normalized#13) | 0.001 Wm 1.5 Woo 210.00 9 Manually

ARIAN TN INAE

69


nkam
Typewritten Text
69


70

Result discussion

Various different combination of parameters such as weighing factors, Lamda, initial
guess values, were tried in each trial with automatic history matching spread sheet.

The result of each trial is shown in table 5.8.

1) Different value of Lamda has | cfle _cause converge sooner with

2) Initial guesses %H‘at' ot ' the cb

the correct on€s or ¢

ever bring the answers to
'\\ jate. ever, it also depends
on the weighing factors. al guésses that are far.from the correct values could
bring the solutiongfo | cighing factors. Examples are
trial #11 & whigh' sg to &%Cilla cal minimum which is wrong

solutions.

3) Weighing factors _ seen in the case of high
weighting factors (weighting,| o hing factors help bringing the
solutions closer to tHe corgéet-Gnes or ¢ despite the fact that initial guesses
are far from the solutions, Examples are trial ease # 9 and #10. When compared to

same initial gue >s but with lower or as jantrial case # 5 (equal

to 1) andtfiadcase#6 (Hon Wi and +0-on-Bi datay=tralase #9 and #10 could

find the :‘-';': _ oW and 10 on PLT in

this case did .'

. . il F
I make a d g weight L factors = | as seen in

trial case # 5 co I“barﬁ:d to trial case # 6.

“AUHINANG ?’!’m.ﬂ*ﬁi;*‘::;";::‘;

search for converged and corredf solutions.

A NG LN, UBAINEAALL.

unequal weight factor in this case. Optimization program can continue running
despite being unable to find converged solutions, because the global minimum is
not found, but the predicted intermediate values are not too exaggerated that cause

overflow or simulation date ends before specified end simulation period.
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6) Using normalized combination weight (trial case #14) gives error as much as

normal combination weight (trial case #13).

Case 4: History Matching simulated data incorporated with pressure drop

between reservoirs

pubetween multiple reservoirs,
fARk model built with MBAL.
Two scenarios d'by GAP and MBAL in

case 2.1 are use
Case 4.1 Two

crated by GAP. Tank A refers
to tank 59-1 and ta . 78 Pasel?. .""'-. Multi-tank commingle

matching spreadsheet

ing result of case 4.1

Last Iteration Last

Case Weight | T oGIP Iteration
Factor 4

1Y sodf |1 786
1 10 _CJ_:ET:Y:TEE:_-—_i__-—:q;fF 1.3669 8
2 10 !"'__ ey 1
3 1 Yes#l 00 0 2 22
4 1 Y !!I 0.01 1 - 1&3 2.55 22
.

5 1 0.01 1 1 l Yes 1 ; 1.45 8

AU ININTHYINT

With different weighing factors and initial guesses £ OGIP for each tank sdifferent

IR N AN

factors equal to one for all residuals obtained the closed solution to actual ones. Trial
#4 which has far initial guesses from correct answer gave a close solution to the actual

OGIP of tank 78-6 but the answer is still lower than the correct value by 0.45 Bcf.
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This is due to the effect of commingled model which does not calculate the pressure
drop between sands. Table 5.10 and Figures 5.24 to 5.26 show the result of history
match for case (trial) #3

Table 5.10 Result of history match of case 4.1#3

Date

Number | Residual type | Observed | Calculated | Residual
1 WT Date: Gas 10/14/ 445 4.58 -0.1238
2 WT Date: Gas 10/274 432 4.42 -0.1022
3 WT Date: 16/2 _ 445 4.52 -0.0715
4 WT Date: ; 4.25 -0.0323
5 | WT Date: Gase@/9/2006.~ — 417 0.0211
6 WTDﬂfe as 12ONIOEFS /b | ¢ e 4.05 ~0.0055
7 e Mdffff a l\\%h._ 3.77 0.0285
8 WTDm Wﬂ’ﬂfﬂ NNV 3.68 0.0374
9 | WTDate@lS2/@0028 Ff =32 \E\\: 0.0450
10 | WT Dfe? Gas ufﬁ'ﬁ"f\\k‘ﬂﬁ 0.0531
NA | Tank Pressus@of 3851 #PLT Surveyon 17302007 |, 2148 -86.0000
NA | Tank Pregtire of78-gW/PET Sarveyon'l/30/2007 \‘Ew 177.0000
NA | Gasre g _ ; -0.1087
NA | Gas rate of #8-6 (PLT Survey ofi.1/30 . 0.1471

S

ARIAINITUNNINGAY
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Tank pressure matching result
Pressure

(psi)
3500 - - - - - — = _‘,;
2500 — - - - e -
2000 -

3 111

\

/PLT Survey on 1/30/2007

Figure 5.26 esuli of case 4.1#3

Case 4.2 Tw tank g . 5) has an aquifer

supportbuiltwiﬂ small pe ﬁ

The same reservoir j'o ies, IPR and VLPasjin case 2.1 were used as input except

ﬂ"umwﬂmwmm

the fol
OGIP o 59-1 = 0.8 Bscf, OSIP of tank 78- 6 =1 Bscf, Aquer Volume on

PRI NLIAY.,

Table 5.4.
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The methodology is similar to case 3.2. The simulation result obtained from GAP,
such as total gas rate, water rate, individual tank pressure, gas rate, water rate
(simulated PLT data) were history matched by the multi-tank model built with MBAL
with a small pot aquifer model attached to tank 78-6.

All cases use OGIP of 0.5 Bscf and aquifi

result of automatic history matehing is ab .
W / ,,/J
J

From Table 5.1 i omatie hisfory match ; '-- adsheet neither had the

Q
\
1

ize of 500 MMRB as initial guess. The
Result discussion

converged solutions g y @8Scs (trials; "ii\ ition in any iteration close to
mto account the pressure
o' lion of WT data and PLT

" ves not take into account

the actual solutions.

drop between S, thg

data cannot be fittedfinto ,\ do
the pressure drop betweengSands, Ha i far an aquifer attached to is
the top most tank gaboy : \\ esult should be similar and

\ ; a on run of MBAL and GAP

dicates that the result of

MBAL should be ablgito match

with different positiofis gffaquife fank she
MBAL and GAP is ver¥ clo ;‘:‘E’.:“ 3 d is on the top above other
sands. Therefore, MBAL shoutd=b&able 16 h water production in this case if the

T8
el et R
HTOUM at il il

water sand is above or.ar s.below.

I--‘: -~ -
Summary of Ay X ‘

1) Only one tri&s converg weighing fa ";I equal to 0.001 but the
d
answers are still far from the correct answers.

o} L A TN oo
ammrfwﬁwﬁ It fa bR

causes a high pressure drop between sands, the history matching routine cannot

match the data. As discussed in case 2.2 that the simulation results from GAP and

MBAL are similar when the water producing sand is the top most or when WGR
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is still low, the automatic history matching algorithm based on MBAL does not

work in this case since the water producing sand is at the bottom.

Table 5.11 Summary of automatic history matching of case 4.2

Initial itial
Weighi- o h Con Last Iteration . Lt
OGIP Aquifer 5
Case ng Lamda O verge Iterati
on 78-6
Factor . pe on#
; ' 59-1 | 786
1 10 0.001 2.5 500 0.0017 | 505 0.000001 8
2 1 0.0 _ : 00 : 0145 | 11| 0.000001 | 11
3 0.1 0 50( : 4 | 0.5251 | 0.000001 22
4 0.01 0.001 0.8165 | 0.2926 | 9.1516 22
5 0.001 s ELR : 0.396 | 496.699 8
6 0.01 0.00 F 5 - 283 | 1.09 1423 18
7 1 ' 0.8059 66 98
Case 5: Histo atgh simulated da
" o " .
A three tank comifiin del s s goniposed of'tanks 76-7, 75-3 and 75-
6. The individual tafik pfoperties ja tablg 5.12 for building multi-tank
model with MBAL. Thg gas r4tés - int individual data of tank gas rate
a i .
and pressure (representing £ as g d used for testing the automatic
history matching spreadsh: Sirce the | uilt with MBAL, all tanks were
assumed to ha i . The VLP curves

was generated

The PVT data OBI three

Gas specific gravity =115, separator presguge = 614 psi, condensate gravity = 55

L LA AL AR R

The lefthe system is shown in | |gure 3.27.

Q‘mﬁﬂﬂ‘im UAIINYA Y
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IPR - ERWX-20

€000

4000

FBHP (psiqg)

2000

0

Tank
-7
75-3
75-6
ss4al] Layers

e (0 D s

16

ngled system
Tank :
75-6
Temperature (deg 300
| Initial Pressure 4,167
Porosi L% 0.18
Connate Waté .."'m ; 0.54
OGIP (Bscf) 'I 0.2 0.8
Well Performance Index C (MscﬂdaylPSIZ) 3.437 2 .
Well Performance ; _
326,998
7 43

Qﬁﬂﬁﬁﬂ‘ifﬂﬂﬁﬂﬂﬁﬂﬁ&l
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Table 5.13 shows the parameters used in the automatic history matching of WT gas

rate with one point PLT individual gas rate and tank pressure. Also shown in the table

are the results of the regression run.

Table 5.13 Result of automatic history matching of case 5

Last
i w;igllillg 2 Initial G nvgrlc Last Iteration OGIP Ontics
actor #
747 | 7153 [ 756
I lonall | IE-03 522 | 039 | 174 3
2 10onall | 1E-03 h_ n "EE_“J 0.0079 | 0.9762 | 1.9646 15

1 on all WT,

3 | 1oonpLT 01963 | 08019 | 22¢

& F '
=N =

5 | Samcas3 Laii0s | MW 1S Ya Rk ks | T 1.0285 | 1.0043 9
6

Sameas3 | IE-0F | 40 g0 J1) 1 SSve8 NN NS, 585 | 02048 [ 0.8347 | 19
- 1|I" '1"." "‘l.__...'

