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ABSTRACT

After t h e i n i t i a l wells have been d r i l l e d i n a
new geothermal f i e l d the re be s u f f i c i e n t
information t o develop a mathematical
model of the f i e l d . I f the model includes formulae
giv ing w e l l output as a function of wellhead
pressure and the total f l u i d draw-off then
ca l cu l a t i ons of s t a t i o n performance over a period
of say 30 years can be made d i f f e r e n t
s t a t i o n conf igura t ions or separator pressure
condit ions.
exe rc i s e s done to look a t the f e a s i b i l i t y of th is
type of analys is .
model of the Wairakei f i e l d and the other on a
partial of t h e Ngawha f i e ld .

This paper presents r e s u l t s of two

One is based on a

It is concluded t h a t the ana lys i s is f e a s i b l e
and t h a t it could be of a s s i s t ance i n determining
the  p re f e r r ed  s t a t i o n configuration and pa t t e rn of
development.

INTRODUCTION

Unless s t a t e d otherwise the following t e x t
r e f e r s to the exercise based on the preliminary
Wairakei f i e l d In the i n i t i a l s ec t i ons the
basic concepts used w i l l be described. Then
follows a typical output from the program and
graphed r e s u l t s and f i n a l l y some conclusions drawn
as to the usefulness of the type of ana lys i s

ASSUMED STATION CONFIGURATION

It was assumed t h a t the s t a t i o n
high pressure intermediate pressure and
l o w pressure sets. The i n l e t pressures f o r
these would be i n the range of 8 to 15 bar abs., 3
t o 6 bar abs. and approximately 1 bar
r e spec t i ve ly.

A s ind i ca t ed i n Fig 1 geothermal f l u i d
assumed to be fed d i r e c t to both and IP
separa tors .
f l u i d from the I P Separator and the f l u i d
discharged from the p a r t of the
supply t o the IP separator.

The LP separator is supplied w i t h

i n i t i a l development of the s t a t i o n
IP and LP sets with a fu r the r development a f t e r

7 years of t h e opera t ion i n which the IP and LP

sets are duplicated.
t h e f o r a of
the f i e l d capaci ty a f t e r the f i r s f - s t age is.

per iod of time between

1

BASIC AND OPTIMISATION PHILOSOPHY

The basic objec t ive of t h e work presented i n
this paper is to develop a of ana lys i s t h a t
w i l l h e lp i n the best of a geothermal
resource. In terra of resource deple t ion the
s i g n i f i c a n t f i gu re is the rate of f l u i d withdrawal.
(This a l iqu id dominated f i e ld . ) The cost

obta in ing a given flaw of geothermal f l u i d is
dependent on t h e HP and IP wellhead pressures and
t h e proportion flow feeding each type of
separator.

Prom the separa tors the p l a n t should
to rake the best use of the and gas

f law the separators. The program
the re fo re includes a rout ine t h a t the
diameter of each steam l i n e and its insu l a t i on
thickness. It i n t e r e s t i n g to note the
remarkably law f igu re s f o r in su l a t i on thickness
required, from economic cons idera t ions only, on the
LP pipework.

i n su l a t i on thickness necessary f o r
personnel protec t ion has not ye t been included i n
the program.

A ca l cu l a t i on providing f o r the

The pipework ca l cu l a t i ons and the
o the r sections of the program use a sub- routine
t h a t calculates the t o t a l output.

steam pipe ca l cu l a t i ons maximise the
n e t value by sub t r ac t i ng pipe costs from the

of the power

. -
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t h e diameter and i n s u l a t i o n Of

The
t4e cause va r i a t i ons i n steam pres su re
q u a n t i t y a t the  turb ine  stop valve.
power generated should be adjus ted to
consequent changes i n the cost of turbo-generators

and o t h e r equipment. Unless t h i s is done the

v a l i d i t y of the pipe op t i n i aa t i on m y be
questioned.

