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The z factor is the gas deviation factor, and is predicted from equation of state
(EOS) simulation by the company performing the PVT study.
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Inflow performance and tubing performance
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Well productivity vs recovery
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Inflow performance and tubing performance
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Well productivity vs recovery
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Influence diagram for the producer:injector ratio
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Effects of producer:injector ratio on average resevoir
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Reserves per well (MMstb)

UR per well in date order
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Creaming curve for recovery per infill well (analyt  ic vs simulation)
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Ultimate recovery in 2020 (mm
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Cummulative gross (mm b)

&

*! I

250 18
-+ 16
=
200 1 114 8
a
~UR T2y
150 —
X Calibration to simulation + 10 E
2 S
100 X Validation to additional T8 ©
simulation runs 1l ®
-=— Additional rec per well 5
50 14 3
\\ﬁﬁ— | )
0 T T T T T 0
0 20 40 60 80 100 120
Well footage (1000 ft)
Fitting C-curves to AXS mid-case Eclipse runs -
a=0.213; b=5.62; c = 27.3
200
180 -
160
)
= 140
£
= 120 A
is) —— 6 producers; Eclipse data
2 100 7 10 producers; Eclipse data
% 80 —*=30 producers; Eclipse data
g 60 - —— C-curve fit to 10 producers
8 — C-curve fit to 30 producers
40 1 — C-curve fit to 6 producers
20
0 - T T T T T
0 500 1000 1500 2000 2500 3000 3500

(mmb)



0& Lo # 5
- I 5 2 |9 2
6 0& ' E/E 5 *
& ) 5 8 W
5 x &" |
@ ; '5 )5 Vo 0& ( ))(
& L * E)* (* )* E' +
& Y& ?
;4 8&#
0& ;: * k) ) 5
R.L N.E
NPV = (1- ae™TF)- (1- a)- (C.N+D)
In(1+d InL+d
1+ (A 2N) (@+d)
R L.
#&  al! 20 ) | = jn=d
g.N E
?D * # ' (E+ + # E
* 3
) # E *, 3
& + & ¥ & *) o+ &
#or o+ (
/D +*' * 5 ( E *
5
L #
8D *)  # E ,
D '5' #
))% # & ' & &2 #
I ;:1'5 ;.0'5
#8& & ;:1'5 5 E *E +
oo* L& & + % 2
9(& * & & 5
1+ 1;? Z1;? 275
P E) & & +
¥ Ng o
R= N.ge *dt = -?q.e " =Ng/a
0



$%&

& 1:72=Q
S 5 1512 2
9( & ;e
NPV of revenue streams | Xevenue pet unit tn ;- TabN.L.q.e‘ (@N/RtIn(+d)-t gt
0 (1+d) 0
(Since (k+d)' = @) = gty
Tab
N.L.g.e (4N/R+InCralt N.L.g - (N / R+In(1+d)).Tab
- g.N ~ N {1-e )
- (= +In(1+d)) 2= +In(d+ d)
R 0 R
:—RlR' L1+d (1_ e |n(1+d).Tab.e» q.N.Tab/R): RIT-L1+ - (1_ (1+ d) Tab.e- q-N.TablR)
1+L 1+ . n( )
a.N g.N
:L.(l— ae q.N.Tab/R)
1+ RIn@+d)
g.N
/%, &1'5 &2 #
1'5" * 12;
Tak
Tab - N.E Tab N.E.e In(1+d).t N.E
NPV of opex = -dt=- N.Ee "™9'dt= | =. ( .
o (1+d) 0 InL+d) |, In(L+d)
N.E N.E
=- —.(1- (1- d)'Tab)= -———(1- a)
In(1+d) In(1+ d)
[ % , .'5E & 5 =* * *
IE
;o .'bl12 .5 8
9( ,;: +*E;:1'5 ;:..'5E ) &
*
B 8
; 8 8&#
DO& *) # ,+,&&& :E CE )
* + ( & 5

- In(1+d).Tab]



$%& (O &

Lg- a.E
C.In(1+d)+E- a.E

xWe+1- e} 1

Nopt= aR In(1+d). J

a.E.lIn ﬂ
E

h =
neree v4(L.g- a.E)(C.In(L+d)+ E- a.E)

anda =(1+d) ™

andTab:—R.In Lq
g.N E
D

/23 P. 1 Q &# ) (! )
) 3a * E |JE 3 (
& & "5 , el ,+ "5 +* &
*y # E; s H& & #,)*

rqry o 35 . 35
oo # ) )
)&+ *

INPV _ INPV _ 0
1N fTab

NPV isamaximumU

FindingTabsuch that‘l]l;?:_—P:)/ = 0canbedoneby takingthepartialderivativesor, moresimply,
a

by seeingthat thisoccurswhenrevenueénasdroppeduntil it equalperatingexpenditue.

