
primarily for internal or limited 
external distribution. The opinions 
and conclusions stated are those of 
the author and may or may not be 
those of the laboratory. 

ntract No. W-74 

- 9 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



i 

L 

WELLFLOW FOR GEOTHERMAL WELLS - DESCRIPTION OF A COMPUTER 
PROGRAM INCLUDING EFFECTS OF BRINE COMPOSITION 

ABSTRACT 

A computer program e n t i t l e d  "WELLFLOW" i s  presented f o r  ca l cu la t i ng  we l l  head 

The ca lcu la t iona l  model was developed by E l l i o t t  and has been modified 
flow and f l u i d  co 
diameter. 
t o  incorporate a more accurate ana ly t i ca l  procedure f o r  ca l cu la t i ng  br ine  
thermophysical propert ies.  An add i t iona l  modi f icat ion establ ishes the  mass f low 
r a t e  needed t o  j u s t  produce so l i q u i d  v e l o c i t y  a t  the wellhead ( i f  the 
spec i f ied  f low r a t e  exceeds t h i s  value) i n  order t o  character ize the  e n t i r e  range 
o f  f low condi t ions f o r  the we l l  geometry and reservo i r  charac ter is t i cs .  

t i ons  f o r  a se l f - f lowing othermal we1 1 of constant 

Reservoir values o f  temperature, depth, s a l i n i t y ,  mass f low r a t e  and drawdown 

i f i e d .  Well bore parameters o f  casing i ns ide  diameter, 
i q u i d  ve loc i t y  r a t i o  and the ove ra l l  heat t rans fe r  

ground must a lso  be supplied. The ca lcu lated 

pressure f a c t o r  must be s 
Moody f r i c t i o n  factor ,  ga 

t between the casing 
ondi t i ons  cons is t  o f  perature, pressure, vapor mass f rac t i on ,  

enthalpy and entropy o f  the two-phase mixture, l i q u i d  v e l o c i t y  and vapor and 
l i q u i d  mass f low ra tes  f o r  e i t h e r  pure water o r  br ine.  

INTRODUCTION 

Assessment o f  candidate energy conversion processes f o r  use w i t h  the  high 
temperature-high s a l i n i t y  (HT/HS) Sal ton Sea o r  o ther  geothermal resources and 
ca l cu la t i on  o f  the  corresponding p l a n t  operat ing parameters requi res the a b i l i t y  
t o  p red ic t  i n  a reasonably rea l  i s t i c  manner, we1 1 head condi t ions f o r  the we1 1 bores 
I n  question. 

E l l i o t t  has developed a ca lcu la t iona l  technique f o r  a se l f - f l ow ing  

. geotherinal we l l  o f  constant diameter ). 
. was employed t o  produce the For t ran I V  computer code, WELLFLOW, t h a t  i s  described 

below and i n  Appendix A. 

This procedure, w i th  some modif icat ion,  



The modification of most significance was incorporation of  a different  
analytical procedure for  estimating the thermophysical properties of geothermal 
brines tha t  is based on more recently published material (2).  Pure water i s  
calculated w i t h  the ASME equation-of-state ( 3 ) .  
casing diameter above the flash level t o  prevent choking w i t h i n  the wellbore 
was not incorporated. 
will just produce sonic liquid velocity a t  the wellhead. 
t o  characterize the en t i re  range of wellhead conditions using the assumed 
constant diameter we1 1 bore geometry. 

8 

The option o f  doubling the 

Instead, the brine flow ra te  i s  reduced t o  a value tha t  
T h i s  allows WELLFLOW 

The Darcy-Weisbach equation and Moody 
f r ic t ion  factor are used to  calculate f r ic t ional  pressure loss i n  the l i q u i d  
flow region. Above the flash level , an equivalent f r ic t ion  factor ,  numerically 
equal t o  the value used i n  the l i q u i d  flow region and averaged two-phase flow 
mixture properties i s  employed to  calculate the pressure loss. 

