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ABSTRACT 

A we l l  bore s imulator i s  described and used t o  es tab l ish  
the output cha rac te r i s t i cs  o f  two shallow geothermal 
wel ls.  The in f luence o f  a number o f  the geoemtric and 
f l u i d  var iab les  on the cha rac te r i s t i c  i s  i l l u s t r a t e d .  
The need f o r  a r e l i a b l e  and wel l  proven model t h a t  
can account f o r  changes i n  thermodynamic proper t ies  
o f  the  geof lu id  due t o  gas and so l i ds  i n  so lu t i on  as 
we l l  as the use o f  such simulators f o r  f i e l d  management 
decis ion making are emphasised. 

1.0 INTRODUCTION 

The ca l cu la t i on  o f  f lowing pressures and output o f  
a geothermal f l u i d  from a wel l  bore has received at ten-  
t i o n  i n  the l i t e r a t u r e  recent ly .  The ea r l y  work o f  
Gould (1974) and Upadhyay e t  a1 (1977) consisted o f  
us ing Hagedorn & Brown type co r re la t i ons  f o r  v e r t i c a l  
f lows t o  determine pressure and temperature p r o f i l e s  
i n  geothersal we l ls .  Since t h a t  t ime more work has 
resu l t ed  i n  f u r t he r  co r re la t i ons  and an extension o f  

cha rac te r i s t i cs ,  M i l l e r  and Harr ison (19851, Gudmund- 
s s m  (1984). 

Such simulators have a wide app l i ca t i on  i n  the develop- 
ment o f  geothermal resources. Some examples o f  t h e i r  
use are (1) t o  show the e f f e c t  o f  we l l  bore diameter 
on thc f lowrate  i nc lud ing  the e f f e c t s  o f  we l l  bore 
scal ing.  (2 )  Given wel l  head condi t ions,  downhole pres- 
sures can be ca lcu la ted o r  a l t e rna t i ve l y ,  i f  the  reser-  
v o i r  cond i t ions  are known, the s imulator can be used 
t o  determine the wel l  head pressure as a f unc t i on  o f  
f lowrate,  t h a t  i s ,  the  output curve. ( 3 )  A s imulator 
may a lso  be used t o  p r e d i c t  an output  curve from a 
s ing le  output  measurement, a technique which i s  useful  
i f  discharge o f  a we l l  i s  r e s t r i c t e d  on environmental 
grounds, i.e. noise o r  waste water disposal, o r  i f  
the economics o f  t e s t i n g  over the f u l l  range o f  output 
are no t  j u s t i f i e d  a t  the  f i e l d  i nves t i ga t i on  stage. 

I n  a l l  cases the accuracy o f  the s imula t ion  has t o  
be j u s t i f i e d  by con t i nua l l y  matching output w i t h  exper i-  
mental data. I n  a l l  the s imulators t h a t  are avai lable,  
co r re la t i ons  are used f o r  vo id  f r ac t i on ,  s l i p  fac tor ,  
e tc ,  t o  c lose the one dimensional equations o f  motion. 
I n  add i t i on  t o  these fundamental equations, co r re la t i ons  
o f  steam tab les  are requ i red  and have been developed 
w i t h  su i t ab le  p rov i s i on  f o r  modi f ica t ions  o f  the f l u i d  
t r anspo r t  p roper t ies  due t o  dev ia t ions  from pure water. 
such as the add i t i on  o f  s a l t s  and carbon dioxide. How- 
ever many o f  the s imulators have had l i t t l e  exposure 
t o  a va r i e t y  o f  actual  wel l  t e s t  data, consequently 
i t  has been found by the authors that whereas a simula- 
t o r  w i l l  give an adequate output f o r  one wel l ,  i t s  
use i n  another we l l ,  even i n  the same reservo i r ,  may 
no t  produce a sa t i s fac to ry  resu l t .  E f f o r t s  are being 
made t o  r e c t i f y  t h i s  s i t ua t i on .  This paper presents 
a study using one o f  the s imulators,  t h a t  due t o  B i l i c k i  
?t a1 (1981) which we w i l l  c a l l  the Brown simulator.  
The e f f e c t s  o f  wel l  depth on the output  cha rac te r i s t i c  
w i t h  a p a r t i c u l a r  emphasis on th? shallow (FJ 200 m) 
moderate temperature we l l  are reported. This l a t t e r  
aspect i s  demonstrated foy  two p a r t i c u l a r  f i e l d s  - 
Yangbajing, Tibet,  Peoples Republic o f  China, and 
the Rotorua f i e l d  i n  New Zealand. 