Remarks

1) In case # 2, the g ed running since MBAL

terminated simulationgbefore4hés

et
2) Only Case # 2 did not have

Table 5.14 Com s 1 m g¢onverged solution
o
: “ ized R2

- 0.1998

ﬂuﬂiﬂﬂﬂ‘iwmﬂj
’Qﬁ?ﬁﬁﬂ‘imﬂﬁﬂﬂﬁl"fﬁﬂ
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Table 5.15 Result of history matching from case 5#4, normalized weighing factor

10 times on PLT data
Date
Number | Residual type Observed | Calculated Residual
1 WT Date: Gas 3/28/2006 7.10 7.02 0.0738
2 WT Date: Gas 4/4/2006 7.56 6.90 0.6550
3 WT Date: Gas 5/6/2 10.50 8.83 1.6753
4 WT Date: Gas 5/1 9.37 7.25 2.1172
5 WT Date: Gas. 10,61 8.72 1.8889
6 WT Date: C 7.05 2.5729
7 WT Date: - 7.00 2.6689
8 WT Date: 6.31 2.9358
9 WT = 5.82 3.1279
10 WT Date; 5.60 3.2351
11 5.37 3.3295
12 WT D : 4.98 3.4046
13 W : 2006 4.43 3.5726
14 atgdiGas E 4.15 3.6574
15 WT -G 3.85 3.7743
16 ate: 0067y = 3.69 3.8161
17 Da : 6 8 0.84 5.9591
18 WT : 1245/2006 ** 0.16 6.5537
19 WPDate: 12 0.00 3.2837
20 WT DatgliGas ; ] - 0.00 5.7341
21 WT Dafe: Gaghl/8/200% "2 = 9 3.79 3.5966
22 WT Date: 1/2 - ' 3.47 3.6510
23 WT Date: : = : 3.26 3.8752
24 WT Date: Gas 2/ - 7.07 3.33 3.7331
25 WT Date: Gas 4 6.91 3.10 3.8083
26 WT Dal P 57 4.0098
27 1,50 4.7707
28 F18 4.1044
29 ] .66 4.4595
30 Date: 2.93 3.3128
31 Date: Gas 6/ 5.99 2.29 3.6981
32 “Date: Gas 6/29/2007 5.74 0.00 5.7359
Tank Pgessure of 74-7 f/PLT Survey on
NA 6/1/2 él- ey'ﬁ-’ 2219 959 12600.0000
ressu 3
1£2007 1 n;lj -200.0000
ressure of 75-6 f/PLT Survey on -
wﬂ.’l 6/1/2007 2510 2665 -1550.0000
Gas rate of 74-7 f/PLT S"vey on ="
/1 F 7 4
ofl75- 18
NA /1/200 1 93 - 9
Gas rate of 75-6 f/PLT Survey on
NA 6/1/2007 0.64 0.70 -0.6154




- "

i

Tank Pressure of 75-6 UPLT
Survey on 6/1/2007

result of case 5#4

X

Figure 5.30 Chart of tank gas rate history matching result of case 5#4

79
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Result Discussion

All trials as seen in Table 5.13 reached convergence solutions except case #2 although
it has the same initial guess values. Each trial started with different weight factors
and/or Lamda (X). From Table 5.14, case #3 has most correct solutions with the least

normalized sigma squares error (erig yost null). From the results, we can extract

several observations as follows:

1) The weighing fa e solutions converge to the

correct answers. on all residual can lead to
converged solutior weighing factor of 10 on
PLT data and#l*on Wi s/in Gasei# 6 "1 > | es used the same initial

guess values.

2) When using ; nag
(0.001), asin casg®s #hefeonvefgence was achieyed with™a little change in OGIP.
The effect is si { “of usi alized weights.

A) than the default value

3) When using toofmuch’ weights in.al residuals astin case#2, the optimization

routine stopped preiaturely-since chas . OGIP are exaggerated which caused

the simulation to end be ion ending period.

4

to 1) as in case # 4,
olutions were found but with-¢ heyv—were—vwreng. The answers were
found to"be' : shdesSpite using the same
value for other parameters as ast norma ‘EI: ed error, case #3. Table

5.15 and Flgure 5.28 to 5.30 show the error of history match from case #4 with

mﬂﬁ i }m {10 £ o SN

thl se #4.

QWWMWW UAIINYIA

Example data from gas wells in the GOT (Gulf of Thailand) with production/PLT
data were used in cases 6 to 8. Three wells were selected for building the model and

testing the automatic history matching spreadsheet.
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Case 6: Well A — two-tank commingle model

Four reservoirs are penetrated by well A but from the PLT survey, only two reservoirs
(tanks) were flowing namely 70-2 (actual datum of 8,484° MD/7,020° VD) and 77-5
(actual datum of 9,278 MD/7,750° VD). Therefore, a two- tank commingle model

sinq significant water production observed in

was constructed for this well. There

shown in Table 5.16 R is p -\;:.,v?. €.5.31. PROSPER was used for
VLP curve generati - \s

A
| Tanky 70-2. Tank : 77-5

Temperature (d€g F l ' n E" 'r \T\T 332
Initial Pressure (pg) 4 4 ﬂ ‘s N 'L 3600
Porosity Yy 0.19
Connate Water Sa 0.5
Well Performanc ¢

(Mscﬁ’day!psn ) i —— 0.8039
Well Performance Index fﬂ 0.5532

The PVT propéiti '
separator pre g-

gas.spc ific gravity = 1.15,
OCR = 9 BBL/MMSCF,

water salinity = I 0,00¢

L]
| i
The reservoir datu?(assumed for all tanks) is 8484’MD or 7020°TVD.

ﬂ‘lJEl’J‘VIEWI‘ﬁWEI']ﬂ‘i
Qﬁ?ﬁﬂﬂ‘iﬁumﬂﬂﬂmﬁﬂ
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IPR - WellDl

4500

3000

FBHP (psig)

1500

16

Tank
1: 70-2
2: 71-5
3: "*4j]] Layers

The well was perforatedfirst batch in Ocis for all the four sands. The well

has been operated as a swing well 1404 y.gas if gas is short of. Choked down

or shut in if the gas is eral periods of shut in were

observed and “enter ed into _tubing head oressure _schedu '.‘ l LT s“rvey was
“y'. x4

conducted on- Apr is from the initial

perforation date u l the day th verformed T— ause the 2™ batch of

perforatmn was one on April 14", 2007. Durmg this penod, 16 WT data are

B

Thc initia] guesses for OGIP of thc two tanks were calculated from the volumetric

TR INea Y
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Table 5.17 Result of trial of automatic history matching parameters on well A

Initial Last Pt
Weighing Guess Converge | Iteration
Case Facton Lamda OGIP Converge Type OGIP lter;tion
70- 70-2 | 77-5
1 1 0.01 1&3 0.98 | 1.07 14
1 on WT, |
2 0.1 on PLT , 1&3 0.88 | 1.2 17
lon WT
data,
12/06/2:
3 to j 09 | 099 13
03/10/200%
0.10
rest
4 0 0.99 | 0.76 31
l‘ -
Table 5.18 C agiso rom converged solution
— Normalized £ R2
]
= 0.4843
LT
2 7 0.5594
7

AULINENTNEINS
ARIAINTUNNINGAY



Table 5.19 Result of automatic history match case 6#4

84

Date Residual type Observed | Calculated | Residual
Number
1 WT Date: Gas 10/14/2006 4.11 3.72 0.3944
2 WT Date: Gas 10/27/2006 4.53 427 0.2554
3 WT Date: Gas 11/6/2006 494 4.85 0.0879
4 WT Date: Gas 12/1/2006 5.82 6.96 -1.1363
5 WT Date: Gas 12/9/2006 5.97 6.72 -0.7485
6 WT Date: Gas 12/2 5.66 6.42 -0.7586
7 WT Date: Gas 537 5.72 -0.3521
8 WT Date: Gas, 5.05 5.50 -0.4539
9 WT Date: Gg 530 544 -0.1415
10 WT Ga 543 -1.3327
11 WT Date: 4381 -0.1856
12 WT 4.46 0.4014
13 WT 421 0.3195
14 4.04 0.3673
15 WT 3.84 0.3018
16 _ i 2.63 0.8233
NA Tank ’ 2 2015 236.0000
NA T ol f7-3HIF L 1796 204.0000
NA Gas IT Si i 1.94 0.4085
NA Gas pate of Sur 3 1.90 0.4323

ARIAINTUNNINGAY
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Tank pressure matching result

—
e @ Obse;
—

77/
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o
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i S 1ie

AN .'r:;"f e
ure x‘\::"-:"' ,“1’ 'f !ﬁg 2 0f 77-5 f/PLT Survey on 4/8/2007

A7/ BTN
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3 ifp

L

ed

\\\\\\ of case 6#4

DR

o\ \\h\;\

jaicd

-l-"_ .
.:' e 6#4

DI parﬂvith various methods

OGIP from CWM

NN
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Result Discussion

1) From Table 5.17, OGIP of tank 70-2 seems to be consistent in all trial cases at
around 0.88-0.99 Bscf.
2) From Table 5.18, result of matching showed that trial case # 4 has the lowest

normalized £R2 which should r¢ e most correct solutions. Table 5.19 and

Figure 5.32 to 5.34 show the result 0 fhiStghy matching of trial case #4. From table
5.19, we can see the,total\gas rate' matchcs' | except between the period of
12/1/2006 until 2/T6/2006. Individual gas of both tank are lower than actual

3) From Figure 5.3 ; ' rate between 12/172006 to 03/10/2006 cannot be

as case trial i 18 > welght in this sidual interval.
4) From Table 5.20f sfit Pt he-teasl s o\ fBast normalized £ R2 are a
bit differe DGIPsE calctyate # commingle wellbore model (CWM),

proposed by La as close to the result of trial

case #3 which has ghie sg€ond, {cast Hormalized \

Case 7: Well B — six-tagk comminiglc mo
F{ ‘:l.'::;-
In this trial case, eight reserveiss-were pens

flow during a PLT suryeys sarely: 39-1{ op is at 9,680° MD and 5,910°

VD), 63-4 (formation top is at 10.183" MD and 6.340" VD)..68-4(formation top is at

10,770° MD iid 6,840° VD), 6 H8' WD and 6,960° VD),
p IS D), 78:6 (formation top is at

78-1 (formatioa _
11,954° MD a ,860" VD). The individual reservoir .’, :rties of each tank are
shown in Table S.ﬁﬁe well started prodiigfion on October 6", 2006. WT history

betweeh ucﬂ, @6ﬂjﬂaw ; Ow‘ﬁ‘ﬂlﬂte T data, run on
January27", 2007, were used for history matching and constructing IPR of each tank.
The IPR parameters are shown iftable 5.21, and g, IPR curve is showhsin Figure

AR EATEINIE AR
qdatum was assumed to be the datum point of other reservoirs due to _ limitation

that it cannot account for the pressure drop between reservoirs.

d by a single well but only six sands
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Table 5.21 Reservoir properties for all sands in well B

Tank
59-1 63-4 68-4 69-6 78-1 78-6

Temperature (deg F) 267 280 296 300 327 328

Initial Pressure (psi) 2,549 2,829 3,028 3,155 3,616 3,682

Porosity 0.22 22 0.22 0.22 0.18 0.17

Connate Water Saturation 9 0.46 0.41 0.49 043

Well Performance Index C
(Mscf/day/psi’) ‘ 179 | 0.0014 | 0.000891 -

Well Performance Index b 0.9346 | 0.8326 -

Well Performance Index™A
(psi*/cp/Mscf/day) 451 - - - 193353

Well Performance Ind. ; -

(psi*/cp(Mscf/day L . 0

OGIP from Volumetri A .