Al though  the s a l t  concentration of the brine increases as a resul t  of 
flashing t o  vapor i n  the wellbore, t h e  current version of WELLFLOW does n o t  
adjust  the thermophysical property estimtes for  this effect .  The model is a lso 
based on the brine having  zero o r  a negligible concentration of dissolved 
non-condensible gases. 
(primarily the vapor partial  pressure) i s  currently made for  geothermal f l u i d s  that  
do contain significant quantit ies of dissolved gases. A reservoir f luid containing 
20 weight percent dissolved so l id s ,  will experience about a 25 percent increase 
i n  s a l t  concentration a t  the wellhead for  a vapor mass fraction of 20 percent. 
However, this represents only about a 6.5 percent decrease i n  predicted wellhead 
pressure and about a 6.5 percent increase i n  the wellhead mixture enthalpy a t  
approximately 400°F. 
by about an additional 6 percent, i f  the wellhead product included non-condensible 
gases amounting t o  3 percent by weight. 
i f  additive, t he i r  omission seems jus t i f ied  since "typical" wellhead qual i t ies  are 
about 10 percent and dissolved gases are  ~ 1 / 2  - 1 percent. 

Therefore, no correction t o  the predicted well head conditions 

The predicted well head pressure would have to  be lowered 

While these effects  can be significant,  

The computer program is  ut i l ized th rough  a user-operated teletype console * 
tha t  is remotely located from the main computer center, and provides for both 
visual and printed o u t p u t  i n  the user 's  work area. Values must be specified for 
the reservoir temperature, depth, sa l in i ty ,  mass flow rate  and drawdown pressure 
factor. Well bore data, including casing inside diameter, Moody f r ic t ion  factor,  
gas- l iqu id  velocity r a t io  and the overall heat transfer coefficient between the 

. 
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casing and ground must a l so  be supplied. 

and entropy o f  a two-phase mixture, l i q u i d  ve loc i ty ,  and vapor and l i q u i d  mass 

WELLFOW calcu lates wellhead (surface) 
. condi t ions o f  temperature, pressure, vapor mass f rac t i on  (qua l i t y ) ,  enthalpy 

f low ra tes  f o r  a b r i ne  o f  constant composition. I 

Appendix B contains i ns t ruc t i ons  f o r  using WELLFLOW with a sample problem 

a t i v e  purposes. Appendix C provides examples o f  the various output 
h a descr ip t ion  o f  the  data. 

1 

ol lowing pages present the  r e s u l t s  o f  ca lcu la t ions  f o r  several 

o ther  p red ic t ions  o r  measured quan t i t i es  t o  assess the codes capab i l i t y .  
e l l b o r e  systems. Comparisons are ma between these r e s u l t s  and 
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Results 

1. Comparison o f  Test Case Calcu lat ional  Results Between E l l i o t t  and 
WELLFLOW Codes. 

To v e r i f y  consistent r e s u l t s  w i t h  the E l l i o t t  code, WELLFLOW was run 
w i t h  the t e s t  case used by E l l i o t t ,  which has the i n p u t  parameters shown i n  
Table 1. 
f l a s h  l e v e l  i s  shown by the r e s u l t s  i n  Table 2. 
tabulated values a t  the f l a s h  l e v e l  are due t o  the d i f f e r e n t  models used 
f o r  est imat ing b r ine  thermophysical propert ies.  

Good agreement between the two sets o f  ca lcu lat ions up t o  the 
The d i f ferences i n  the 

Choking occurs w i t h i n  the wellbore f o r  t h i s  case. Surface condi t ions 
cannot be compared because the E l l i o t t  code doubles the p ipe diameter above 
the f l a s h  l e v e l  t o  prevent choking whi le  WELLFLOW reduces the f lowrate t o  
j u s t  produce choking condi t ions a t  the wellhead. 

TABLE 1 

E l l i o t t  Test Case Input  Parameters 

Reservoir Temperature 
Well Depth 
Pipe Diameter 
S a l t  Content 
Mass Flowrate 
Skin F r i c t i o n  Factor ( E l  1 i o t t )  
Moody F r i c t i on Factor (WELL FLOW ) 
Draw-down Factor 

Gas/Liquid Ve loc i t y  Rat io 

250°C (482°F) 
1500 M (4921.3 f t . )  
0.25 M (0.82 ft.) 