A! ' r l ~L  r e s u l t s  from p r o f i l e s  t o  p r e d i c t i n g  wel l  ou tput  

2.0 THE WELL BORE SIMULATOR 

A study o f  the published simulators shows t h a t  although 
they are a l l  generated from the same basic equations 
o f  motion and general ly use a stepwise i n t e g r a t i o n  
technique up and down the wel l  depending upon whether 
we l l  head o r  downhole condi t ions are spec i f ied ,  there 
i s  a wide v a r i a t i o n  i n  the  co r re la t i ons  used f o r  t he  
two phase parameters vo id  f rac t ion ,  s l i p  ve loc i ty ,  
etc, and the t ranspor t  p roper t ies  o f  t he  mixture. 
I n  add i t i on  some simulators inc lude the e f f e c t s  o f  
wel l  bore heat f low w h i l s t  others have allowances 
f o r  changes i n  f r i c t i o n  f ac to r  due t o  roughness. Some 
use cor rec t ions  f o r  non-dissolved so l i ds  w h i l s t  others 
also inc lude co r re la t i ons  f o r  d issolved gases. 

For t h i s  paper we use the Brown simulator which i s  
f u l l y  described i n  B i l i c k i  e t  a1 (1981). The model 
ca lcu la tes  f low parameters i n  a we l l  based on condi- 
t i o n s  a t  bottomhole. A stepwise i n teg ra t i on  technique 
i s  used up the wel l  bore. The model assumes a steady 
one dimensional f low o f  geof lu id  up the w e l l .  It also 
assumes a s i ng le  feed p o i n t  and s ing le  phase f l u i d  
( l i q u i d )  a t  the  bottom o f  the we l l .  As t he  f l u i d  
ascends t o  the surface i t  f lashes t o  two phase water- 
steam as the satura t ion  pressure i s  reached. Above 
the f l ash ing  l e v e l  a sequence o f  f low regimes can 
occur depending on the c r i t e r i a  f o r  t h e i r  appearance. 
Four f low regimes are i d e n t i f i e d .  I n  order o f  appear- 
ance these are  bubbly, slug, f r o t h  and annular mist .  
The l i m i t s  which de l ineate  the four  f low pat terns  
from each o ther  f o l l ow  from d e f i n i t e  c r i t e r i a ,  a de- 
t a i l e d  statement o f  which i s  given i n  B i l i c k i  Z and 
Kest in  J (1980). For t r a n s i t i o n s  from the bubble t o  
s lug and s lug  t o  f r o t h  regimes P rand t l ' s  mix ing length  
theory i s  fol lowed. The c r i t e r i a  f o r  t r a n s i t i o n  from 
f r o t h  t o  annular was taken from the work o f  Pushkin 
and Sorokin (1962). 

The one dimensional equations are then closed using 
P e t r i c k ' s  (1958) c o r r e l a t i o n  f o r  wal l  s t ress  together 
w i t h  empir ical  co r re la t i ons  which determine the vo id  
f r a c t i o n  f o r  each topo log ica l  f low structure,  Mendelson 
(19671, Dukler (1978). The therriophysical p roper t ies  
o f  water and steam o f  pressure and/or temperature 
are  taken from ana l y t i c  formulat ions based on the  
1967 In te rna t i ona l  Formulating Committee (IFC). The 
e f f e c t  o f  the presence o f  d issolved so l i ds  on the  
thermodynamic proper t ies  i s  also accounted f o r  i n  
the  model. The so l i ds  are represented by an equ iva lent  
NaCl content which i s  considered t o  be the major con- 
s t i t u e n t  and i t s  e f f e c t  on the densi ty,  v i scos i t y ,  
enthalpy and satura t ion  temperature a t  a given pressure 
i s  accounted f o r  by sui  t a b l e  co r re la t i ons  developed 
from the l i t e r a t u r e ,  B i l i c k i  e t  a1 (1981). 