(Bscf) 1. 06 035 0.85
Remark: A = Da efficient in Forchheimer
Pseudo press R ot
The PVT propgffics were for both fo sas Specific gravity = 0.878,
separator pressure & 750°p el 55 APIL, CGR = 12 BBL/MMSCEF,

ol 1
water salinity =100, hCH :
] | %

The well was perforated secom v a 07. The history matching
period started from O€tobet/E6%-2006 4 on January 30", 2007. A total of 9
WT data points and one PL IS history matching. No water was
observed duri eplgtion drive model was
used.

The initial gue fo olumetric method calculated

from inferred ar€as except trial case #4 that the initial guess 6f OGIP of tank 69-5 was

foumﬁ trial and Grﬂ.

HEI'WIEWI‘WEHﬂ‘i
ammnimum'swmaa
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Table 5.22 Result of varic

— --l'i';;';;:-;g.. \ - '

—

1S tria of tom ic history atchingparameters

Weighing
Case Factor Lamda 50-1 | 63-4
1 1 0.01 0.61 | 0.26
2 10 0.01 0.61 | 0.26
1 on WT,
3 10 on PLT 0.01 0.6 | 0.26
1 on WT,
4 10 on PLT 0.01 0.6 | 0.26

";/ 1z P\wk\?\ -

F‘WEJ’J‘VIEWI?WEJ’]ﬂ‘i
QW’]Nﬂ‘iﬂJmﬂﬂﬂﬁl’mﬂ

89
N “\ Last Iteration OGIP Last
Iterati
4| 684|696 | 781|786 |
0.62 | 1.08 | 037 | 0.63 4
06 | 1.16 | 035 | 0.85 9
058 | 136 | 0.43 | 0.45 25
058 | 057 | 04 | 055

| ,-::

M} 9\(\
\

V azi3

: ﬁ-‘ .5‘9'-

10

u‘

Y
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Table 5.23 Comparison of various normalized £ R2 error from converged

solution
Case # Normalized £ R2
2 3.278
/ 2.3992
j — 2.1567
——
Table 5.24 C > off individ ' 1g different methods
S
GIP from CWM
Tank 59-1, Bs : 0.07
Tank 63-4, Bscf ) 0.079
Tank 68-4, Bsc ' 58 1.062
Tank 69-6, Bscf 0157 0.873
Tank 78-1, Bscf G: 0.268
Tank 78-6, Bscf . 0.241
Total, Bscf - .8 2.593

AULINENTNEINS
AR TUNN NN Y



Table 5.25 Result of automatic history matching case 7 #4

Date
Number | Residual type Observed | Calculated | Residual
1 WT Date: Gas 10/6/2006 2.40 4.96 -2.5630
2 WT Date: Gas 10/18/2006 3.62 4.74 -1.1227
3 WT Date: Gas 10/30/2006 3.35 5.08 -1.7330
4 WT Date: Gas 11/11/2006 3.25 4.47 -1.2170
5 WT Date: Gas 12/4/2006. 3.09 3.81 -0.7197
6 WT Date: Gas 1242 | 3.28 -0.1208
7 WT Date: Gasii > ; 7.44 -0.7530
8 WT Date: Gasuls 7.24 -0.0370
9 WT Datesaas 2.48 -0.4821
Tank Press f/PL 5
NA 1/23/20 2449.00 -20.0000
Tank Press /P!
NA 1/23/200 _ ff 1.2374.00 620.0000
Tank Pres - ""'-q.,.
NA 1;23!2 f 750.00 590.0000
NA 1!23!200 i"' .ﬁ \ \\ \I} 2521.00 790.0000
Tank DEessur
NA | 1238007 i I F , I'\."’ \‘L 04.00 | -1290.0000
B 4 4 s RN
NA 1/23/204 o -1120.0000
Gas rate of 59
NA 1/23/2007 1.19 -1.7639
Gas rate ¢ ; _
NA 1/23/200° B 3 1.45 -4.1591
Gas rate of 68 2
NA 1/23/2007 0.86 4.0933
Gas rate of 69-6 f/PL
NA 1/23/2007 -2.1832
Gas rate o
NA 47L 1.4360
NA L) (ﬁ -1.3933

U

ﬂ‘lJEl’J‘VIEWI‘ﬁWEI']ﬂ‘i
ammﬂ‘imummmaa
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ARSI WT Gas Rate Match
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Tank P \ e Pressure Tank Pressure
69-6 1 P o 78-1f/PLT of 78-6 f/PLT

Survey on S on S _ ‘ ryey on Survey on Survey on
0074 4200 1/23/2007 1/23/2007
JII-‘_‘.-;-II (8L FREESCCERRT A FRE O ltuvh||l --..l'lll-l [ e7#4

; .."'-
- -

- ]
e

e
i

B BERE"E

Figure 5.38 Tank gas rate matching result of case 7#4
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Result Discussion
From Table 5.22, the following points can be observed:

1) When using weighting factors = 1, the optimization routine was prematurely

terminated as in case #1.

2) When using weighing factors & he gptimization routine had the solutions

4) When perfo

trial and error).

= 0.5 Bef on 69-6 (by
volumetric calculation
with inferred arg . After using the same
initial guess*for OGIP gn anging | guess OGIP on 69-6
to 0.5 Bscf, th : : readsheet were obtained

with a lower erro

From the observation i€, e see that,there s : imitation in the optimization
algorithm used in th€"aut@matic | v matchi pres cet. There is the limitation
of local minimum into which. th ":':"' on I, especially when there were

Vs,

g - 3
many variables to be determined.such as in ase of six commingled tanks.

_f!i”"' .-i.

From Table 523, it d t

4

th cTn ethod proposcd in this

owest normalized £

R2 en‘or an (] E: ":J‘;flfi-mmimif’mm'mifﬁi’fﬁi-x

From Table 5.2 \
thesis and CWM+have some discrepancy. Despite the fact:
normalized X R2 er‘;ﬁc qualities of the n"w'h on WT gas rate and PLT gas rate (of

plotfort asset engineer i sc ch is much less

than the sum of individual zone O@IP determined bﬂp two methods.

’Q‘Wqﬁﬂﬂ‘immﬂﬂﬂﬁﬂﬁﬂ

that case #4 has lowest
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Case 8: Well C — five-tank commingled well with one watered-out layer.

In this case, fifteen reservoirs were penetrated by well C, and the production started in
March 2006. Water production was observed since the first well test but the trend of
water has been increasing only gradually during the period of history matching. A

MPLT survey was conducted on . 2007. Only 5 reservoirs were found

> multi-tank model, namely, 63-2
9_4efformation top is at 10,520° MD

-_ﬂw) and 7,470° VD), 75-3

ation top is at 11,422’

E ). J5-0 (g

N from MPLT data as shown in Table
L 9.624 MD (6,320

]

Ws: gas specific gravity = 1.15,
\ CGR = 9 BBL/MMSCEF,

Properties of each layer are

rs modeled in well C

75-6
e =
4,167
Porosity ] 0.18
Connate Water Sgﬁon 0.52 0.54
b o “d“.i; 0000163 | 9 3437 . .
(psi® ' 1 3,33 326,998
g:i';},:p S’L‘;?;'a‘;f)zl)“d“" P, 2.93689 37.43

RIAININ

TRRk]

TRER
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Table 5.27 Relative permeability for well C from Boatman correlation

Sw S* KrwB | KrgB Sg
0.36 0 0 1 0.64
0.389 0.1 0.0001 0.8019 0.611
0418 0.2 0.0016 0.6144 0.582
0.447 0.3 0.0081 0.4459 0.553
0.476 0.4 5 1 B 03024 | 0.524
0.505 . : 0.1875 0.495
0.563 | 0459 | 0437
0.534 : N 1024 0.466
0. 408 | 0.408
6561100019~ 0379
1 0.35
i
1
0.9
&
06 Krw B
ot
0.3 KrgB
0.2
0.1
0 s
0 0.2 0.6 0.8
AR
L]
Figure 5.39 ; an correlation
Table 5.27 and F 5.39 show the relative permeability used for the watered-

out tank, 69-4. Eﬂaﬁn correlation wés/ used for constructing this relative

PR A R e

awﬁzﬁﬂim WAINYIAY
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IFR - ERWX-20

8000

6000}

FBHP (pslq)

20

Tank
63-2
69-4
4-7
15-3
15-6
wk2p]] Layers

O LN e L RS
OETRTIETIRTIET

: anual” worksheet in the
e was no OGIP calculated from the
e 5.28, only case #4, which used
weighing fa for§ = olutions. Table 5.29 and
Figures 5.41 ;,' I_.:"i{.. e #4. Most of the
historical data we#¢ m €r rate and water rate of tank
69-4. J |

ﬂ‘lJEl'WIEWI‘ﬁWEI']ﬂ‘i
’Qﬁ'lﬁﬁﬂ‘if”ﬂﬁﬂﬂ&ﬂﬁ&l

Initial guess of O P'
automatic history matching Speeadshe

volumetric method with in :'_a_, d , _‘.



Table 5.28 Result of varia !“J, tomatic_ :_’-\‘jug' matching parameters
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" Last Iteration OGIP

Initial Guess O

Last Liasé
Case ‘::;‘:: Landa A[“‘“‘:;e'r Iteration
632 | 69-4 | 747 | 3 747 | 753 | 75-6 29-4 #
1 1 0001 | 01 | 01 | 6 | g A'll .@‘ ﬁ“ \\Mx 0.1 | 616 | 013 [ o013 | 685 19
"'.
2 10 0.001 | 01 | 0.1 6 [*™0.14 J ]L— ﬂ? \\\\ | 1568 | 001 | 472 | 0.0317 88
1 on all
3 | wr,10 | 0001 | 01 | 0. 6 o 20rr e 1| 308 | 012 | o 116 0
on PLT ‘
4 1 0001 | 05 | 013 | 652 | 15| DTN 12| 692 | 193 | 04 | 475 2

Only case# 4 had the converged solution. Normalized fjﬂ_‘? Onyer ion trial case #4 is 24.84.