However, s i nce pressure drop va r i e s as the

power of diameter and cost approximately as the 2nd
power an error i n the a c t u a l value assigned to a
of  output  does not a f f e c t the p ipe l i ne diameters or
v e l o c i t i e s very s t rongly .
t h e pipework opt imisa t ion data given i n Table 1

where the value placed on a of power is 75% of
t h a t f o r t h e opt imisa t ion i n Table 2. I n Table 1

t h e f i gu re s show the change relative to the
i n Table 2.

can from

An economic comparison between d i f f e r e n t
development opt ions is made using the
n e t value which is t h e value of
less the cost of wells and pipework. 
de f i ned above it is only a very rough

concept of
genera ted

However, as
ind i ca t i on

TABLE 2
TYPICAL OUTPUT FROM PROGRAM

HP

I P SEPARATOR

PRESSURE
TEMPERATURE
STEAW FLOW 

TABLE 1

P I P E OPTIHISATION WITH VALUATION ON POWER 
AT 75% THAT FOR TABLE 2

11.18

61. 15

TOTAL INSULATION COST ,

TOTAL PIPE COST EXCL INSULATION.

(EXCL. INSULATION)
COST OF INSULATION (EXCL.

LINES
COST OF CLADDING

1 4
LENGTH 3288.8
DIAMETER 1 1

VEL. 26.8 29.2

PRESS DROP 736 586

INSULATION 78 61

P I P E COST 23.21

HP I P

4.3%) 4

-5

6.08

73.00

LP
4

1

345

22.64
-5.7%)

and could be misleading.
it it f o r changes i n the cost of
turbo-generators, t h e cool ing system,

and for changes i n a u x i l i a r y

It would be more use fu l

GEOTHERMAL FLUID FLOW
AFTER COMMISSIONING STAGE 2
WELLHEAD ENTHALPY
DISCOUNT RATE FOR ECONOMIC CALCNS

ON POWER

TOTAL GENERATION OVER 38 YEARS
FLUID DRAU-OFF OVER YEARS 1382.61

SEPARATOR DATA AFTER COMMISSIONING STAGE 2

PRESSURE

STEAW FLW

134.21

151.39
238.67

L P SEPARATOR PRESSURE (BAR 1.43

FLOW 99.25
TEMPERATURE

PIPE DATA - NO. O F PIPES I S FOR BOTH STATIONS

(PIPES ARE DESIGNED FOR VACWH CONDITIONS) I
I

CONDUCTIVITY OF INSULATION DEG
TOTAL COST
TOTAL PIPE COST EXCL INSULATION.
TOTAL PIPE COST INCL INSULATION.
COST OF PIPE (EXCL. INSULATION)
COST OF INSULATION (EXCL.
COST OF CLADDING