20 W t .  Percent 
110 KG/Sec (242.6 LBM/Sec) 
.008 
.032 
25 X lo4 Pa/Kg-Sec-l - 
1. 

(1.644 Psi/Lbm-Sec-l) 
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TABLE 2 

Test Case Calculated Results 

-I 

Reservoir Pressure, MPA (PSIA) 

Pressure, MPA (PSIA) 
m 3 Temperature, "C (OF) 

-=- Liquid Velocity, M/S (FPS) 

Q, Elevation, M (Ft) 
2 Q, Pressure, MPA (PSIA) 
v) lu 

LL Liquid Velocity, M/S (FPS) 

E 
0 
c, 
c , v )  
OQ, 

F l u  

Q, s 

F 

F 

> 
avr 

=I 
Z F  

a >  Temperature , "C (OF) 

P 

El 1 i o t t  WELLFLOW 

14.68 (2129) 14.70 (2132) 

11.93 (1730) 11.95 (1734) 
250 (482) 250 (482) 
2.3 (7.55) 2.3 (7.55) 

868.9- (2851 ) 881.1 (2891) 
3.42 (496) 3.23 (468) 
250 (482) 247.5 (477.5) 
2.3 (7.55) 2.3 (7.55) 

2. Comparison of Results Between Austin-J~hnson(~) and WELLFLOW Calculations 
for a Hypothetical Ne11 

A u s t i n  has proposed a hypothetical we1 t h a t  typif ies  geothermal wells 
i n  the HT/HS portion of the Salton Sea Geo 
for the well are  listed i n  Table 3 and'a comparison of the calculations are 
shown i n  Table 4. The differences between the two sets o f  calculations are  
due t o  Austin-Johnson neglecting fr ic t ional  effects  i n  the l i q u i d  flow 
region of the wellbore, assuming saturated conditions a t  t h e  f lash level 
corresponding t o  the resevoir temperature and neglecting the enthalpy 

However, the results are reasonably 

(5)  The i n p u t  ?araneters 

qu id .  
oughout the welibore even w i t h  these simplifying assumptions. 

.. . 

- 5- 



TABLE 3 

Istin/Johnsonl 

"Hypothetical Well" Input  Parameters 

~ 2,166 

Reservoir' Tempeyature 572°F 
Well Depth 5000 Ft .  
Pipe Diameter 0.56 Ft. 
Sal t Content 0 
Mass Flowrate (Areal Flowrate) 
Moody F r i c t i o n  Factor (Austin/Wellflow) (~,.04Q/.041) 

Drawdown Factor 1.6 Psi/Lbm-Sec-' 