This model does not  inc lude the e f f e c t s  o f  non-conden- 
s i b l e  gases o r  heat t r ans fe r  t o  the surrounding forma- 
t ions ,  however both these e f f e c t s  and the  reascns 
f o r  no t  consider ing them are discussed i n  the  o r i g i n a l  
paper, B i l i c k i  e t  a1 (1981). One f u r t h e r  assumption 
used i s  t h a t  the  pressure drawdown ( rese rvo i r  pressure 
- wel l  pressure) a t  the  feed po in t  i s  a l i n e a r  func- 
t i o n  o f  we l l  mass flow. This i n f e r s  s ing le  phase Oarcy- 
type f low and i s  app l icab le  f o r  low mass f l ow  wel ls .  
A t  h igher f low ra tes  when a steam/water enters t he  
we l l  bore the  re la t i onsh ip  between mass f low r a t e  
and drawdown pressure w i l l  become non- linear, Gudmund- 
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sson and Marcou (1986). 

I n  order t o  accommodate va r i a t i ons  i n  wel l  bore rough- 
ness the authors modi f ied  the f r i c t i o n  f a c t o r  i n  Pet- 
r i c k ' s  equation from the smooth wa l l  B la isus  expression 
t o  the ana l y t i c  expression o f  Church i l l  (1977) so 
t h a t  product ion casing, s l o t t e d  l i n e r s  and open hole 
f r i c t i o n  f ac to rs  cou ld  be used where appropriate. 
The roughness values proposed by Gould (19741, namely 
1.37 x m f o r  l i n e r  and 4 . 5 7 ~ 1 0 - ~  m f o r  pro- 
duct ion casing were used f o r  the case studies. 

3.0 USING THE BROWN SIMULATOR 

3.1 General 

From a geo f l u i d  u t i l i s a t i o n  p o i n t  o f  view, one o f  
t he  most important performance cha rac te r i s t i cs  o f  
a geothermal we l l  i s  the output curve, t h a t  i s ,  the  
v a r i a t i o n  o f  t o t a l  mass f low as a f unc t i on  o f  we l l  
head pressure (WHP). The shape o f  t h i s  curve i s  a 
f unc t i on  o f  many var iab les ,  we l l  geometry, bottomhole 
condi t ions,  f l u i d  propert ies,  gas and s a l t  content,  
r ese rvo i r  parameters, etc.  For deep we l l s  (=lo00 m) 
the cha rac te r i s t i c  curve i s  obtained by measuring 
the discharge over a range from maximum mass f low 
(minimum WHP) t o  maximum discharge pressure (MDP), 
Grant e t  a1 (1982). Very r a r e l y  i s  the r e t u r n  p a r t  
o f  the curve, i.e. mass f lows below (MDP) obtained. 
This reg ion i s  o f  l i t t l e  i n t e r e s t  as general ly i t  
i s  unstable and also the mass f l ow  and hence the 
energy content o f  the f l ow  i s  lower than the upper 
p a r t  o f  the  curve. However two examples which are 
discussed below have appeared i n  the l i t e r a t u r e  re-  
cent ly ,  both o f  which are f o r  shallow moderate tempera- 
tu re  wel ls.  

F igure  1 i l l u s t r a t e s  some o f  the features o f  shallow 
and deep wel ls.  The Brown simulator,  i s  used w i t h  
the data base as i n  Table 1. Two we l l s  both w i t h  9 5/8 
i n  product ion casings, set t o  the bottom, one 200 m 
deep, the  other 1000 m have been analysed w i t h  repre- 
senta t ive  moderate and high bottom ho le  temperatures 
(170°C & 260°C). 