0

gy it

u‘

F‘WEJ’J‘VIEWI?WEJ’]ﬂ‘i
QW’]Nﬂ‘iﬂJmﬂﬂﬂﬁl’mﬂ

L6
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Table 5.29 Result of automatic history matching case 8#5

98

Date
Number Residual type Observed | Calculated | Residual
1 WT Date: Gas 3/28/2006 3.62 6.04 -2.4185
2 WT Date: Gas 4/4/2006 4.29 7.57 -3.2771
3 WT Date: Gas 5/6/2006 15.82 11.84 3.9804
4 WT Date: Gas 5/12/200 11.12 10.62 0.5039
5 WT Date: Gas 5/15/200¢ 11.34 12.17 -0.8344
6 WT Date: Gas 9.61 11.29 -1.6760
7 WT Date: 10.34 11.44 -1.0953
8 WT Date; 0.42 11.05 -0.6285
9 WT Date: ( 6 10.65 -1.0931
10 WT Date: 10.37 -0.4464
11 WTDak 7 10.17 -0.4477
12 WT Da 9.58 -0.0998
13 e: 9.28 -0.4733
14 WT D 9.12 -0.6885
15 W e: Glls ” . 9.00 -0.6770
16 Da /15 01 8.93 -0.9175
17 WT Diite: Gds 06 : 8.72 -1.2180
18 ate: SB006 4, g 8.59 -1.0975
19 WT D : 0 5.06 -0.7564
20 WT Liite: Gas 12427/200 7.41 -0.0756
21 ate: 1200 7. 8.63 -0.9490
22 WT D / ( - 0 8.26 -0.9637
23 WT Date: Gag2/13/2 - 6 8.52 0.3393
24 WT Date: Gas 2/2 e 7.60 8.28 -0.6811
25 WT Date: Gas 3/ o ., 7.37 8.08 -0.7104
26 WT Date: Gas 3/ 07 6.80 7.74 -0.9359
27 WT Date: Gas + 6.59 7.58 -0.9873
28 LWT D 54 7.58 -1.0369
29 7.42 -0.9636
30 7.43 1.6098
31 / 711 -0.8390
32 ate: i 6.91 -0.7493
1 T Date: Water sm 0 81.9862
2 WT Date: Water 4/4/2006 20 0 19.8236
: 2 79.1420
48.0759
ssI f‘ l g 80.5548
- : ! I % 56.5803
7']] WT Date Water 6;'22!2006 36 17 18.8665
WT Date Water wszzod’ 34 @LUF35.7404
" i 3 | ﬁs | m.6o018
MIAuﬂESME*‘I‘IllH--I’EI Ejm

| = J
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Table 5.29 Result of automatic history matching case 8#5 (continued)

Date
Number Residual type Observed | Calculated | Residual
11 WT Date: Water 8/15/2006 116 147 -31.0158
12 WT Date: Water 9/13/2006 90 191 100.7851
13 WT Date: Water 10/12/200 132 166 -34.1494
14 WT Date: Water 10/30/2006 | | J 159 147 11.5652
15 WT Date: Water 11/8/200 148 126 21.7973
16 WT Date: Water . / 159 112 46.8744
17 WT Date: Water:h/29/20 122 12 109.5859
18 WT Date: Water'12/5/2006 @ = | _]43 12 130.9939
19 WT Date: W¢ ;m-‘%h 51 3 47.8491
20 ; Vate .F"' m 5 120.5975
21 99 42.6479
22 130 23.7901
23 60 45.3533
24 83 52.6730
25 96 78.9408
26 104 55.1001
27 71 147.8636
28 76 141.1182
29 72 139.6445
30 82 85.1181
31 91 99.6269
32 : 75 97.6149
Tank Pressu€ of 63 A----iﬁlm-T
NA 6/1/2007 Fida 2237 2031 | 206.0000
Tank Pressure off69-4 i7F fﬁm N
NA 6/1/2007 —— — 1613 1728 | 115.0000
Tank Pressure.of 787 TPET Surye -
NA _ u pal ﬁ""g% 2448 | 188.0000
NA  T6lme07 2515 | 355.0000
1.'!17'_.: .
NA 6/ 42007 2064 39.0000
NA 3#:.: of 63-2 F/PLT 0.18 0.0655
NA rate of 63-2 f/PLT Survey on 6/ 1/200? 0 -0.0558
NA ate 0.0021
29.2443
-0.3448
A -2.9177
N Gas rate of75-3 f/PLT Survcy on 5!1;2007 1.13 1.39 -0.2588
NA Water rate of 75-3 ﬁ‘PL'ﬁurvey on 6! I!ZOO? 0 3 Qu -3.1372
INAS -6 f/PL1 § B3 2160
g.fim

=



Water rate Water rate match

NN
Gaslhte "a"«“h,.

14

12

10
8

-

o
8 -‘55 2242628 30 32
=" = Mhcer

Date Number

Figure 5.43 Tank pressure matching result of case 8#5

100
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Gag rate Tank gas rate

(MMSCFPD)

O = N W a3

.TGas rate of 75-3 fPLTGas rate of 75-6 fPLT
Survey on 6/1/2007 Survey on 6/1/2007

Gas rate of 63-2 FPLTGas i
Survey on 6/1/2007 S

k ng result of case 8#5

‘Water rate
(BPD)
120

100
80
60
40
20

0 + i 2L & i "'I" [ . I
Water rate of ater rate of G W a of 74- Vate of75-3  Waterrate of 75-6
fPLT Surv T/PLT Susifey, 6 P fyey on P ey on f/PLT Survey on

6/1/200 0 : 6/1/2007 6/1/2007
T W

Of case8#S

2
Only one converzen hing"as seen in Table 5.28.
Up to this point. the algorithim sviewed."The new all;- use normalized error

function instead of Ffuatlon 3.1 came up.

wfl yms&sgmwmnjn
ARAINTUANINGIAY



Table 5.30 Result of n

‘lor

4

102

error in the algorithm
Initial Guess & Last Iteration OGIP Last Lt
Case W;;gth;ng Lamda g ;nlq;l I s
J 632 | 69-4 | 74-7 -3 Hu 69-4 | 74-7 | 75-3 | 75-6 | Aquiler 4
; : 9 69-4
1 1 0.001 0.5 0.5 4 fo 0.03 83.02 | 0.00 | 0.00 | 130.930 12
1 onall WT, ‘
2 10 on PLT 0.001 0.5 0.5 4 A st 70.51 0.01 0.07 | 0.97 82.230 54
1 onall WT, i
3 10onPLT | 0001 | 0.5 | 05 4 0.5 _ g - 2 1| 036 | 406 | 022 | 1.11 | 5010 1
il _d J
4* 1 0.001 0.5 0.13 6.52 1.1 - 0.01 0.11 7.04 238 | 0.04 4,773 2
1 on all WT, i -
5 10 on PLT 0.001 0.5 0.13 8 I ‘ .02 2.71 0.70 | 0.56 0.000 17
1 on all WT, Al
6 10 on PLT 0.001 0.5 0.13 | 6.5~ 0.13 6.52 1.10 | 0.50 6.773 0
Normalized
1 onall WT, ; )
7 | JoonpLT | 0001 | 05 [ 05 | 4 % 05 5 Qs 2 021 | 036 | 406 | 022 | 111 | 5010 1

ARIANTAUNNIING 1A Y

[0
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Table 5.31 Comparison of various normalized £ R2 from converged solution

Case # Normalized £ R2

3 40.52

After running a new hi llzcd error functions using
ot /ﬁff \\m able 5.30.

different regre

From Table 530, itg€an «,_:_ 3¢ \\‘5\\\ r

converged solutighs. \\\\

q\ ed error and original error

al cases that reaches
west XR2 and should be

closet to the actual 2

When comparing the
definition were uset ed error has a lower ZR2
error (24.13 vs 24.84). 0g-5e """_ /ith normalized error should be the
closet solutions. Table 5.3 - : 0 5.50 show the result of history
matching of this lea | otal gas rate in Figures 5.47
matches quite-well but total water rate igures 5.46 and tankiwater rate of tank 69-4
in Figures 5. tﬁ'_ 11"}’ lative permeability
parameters. Taﬁas rate-ir od match except tank 75-3 as well
as its tank pre rate in Figure 5.48 which shows bigge¢ T iscrepancy than other

tanks.

@ UUINUNTWLANS

mﬂux en into account). It was calculated to be about 9 Bscf. S ation of

3 BRI RTINETIRY

lt looks as if the automatic history matching algorithm with normalized error function

finds better solutions than the algorithm with un-normalized error function since the
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lowest £R2 error of the trial cases with this normalized error algorithm is lower than

XR2 error of the trial cases of algorithm with conventional error definition.

Table 5.32 Result of automatic history matching case 8#4 normalized error

Date
Number | Residual type Observed | Calculated | Residual
1| WT Date: Gas 32820060 R 01 P I 4 3.62 6.04 -2.4208
2 | WT Date: Gas 44200 R L } F 7 & 4.29 7.48 -3.1866
3 | WT Date: Gas 5/6/2006 S " 15.82 1.04 | 47752
4 | WT Date: Gas Sm242006 11.12 9.53 1.5945
5 | WT Date: Gasfisi2006mms. ' s 34 1135 | -0.0121
6 | WT Date: Gas 6/7/200 __....-;_--:.___"'- 9.6 10.19 | -0.5804
1 WT Date O 02220007 /i s 1 AN : 10.44 -0.1026
8 | WT Date: Gg J_{If'ffff a ‘\\m 1027 | 0.1544
9 | wrDate: : 9. 9.85 -0.2907
10 | WT Date: _ 9.63 0.2852
11 | wT Dastlas saP0ol® & I, % A0 - 9.54 0.1815
12| WT Date: Gagi/13/2006 4 J LF‘- AN : 8.99 0.4875
13| WT Date.@8s 104820 5 8.91 -0.1047
14 | WT Date Gas E bell:. (- 4 1\1‘& 43 8.77 -0.3353
15 | WT Date: Gg E ool T L4 NN 850 | -0.1770
16 | WT Date; s 114820886  Jhi.-iidd % [N S0 8.43 -0.4201
17 | WT Date: Gas |i09/206-s < da | = Jeih 48 % [\ %g.50 8.30 -0.8018
18 | WT Date: Gaglil/5/2l06 © s ainle T LR Nl 8.24 -0.7503
19 | WT Date: Gas Joos e Tl AR W 4.93 -0.6294
20 | WT Date: Gas 1202006 5 B 7. 7.43 -0.1025
21| WT Date: Gas 1/8/20072"252"25 = =8 7.68 8.66 | -0.9784
22 | WT Date: Gas 1/22/2007 ' 7.30 7.94 -0.6356
23| WT Date: Gas 2/13/2007 ’ SN 8.69 0.1660
24 te: - = 831 -0.7051
25  Dete: Gas 3/3/20 o7 e &t ) 809 -0.7162
26 192007 '] 7.59 -0.7884
27 7.51 -0.9228
28 | WT Dat 1[ as 4/9/20 .54 7.30 -0.7607
29 | WT Date, Gas 4/29/2007 7.36 -0.9026
30 | WT Date: Gas 6/13/2007 9.04 7.59 1.4458
31 | WT Date: G moo Qs 6.27 7.02 -0.7480
32 o : -0.7180
1 $1.9324
2" Water 474 5 19.5241
3 WWT Date: Water 5/6/2006 é 81 3 783236
i WT Date: Water 5/12/2006 ) 50 |
q ate” r 6
§ |7 [ WT Date: Water 6/22/2006 36 29 6.8813
8 | WT Date: Water 7/5/2006 70 56 14.2590
9 | WT Date: Water 7/22/2006 80 97 -16.6268
10 | WT Date: Water 8/5/2006 161 168 -6.8533
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Table 5.32 result of automatic history matching case8#4 normalized error