125 Lbm/Sec (500 Lbm/Scc-Ft 2 ) 

Gas/Liquid Veloc i ty  Rat io 1. 

~~~ 

1,868 
1,240 

572 
578.1 

TABLE 4 

Comparison o f  Calculated Resul t s  

E 
rn o - F 

3 

c, 
c, 

Q) 

> 
aJ 

s 
Q 

-J 

v) 

E 

Pressure, PSIA 

Temperature, O F  

L i q u i d  Enthalpy, BTU/LBM 
L iqu id  Entropy, BTU/LBM-OF 

Elevation, FT 

Pressure, PSIA 
Temperautre, OF 

L iqu id  Enthalpy, BTU/LBM 

Pressure, PSIA 
Temperature, O F  

Qual i ty, (Vapor Mass Fract ion 
Mixture Enthalpy, BTU/LBM 
Mixture Entropy, BTU/LBM-OR 

~ L i qu id  Veloci ty,  FT/Sec 
1 

~ 

1,966 
572 

578.1 
.7771 

360 
434 

0.189 
562.5 
.7767 
~ 1 3 0  

2,166 

1,966 
572 

575.9 
.7723 

~ 

2,118 
1,212 
568.5 
573.6 

358 
434 

0.201 
569.5 
.7846 
138.6 
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3. Comparison o f  Measured and Predicted Wellhead Values f o r  Four Ex i s t i ng  
Geothermal We1 Is 

- 
Schroeder has suggested as t e s t  cases fo r  evaluat ing wellbore system 

models and ca l cu la t i ona l  resul ts ,  f ou r  geothermal wel ls  t h a t  have reported 
.I 

wel l  head measurements. (6) 

The methods employed t o  measure we1 1 head pressure, temperature and two- 
phase q u a l i t y  (i.e., steam vapor mass f rac t i on ) ,  are not  discussed by 
Schroeder. 
are not defined. I n  pa r t i cu la r ,  the uncer ta in t ies associated w i t h  
measurement of two-phase q u a l i t y  are expected t o  be large because d i r e c t  
measurements cannot be made and the hydrothermal wellhead product a c t u a l l y  
consists o f  a l i q u i d  phase containing large amounts o f  dissolved so l i ds  and 
a steam vapor phase t h a t  can contain a s i g n i f i c a n t  f r a c t i o n  o f  non-condensible 
gases. The reported wel l  head pressures are probably t o t a l  pressures t h a t  
have not  been corrected f o r  the a r t i a l  pressures o f  the non-condensi b l e  
gases present, This can lead t s ign i f i can t  uncertainty when ca l  cu l  ated 
values o f  b r i ne  satura i o n  pressure are matched w i t h  the measured wellhead 
values. 

Therefore, the experimental er rors  associated w i t h  these measurements 

The method used t o  ca lcu late wellhead condit ions consisted o f  incorpora- 
t i n g  the suggested model i npu t  parameters and varying only the value o f  the 
f r i c t i o n  factor u n t i l  a "match" o f  wellhead pressure and temperature was 
produced fo r  the maximum f lowrate case. The wellhead condi t ions f o r  lower 
f l ow  ra tes  were then calculated and compared t o  the reported values. Table 5 
l i s t s  the input  values used f o r  ca l cu la t i ng  the fou r  wel ls  and Table 6 
compares the wellhead predic t ions t o  the reported values f o r  the highest f low 

; 



TABLE 5 
MODEL INPUT DATA FOR FOUR GEOTHERMAL WELLS 

S t a t e  No. 1 581. 1958 1.  4600. ,564 25. 112.5 .033 1.28 1. 0 

1 1 D  No. 1 617. 2162. 1 .  5000. .564 25. 147.8 .0263 1.6 1 .  0 

110 No. 2 590. 1581. 1. 3600. .564 25. 122.2 ,0263 6.15 1 .  0 

Sportsman No. 1 572. 1741. 1 .  4000. .408 25. 90.8 .0115 1.6 1 .  0 

I 
CK) 
I TABLE 6 

Comparison o f  Calculated and Measured Well head Values 
fo r  the Highest Reported Flow Rates 

L h 



Discussion 

The drawdown constant specified (6.15 Psi/Lbm-Sec-') for the IID No. 2 
well would produce a bottom hole flowing pressure t h a t  is less t h a n  the brine 
saturation pressure (1.1 136 psia) corresponding t o  the reservoir temperature 
for  any of the flow rates listed. T h i s  condition produces flashing w i t h i n  

1 the aquifer and Wellflow cannot calculate this case. 

* Excellent agreement is shown between measured and calculated values of the 
wellhead pressure and temperature for the remaining three wells. A large 
difference is shown i n  the values for wellhead quality, varying by about 5% 