A si'ngle feed p o i n t  located a t  the bottom i s  assumed 
w i t h  a zero drawdown fac tor ,  i .e .  (we l l  pressure = 
rese rvo i r  pressure). We d iv ided the wel l  f o r  ana lys is  
i n t o  40 steps and assumed no s a l t  o r  gas i n  the geo- 
f l u i d .  

The 170°C and 260°C bottomhole curves w i t h  saturated 
pressure cond i t ions  a t  the  bottom c l e a r l y  i nd i ca te  
the  in f luence o f  temperature i n  c o n t r o l l i n g  MDP as 
discussed by James (1980). We have shown f o r  comparison 
purposes on ly  the lower p a r t  o f  the 260°C curve t o  
i l l u s t r a t e  the  shape o f  a deep wel l  output curve below 
MDP. Normally t h i s  type o f  we l l  would be operated 
a t  mass f lows above t h a t  corresponding t o  MDP and 
greater than 26 kg/s f o r  t h i s  example. 

For a low temperature deep wel l  the cha rac te r i s t i c  
i s  also a func t ion  o f  bottomhole pressure (BHP). For 
t h i s  case, 1000 m deep and 170°C. the v a r i a t i o n  i n  
output i s  shown f o r  a range o f  BHP from 86 bar t o  
40 bar t h a t  i s  compressed l i q u i d .  O f  p a r t i c u l a r  i n -  
te res t  i s  the maximum mass f low achieved, i .e.  the  
choke cond i t ion .  The bottomhole pressure i s  a func t ion  
o f  the drawdown i n  the we l l  and hence the permeabi l i ty .  
Soan impermeable rese rvo i r  would be expected t o  have 
a h iy l i  drswddwn f a c t o r  and consequently a low dynamic 
bottomhole pressure r e s u l t i n g  i n  an output charac ter is-  
t i c  shape as shown i n  Figure 1. 

These curves i 11 us t ra te  trends and are no t  spec i f i c .  
The case studies t h a t  f o l l o w  i nd i ca te  the type o f  
matching t h a t  can be achieved w i t h  a s imulator and 
i t s  use i n  understanding and d i r e c t i n g  management 
type decis ions.  

3.2 Study 1: Rotorua (NZ) 

comnercial and l i g h t  i n d u s t r i a l  use. The we l l s  are 
character ised by downhole temperatures i n  the range 
120 - 200°C d r i l l e d  t o  shallow depths o f  l ess  than 
200 m and l i n e d  w i t h  102 mn (4 i n )  casing. A few o f  
the we l ls  produce a r tes ian  f low and aretermed high 
pressure, however the ma jo r i t y  are low pre isure  which 
have t o  be st imulated t o  s t a r t  the f l D w .  Operation 
o f  these we l l s  a t  low f l ow  ra tes  rer.ults i n  f l ow  i n -  
s t a b i l i t y  and f i n a l  col lapse. The deposi t ion o f  ca l -  
c i t e  i n  these we l l s  causes the output t o  dec l ine  4 t h  
time. 

Well 715 located on the eastern s ide o f  the  f i e l d  
was selected. It i s  d r i l l e d  t o  a t o t a l  depth o f  122 
m, l i n e d  w i t h  a 4 i n  casing ( B S  1387 heavy grade p ipe)  
t o  100 m and completed t o  the bottom wi th  an open 
hole. I t  has a permeable zone near the  bottom w i t h  
a feed temperature o f  around 167°C. A t  present i t  
i s  coupled t o  9 domestic users w i t h  a nominal summer 
output  o f  0.4 kg/s. I t  i s  c lassed a t yp i ca l  low pres- 
sure we l l  w i t h  a maximum wel l  head pressure (WHP) o f  
4.5 bar abs. Maximum output mass f low was measured a t  
4.3 kg/s a t  an enthalpy o f  720 kJ/kg and a WHP o f  
4 bar abs. Normal product ion f lowrate  var ies between 
0.4 and 1 kg/s depending upon the load. 

