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Effects of cut-back criteria on oil rates (idealise d example)
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Component mol % Pressure Viscosity z factor Bg m(P) CGR 

  (psig) (cP)  (rcf/scf) (psig2/cP)x106 (b/MMcf)

        

CO2 2.80 5500 0.0380 1.0431 0.0040 1280 130 

N2 1.35 5000 0.0354 0.9979 0.0042 1130 115 

C1 68.37 4500 0.0327 0.9552  992 100 

C2 9.20 4000 0.0299 0.9162  845 85 

C3 5.44 3500 0.0271 0.8824  696 70 

i-C4 0.82 3000 0.0243 0.8563  551 60 

n-C4 2.28 2500 0.0215 0.8413  410 50 

i-C5 0.68 2000 0.0190 0.8414  278 45 

n-C5 0.97 1500  0.8814  164 40 

C6 1.21 1000  0.9517  75 35 

C7+ 6.87 500  0.9951  19 30 
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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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P/Z, P vs Gp/G 
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Inflow performance and tubing performance
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Well productivity  vs recovery
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Well productivity  vs recovery
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Base Case profile
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2 To be even more precise, R should be the area under the extrapolation of 
exponential decline to time = ¥ . This is to avoid the effects of fields switching to 
hyperbolic production late in field life, a phenomenon that can give rise to significant 
extra production, but which is almost totally irrelevant to field development planning, 
because of time and discounting effects. 
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NPV vs Number of Wells
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Catbert A - PQ envelope for HP pumps
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Catbert A - PQ envelope for HP pumps
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HP pump discharge pressure vs flow-rates for each
injection route
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HP pump discharge pressure vs Total injection
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UR per well in date order

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

0 20 40 60 80 100 120

Drilling sequence

R
es

er
ve

s 
pe

r w
el

l (
M

M
st

b)

�

0&���	�,����)���#��&�#���&������+��(�'���#��������� ���'���*�������	�����
	
����&���	�����	
���)��#��
�!  ���
�����!����
���� �������
�*����&����&��
���*�������
���'�
��	����&��#�������	���������E���� &�#���Z��*��	���������+��(�
&���)��
�'���	��������������	
���*�+���
��(�	���
�� ��&�#�������
���&���
#������&������+��(�'���#����	���&�����������C���+�� �	����	���	��E�
���
�*�*���	+��'���*��	�
�������!���



$��%�&�'��
��
��(�	���'�	�	���	�
����&��� �

�

6!�

UR per well : all producers drilled since 1992 
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Creaming curve for recovery per infill well
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7 Well Average

Future Average Performance

Cum based on future ave. inf ill performance

Prediction
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Creaming curve for recovery per infill well (analyt ic vs simulation)
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Future Performance required to match
simulation results
7 Well Average

Future Average Performance

Cum based on requirement to match
simulation
Cum based on future ave. inf ill
performance

Prediction
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AXS area - Effects of well density on recovery
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Fitting C-curves to AXS mid-case Eclipse runs - 
a = 0.213; b= 5.62; c = 27.3
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NPV of revenue stream =
Revenue per unit time

(1+ d)t dt
0

Tab

� = N.L.q.e- (q. N / R+ ln(1+d)).tdt
0

Tab
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(Since (1+ d)t = eln((1+d )- t ) = e- t .ln(1+d ))

=
N.L.q.e- (q.N / R+ ln(1+d))t

- (
q.N
R

+ ln(1+ d))
0
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q.N
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�  

�  
�  
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q.N
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NPV of opex =
- N.E

(1+ d)t dt
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.ln(1+ d).
L.q - a .E

C.ln(1+ d) + E - a .E
x e2 +1 - e( )- 1
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E
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4 L.q - a .E( ). C.ln(1+ d) + E - a .E( )

and a = (1+ d) - Tab
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simply, more or, sderivative partial  theby taking done becan  0
Tab
NPV

such that  Tab Finding
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N.

Lq
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+ ln(1+ d)
. 1- (1+ d)- Tab.e- qNTab/ R( )( )-

E(1- (1+ d)- Tab)
ln(1+ d)
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Lq

qN
R

+ ln(1+ d)
. 1- (1+ d)- Tab.e- qNTab/ R( )( )-

E(1- (1+ d)- Tab)
ln(1+ d)

- C

-
N.Lq

qN
R

+ ln(1+ d)
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2 . 1- (1+ d)- Tab.e- qNTab/ R( )( ). q
R

+
N.Lq

qN
R

+ ln(1+ d)
. 1- (1+ d) - Tab.e- qNTab/ R( )( ). -

q.Tab
R
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x =
b2 - 4a.c - b

2a
Re - arranging this gives

x =
- c
a

. 1+
b

- 4a.c
�  
�  
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�  

2

-
b

- 4a.c
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Defining e by e =
b

- 4a.c
=

a .E. ln
L.q
E
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4. C.ln(1+ d) + E - a .E( ). L.q - a .E( )
and expanding x,  c and a gives

q.N
R

+ ln(1+ d) =
ln(1+ d).(L.q- a .E)