(continued)
Date
Number | Residual type Observed | Calculated | Residual
11 WT Date: Water 8/15/2006 116 182 -66.3059
12 | WT Date: Water 9/13/2006 90 199 -109.4381
13 | WT Date: Water 101122006 % % 22 I J 132 144 -11.7408
14 | WT Date: Water 10302006000 R0 I8 F & 4 159 132 27.0459
15 | WT Date: Water 1/8/0006 Sl LS F i o 148 130 18.0542
16 | WT Date: Water 1I/15/2006 e = o ™ | 159 115 43.7313
17 | WT Date: Water 11/29/9606" . 5 117.0962
18 | WT Date: Water 12520060 = ™ | 143 5 137.9661
19 | WT Date:w 121/2006 - " 3 48.1188
20 | WT Date: Watcpu@97/2006 4 4/ | | lﬁ\{"-‘{q“‘n__ 5 120.9667
21 | WT Daigni¥iter 15800748 /0 | W b 77 64.8227
2 128 25.8546
23 49 55.7960
24 71 65.3498
25 82 92.8914
26 93 65.5497
27 47 171.7961
28 | WT Date: Wil 81 135.5367
29 | WT Date! Water ﬂ m “\]"\ 59 153.3657
30 | WT Date: Watgllb/ 134007 o = — gl [ W7 71 95.6698
31 | WT Date: Wallr 6282007 # "= =8 § " 90 101.4754
32| WT Date: Water 52007 nme= =S W 173 71 102.2853
NA | Tank Pressure of §3-2 ST Subvey-on -6/ 48 N 2237 2016 221.0000
NA | Tank Pressure of 69-4 f/PIisSurvey on 6/1/2 1613 1732 | -119.0000
NA | Tank Pressure of 74-7 fPLT Susvey on6/1/2 2260 2450 | -190.0000
NA | Tank Pressure of 75-3 f/PLT Survey on6/1/2! 60 . 2825 | -665.0000
NA | Tank Prbssin 1803 300.0000
NA Tal 0.22 0.0245
NA &0 0 0.9099
NA | Gas rateof69-4 /P 0.26 0.0212
NA | Water rate 9f 69-4 f/PLT Surv -- 58 422111
NA | Gas rate of 74-7 f/PLT Survey on 6/1/2007 3 5.14 -0.3096
NA Water rate ofi74- LT Survey on 6/1/2007 H 1 3 -1.8938
NA 75-3 - . : 1 -0.4245
N v -3 fIPL B 6/1/2007 -1.7950
NA! | Gastate 8:25-6 FBLT Stirveylons/1 0.531 I| I oS 0.1629
NA ‘Water rate of 75-6 f/PLT Survey on 6/1/2007 1 1 -0.3201

RN IUNRIINYIAE
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Water rate match

1% oy \ ’
; ’,/,(, 20 22 24 26 28 30 32

Figure 5.46 M . s¢8#4 normalized error
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Figure 5.47 K 3#4 normalized error
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Figure 5.48 Result of tank pressure matching result case case 8#4 normalized

error
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Gas rate Tank gas rate
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Figure 5.49 Res ase case 8#4 normalized

£
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5.2 Construction apd Testing of Neural Network for Gas Well Critical Loading

1kl El NINEINT

5.2.1 Tuﬂer Critical Rate

Y ﬁ%ﬂw BB AR Do

entioned in Chapter 2. Assuming gas specific gravity of 0.85, 15% CO, and

Dranchuk et al. correlation to compute the Z factor, Turner critical velocities
calculated at respective wellhead conditions are compared with actual latest gas rates
shown in Table 5.33.
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The result in Table 5.33 shows that all wells were still flowing above Turner’s critical
rate before the latest well test. This could have two different meanings, i.e., Turner’s
velocity equation might not be applicable to our well conditions (commingled
production) or the wells were very sensitive to line pressure that when the line
pressure swungs up to the value close to FTP, the wells went to no flow for this

reason, not because of liquid loadin
W

Table 5.3 elocity and rate

Actual Input
Data Parameteis
L“r‘ag“s FTP Last Gas Rate higher than
(MMscf/day) | P58 Qe?

1.730 Yes
2.600 Yes
3.490 Yes
1.920 Yes
2420 Yes
2390 Yes
1.810 Yes
2,137 Yes
2.940 Yes
2,137 Yes
1.781 Yes
1.781 yes
3.319 yes
1.865 yes
3375 yes
3n yes
2.230 yes
2.040 522 ||" 54 yes
2,075 a14 11135 ; 6 26 , yes
2230 580 157 0.930 2324 10.455 1.050 yes
3.384 580 1 yes
1.
1.6
1.862m 433

ql 2,077 416 192 0.958 1.531 12.920 0.855 Yes
1.860 490 118 0.926 2.106 10.991 1.001 Yes
1977 416 189 0.958 1.539 12.885 0.857 Yes
1.819 404 169 0.954 1.548 12.847 0.860 Yes




Table 5.33 Turner’s critical gas loading velocity and rate (continued)
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Actual Input T 's P
Data Piramation urner's Parameters
LasrtagAS FTP | TEMP z Gas Density Turner Vg Turner Qg Last Gas Rate higher
(MMscf/day) psig | degF. (Ib/f13) (fi/sec) (MMscf/day) than Qg?

1.900 405 178 0.956 2938 0.854 Yes
1.860 490 118 09 \ ) 1.001 Yes
1.790 406 173 0.859 Yes
1.872 446 174 701 0.901 Yes
3.760 700 188 2.67 124 Yes
1.860 490 1 2.1 1 Yes
3.610 616 2.54 Yes
1515 277 | 195 01 692 Yes
1.872 446 0 Yes
1.848 465 | 152 0 85 - Yes
2.027 541 2, Yes
1.670 4109163 " 87 Yes
1.790 406 3 : Yes
2270 520 3 0. 0. Yes
4470 869 1 1 3 46 Yes
2320 533 944 11. Yes
2.770 360 5 0. . 1321 0. Yes
1.720 s24 | 207 2 50 Yes
4974 604 | 2 2 10.713 6 Yes
1.630 390 129 1944 612 86 0.877 Yes
2522 582 153 0.928 352 = 1.056 Yes
1.630 390 129 0.9 617 0.877 Yes
2020 193 | 200 09 0.574 Yes
1.681 419 165 0.879 Yes
1.800 73 Yes
1.540 Yes
1.553 Yes
1.864 40 s Yes
2.830 280 90 . 1.0 0. Yes
2.450 570 25 0917 2443 10.193 1.076° Yes
3.760 700 2426 10.227 1.073 Yes
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5.2.2 Neural Network for Critical Gas Rate and its prediction result

After going through these sudden death well records as described in the methodology
in Section 4.2, chapter 4, these records were used for building a neural network for
future prediction of critical rate in the field. All the records for training and validating

are shown in Table 5.34. All re for jtesting were shown in table 5.35. The

training/validating compared with

ure 5.51. Similar distribution

D for
Training and va( *
Ta . g and valic records
Record D':ﬁ:‘ﬂ:g ( : : VDSS BHT GAS
# : j - ( fd
(psi) POUMs Qe ) (degF) | (MMscfd)
1 13 5 f NIEF 96 15 346 1.540
2 61 19 69.186.4 | 80 321 1.720
3 25 9] 17,7380} 377 1.804
4 16 1 -4 -k : 9,630 375 1.864
5 14 . ' 2} 630 375 1.790
6 16 1535 21, b1 11,8 $,030 310 1.847
7 2 4338 | 1,06 8,320 363 2,075
[} 13 21.8 Fif | 1335 8,170 322 2522
9 54 21972 et 240 9,320 331 3.550
10 29 14730 | =713 18 94 9,220 391 1.765
1 16 1.61 ] < 9,630 375 1.864
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Table 5.34 Training and validated data set records (continued)

Record D‘:’;:f;: . CGR WGR SITP MD TVDSS BHT GAS
# (osi) (bbl/MMscf) | (bbl/MMsch) | (psig) (ft) (ft) (deg F) | (MMscfd)
31 26 2.941 28922 1,044 11,625 8,240 330 2,040
32 19 6.429 19.931 1,802 14,600 9,090 370 1.555
33 22 8318 67.138 58 13,196 9,690 390 1.683
34 20 4.947 " 14,720 9,670 380 1.819
35 17 21.899 041 9,320 377 1.872
36 22 10.000 15 8,490 299 2,600
37 21 46.1 8,030 310 1.800
38 55 ' ¢ 1, 10,170 388 1.878
39 32 79 1,709 8,870 376 2.390
40 16 10.577 8 1,044 25 8,240 330 1.796
41 17 1, 2,0/ 20 377 1.872
42 16 35, _ 8,030 310 2.027
43 17 4 j - 383 1.634
44 26 7 1,08 9,710 392 1.780
45 28 0 ] | : 0 377 2.339
46 70 2394 i 300 3.760
47 18 5 3l 150 352 1.688
48 13 12 193 0 360 1.862
49 87 4 689N i 2 280 3310
50 58 = 9,410 384 3.039
51 82 889 44, 2 60 368 3375
52 22 102 37.00F =S _ 408 1.860
53 26 # B | 13 9,250 374 2.131
54 38 il 8. 1 8,170 322 3.384
55 99 20 18 A= 1, 9,180 350 1.697
56 94 36.3 T == 13 8,990 376 4974
57 22 10. N R ).963 9,830 408 1.860
58 69 40.104 Pa— 158 8,080 321 1.920
59 30 77.978 o’ 758 8,300 307 2.770
60 36 38 ) 9,150 352 1.630
61 39 08 321 2,320
62 321 2450
63 63 274 2.830
64 5 395 5.340
65 20 9, 392 2137
66 20 9.829 . ’ 12,885 392 2.137
67 10 35.632 91.667 1,000 12,225 9, 312 3.480
68 3 389 1.478 490 12,521 9,180 350 2.030
69 362 31 200.671 1,5 9,700 7,480 315 4.470
70 0. 3 1.985
71 0. 3. 1.985
72" hi 0.00 0. ,59 1.630
73 16 0.000 0.000 1,592
74 19.3‘i