The measured output f o r  t h i s  we l l  i s  shown a t  F igure  2. 
The maximum discharge pressure (MDP) was 4.5 bar abs 
a t  a f l ow  r a t e  o f  3.2 kg/s. Maximum output t o  a 80 mn 
pipe was 4.3 kg/s a t  an enthalpy o f  720 kJ/kg. The 
Brown program was used t o  ca l cu la te  the  we l l  pe r fo r -  
mance and a f i n a l  match was achieved w i t h  data i npu t  
as i n  Table 1. Note t h a t  the drawdown fac to r  ( K )  was 
f i x e d  a t  zero and the weight o f  d issolved so l i ds  a t  
0.07%. K = 0 i s  j u s t i f i e d  from the discussion below. 
Rotorua we l l s  produce a l k a l i n e  ch lo r i de  water w i t h  
ch lo r i de  concentrat ions i n  the  range 250 - 1000 ppm. 
A value o f  0.07% t o t a l  d issolved so l i ds  i s  there fore  
n o t  unreasonable. 

Having achieved a reasonable match the s e n s i t i v i t y  o f  
the  output t o  small changes i n  some o f  the var iab les  
was invest igated. Bottomhole temperature has t h e  major 
e f fec t  on the output curve. F igure  3 shows the e f f e c t  
o f  changes i n  temperature and hence on the requ i red 
accuracy o f  measured temperature as i npu t  t o  the pro- 
gram w h i l s t  the  e f f e c t  o f  drawdown f a c t o r  i s  i l l u s t r a -  
ted  i n  F igure  4. Increase i n  drawdown fac to r  K reduces 
the dynamic bottomhole pressure which r e s u l t s  i n  a 
lowering o f  the  f l a s h  po in t .  For the small f lows taken 
from t h i s  we l l  l a rge  pressure i s  not expected, pa r t i cu-  
l a r l y  since the rese rvo i r  i s  known t o  be h igh l y  per-  
meable, so choosing K = 0 f o r  the matching p r o f i l e  
i s  j u s t i f i e d .  

Work by the Geothermal Task Force i n  Rotorua (1985) 
estab l ished t h a t  the  mean draw-off f o r  a domestic 
home on a low pressure bore was about 0.12 kg/s. 
Although wel l  715 serves 9 homes the demand shows 
t h a t  i t  has t o  be able t o  operate a t  low f low ra tes  - 
however cont ro l  o f  such wel ls  i s  d i f f i c u l t .  When opera- 
ted  a t  low output the  we l ls  operate i n  the s lug f low 
regime w i th  vigorous cyc l i ng  o f  we l l  head pressure 
which eventua l ly  leads, as f low r a t e  i s  reduced, t o  
we l l  col lapse, F igure  5. The normal operat ing range i s  
i l l u s t r a t e d  i n  t h i s  f igure .  To avoid such problems 
users would tend t o  adopt usage a t  h igher f l ow  ra tes  
which leads t o  a wastage o f  energy. I t  i s  des i rab le  
there fore  t o  be able t o  operate a t  h igher f l ow  ra tes  
above the mass f low given by MDP. i .e. the upper p a r t  
o f  the output curve. 

The Brown program was used t o  study the in f luence 
o f  reduced casing diameters on output. Product ion 
casings o f  0.076 m (3 i n )  and 0.063 m (2 1/2 i n )  were 
used as i n p u t  keeping the o ther  parameters as used 
i n  the  matching exercise constant. For f low ra tes  
less  than 1.4 kg/s, the 0.076 m diameter casing gives 
a higher WHP f o r  the  same mass flow, Figure 6. I t  
fo l lows tha t  a smaller diameter i s  m r e  su i t ab le  f o r  
these lower f low ra tes  since i t  al lows the wel l  t o  
be operated on the s tab le  p a r t  o f  the output charac- 
t e r i s t i c  w h i l s t  g i v i ng  the desired mass flow. 