C +
E.(1- a )
ln(1+ d)

. e2 +1- e( )

= ln(1+ d)
(L.q - a .E)

C.ln(1+ d) + E - a .E
. e2 +1 - e( )

Re - arranging this equation gives

N =
R
q

.ln(1+ d).
(L.q- a .E)

C.ln(1+ d) + E - a .E
. e2 +1 - e( )- 1
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[ Proof -  e2 +1 - e( )2 = e2 +1- 2e e2 + 1+ e2 = 1+ 2e. e - e2 +1( )£1
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e2 =
ln L.q E( )( )2

a 2 E L.q( )2

4
C.ln(1+ d) + (1- a ).E

L.q
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1-

aE
L.q

�  

�  
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�  

Since 
E

L.q
£

C.ln(1+ d) + E
L.q

£ 0.5 (by assumption 1) and a £ 0.2 (by assumption 2)

1-
aE
L.q

�  
�  
�  �  

�  
³ 1- 0.2x0.5= 0.9

�

�����

C.ln(1+ d) + (1- a ).E
L.q

³ (1- a ).
E

L.q
³ 0.8

E
L.q

Hence,

e2 £
ln L.q E( )( )2

0.22 E L.q( )2

4x0.8x E L.q( )x0.9
= 0.014 lnL.q E( )( )2

.
E

L.q
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Lemma A 
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u - w
v - w

³
u
v

Proof  
u- w
v - w

-
u
v

=
uv- vw- uv+ uw

v(v - w)
=

u- v( ).w
v. v - w( )

³ 0
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df
dy

=
- w
y - 1

+
w.y

y - 1( )
=

w
y - 1( )
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Nopt
Napprox

=

Lq - a .E
C.ln(1+ d) + E - a .E

. 1+ e2 - e( )- 1

Lq - a .E
C.ln(1+ d) + E - a .E

- 1
³

0.93
Lq - a .E

C.ln(1+ d) + E - a .E
. - 1

Lq - a .E
C.ln(1+ d) + E - a .E

- 1

9(�/��������
�����*�'�	�
��	��

�

Lq - a .E
C.ln(1+ d) + E - a .E

³
Lq

C.ln(1+ d) + E
³ 2

By Lemma B

0.93
Lq - a .E

C.ln(1+ d) + E - a .E
. - 1

Lq - a .E
C.ln(1+ d) + E - a .E

- 1
³

0.93 2- 1
2 - 1

= 0.76
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Number of wells that maximises NPV =  
R.d
q

.
L -

a .E
q

-
C.d + E - a .E

q

�  

�  
�  �  

�  
�  

C.d + E - a .E
q
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NPV = R. L -
a .E

q
-

C.ln(1+ d) + (1- a ).E
q
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Proof  
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NPV =
R.ln(1+ d)

q
L.q - a .E

C.ln(1+ d) + (1- a ).E
- 1

�  

�  
�  �  

�  
�  x

L.q

q.R.ln(1+ d)
R.q

.
L.q - a .E

C.ln(1+ d) +(1- a ).E
- 1

�  

�  
�  �  

�  
�  + ln(1+ d)

. 1-
a .E
L.q

�  
�  
�  �  

�  
-

E.(1- a )
ln(1+ d)
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= R.
a
b

- 1
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�  
�  .

L
a b( )

. 1-
a .E
L.q

�  

�  
�  �  

�  
-

E.(1- a )
q

-
C.ln(1+ d)

q
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a
b
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a. b
q. a

-
b
q
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a
q

-
b
q
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a
q

-
b
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q
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q
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NPVSH =
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PV costs of Group 3( ) =
¶
¶x

¶
¶t

C3 Q3 x,t( )( )
1+ d( )t dt

�  

�  
�  

=
¶
¶x

dC3

dQ3

Q3 x,t( )( )´
¶
¶t

Q3 x,t( )

1+ d( )t dt
�  

�  
�  �  

Since 
¶
¶t

Q3 x,t( )= q3 x,t( )= qT - q1(t) - q2 x,t( ) 

and 
dC3

dQ3

 is a constant,  UTCM3

¶
¶x

PV costs of Group 3( ) =
¶
¶x

UTCM3. qT - q1(t) - q2 x,t( )( )
1+ d( )t dt

�  
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Since qT and q1 are unaffected by changes in x,

¶
¶x

PV costs of Group 3( ) =
¶
¶x

- UTCM3.q2 x,t( )
1+ d( )t dt
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PV of combined costs( ) =
¶
¶x

PV costs of Group 1( )+
¶
¶x

PV costs of Group 2( )

                                       +
¶
¶x

PV of costs of Group 3( )

= 0 +
¶
¶x

PV costs of Group 2( )-
¶
¶x

UTCM3.q2 x,t( )
1+ d( )t dt

�  
�  

= -
¶
¶x

Shadow NPV ( )
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