S35 [
o I m
g : 79.780 : j

79 36 12.219 119.021 12,607 10,090 410 2210
80 140 8.251 35.848 404 10,949 9,480 372 3515
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Table 5.34 Training and validated data set records (continued)

Record g;g:::;:e CGR WGR SITP MD TVDSS BHT GAS
# sty | (bbUMMsc) | (bUMMse) | - (psig) () (ft) (deg F) | (MMscfd)
81 157 4737 39,008 404 10,949 9,480 372 3.589
82 23 5202 109.249 440 5,806 3,730 298 1.730
83 70 19.086 78.807 14,884 10,440 412 3.248
84 315 58.165 114.774 6,296 5,680 272 6.430
85 67 1.568 - : 8 10,170 388 1913
86 45 0.603 - 6,490 250 3319
87 24 71.644 1, . 9,320 423 2.191
38 17 21. 200 397 1.507
89 53 5 470 395 5340
90 16 6.441 79 ( 9,450 380 1.553
91 19 ' 458 390 1616
92 33 6.8 ' 80 372 1617
93 14 3 377 1636
94 22 8.1 8y ; 390 1.721
95 21 - = . 310 1.800
96 28 981, | 6. 306 1.610
97 70 2, 1 . : 6,740 300 3.760
. #
g Tes] ata
P
= Wy -
Pres - : '
Re;ord Dm::r’l:e " -(bbw g t" I(\:ti)) S (;3:1{7 GAS
(psi) = gF) (MMscfd)
1 60 11.22 = 9 9,250 170 1.781
2 22 10215 = = 3 9,830 408 1.860
3 15 26.768 =T ( 9,320 377 1.681
4 189 3. ' 250 370 2.400
5 22 1370 1.793
6 28 = 348 2077
7 53 1395 5.340
8 21 r 376 1.848
9 27 7.883 A 8,13 355 3171
10 60 11.229 113.976 1,099 11,789 9,25 370 1.781
1 20 4579 14.737 757 _ | 12425 9,630 375 1.900
12 e 7.354 944‘*" 4 5 38 1.904
13 095 5. 0 X 1.527
14 2 8.5 2. 1133 | sso0f | 2000 2.230
15 ﬂ 20 8.520 12.108 1,334 9,800 7,850 290 2230
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Training and Validating Data
Pressure Difference (psi)

Testing Data
Pressure Difference (psi)

1 1
i B W

3 43 83 123 163 202 242 282 3 bl ki [+ ) AY 43 8 123 163 202 242 282 32  More

Training and Validating Data
CGR (bbl/MMscf)

Testing Data
CGR (bbl/MMscf)

- 3
m: § . 2 o p ° ‘“A - .. . , 0 0 0 0 0 0 0
o m @ @ i f"g"ﬁﬁi‘ Ej‘w " g.ﬁib % 13 154 185 26 247 More
Iq. : 4 4 L C

Figure 5.51 Data distribution histogram /s
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Data distribution histogram
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70 4

10 4

Training and Validating Data
WGR (bbl/MMscf)

16

104 156 209 261 313

Testing Data
WGR (bbl/MMscf)

0 ]

/]

209 261

313 365

417

Training and Validating Data
SITP (PSIG)

Testing Data
SITP (PSIG)
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Training and Validating Data + o
MD(ft) . ’ . .

257 23 3 | ‘ \ ;

20
I . /%

0 F "
10 4 ]
0 - ; | o
5806 6815 7,823 8832 9,841 10,849 11,858 12867 13, b -
J
Training and Validating Data sbbeld e i
TVDSS (ft) -

60 - - {:_.}j"’

50 -

40 - ’
g
B

20 - 17 E

13 4
10 - 5 . 2
1 1 0 1 2 bl s
id ‘
3,70 4476 5221 597 6712 7,458 694 EJ V] w ’
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Testing Data
MD(ft)

9,841 10,849 11,858 12,867 13,875 More

Testing Data

TVDSS (ft)
12
3 3
1
0 o a
597 6712 7458 8203 8949 9,694 More

q'Flgure 5.51 Data dlstn;utlon hlstogram (continued)

QW’]Mﬂ?ﬁJﬂMﬂ‘lﬂﬂqﬂ d

S11



116

Training and Validating Data Testing Data
BHT(degF) BHT(deg F)
as..
30 + 10
25 4
20
16
g 15 +
£ d 10 3
: 2
" :
mmmmmma&smj‘ 385 404 More
Training and Validating Data Testing Data
GAS (MMscfd) GAS (MMscfd)
60
50
40 -

BN ING T

4.2 4.8 53 5.9 More

ﬁgure 5.51 Data distrib%;ion histogram (continued)
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Network# Learning rate Momentum ﬂuodelnl;::ddcn on error R2 testing Total connect Learning cycle
1 0.7 038 4 0.400 52 200,000
2 0.7 08 5 0.570 59 200,000
3 0.7 0.8 6 0.511 77 200,000
4 0.7 0.8 6 0.787 78 200,000
5 0.7 08 7 0.882 79 200,000
6 07 08 7 0.889 79 200,000
7 07 08 8 0.770 74 200,000
8 0.7 08 9 0.508 80 200,000
9 0.7 08 2 0.256 80 200,000
10 0.7 0.8 3 0.749 78 200,000
1 0.7 0.8 4 0.781 80 200,000
12 0.7 0.8 5 0.804 80 200,000
13 0.7 0.8 6 0.024 78 200,000
14 07 08 7 0.879 77 200,000
15 0.7 08 8 0.690 80 217,674
16 0.7 0.8 9 0815 72 273,887
17 0.7 0.8 10 0.815 80 200,000
18 0.7 0.8 1 0.187 77 200,000
19 0.7 08 3 0.520 21 200,000

20 02 08 3 4017 0.782 21 200,000
21 02 08 7 )7 0.709 79 200,000
22 0.2 0.8 7 0.0 0.460 77 200,000
23 02 0.8 9 1 0.009150 0.00339 0526 72 200,000
24 0.2 09 10 [ 4 o £, 0008612 0.00231 0.556 80 200,000
25 0.2 09 0 0.306 78 200,000

AMIAN TN INAE
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Network# Learning rate Momentum #nodeh!l;e:idden on error R2 testing Total connect Learning cycle
18 07 08 1 0.187 77 200,000
25 02 0.9 3 0306 78 200,000
14 0.7 0.8 7 0.879 77 200,000
9 0.7 038 2 0.256 80 200,000
5 07 0.8 7 0.882 79 200,000
2 02 0.8 7 0.460 77 200,000
21 02 0.8 7 : 0.709 79 200,000
15 0.7 08 8 0466 0.690 80 217,674
17 0.7 08 10 0000557 [%, O 0.815 80 200,000
16 0.7 08 9 10001030 | 001120 0.815 72 273,887
7 0.7 0.8 8 0001072 W | “H0.02122 0.770 74 200,000
1 0.7 0.8 4 bo1752 * 0.00783 0.781 80 200,000
2 07 038 5 0.00768 0.570 59 200,000
12 0.7 038 5 000281 0,804 80 200,000
4 07 0.8 6 0.00286 0.787 78 200,000
6 0.7 0.8 7 0.00365 0.889 79 200,000
10 0.7 0.8 3 0,00 0.749 78 200,000
20 02 0.8 3 L 0.782 21 200,000
I 07 0.8 4 0.400 52 200,000
19 0.7 038 3 0.520 21 200,000
8 0.7 038 9 0.508 80 200,000
24 02 0.9 10 0.556 80 200,000
23 02 0.8 9 0.526 72 200,000
3 0.7 038 0511 77 200,000
13 07 0.8 0.024 78 200,000

AMIAN TN INAE
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Table 5.38

idation error

Network# Leaming rate Momentum #node]:;;:'dde" - ion error R2 testing Total connect Learning cycle
20 0.2 0.8 3 \ 0.00175 0.782 21 200,000
24 0.2 09 10 . 1 0.556 80 200,000
21 0.2 0.8 7 P . 0.709 79 200,000
12 0.7 0.8 5 i 00281 0.804 80 200,000
4 0.7 0.8 6 4 0. 0.787 78 200,000
8 0.7 0.8 9 . — 0. 0.508 80 200,000
23 0.2 0.8 9 ‘ 00339 0.526 72 200,000
3 0.7 0.8 6 F s A ol 0. 0.00343 0.511 77 200,000
6 0.7 0.8 7 . 0.00365 0.889 79 200,000
13 0.7 0.8 6 — _ 100487 0.024 78 200,000
1 0.7 0.8 4 005265 00569 0.400 52 200,000
10 0.7 08 3 19 — 32 0.00612 0.749 78 200,000
18 0.7 08 11 it 0.00631 0.187 77 200,000
19 0.7 0.8 3 0 — 0.00660 0.520 21 200,000
5 0.7 0.8 7 3 e -y 0.00662 0.882 79 200,000
2 0.7 0.8 5 —p" 0.00768 0.570 59 200,000
11 0.7 08 4 "\ 0.781 80 200,000
15 07 08 8§ N J 0.690 80 217,674
14 0.7 0.8 7 0.879 77 200,000
17 0.7 0.8 0815 80 200,000
16 0.7 0.8 001120 0.815 72 273,887
7 0.7 0.8 0001072 0.770 74 200,000
22 0.2 0.8 0.000302 0.02128 0460 77 200,000
25 0.2 0.9 {§,0/000080 0.03197 0.306 78 200,000
9 0.7 0.8 j 3 0.256 80 200,000

AMIAN TN INAE
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Table 5.