I
8.86 I

12.21
64.94 I
77.16

73.08 I
I

NUMBER
LENGTH
DIAHETER

VEL.
PRESS DROP

FLQU
WALL
DES PRESS (BAR)
INSULATION
INS. COST
P I P E COST

HP
4

19.9
78
36. 1

9.2
19.7
05
8.48
1.33

FEEDERS
I P
8

e

23.5
54

9.9

3.21

L P
8

8.77
32.4
31
12.4
9.9

21
21
Q.68
3. 17

PRESENT VALUE OF GENERATION 618.75
COST OF 52.20
COST OF STEAM PIPES 60.60

OF AND INSULATION 486.57

TURBINE DATA AFTER STAGE 2

COST OF INSULATION 11.38
NET VALUE (VALUE OF NET GENERATION LESS COST

OUTPUT TOTAL (DES) e3
EXHAUST TEHPERATURE OF TURBINE

HP TURBINE

ELECTRICAL OUTPUT 12.38
STOP VALVE PRESSURE BAR)
STOP STEAM GAS) 133.51
STOP VALVE GAS FLOW 1Q.36

I P TURBINES

ELECTRICAL OUTPUT 67.43
STOP VALVE PRESSURE (BAR) 4.66
STOP VALVE GAS)
STOP GAS FLOW 23.14

LP TURBINES

ELECTRICAL OUTPUT 120.30
STOP VALVE PRESSURE BAR 1.12
STOP VALVE STEAM GAS) 432.45
STOP VALVE GAS FLOW 23.14

10.58THEORETICAL WETNESS AT EXHAUST

HP

1.26
24.6

598
144.4

14.3
19.7
91

1.64
8.58

LINES
I P
4

68.8
12.4
20.3
71
4.97

486

L P

.e3
39.3

24.6
12.2
21
28

292



I
2
3

5
6
7
8
9

12

14
15
16
17
18
19

21
22
23
24
25
26
27
28
29
30

AQUIF TOTAL
PRESS

BAR
5.29 12
8.50

11.62 16 
12.34 17 
12.77

i8.31 31
37

23.45 43
24.63 49
25.34 53
25.77
26.94 68
26.22 61 
26.31 62
26.36 63
26.39 64 
26.48
26.48 66 
26.49 67 
26.40 68 
26.39 69 
26.39 70
26.38 71
26.37 72
26.37 73
26.36 74
26.35 75
26.34 76 
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BAR BAR
9.88
9.88 5.88

5.98

9.89 5.88
9.88 5.80
9.88 5.98

5.89

5.88
8.98 5.08

8.66
8.60 5.88

8.30 5.88
0.24 5.08

8.12

7.94 5.88

BAR
I.43
1.43
1 .43
1
1.43
1.43
1.43
1.43
1.43
1
I

1.43
I
1.43
1.43
1 .43
1.43
1.43
1.43
1.43
1.43
1.43
I.43
1.43

.43
1.43
I .43
1.43
I.43

749.90
748.89

748.
748.88

749.88

748 88

728.46
718.84
709.64

.96

687.99

674.74
668.22
661.74
655.28
648.83
642.38
635.94
629.51
623.18

188.88

189.88

912.58
912.58

912.58
912.50
928.81
934.99

949.83
956.34
962.62

974 82

986.84
992.81
998.76

1884.74

181 6.63 
1822.56

943.

968 76

e.

2

133.51
133.51
133.51
133.51
133.51
133.51
133.51
133.51
133.51

'
133.51
133.51
132.83
139.71
129.63
120.64

f25.95

124.23
123.37
122.51
121.64
128.78
119.91
1
I

I P

178.82

178.82
1 82
178.82
178.82
178.82
357.64
357.64
357.64
357.64
357.64
357.64

357.64
357.64

357.64
357.64
357.
357.64
357.64
357.64
357.64

357.64

357.64

357 64

357 64

NOTE - THE AQUIFER PRESSURE DROP I S AN INPUT TO THE FIELD DERATING

consumption. It is pos s ib l e to e s t a b l i s h an
adjustment of this sort which would apply for a
given s t a t i o n conf igura t ion .
then  g ive  a better Indica t ion of the economic value
of an i n c r ea se i n geothermal f l u i d flaw or of a
change in separator pressure condit ions.

The n e t value would

Where a comparison is being made between
developments having d i f f e r e n t conf igura t ions
b a s i c cost d i f f e r ence due t o the change i n
con f igu ra t i on would have to be considered
added or sub t r ac t ed as appropr ia te from the
d i f f e r e n c e in n e t value

the

The i n v e s t i g a t i o n shown i n Fig 4 f o r ins tance
covers t h e range of outputs from 180 to 260

From 180 MW to about 210 it is reasonable to
cons ider a s t a t i o n conf igura t ion comprising 1 HP
u n i t and 4 double flow un i t s . t h i s

the extra cost of an add i t i ona l u n i t
would need to be considered.

The p ipe s i z e rou t i ne is a
con t r i bu to r to the computer time required f o r t h e

A s epa ra t e inves t i ga t i on i n t o
optimum pipe s i z e s should y i e ld a s u i t a b l e formula
for pipe s i ze .