The Rotorua geothermal f i e l d  w i t h  over 400 product ion 
we l l s  provides low enthalpy f l u i d  f o r  r es iden t i a l ,  



71 

Freeston 8 Hadgu 

3.3 Study 2: Yangbajing T ibe t  UNTCD 

The Yangbajing f i e l d  i s  located a t  an e levat ion  of 
4300 m some 90 km NW o f  Lhasa i n  Tibet.  The i d e n t i f i e d  
geothermal f i e l d  covers an area o f  about 15 km . 42 
wel ls  have been d r i l l e d  w i t h  depths ranging from 43 t o  
603 m. One wel l  was deepened t o  1726 m f o r  exp lora tory  
purposes. Excluding the exp lora tory  wel ls,  which are 
smal ler  i n  diameter, the we l ls  are d r i l l e d  w i t h  d ia-  
meters ranging from 15 1/2 i n  t o  8 1/2 w i t h  e i t h e r  a 
9 5/8 o r  7 i n  s l o t t e d  l i n e r  a t  the producing horizon. 
C,,.-.tomhole temperatures are general ly between 150 - 
K;.y°C, the maximum recorded i s  172°C. The average 
enthalpy i n  the f i e l d  i s  650 kJ/kg corresponding t o  
saturated water condi t ions.  10 MW o f  generating p l a n t  
are i n s t a l l e d  using condensing turbines. The f i r s t  
u n i t  ( 1  MW) was s ing le  f lash,  the l a t t e r  u n i t s  (3  x 
3 MW) are a l l  double f lash.  

Typical  output cha rac te r i s t i cs  o f  the we l l s  are pre- 
sented i n  Figure 7, CappeCi, Wu (1985). Two groups 
o f  we l l s  are i d e n t i f i e d ,  low and high pressure. Cal- 
c i t e  deposi t ion and r e i n j e c t i o n  o f  f l u i d  i n t o  produc- 
t i o n  we l ls  due t o  excessive pressure i n  the steam 
gather ing system and t o  the d i f f e r e n t  product ion 
cha rac te r i s t i cs  o f  the we l ls  are two major operat ing 
problems o f  the system. 

ZK 327 was selected f o r  study as the data ava i l ab le  on 
t h i s  we l l  was complete, Table 3. A match us ing the 
s imulator w i t h  the  output data was obtained, Figure 
8, w i t h  a downhole temperature o f  145"C, the measured 
temperature was 151°C. The d i f fe rence i n  temperatures 
i s  greater than might be expected so the e f f e c t  o f  
some o f  the o ther  i n p u t  var iab les  was invest igated. 
Changes i n  t o t a l  d issolved so l ids  content are i l l u s -  
t r a t e d  i n  F ig l i re  9. The e f f e c t  o f  10% by weight t o t a l  
so l i ds  br ings th:! two curves c lose r  together bu t  note 
t h a t  %his  !I.??. the  e f f e c t  o f  lowering the maximum mass 
flow and t!v #DP, both e f f e c t s  as the r e s u l t  o f  the 
elevat ior !  c.? ?be b o i l i n g  temperature w i t h  an increase 
i n  percen%ge sol ids.  The s imula t ion  t r ea ts  the  so l i ds  
as i f  they were a l l  sodium ch lor ide .  For the Yangbajing 
we l ls  the t o t a l  d issolved so l i ds  i s  estimated a t  0.3% 
by weight o f  t o t a l  f l u i d .  (UNTCD 1985) 

Diameter changes produce s i m i l a r  r e s u l t s  t o  those 
discussed f o r  the Rotorua case. Reduction i n  diameter 
reduces the MDP and reduces the maximum mass flow. 
This occurs because o f  increased two phase f r i c t i o n  
losses depressing the f l ash ing  l e v e l .  

The e f f e c t s  o f  gas have no t  been studied w i t h  t h i s  
s imulator.  Generally we would expect the MDP t o  r i s e  
as a func t ion  o f  t o t a l  percentage by weight o f  gas 
i n  the  f l u i d .  The Yangbajing we l ls  have an average 
non-condensable gas content o f  0.1% by weight i n  the  
t o t a l  f l u i d .  U t i l i s i n g  a s imulator which i s  cu r ren t l y  
under development an increase o f  wel l  head pressure 
f o r  the same mass f low o f  the  order o f  20% i s  tenta-  
t i v e l y  indicated. This e f f e c t  needs f u r t h e r  study. 