2 22:00= .
D?2:0 ,=1 =/2
0)l=2: /2=



$%& (O &
B

;9 E 0)' E 272:0)= | =2
# *) E* ,0& IE # ,* - *
* aE 5
ﬂNPV :i N A— (I__ (1+d) Tab e—(qNTab/R))_ E(]_- (1+ d)-Tab) c.b
™o | | In(1+d)
?+ In(L+d)
:L_(L_ (1+ d)—Tab.e-(qNTabl R))_ E(l- (1+d)-Tab) ]
q—: *In@+d) n@+d)
N.Lg - .(I.- (1+d)-Tab_e-(qNTab/R))g
gN -
R +In(1+d)

+ < NLq .(L- (1+d)_-|-ab'e- (qNTab/R)) _ qTab
% +In(1+ d) R

, & + + 7% > E* () & &
ook ) (7%= ! E&*, a &&
! PE & &' & "(#& O y ' E 270=
=/? E#, & #,?7 ;90& > ("
#& 0

2
M+In(1+d) .L.g. 1- a.—E - M+In(1+d) . Hl—a)+C q—N.L.q. 1- av£
R L.g R In(L+d) R L.qg

win 29 g N yinard) £ =0
E L.q

R
*'(,) & )D!, +

E.l- a) N 2 Lqg q.N

+ ) +In(1+d) +a.Eln — —+In(1+d) - Indl+d).(Lg-a.E)=0

nirg R Tna+d) = g tI+d - In@+d)(La- aE)
0& ) 7% 7 E# & & N5O )
2:= & & ), #-2
[. 12 a= !
)I a /7=
121 /2?22 a
$# ' & & ' + & ?*
% E## &# & & N)O & E
) , & # & N)O

&:: & & *) # E &
) )*& # E & : &
+*x & ) 0& &



$%& (O &

B
+ JEY ) , E*& 0& # )
'+ B
E, ,& ,+ * E& * & ?* ?*
_+b?-4ac-b

2a
Re - arranging this gives

v [€ fpo b " _b
a’ -4a.c J-4ac

a.E.ln — Lq

J-4a \/4(C Ind+d)+E- a.E).(Lg- a.E)
and expanding x, ¢ and a gives

a.N _ [In(a+d).(L.g- a.E)
?+In(1+d)—v LEGa) € +1- e)

Definingeby 6= ———

In(1+ d)

_ (Lg- a.E) i
= In(d+ O|)\/C.|n(1+o|)+ E- a.E'e &+ e)

Re - arranging this equation gives

N :5.In(1+d).J (Lg- 2.E) .(\lez +1- e} 1

C.Inl+d)+E- a.E

0&

'E ol & E e’ #& & & E
Y7 D < ! +* # & &
'S5 & #

13 Qel!?2 e 312e & E;"5 3

[Proof-(ezx/_+1 ej € +1- 29J§+1+e—1+2€(-ﬁ)£1

sincev e +13 e]

5 e + ,)&& 7 ) /?
, +



$%& (O &
B

__ (nyE)ya’(gLay
4 C.lnA+d)+(@1- a).E 1- akE
L.gq L.q
Since LEq £ C'ln(lqud) *E £0.5 (by assumption 1) arml£ 0.2 (by assumption 2)
1- % 51 0.%05=0.9
L.gq

C.InA+d)+(1- a).E
Lg

E

3 (1- a).Liqs 08

Hence

, (In(La/E)Y 0.2(E/Lq) _ > E.
et 4x0.8x(E/ Lq)x0.9 =0.014IfL.o/ E))'L.q

) (&# & ! 3 =/? 3E& 5 * 4+ *
/7= =/? &+ #& =/? 1= | 1464E #& &
,+ [?= =/?1 6!
P 28 5 5 > Q
G ef !5 6!l @6@
ef @
O e2e 312 e 312 @1 4
9 + , % # ; C =g E * %
) & ¥
Lemma A
*E+E# *& & * 34 +[# 3 E
u-w, d
V- W Vv
u-w u_uv- vw- uv+uw _ (u- v)w
Proof - == :( ) 3 0
V-W Vv v(V- w) v.(v- w)
Lemma B
# , & >E&* (IP12# (DIQ=
(2! ( o rL( (L (
5 , ( 'D#(= (2!, +
df _ -w W.y W