DETERMINATION OF WELL OUTPUT

I n cons ider ing t h e Wairakei f i e l d it w a s
ev iden t t h a t t he spread of w e l l c h a r a c t e r i s t i c s had
t o be allowed fo r . A cumulative d i s t r i b u t i o n
func t i on of the maximum pressures

of the wells d r i l l e d prior to

LP

21
48.98
48.98
40.98

48.98
48.98

432.45

432.45

432.45
432.45
432.45
432.82

432.58
432.45

432.38
432.35
432.32
432.29
432.26
432.24

432.52

432.41

432.21

432.15
432.13
432.10

HP

BAR
8.49
8.49
8.49
8.40
8.49
8.49

8.49
8.40

8.48
8.49
8.48
8.40
8.31
8.22
8.15
8.89

7.97
,

7
7.89

7.69
7.64
7.58
7.52
7.47

I P

4.66
4.66
4.66
4.66
4.66
4.66
4.66
4.51
4.51
4.51

4.51
4.51
4.51
4.51
4.51
4.51

4.51
4.51
4.51
4.51
4.51

4.51
4.51
4.51
4.51
4.51
4.51

LP OUTPUT

BAR
1.12 106.77
1.12 186.77
1.12 196.77
1.12 106.77

1.12
1.12 106.77

1.12

1.12

1.12
1.12

1.12 200.82
1.12

1.12 199.65

1.12 198.98
1.12
1.42 198.46

1.12 197.90
1.12 197.75
1.12 i97.52
1.12 197.29

1.12 196.83
1.12 196.68
1.12 196.37
1.12 196.14
1.12 195.91

1.12

(excluding r e l a t i v e l y shallow explora tory wells
w a s determined as shown i n F i g 2.

In the program an iterative c a l c u l a t i o n is used
to e s t a b l i s h the proport ion of wells feeding  the  
separators. The flow of geothermal f l u i d from each
w e l l is obtained us ing a formula f o r w e l l ou tput i n
terms of wellhead pressure and t h e f i e l d
d r a t i n g factor which a funct ion of t he f l u i d

his tory . a l ready mentioned t h e f i e l d
model is preliminary. It does not i n fact
r e p r e s e n t  t h e  well c h a r a c t e r i s t i c s i n the e a r l y
years very w e l l .

1.0

0.9

0.5
W
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P e a r c e

210

3

190 480
7.0 9.0 11.0

PRESSURE BAR ABS

-
SEPARATOR

As w e l l performance f a l l s w i t h d e p l e t i o n of t h e
r e s o u r c e , propor t ion of HP w e l l s w a s l i m i t e d on

t h e basis t h a t the lowest producing w e l l must
g e n e r a t e enough power t o pay of the
a m o r t i s a t i o n a n n u i t y f o r a new w e l l . y e a r 20

onwards, to avoid the c a l c u l a t i o n s g e t t i n g i n t o a
permanent loop, t h e minimum HP w e l l flow was n o t
recalculated.

T h i s basis f o r d e r a t i n g HP w e l l s is n o t ideal.

A better system would be, for a given p r o p o r t i o n
of HP w e l l s , to determine t h e to ta l number of wells
needed i n a y e a r and then to see whether a greater
power output would achieved by d e r a t i n g one
w e l l . I f t h e answer yes the d e r a t i n g of a
second w e l l would be t r i e d and so on. Each step
would r e q u i r e a reassessment of t h e total number of
w e l l s to maintain t h e IP steam flow. This
c a l c u l a t i o n is n o t i n h e r e n t l y d i f f i c u l t to program
b u t the of computer time on it w a s n o t

c o n s i d e r e d as j u s t i f i e d a t t h i s stage.

With a more realist ic d e r a t i n g system it is
c o n s i d e r e d t h a t t h e HP sets would be decommissioned
b e f o r e year 25 which would a l low the program t o be
amended t o c a l c u l a t e  t h e  v i a b i l i t y of wells d r i l l e d

n e a r t h e end of t h e s t a t i o n ' l i f e ' o f 30 years .
C l e a r l y wells for t h e last year of
o p e r a t i o n are not  v iab le .  Even i f t h e s t a t i o n

f o r more than 30 y e a r s it is
d e s i r a b l e i n doing assessments  involv ing
comparat ive economics f o r a l l d e c i s i o n s  w i t h i n  each

set of c a l c u l a t i o n s t o be economical ly c o n s i s t e n t .

