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SIGNIFICANCE OF THE MAXIMUM DISCHARGING-PFESSUE 

OF GEOTHERMAL WELLS 
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ABSTRACT 

I t  would be impressive t o  r a i s e  the  wellhead p res su re  of  a hot-water 
geothermal borehole  t o  t h e  maximum s u s t a i n a b l e  by flow and from t h i s  
deduce the  supply water  temperature ,  r a t e  of d i scharge ,  dryness  f r a c t i o n  
and dens i ty  of t he  wellhead f l u i d .  All t h i s  da t a  can, i n  f a c t ,  be obtained 
from the  reading of t h e  p re s su re  gauge i n s t a l l e d  below the  wellhead c o n t r o l  
valve so long a s  t h e  flow condi t ion  i s  t h a t  given above. The t e n t a t i v e  
r e s u l t s  can be va luable  f o r  un tes ted  we l l s  d r i l l e d  i n  i s o l a t e d  a r e a s ;  and 
f o r  monitoring product ion w e l l s  a s  i t  permi ts  e s t ima tes  t o  be made of 
changing subterranean cond i t ions .  

INTRODUCTION 

From the  e a r l y  days a t  Wairakei, i t  was noted t h a t  wellhead 
p res su res  could only  b e  r a i s e d  t o  a c e r t a i n  maximum value  when t h r o t t l i n g  
discharge.  Any a t tempt  to  r a i s e  it f u r t h e r  r e s u l t e d  i n  c o l l a p s e  of t h e  
flowing steam-water mixture  and c losu re  of t he  w e l l .  From a wide-open 
v e r t i c a l  d i scharge  of about  500 t / h ,  t h e  most product ive w e l l s  would reduce 
t o  about 110 t /h a t  a Maximum Discharging-Pressure (.MDP] of 25 .7  b a r s  o r  
thereabouts .  T h i s  was f o r  0 .2  m diameter boreholes  d r i l l e d  i n t o  the  
Wairakei r e s e r v o i r ,  which approximated t o  Boi l ing Po in t  wi th  Depth (BPD) 
down t o  about 460 m a t  2S0°C. 
was ca l cu la t ed  by J a m e s  (1970) as:- 

A c o r r e l a t i o n  between the  e s s e n t i a l  f a c t o r s  

0 - 2 8 3  f o r  8 < P < 80 (see Notation) (1 1 m 
c = 99.75 P 

m 

Borehole tests i n  a number o f  c o u n t r i e s  have shown t h i s  equat ion t o  b e  
su rp r i s ing ly  accu ra t e  (confirmed by downhole K u s t e r  measurements on flowing 
w e l l s )  i n  es t imat ing  supply water  temperatures from va lues  o f  MDP; this i n  
s p i t e  of steam-water mixtures  being considered as homogeneous. Also,  
f r i c t i o n a l  pressure-drop  w a s  ignored, as w a s  k i n e t i c  energy inc rease  i n  the  
flowing f l u i d  and p o t e n t i a l  energy requirements to  e l e v a t e  f l u i d  t o  the 
wellhead. These w e r e  found n e g l i g i b l e  compared wi th  the  hydros t a t i c  head 
imposed by t h e  column of  ascending steam-water m i x t u r e .  

0.981 L 
10 v 

SW 

Hence P - P  = 
s m 
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where V i s  t h e  
average p res su re  s w  

homogeneous steam-water s p e c i f i c  volume taken a t  the  
of P + P over t he  f l a sh ing  l eng th  L and a t  t he  enthalpy 

S m 
9 

h of the  supply water  tgmperature C .  
s h i p  i n  a r e s e r v o i r  which has  a b o i l i n g  mixture down to  a l e v e l  below 
which p res su r i sed  h o t  water  e x i s t s  i s  shown on Figure  1 and has  the  
equation:-  

The temperature wi th  depth  r e l a t ion -  

C 69.56 
LO. 208 5 

f o r  30 < L < 3 000 (3)  

Even i f  a w e l l  i s  d r i l l e d  t o  below depth L and then discharged a t  
MDP, b o i l i n g  w i l l  f i r s t  s t a r t  wi th in  t h e  casing a t  very close to  depth L 
a s soc ia t ed  wi th  temperature  C i n  t h e  above equat ion.  This ,  no doubt, 
expla ins  t h e  a c c u r a t e  r e s u l t s  obtained whether f l u i d  i s  suppl ied  from the  
BPD zone Or from g r e a t e r  depth  wi th in  t h e  p re s su r i sed  h o t  w a t e r  underlying 
it. 