Network# Learning rate Momentum #nodel:;e}:idden 2 n error R2 testing Total connect Learning cycle
13 0.7 08 6 0.00487 0.024 78 200,000
18 0.7 0.8 1 . 31 0.187 77 200,000
9 0.7 0.8 2 4L 0320 0.256 80 200,000
25 0.2 0.9 3 4 03197 0.306 78 200,000
1 0.7 0.8 4 3 69 0.400 52 200,000
22 0.2 0.8 7 &4 o 0. 0.460 77 200,000
8 0.7 08 9 10.00330 0.508 80 200,000
3 0.7 0.8 6 3 Aol 0. 0.00343 0.511 77 200,000
19 0.7 0.8 3 0. 0.520 21 200,000
23 02 08 9 —t 009 0.00339 0.526 72 200,000
24 0.2 09 10 1 00861 00231 0.556 80 200,000
2 07 08 5 4 - — 802 0.00768 0.570 59 200,000
15 0.7 0.8 8 = 0.00996 0.690 80 217,674
21 02 0.8 7 2 — 0.00250 0.709 79 200,000
10 0.7 0.8 3 19 7T =) 0.00612 0.749 78 200,000
7 0.7 0.8 8 - 0.02122 0.770 74 200,000
11 0.7 08 4 00783 | 0.781 80 200,000
20 0.2 08 3 0.782 21 200,000
4 0.7 0.8 6 - - 6 0.787 78 200,000
12 07 0.8 5 . 0.804 80 200,000
17 0.7 0.8 10 1 139 0.815 80 200,000
16 0.7 0.8 9 1 0.001030 20 0.815 72 273,887
14 0.7 0.8 7 4 0.000093 0.01025 0.879 77 200,000
5 0.7 08 7 f F - 8.00000213 0.00662 0.882 79 200,000
6 0.7 0.8 | = 05 0.889 79 200,000

ARIAN TN INYAE
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Result
Summary training result chart
Normalize Error R2 Testing
0.035 1000
0.030 [ 03
- 0.800
0.025 E‘ = | L 0.700
Olozo ‘ HI = t:-“ _“:.:-.: y = i 0‘600
" 0,500
0.015- 'hg-—:_-? L 0.400
! . L 0300
0.010 HI...::’: e
0.005 Ll
' ' gro_r ¥ - 0.100
0.000 - aoF §ryy - 0.000
20 24 15 17 16 7 22 25 9
Network Number
52 Summatr \\1\ etwork
After the data wegé€'Catggorized, se ; struetures of neural networks were
trained, validated, an Tl 1S 0 es .- : hidden layers, the learning
rate and the momentum @Sed in'the traming, and the error associated with the training
and validating data set 2 ) g data set are tabulated in Table 5.36.
Table 5.37 and 5.38 show ﬁ:"#g”""'-‘ ed on training and validating error
] ¥
sorted by ascendi sorfed network based on

ascending R of e

Based on TableELSG to 5.39 and " Figure™S: ich Sugarizes the result of the

training, validating lEﬂd testing process, thwork #20 was selected for the predlctlon

QAT T

rankmg also has the lowest nmiber of connectlgwhlch can ensure Ii;j\ﬂ;‘.ntu:m of

TRTRINTUHATINEIN Y



80 training examples

17 validating examples

Figure 5.5 ming an

Training Error ‘Mamimum .

Figure

Train

Network #20

122

Score: 0
Correct if rounded.

Validating: No positive results

ess chart of Network #20

Figure 5.53 shows ‘sﬁ.of training and validating error of each data records. Figure

= f

tralmng“c € progresses.

RWABTIAIATINY T

- 1 hidden layer with 3 neurons

- Training error 0.004592

) HRI B e oo
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- Validation error 0.00175
- R2=0.782

The results of Neural Network (NN) #20 prediction compared to both actual rate and
rate calculated by Turner’s equation are shown in Figure 5.55. The rate predicted by

I/

ate and provide a fairly good fit to the

the NN is much more in line witl \
actual data.

1.781 1959 srrelation Chart of Testing Data

1.880 1.835

1681 1900

2.400 3385

1.793 1905

2017 1.805

5340 5208

1.848 1.850

3 194 o Predicted Gas Rate

1.900 1.908 = Turner's Rate

1904 1905

1527 1.730

2230 2,603 . \ \

1.690 1897 A b N

10 10 J 00+ = - = Actual Gas Rate

1941 1919 L 1 (ht

2,540 1.918 i - ,. - m 1"."&‘ /o
Figure 5.55 Testing gesultof network #20,¢cc son with Turner’s

ﬂ‘lJEl’JVIEWI‘ﬁWEI’]ﬂ’i
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

6.1 Zonal OGIP and aquifer determination

In this study, the necessi DGIP information for better well

intervention decision an off success was pointed out.

Limitation and capability 0f'the comyie 'BmBAL and GAP) used for

constructing a el a _' self-developed program for
automatic history ' i ":"', ate ated data with different
conditions and actu 1 m three differen were tested to illustrate
validity of the o : s 0 atching spreadsheet.
The results obtai ropose 4 ~ n pared with result from
other methods
4
6.1.1 Conclusio; ! ‘“""'
1) Using a deple ____ to h 1‘ natch a system which has
water drive reservir wigfl lvate '\ e ak through the wellbore will likely
to overestimate OGIP o i-‘?:‘-:'?-_" has the water drive. The error depends

on the strength r estimates of OGIP for other

tanks in, “ which have depletion drive shouldZnot have a significant

amount ’i"_

drive before water breaks thr vellbore because we don’t know if there is

ank have depletion

any water on any sands unless there is accurate geologlcal information which

o be ra ex rese d. Using Cole
to i er m w rage reservoir

re of the system and even though we had that good accurate reservoir

VR fﬁiﬁlﬁﬁwﬁh o

tanks with high OGIP but without aquifers) or we still cannot point out which
sand has the aquifer support. In addition, the geological setting of area in which
the study focuses on is known to be highly faulted and compartmentalized. This

limits the possibility of having a big aquifer which can give a strong water drive
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support to the level that the depletion drive assumed for history matching would
have high error. Most of the times, we would see watered out sands deplete to as

low as non-watered out sands.

2) GAP despite its capability to model the pressure drop between sands in a

commingled system is not effe modeling cross flow during well shut in.

pressure drop between
sands to mo : ingled well It in, fairly correct OGIP of
I below. The significance of

nslates to the distance from

the top sand to ghiat partigu and F e effect ' onounced if bottom sand
produces sighificafit amo _ F ‘hic ates significant hydrostatic
pressure drop. THIS und. -"."""'s;p-:l'-lﬁ‘-'- “could also be offset with overestimation

of matching pressurgsuppatt feservoirwitha depletion type model.
adndais, = 1
4) Weighting factors also hz ,-;,.;_..-:.w_l opvergence. From the experiments, it

can be concluded- that we shétilc al weight on all residuals, and
then trysag3in with-a wi {3 3 - --on 3l -esiduals. Then, we
need to *’_ g . After determining

the best valﬁcf all"equ gl ietor, increase the weighing factors of PLT
data by ten times and compare the fitness of residual to that of the best equal

wei tmg factﬁ.r s=Wsing too small weighting factor or normalized welghtlng
I g EIGEE m—

erhaps converge to valucs very close to the initial guess values which are

tbe wrong solutions. USIH? gh weightin fﬁs y c'vcrﬁc:tﬂléI optimal
Q Dﬁ FiiEla tlon

from the algorlthm lt is best to start wnth one which is the falr value on all

weighing factors.
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5) Water production modeled with MBAL tank could be difficult even though a
correct aquifer model is used since the water production depends on many
unknown factors such as correct relative permeability data and heterogeneity of
the watered out layer. MBAL which is zero dimension reservoir model cannot

model heterogeneity of the watered out layer. Otherwise, relative permeability

(such as parameters in Corgy '}i on)will be another matching parameter used
for history match for pseud T ative P, ty of the watered out layer. Using
water end point as the'matching parametét i 1to automatic history matchin

spreadsheet cannotbe *in this thesis"dueto act that the architecture of

the software ulation in Excel VBA

Openserver which is essential as

numbers of mg local minimum of the

optimization algo#it ) severesas the 1be matching parameters

increases espgéial n the iniia |_gue \\ \- the true solution.
6) To get a good Misto Feoinmingled 1"1 . lllllh Kk system, PLT is needed to
constrain the sol@fions es s¢ \H the algorithm used in the

automatic histo yal minimum.

> z
7) Apart from heter iy preblenm 104 ater production, water producing
mechanism in the G #f‘? : .,r ex than any available models can
mimic steh as s ca at municate through
leaking MJi-to-the-domain-res -
& \ Y )
8) Algorithm Eh nor orked bﬁr than standard error

function.

‘a Y
Y R T N I e
algotithim* used in“the” antomdti¢ Hist atching spreadsheet can yield the

solutions that are trapped indocal minimum, ﬂich leads to ambiwy of the

RRUSER (e b/ MR (rd WL R

numbers and cannot be randomly chosen. Good initial guesses can be determined
from the volumetric calculation method. Then, we can use a manual match

spreadsheet to adjust those parameters to best possible fitted with actual data
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graphically. We may use these adjusted variables for the automatic history

matching routine.

10) The multi-tank commingled model built with MBAL coupled with the automatic

history matching spreadsheet macro gives similar OGIP calculation from CWM

2) y matching spreadsheet in
esis 1S too long since the
derivatives ofgihie obje ffunclion-need to be'evaluated numerically. Automatic
history match feature be’bailt v MBA] ,any software that can be
used to build i-layegsystert 1o elitfripate n I differentiation.
6.2 Critical Gas Rafe liction .\

a critical gas rate by training and

In this study, a neural

validating sudden death ,rf-%;."-;""k -;.- rom neural network model was

tested and compare andgfounded to be better

matched Wit P il ii—"

6.2.1 Conclusio r;j
d

A sudden death wc# database which stores critical gas well loading information was

ONOL R IN 1 F 3 F

1) All rates in sudden death wel"eport were overgesitical gas well loading velocity

| WGR SRR

q ‘ecord are not the termin ocities but are the last record velocities. So, they
are larger than Turner’s velocities.

2) Due to above reason, the neural network model was constructed with last gas rate

before the wells died instead of actual gas critical velocity. The result of model
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testing was good but if high confidence is needed, more testing data should be
used due to a limited number of records in the database used in the training and

testing.