GAS DISCHARGE

The gas p r e s e n t is assumed to carbon
diox ide . Its presence is a c c u r a t e l y al lowed f o r i n
c a l c u l a t i n g s e p a r a t o r condi t ions , p i p e l i n e
c o n d i t i o n s and power outpu t . The power r e q u i r e d to
e x t r a c t gas from t h e condenser no t y e t included.

70005000 6000

The formulae f o r s p e c i f i c en tha lpy and

e n t r o p y of were developed from r e f e r e n c e s
and The a n a l y s i s can t h e r e f o r e be used on

fields having a h i g h gas conten t .

RESULTS

The r e s u l t s as presen ted should be cons idered
o n l y as t y p i c a l of t h e sort of ou tpu t this type of
a n a l y s i s can provide.  

Table 2 g i v e s a typical o u t p u t from the

program.
9 bar and 5 bar abs have been s e l e c t e d as from
F i g 3. it can be s e e n that these p r e s s u r e s  g i v e  a
h i g h e r n e t Value.

The and IP s e p a r a t o r p r e s s u r e s of

F i g 4 shows t h e  n e t  value, and o t h e r  d a t a  
graphed a g a i n s t geothermal f l u i d flow f o r  s t a t i o n s  

based on 9 bar abs HP and 5 b a r abs IP s e p a r a t o r
pressures . It can be seen t h a t t h e r e is a s t r o n g
i n c e n t i v e to u s e a high geothermal f l u i d flow. I f
the f i e l d has a high h o r i z o n t a l permeabi l i ty a
large number of be acceptable.

The r e l a t i v e l y small s i z e of t h e HP set would
s u g g e s t t h a t a c o n f i g u r a t i o n omi t t ing it

should be i n v e s t i g a t e d . J

THE NGAWHA INVESTIGATION

I n the case of the Ngawha i n v e s t i g a t i o n  t h e  
w e l l o u t p u t formulae r e l a t e d t o r e s e r v o i r level.
Because t h e r e is l i t t l e v a r i a t i o n between Ngawha

wells the use of a CDF of w e l l characteristics was
n o t required. The use of a r e s e r v o i r level based

model t o g e t h e r  w i t h  a lowest proven r e s e r v o i r  l e v e l  
gave a f i x e d of geothermal f l u i d , use of
which was t o be optimised. This t h e r e f o r e w a s a

task. However , the confined dome of
over t h e Ngawha f l u i d the t o t a l

4



a n a l y s i s complex.
the f a l l i n g re se rvo i r l e v e l the

access to the wells.
Ngawha f i e l d  f u l l y  t he re fo t e awaits a of the
f i e l d which w i l l s imula te the operation of the

phase as well as the  l i qu id  phase. This

could be of value when the f u r t h e r of
t h i s f i e l d is contemplated.

The w i l l

Modelling the

Provided a mathematical model of a
f i e l d can be developed, including w e l l output
func t ion of wellhead pressure and the total f l u i d
withdrawal it is poss ib le to ca l cu l a t e s t a t i o n
performance over a period of say 30 years.
these ca l cu l a t i ons it is important to e s t a b l i s h the
costs of w e l l s , of piping and insu l a t i on on a rate
basis, and the value of a of output. It is also
important to e s t a b l i s h any ex te rna l on
f o r ins tance total f l u i d withdrawal or the maximum
number of w e l l s . The r e s u l t s of t h i s ana lys i s
could he lp i n determining the prefer red p a t t e r n of
development.

For
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The concept of ne t value would he enhanced
it allowed f o r variations i n costs downstream of
the turbo-generator s t o p
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The s c i e n t i s t or engineer who develops the
f i e l d model needs work c lose ly w i t h the f i e l d
development ana lys i s t h a t due weight is given to
the more s i g n i f i c a n t aspects of the
this w a s a preliminary inves t i ga t i on to prove a
method t h e used not refined.