for IID No. 1, about 13% for Sportsman No. 1 and about 40% for State No. 1. 
However, as discussed above, the largest uncertainty is associated w i t h  the 
measurement of two-phase quality and w i t h o u t  additional information, the lack 
of agreement cannot be satisfactorily resolved. 

The variation i n  wellhead parameters for different mass flowrates is 
shown i n  Figure 1 for State No. 1, Figure 2 for IID No. 1 and Figure 3 for 
Sportsman No. 1. The reported wellhead measurements are also shown for 
comparison. 

State No. 1 

The measured and calculated values for well head pressure and temperature 
are i n  excellent agreement over the range of reported flowrates. A large 
discrepancy between measured and calculated we1 1 head "qual i ty" (vapor mass 

arent, however, over 

Calculated we1 1 head pressures an ate from the measured 
values below the maximum flowrate case that was used t o  match the. wellhead 

a constant error between calculated and m 
for pressures and about 6 percent for thperatures, respectively. T h i s  type 
of a discrepancy would occur if  the.we 
concentration of non-condensi bl e gases. 

r parameters. From a flowrate of about 48 39 pounds per econd , there i s  
red values of bout 20 percent 

actually contained a significant 







k
 



I f  we assume, for  simplicity, tha t  the non-condensibles a re  pure carbon 
dioxide, then the par t ia l  pressure i s  
carbon 
press ur 
addition, a reduced brine vapor partial  pressure will resu l t  i n  calculated 
wellhead temperatures tha t  are lower than shown i n  Figure 2. 

a1 t o  the mole fraction of 
ide present and i s  a constant percentage of the total  wellhead 
al'l the dissolved gas were out of solution a t  t h i s  pressure. In 

The magnitude of the error  is probably too large t o  be a t t r ibutable  
solely to  the presence of these gases, however. Another factor t h a t  
m i g h t  help explain the discrepancy i s  tha t  the reported s a l t  content varied 
from about 26'to 35 percent while 25 percent was used i n  the calculation. 
A higher s a l t  content would resu l t  i n  lower predicted wellhead pressures 
and temperatures. 

Sportsman No. 1 

The reported wellhead values do not seem t o  re f lec t  a re l iable  set o f  
The variation i n  the measured values are  probably a reflection of data. 

experimental error  rather t h a n  an indication of trends. 

4. Comparison of Measured and Predicted Values for  Magmamax No. 1 
Geothermal We1 1 (7) (8)  

Well bore data, WELLFLOW i n p u t  parameters, and calculated resul ts  are 
shown i n  Figure 4. 
of about 300 psia compare very well w i t h  the calculated results.(') Wellhead 
quality i s  predicted t o  be about 8 percent rather , t h a n  the 10 percent currently 
estimated. F igur  ows the calculated varjatjon ' i n  well conditions as  
a function of wellb 
interesting point tornote i s  t h a t  the self-pumping mode of operating this 
well results i n  very nearly an isenthalpic process between the wellbottom 
and well head. 

Reported wellhead temperature of about 428OF and pressure 

evation for  the i n p u t  values discussed above. An 



Magmamax No. 1 Wellbore Data and WELLFLOW Results 

Wellbore Data 

I i  
t \o FT. 

z - . .  Y J  . lly0JF”r. @mwk s- k!! 
.IC Numbers ark nomina? casing dlameters 

i n  inches. 

WELLFLOM Input Values 

Tres = 509. O F  

Pres = 0. 
PPR = 0, 
Depth =.2300 Ft.  
Dia. = 0.656 F t .  

MF = 111 LB/Sec 
FM = .036 
DD = 1.6 PSI/LBM-Sec-’ 
VR = 1. 

WFS = 20 Percent (11 1 

HTC = 0. BTU/HR-FT*-OF - 

Calculated We1 lhead Conditions 

Temp., O F  433.2 
Press, PSIA 301.2 
“Qual i ty ” .077 
Mfxture Enthalpy, BTU/LBM 411.5 
Mixture Entropy, BTU/LBM- O R .  .6224 
Vapor F1 owra te , *LBM/Sec 8.6 
Br i ne F1 owra te , LBM/Sec 102.4 