Equations ( 2 )  and (3)  a r e  requi red  t o  so lve  f o r  P . The r e s u l t s  
are given i n  equat ion  ( l ) ,  which i s  independent o'l? w e l l  diameter due 

t o  the  dominance of  t he  h y d r o s t a t i c  head over f r i c t i o n a l  and k i n e t i c  
energy e f f e c t s .  Using t h e  l a t t e r  equat ion,  f o r  var ious  va lues  of P , t he  
assoc ia ted  supply water  temperatures  and en tha lp i e s  a r e  given i n  T a k e  1. 

DRYNESS FRACTION AND SPECIFIC VOLUME AT THE WELLHEAD 

it is of  i n t e r e s t  t o  s e e  
how the  dryness f r a c t i o n  and s p e c i f i c  volume of t h e  steam-water mixture 
v a r i e s .  Values are c a l c u l a t e d  and given i n  T a b l e  1 and it i s  seen t h a t ,  

'm When t h e  wellhead p r e s s u r e  equals  

over a range of P up to  70 b a r ,  d ryness  f r a c t i o n  
m 

m q% = - 
P 

4 (4 )  

3 
t '  while V is approximately cons t an t  a t  6 m / 

s w  
0 I n  o t h e r  words, whatever t h e  w a t e r  t empera ture . (up  t o  332 C )  supply- 

ing the  w e l l  a t  MDP, t h e  d e n s i t y  of  t h e  steam-water mixture a t  the  wellhead 

appears l i k e l y  t h a t  'Bubble' f low t akes  p l a c e  over  t h e  lower l e v e l s  of t he  
wel l  w i t h  'Churn' f low a t  h igher  l e v e l s ,  as  descr ibed  by T a i t e l  e t  a l .  
(1980).  For these  cond i t ions ,  a t  MDP, bo th  steam and w a t e r  phases t r a v e l  
a t  approximately t h e  same v e l o c i t y ,  hence the  concept of homogeneity 
adopted h e r e  is  a r e a l i s t i c  one. 

is f a i r l y  cons t an t  I t  

FLOW-RATE A T  MDP 

MDP va lues  o f  boreholes  i n  New Zealand are recorded by t h e  Minis t ry  of 
Works and Development, and a s tudy  of  f low-ra tes  a t  d i f f e r e n t  supply water 
e n t h a l p i e s  h and bore  d iameters  d ,  g i v e s  the pragmatic rule 

(5) 
2 w = 2.5 h d 
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q’”0 

2.54 
4 -93  
7.36 
9 .73  

12.19 
15.27 
1 7 . 8 1  
21.53 
26.21 
33.4 

Values of f low- ra t e  a re  g i v e n  i n  T a b l e  1 for a w e l l  of 0.2 m d i a m e t e r .  

vsw 

6 .03 
6 . 0 3  
6.03 
5 -97  
5.94 
6.07 
5 -99  
6 .15  
6 .41  
6.99 

M I X T U R E  VELOCITY AT THE WLLHEAD 

81.4 
100.2 
114 .0  
125.4 
135.4 
1 4 4 . 5  
1 5 3 . 5  
162.7 
1 7 2 . 5  
1 8 4 . 8  

To d e t e r m i n e  the v e l o c i t y  of t h e  steam- 

4.32 
5.32 
6 .05  
6 .65  
7.18 
7.67 
8.14 
8.63 
9 . 1 5  
9 . 8  

~ 

w a t e r  m i x t u r e  a t  the wellhead, upstream of the c o n t r o l  valve. 
w v  

- sw 

- d  
4 

- 
3600 

sw I T 2  A t  MDP, U 

S u b s t i t u t i n g  W of e q u a t i o n  ( 5 ) ,  and  t a k i n g  t h e  v a l u e  of V = 6 as  
c o n s t a n t  o v e r  t he  r a n g e  of i n t e r e s t  where P 5 70 bars.  s w  

m 
h 

188.5 
= - - -  U 

s w  

A s  e x p e c t e d ,  m i x t u r e  v e l o c i t y  i s  independent  of b o r e h o l e  d i a m e t e r  and 
i n c r e a s e s  w i t h  s u p p l y  w a t e r  t e m p e r a t u r e  and P as  shown i n  T a b l e  1. m 

TABLE 1 P h y s i c a l  F a c t o r s  r e l a t e d  t o  P m fo r  a Geothermal W e l l  f l o w i n g  a t  - 

Maximum D i s c h a r g e  P r e s s u r e .  W v a l u e s  fo r  d = 0.2  m .  