4.0 FINAL COMMENTS 

The studies have i l l u s t r a t e d  how we l l  bore s imulators 
can be used t o  i nves t i ga te  and prove wel l  charac ter is-  
t i c s .  For t h i s  work the Brown simulator has been used 
not  because we have shown i t  i s  any b e t t e r  than any 
other,  only t h a t  i t  performs s a t i s f a c t o r i l y  f o r  these 
shallow wel ls.  Th is  i s  probably because these shallow 
wel ls  are general ly operat ing w i t h  a bubble o r  s lug 
f l ow  predominantly i n  the upper p a r t  o f  the wel l  as 
opposed t o  annular f low which i s  the  regime normally 
experienced i n  the deep wel ls.  There i s  s t i l l  a need 
t o  have a more r e l i a b l e  model which has been va l ida ted 
i n  a wide range o f  operat ional  geothermal f i e l d s .  
A de ta i l ed  knowledge o f  the e f f e c t s  o f  gas and so l i ds  
chemistry on the thermodynamic proper t ies  o f  the geo- 
thermal f l u i d  i s  necessary as wel l  as methods f o r  
accounting f o r  m u l t i p l e  feed p o i n t  wel ls.  I t  may wel l  
be t h a t  a reappraisal  o f  the technique using cor re la-  
t i o n s  f o r  void f r ac t i on ,  e t c  i s  necessary. The problem 
i s  complex and a completely accurate s imulator may 
no t  be possible.  However the s ta te  o f  the a r t  i s  t ha t  
s imulators are ava i l ab le  which can be used as an a i d  

f o r  f i e l d  management decis ion making w i t h  sa t i s fac to ry  
accuracy. 
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Table 1: General 
Shal l  ow wel l  

Bottom Hole Temperature 17Ooc 
200 m Well depth 

Casing i ns ide  diameter 0.2245 m -  
Pipe roughness 4.57 x 1 0 - ~  m 
Weight % dissolved so l i ds  0, 
Drawdown fac to r  
Calcu la t ion step 

U 
5 m  

Deep wel l  
17OoC. 260°C 

1000 m 
0.2245 m 

4.57 x 10-5 m 
0 
0 
25 m 

N.B. Bottom hole pressures are given i n  Figure 1. 

Table 2: Rotorua Well 715 

Bottom Hole Pressure 12.0 bar abs 
Bottom Hole Temperature 167'C 
Openhole Diameter 0.152 m (6" ) 

3.05 x 10 -~  m 
0,1032 m (t.06") 

Roughness 
Casing i ns ide  diameter 
Rou hness 3.05 x IO- m 
Depjh t o  change o f  diameter 100 m 
Weight % d issolved so l i ds  0.07 
Drawdown f a c t o r  0 
Calculat ion step 2 m  

Table 3: 
S t a t i c  Bottom Hole Pressure 
Bottom Hole Temperature 151OC 

Yangbajing Well ZK 327 
12.27 b abs 

Well depth 110 m 
from 110 m t o  108 m open hole diameter 0.31123 m 
from 108 m t o  65 m s l o t t e d  l i n e r  diameter 0.2245 m 
from 65 m t o  51 m b l i n d  l i n e r  diameter 0.2245 m 
from 51 m t o  surface, diameter 0.3205 m 
Weight % dissolved so l i ds  
Drawdown f a c t o r  
Calcu la t ion step 

0.3 

5 m  
12856 Pa/(kg/s) 

-- r WELL 715 \ 

WHP (BAR ABS.) 
FIC.2 MATCHING OF OUTPUT CURVE 

1 
2 3 4 5 

WHP (BAR ABS.) 
FIC.3 EFFECT OF BOTTOM HOLE TEMPERATURE 

>> k=1[30,000. 
* k=20,000 
0 k=0 

I I 1 
1 2 3 4 
l----l- 

WHP (BAR ABS.) 
FIC.4 EFFECT OF DRAWDOWN FACTOR 
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