. Brine Velocity, Ft/Sec 51.4 
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Summa ry 

E l l i o t t ' s  computational technique for  a self-flowing geothermal well 
of constant diameter has been modified primarily to  incorporate a more 
accurate analytical technique for predicting brine thermophysi cal properties. 
A secondary modification allows calculation of well head conditions for 
the assumed geometry i f  choking occurs w i t h i n  the wellbore. 
accomplished by reducing the mass flow rate  just enough to move the 
attainment of sonic l i q u i d  velocity up t o  the wellhead. 
computer program named WELLFLOW appears to  reasonably model the geothermal 
wellbore system. Predicted wellhead flow conditions are  i n  good agreement 
w i t h  measured values of pressure and temperature based on the comparisons 
that  have been made here. Unfortunately, the large uncertainty associated 
w i t h  measurements of two-phase "qual i ty" makes comparison w i  t h  predicted 
values of vapor mass f r ic t ion very d i f f i cu l t  a t  the present time. 

T h i s  i s  

The resulting 

Recommendations for  Future Work 

There are certain modifications to  the computer program that are 
worthwhile incorporating. 

A more refined interpolating scheme should be included to calculate 
brine properties a t  any s a l t  content between 5 and 25 weight percent. 
Consideration should also be given to extrapolating the analytical 
technique to  30 or  35 weight percent s a l t  content. 

The graphical output should be expanded to plot additional wellhead 
variables as a function of mass flow rate  and flow conditions as a 
function of wellbore elevation. 

Correction to  the brine property estimates for  sal t  concentration 
changes as a result of flashing i n  the wellbore should also be 
i ncl uded. 

-1 6- 



.I Experiments w i l l  be conducted l a t e r  t h i s  year a t  the LLL Geothermal Test 

S ta t i on  a t  Niland, Cal i forn ia ,  using the Magmamax No. 1 wel l  w i t h  the 
we1 1 head produc 
w i l l  provide data t h a t  can be compared 
by WELLFLOW. This comparison should be 
the computer program. 

eparated i n t o  i t s  b r i ne  and vapor phases. These tes ts  
t l y  t o  the values predicted 
t o  f u r t h e r  v e r i f y  o r  normalize 
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APPENDIX A 

A. Nomenclature & Uni ts  

2 AG, vapor flow area, ft 

AL, l i q u i d  f low area, ft 2 

AP, casing f low area, ft 2 

AVM, average v e l o c i t y  o f  mixture over the DY i n t e r v a l ,  f t / sec  

AVT, average f l u i d  temperature over the i n t e r v a l  Y o r  DY, O F  

DD, drawdown pressure factor ,  psia/lbm per sec 

DEPTH, depth o f  we l l ,  ft 

D I A ,  casing i ns ide  diameter, f t  

DKE, change i n  f l u i d  k i n e t i c  energy per u n i t  mass of mixture, 3TU/lbm 

DMOM, change i n  f l u i d  momentum, l b f  

DQ, heat transferred o u t  o f  the wellbore per un i t  mass o f  f l u i d ,  BTU/lbni 

DY, i n t e r v a l  o f  v e r t i c a l  e levat ion between T and T-1 i n  the two-phase f low 
region, ft 

FM, floody f r i c t i o n  factor,  dimensionless 

g, accelerat ion o f  grav i ty ,  32.17 f t / sec  

gc, conversion constant, 32.17 

HFP, enthalpy o f  the l i q u i d  a t  the f l a s h  point ,  BTU/lbm 

2 

l b m - f t  
1 bf-sec 2 

HGB(T), saturated vapor enthalpy a t  T, BTU/ lbn 

tlB(T), saturated l i q u i d  enthalpy a t  T, BTU/lbm 

HM1, mixture enthalpy a t  T, BTU/lbm 

HM2, mixture enthalpy a t  T-1, BTU/lbm 

HTC, overa l l  heat t rans fe r  coe f f i c i en t ,  BTU/hr-ft2-OF 

HWB, l i q u i d  enthalpy a t  the wel l  bottom, BTU/lbm 

HYDP, hydrostat ic  pressure, psia 

3, mechanical equivalent o f  heat, 778.16 f t - lbf /BTU 