&y 16 (-9 0



+ )% & ' E * )& #)*

‘/ Lq- aE .(\/1+e2 ] e)- 1 0.93‘/ Lq- aE
Nopt 3

-1
_YCIn(l+d)+E- a.E C.InQ+d)+E- a.E
Napprox J Lg- a.E 1 J Lg- a.E

- -1
C.Inl+d)+E- a.E C.lnl+d)+E- a.E
9(/ x

J Lg- a.E 3J Lg s 03

C.In(Ql+d)+E- a.E C.InQ+d)+E
By Lemma B
0.93‘/ Lg-ak
C.In(l+d) +E- a.E" ", 0.93J2- 1_ 076
‘/ Lg- a.E 1 v2-1
C.Inl+d)+E- a.E
G .5 @
>+ | : w5 £145
) L& *H&& *) & &), , &
&' +
141, 3; . 3
B 8
D 5 &5 & 5
) # & ?* E

L_a.E_ Cd+E- a.E
R.d q q

Number of wells that maximises NP¥ ? Cd+E-aE
q

* , & 5 & ( &
+ * & * E | » ’ ' | @@
$; 8&#
0& ;: +' #&& "5 (' *)
# E 0& E
2
NPV =R ‘/L_ a(.:IE ] ‘/c.|n(1+d)q+(1- aE " |



$%& (O &

#& al! 20)
0)l =:?2 [?=
Proof

) L& * 0& !

NPV Rln(1+d)J Lg- a.E
C.In(l+d)+(1- a).E

Lg 1. &E a.E E(l a)

q.RIn(1+d)_J Lg- a.E 1 +In(1+d)' Lg In(1+d)
C.In(l+d) +(1- a).E

JE L _a. E _E.(l-a) C.n(+d)
(JE/J’) q q

#& 1172 a
)l 12

st e

JL' a.E _JC.In(1+d)+(1- a).E D
q q

-D

e

=R

B 8

"5 2 &
& #::



$%& (O &

) 0& '"( & # & * & & # & +*

0& ' (' * E? o E 5
2 1 0& B (I ) 2 E

& ' (# #/( ) & E 20 )

) 5

0& (' * E? oE ) & &

' & & ,* # -

?2017? ? ? 4

' ) *& # + ) %E & *E 4+
) Or& # o +) %
E & ** + # & & , *

)5‘ * & * % +' * &

o

.1B/E. B E., B4
% 2 (E &, *E & #* ) )

5 *) ("= * #& BI G#+ E

# & ) , , F*F' * &
5 * $& # , ¥ & #( &

5 * )*& # ) %# &' *

[ * &, ' ) * )5 &
+ ' * $ * & & , &
+' ' * H'* '

5 % B ) ) * 5

E

B 5E 5E

, &, * Y '
& ) *H 5 B
& &, o + ' &' *

, *)?* E)**&, ( ,

& & * . 4By *& ,E)B 4 &%)

) * 5 E * ! E
&2 # *

B,5E I? o 2B, 2B ©5E

.4 "5 ( * B 4 . 4:B4 E

#H& & # # &F , CO. , *4FEC 0. 4

3 * K * % )
[ * & F& #;:FE;: cE * )

t=¥

_ UTCMq,(1)- ()
NP\, = t dt

t=0 (1+d)
& F,:;F * * CO. 4 & * '

0& * # # "+ & #,2



8&#
o+ # & 5 &
), & & + ( &' 5
& #
& ( 5 "(; |
& ' 5E* +
&' +* &
08& )& E &
& ,* / * & & & ,*2&
"ok *2 5 &# &
= +
q q 1tC3(Q3(X,t))
—(PV costs of Group)g=— L—— it
x x (1+d)

j—é(@(m»' %Qs(x,t)

I @+dy o

Since%Qg(X'tF q3(x,t) =0 - ql(t) -0, (X’t)

dc,

and—= is a constant, UTC
dQ, W

1 1 UTCM,.(ar - a(D) - g,(x1))
x (PV costs of Group)3= i )] dt

Sinceq; and q are unaffected by changes in X,

l l -UTCM, .0, (x.t)
x (PV costs of Group 3= x i) dt

& 7 * ' 5E



$%&  ( &

ﬂ—‘ll((PVOf combined cos)s= ﬂ_‘IL(PV costs of Group)]_+ﬂ—11( (PV costs of Group P
+ % (PV of costs of Group

T Mx_,t)dt

=0 +‘|1_1L(PV costs of Group )2

x @+dy
= - . (Shadow NPV)
X
G E#& ' * & * .
D E5 ,& & #;: * i
LE e ' #&
B 8
v # & Eo) R
(#& & .
s (# * *& 5 E &%
& * 5 *ox ) )
(#& * *' , ' E vE&T &
) # % + & & * N
& N E# &* . )
. %' &) %2, *
. - & &%( & &, ,
e ") 2 | B
: 7 *4 CO. a1 s
1=15
0& ' EH#& &
F. "5 ( . B 4 . =By E
CO. 4F
0& )+ CHOC T
5 x4+ R &
& # L *