P m 

10 
20 
30 
40 
50 
6 0  
70 
80 
90 
00 

CONCLUSIONS 

C 

191.4  
232.9 
261.2 
283 - 3  
301.8 
317.8 
332 
344.7 
356.4 
367 - 2 

h 

814 
1002 
1140.6 
1254 
1354.1 
144 5 
1535 
1627 
1724.7 
1848 

1 u s w  

h o t  -wa t er 
From a simple t e s t  on  a / geothermal  w e l l ,  t h e  Maximum Discharg ing-  

P r e s s u r e  g i v e s  a l o t  of i n f o r m a t i o n ,  and it i s  hoped i t  w i l l  g a i n  world-wide 
u s e .  P r o d u c t i o n  w e l l s  can  be o c c a s i o n a l l y  checked f o r  f a l l  i n  P d u e  to  m d e c l i n e  i n  t h e  s u p p l y  w a t e r  t e m p e r a t u r e  a t  d e p t h ,  as  a change as s m a l l  
a s  1 d e g r e e  C w i l l  be r e f l e c t e d  i n  a measurable  v a r i a t i o n  i n  t h e  wel lhead  
pressure g a u g e  as d e t e r m i n e d  by e q u a t i o n  (1). 

The c o n c e p t  of homogeneity,  a l t h o u g h  n o t  p o p u l a r  i n  t h e  l i t e r a t u r e  of 
two-phase f l o w ,  appears t o  a p p l y  to  t h e  a s c e n t  of geothermal  steam-water 
m i x t u r e s  o v e r  l a r g e  d i s t a n c e s  and w i t h i n  t h e  e n t h a l p y  range  of hot-water  
r e s e r v o i r s .  
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NOTATI 0 N 

C b o i l i n g  water temperature a t  depth L ,  Ce lc ius  
d wel lbore d iameter ,  metres  
h b o i l i n g  water enthalpy assoc ia ted  wi th  C ,  kj/kg 
L depth,  metres  
P Maximum Discharging-Pressure CMDP) a t  wel lhead,  b a r s  
Pm b o i l i n g  water p re s su re  a s soc ia t ed  wi th  C ,  b a r s  
qS dryness  f r a c t i o n  of steam-water mixture  a t  wellhead 
U v e l o c i t y  of steam-water mixture a t  wellhead, m / s  

s p e c i f i c  volume of  steam-water mixture a t  wellhead, 
f low-rate  a t  Maximum Discharging-Pressure,  t / h  W 

0 

sw 
vsw 

ILLUSTRATIVE EXAMPLE 

Under d ischarg ing  cond i t ions ,  t h e  wellhead p res su re  of a prev ious ly  
untes ted  borehole  is  t h r o t t l e d  t o  a maximum value  of  37 b a r s  gauge. What 
p rov i s iona l  deduct ions can be made, assuming a borehole  diameter of 0.2 m ,  
and atmospheric p re s su re  of 1 bar?  

Maximum Discharging-Pressure P = 37 + 1 = 38 b a r s  

From Figure 1 or equat ion  (-1) , C = 99.75 (38) = 279.25OC 

This i s  t h e  temperature of  t h e  water  suppl ied to  the w e l l  a t  depth,  and 
from Steam Tables has an enthalpy h = 2  1235 kj/kg 
From equat ion (5)  , W = 2.5 (1235)  ( 0 . 2 )  = 123.5 t/h which i s  the  flow a t  
a wellhead p res su re  of 38 b a r s .  
Condi t ions a t  t h e  wellhead a r e  a s  fol lows:-  

- 9.5% Dryness f r a c t i o n  a s  a pe rcen t  9% = - - - - 

A s  t h e  va lue  of P 
water mixture  i s  cons t an t  a t  6 m / and d e n s i t y  i s  t h e  r ec ip roca l  0.167 t / m  . 
Wellhead mixture  v e l o c i t y  (homogeneous) from equat ion  (6) , 

m 
0 . 2 8 3  

38 
From equat ion ( 4 )  P 

m -  
4 4 

3 i s  l e s s  than 30 b a r s ,  t he  s p e c i f i c  volume of the  steam- m 
t 

- 6.55 m / s  
- 1235 - - -  

188.5 
U 
SW 

Note T h i s  is no t  j u s t  an academic e x e r c i s e  a s  t he  above example i s  taken 
from the  new Kawerau w e l l  KA 30 which was a f te rwards  t e s t e d  over a range of 
wellhead p res su res .  A t  t h e  MDP of P = 38 b a r s ,  en tha lpy  was measured a s  
1 2 3 5  kj/kg and flow W as 1 2 1  t / h ,  w e c h  is  c l o s e  confirmation of the  above 
e s t ima tes  . 
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