6.2.2 Recommendations for Future Work

6.3 The compr

Individual gas rommingle model and

terminal rate det: ed for improvement of the

production optimizag #s3 on svatér ‘management. Jig reserve or gas in place

volume per indj Sand can be'd@etermined by the method proposed in this thesis
to increase the kn of valugsol eath sandi(reserve or volume in place at the

time to decide i . when it needs water shut off

intervention. The can be obtained from the

model that is well calib model can be used to predict

the result of water shut o and reserve after intervention. This

_ . ’ Y . .
profile could also be used for. ' ing Ao ng for perforation of subsequent

batches to preven rate determined from

the neural né V

'fﬁi oduction logging to

)
1=

jucing ing. Hhe success ratio of water
|

identify water pre

be increased byg ﬂnbining these tadgn into water management process.

AUEINENINEINS
ARIAINITUNNINGAY

1 - = - - |
shut off and recavery efficiency of commingled reservoirs msmonobore wells should
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APPENDIX A

EFFECT OF SHUTTING IN THE WELL ON
GAP AND MBAL SOFTWARE

GAP

While simulating well shut in (injred €yelg), both high and low pressure tanks take
fluid which is not what actuall; /| ’“‘- I i-tank system.

ii]ﬁﬁiﬂ*“#

Mﬁ

2ié_.u.4.mae.k-'-o-n...

04n1 2007

Figure 7.1 Systen"progaction prof] | by GAP during shut in

Table 7.1 Tank 77-5 pr ﬁ’;_. profil z shut in simulated with GAP
= ot ry

:'_.H._-,... [ Ave Oi AvgGas | Avg Water
v_. e P Production (STB/day)
i :

10112006 171 3600

10/12/2006 4 = 3617.03 ( | -3.61
10/13/2006 36323 126.6 3.85

10/14/2006 114.3 3.47

RV BRIk

Tablé 7.2 Tank 70-2 productlon profile during shut in simulated with GAP

o oo o

0
10/12/2006 3119.19 -161.1 -4.9 0
10/13/2006 3136.45 48.2 1.46 0
10/14/2006 3131.06 29.5 0.9 0
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While the well is shut in, cross flow will be from high pressure reservoir to low

pressure reservoir with total flow rate equal to zero.

Frogection Fredictiom

L Rate

B~ Prediction
70-2 : Prediction
g~ 77-5 : Prediction

Tan hate (Wci/day]

ill ﬁ; ?{%\\

Figure 7.2 Syste

'S imulated with MBAL

Table 7.3 Pank 7022 producti I profile simulated by MBAL

Date Gas Rate Water Rate

(MMscf/day) | (STB/day)

10/11/2006 100 0.00
10/12/2006 1 =] = =0asd 29 -0.02

| 0.00
0.00
10/15 I]:‘JL 0.00

J

Table 7.“1“&1( 77-5 production, profile simulated by MBAL

| M o=
AN N N TR e
| ry S ( day) | “(STB/day)
L] (psig) Factor (%)
10/11/2006 |  3600.00 00 96.458m| 193 0o’

AN o A

‘I 10/14/2006 3567.80 0.76 170.92 3.42 0.18
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APPENDIX B

PROCEDURE TO SET UP COMMINGLE MODEL WITH MBAL
AND PROCEDURE TO USE AUTOMATIC HISTORY
MATCHING SPREADSHEET

1) Procedure to construct MBAL, multi-tank model and how to use automatic

history matching spreadsheet 1«

Required information mulii“{ank_gemmingle model with MBAL
(gas)

1) PVT properti€ for thewele(if cac individual tank property is known, it can be

f.  Water salinity

2) Individual rdse

a. Initiaipres
I

]
Reserveir temperature

b.

AN ngIng
TR ANng0L®

3) Well information to generate VLP in PROSPER such as completion, deviation
survey data, BHT and WHT, FTP and BHP to select most fitted VLP correlation.
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4) PLT data (multi rate or single rate) to build IPR of each reservoir. Multi rate PLT
will provide information of Pwf and Qg to build IPR. Fit these data with IPR
correlation such as back pressure C&N or Forchheimer. PLT interpretation
software (Emeradue, PLWin) has the feature to use S.I.P (selective inflow
performance) technique to obtain the average reservoir pressure and well

deliverability parameters. PIyT data is'al§o used for history match to obtain collect

5) Wellhead pressure L — 1 @lon) and well test history

4) Choose PVT menu and *fiuid-_propertie information and choose viscosity

correlation.

5) Double olick on added tank _."’—;_—"‘:;"":::;2::"_5‘ ion. Choose aquifer
model i v < b data. If no aquifer

. .l : - Ol .
select, this i rmat10’ ma - eaccurate just erisure that residual water

saturation is same as connate water saturation in first page Gas residual saturation

W ‘ﬁm TR TE |k (T aC s

rel e permeability if the core flow test is not avallable In this the5|s Boatman

AT fratfunaans L.

number of tanks in the system. Input the reservoir parameters as done previously

on all tanks.
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7) Go to production prediction menu. Choose Predict by production profile with well
model. Prediction step size = automatic. Prediction start = start of production.

Prediction end = User define (this will be filled up automatically by macro).

8) Add well. Connect all tanks to this new added well. Click on the small rectangular

in the connecting line of the input IPR parameter. Click on well-Outflow

PROSPER.

9) Click on productionspredietic \ﬁlnput the start date on the

earliest prod

downtime in

10) All connectig ' egh S| not'be grey out. "We are now ready to use
automatic histog | Prediction and Production

Constraint t@fSet upiwe
3) Procedure how'to \ut tic H 'F \. ! adsheet (AHMS)

After finish setting [BAL, \ steps below:

1) Copy Well Test (WT).d 'Fﬁ?’." =d for history matching in Excel

Format { g icfilar well to be worked
¢ -.; 2 =
on onto ) *r:_ ) ‘
2) Copy Wel ;I uatio . "tlon until the end of
. » | S - 4l | . .
simulation pesiod onto “WellSituation™ worksheet of AHMS. It is required to cut
and insert tubing &ad pressure to Colymn B since. Date is to be left in the

» TR LEL A NEL

nput number of WT recordfor the period of Etory matching in ¢ I

am AT S RITNL A L.

be preset in MBAL to have a small pot aquifer influx model).
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d. Input the starting Landa value for Levenberg-Marquardt optimization
algorithm. Leave it at default value at 0.001 unless there is no other way to
obtain convergence with reasonable answer.

e. Ifthis is the first time to work on this well, clear all the data in row 4-18.

f. Input tank name into cell A4 and the other tank into other cells below.

Input initial guesSSQGIP - ' I ume in column B and C

ank# Pay attention to units for

‘what have been used in

corresponding
OGIP and
MBAL.

g. *‘*'-. cell B21. Data that is of
h. or history matching. If no
match total well gas rate. If

Y is e and gas rate will be
matched. _

i. ‘ oe usedufor history matching in cell B23.

j. Input date of I'¥PLV gurvey in cell ! one. if any, in cell E19 and so on
for the next PLT su

k. If there,is wa roduction and Pl heed 40 match water (both

total ™y Jodividnat tamicrater—rod on, input “True™ in
J "lu

cell B24./0 ¢ to match water if
¥

there is !I PLT survey

I. Input maxim m iteration loop required until program stops in case of none

A% ar i g ar e

ll B26. Message box will op up when start running program for weighting

q R L s e L TR Y

weighting factor in cells A29/B29 and below. For the following run, this cell
should be input as “False” so that we don’t need to repeat putting the
weighting factors again. The program will read from cell B29 and below for

all the residual. Change weighting factors as needed. The first time that run the
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program, all data in cells A29/29 should be cleared so that when the program
writes weighting factors and residual name obtained via message box won’t be
mixed with data that resides earlier in the spreadsheet.

n. Same fashion with weighting factor PLT data could be entered via message

box if it is the first matching. Input “True” in cell B26 for this purpose. The

Set manifold pressure sg

Macro *“Set Sched

di bing head pressure from
“WellSituation®™ worlghect" & Input ai Predietion and Production

constrain sheet affer glea - (able automatically. This will reduce time
consumption to inpuf w g4 data - whi on the ‘daily basis for the whole

simulation period

Run Macro for man arching and 2 fic History Matching

1) The initial value to : Id be OGIP from volumetric
method calculated from r‘7~:-=':J= initial guess for aquifer volume of
and
with 5 MM&

2) Goto “

water ou able otherwise it may starts

s
o

& ; ;
m ‘ *. This Macro will
run the model simulation’ meters which e been entered in the

“Inputdata” worksheet and compared with observed value (WT data and PLT

A1 LD LK o v ol et

ltuatlon table, this macro will also change manifold pressure (tubing head

q NSRS

date that is different from WT FTP will also be changed to WT FTP
automatically.
a. Run the macro “Manualmatch”. The table of result of history matching will be

generated. All residuals selected as per input option in “Inputdata™ worksheet
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will be shown in this table. Observed data will be shown along with calculated
data from the result of simulation. Create graph and chart for easy comparison
for easier visualization to help easier adjusting matching parameters for
manual matching.

b. Adjust matching parameters in “Inputdata™ worksheet and use manual match

worksheet adjust matching par § unptil it is best possible matched.

Ay,

in “Inputdata” worksheet. Now it is reatly*¥Gs@tifomatic history matching. Go to

3) Use the matching paramet nanual match previously to input

“Summary” worksheet d run it. This will perform
automatic histe loop will be shown in
this page suck 2) and convergence
parameters, O ) (in case Sigma R2
increases), 6 , ime of aquifer tank(s),
previous iterali R2 increases.
4) Macro will keep#runging witil caleula me yergence criteria or meet
maximum iterafion specified infinputdat: heet. There are other causes that
can make the macg® st@gps prematurely,

a. Exaggerate Valugiof maiek s the simulation result end

before simulation pe; erilid spec ,n- 4 a" worksheet.

b. Exaggerated value o fal parar
2 ,
limit ofthe t) decl: dual parameters.

. calculated from MBAL is over the

5) When t '_‘_ 1ero run finishes co to ™ ﬁn!l-:;:::::;:1nl:‘ y see the result Of
A
matching e Marfual” worksheet.

i¥

ﬂ‘lJEl'IIVIEWI‘ﬁWEI']ﬂ‘i
ammnimum'swmaa
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APPENDIX C
AUTOMATIC HISTORY MATCHING MACRO CODE

(Available upon request)

AULINENTNEINS
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