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2 PRES, reservo i r  pressure, l b f / i n  absolute (psia) 

PSATB(T), saturated l i q u i d  pressure a t  T, ps ia  

PWB, f l u i d  pressure a t  the bottom o f  

Q, r a t e  o f  heat added t o  f l u i d ,  BTU/sec 

wellbore, psis 

RHOB(T), saturated l i q u i d  densi ty a t  T, lbm/f t3 

RHOGB(T), saturated vapor densi ty a t  T, lbdft3 

RHOM, mixture density, lh/ft3 

RHOMM, average mixture densi ty over the i n t e r v a l  DY, lh/ft3 

SB(T), saturated l i q u i d  entropy a t  T, BTU/lh-"R 

SGB(T), saturated vapor entropy a t  T, BTU/lbm-OR 

SM, entropy o f  the mixture a t  s t a r t  o f  DY i n te rva l ,  BTU/lbn-"R 

T, f l u i d  temperature, O F  

Te, temperature o f  the earth', O F  

TRES, reservo i r  temperature, O F  

TSINK, average temperature o f  ear th  over the i n t e r v a l  Y o r  DY, OF 

TWB, f l u i d  temperature a t  wel l  bottom, O F  

VG, v e l o c i t y  o f  the vapor phase, f t / sec  

VL, v e l o c i t y  o f  the l i q u i d  phase, f t / sec  

VLFP, v e l o c i t y  o f  the l i q u i d  a t  f l ash  point ,  f t / sec  

VLWB, v e l o c i t y  o f  the l i q u i d  a t  we l l  bottom, ft /sec 

VM, equivalent mixture ve loc i ty ,  f t / sec  

VR, gas / l i qu id  v e l o c i t y  r a t i o  

WF, t o t a l  f l u i d  mass f l o w  rate,  lbm/sec 

WFS, weight f r a c t i o n  o f  s a l t  dissolved i n  the brine, percent 

WG, vapor mass f l ow  rate,  lbm/sec 

WL, l i q u i d  mass f low rate,  lbm/sec 

Ws, sha f t  work done by f l u i d ,  f t - l b f / s e c  

,. 

X2, f r a c t i o n  o f  f l u i d  mass t h a t  i s  vapor a t  T-1 

Y , v e r t i c a l  e levat ion i n  we1 1 bore above we1 1 bottom o r  i n t e r v a l  between 
wellbottom and f l a s h  point ,  f t  
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YWB, elevation of the wellbottom, ft  

YFP, elevation to the flash point, f t  

Subscripts 

1,statepoint 1 in the two-phase flow region a t  temperature T 

2,statepoint 2 in the two phase flow region a t  temperature T-1 
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B. Assumptions 
* 
b 

1. The f low i s  steady. 

2. There i s  no gain o r  loss i n  f low r a t e  between the we l l  bottom and 
we1 1 head. 

. 
3. The l i q u i d  i s  incompressible. 

4. I n  the  two-phase reg ion the phases are i n  equ i l i b r i um and the 
vapor phase does no t  conta in  dissolved g 

5. The phases homogeneously mixed. 

6. The ve loc i  f each phase i s  constant across the we l l  pipe. 

7. The r a t i o  o f  gas v e l o c i t y  t o  l i q u i d  v e l o c i t y  i s  constant. 

8. The temperature outs ide the  we l l  var ies l i n e a r l y  from 70°F a t  
ground l e v e l  t o  the  rese rvo i r  temperature a t  the  bottom. 

Heat t rans fer red  t o  the ear th  from the  f l u i d  w i t h i n  the wel lbore 
i s  given by the product o f  ove ra l l  heat t rans fe r  coeef ic ien t  x 
temperature d i f fe rence x heat t r a n s f e r  area. 

9. 

10. Br ine  s a l t  concentrat ion i s  constant between we l l  bottom and 
we1 1 head. 

C. Analysis 

The fo l low ing  analys is  and the  assumptions 1 i s t e d  above are e s s e n t i a l l y  
ported i n  Reference 1 except f o r  the modi f icat ions 
iously.  

ave been nomenclature changes and f o r  the  sake o f  completeness.) 
(This sect ion i s  included f o r  c l a r i t y  because 

Figure A1 i s  a sketch o f  the  we 
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We1 1 bottom 

A t  the wellbottom, the f l u i d  temperature i s  equal t o  the rese rvo i r  
temperature, TWB = TRES, and the wellbottom pressure i s  determined from 
the expression, PWB = PRES-DO(WF), where PRES i s  e i t h e r  speci f ied o r  
calculated from HYDP = 0.433 x DEPTH. The casing cross-sectional f low 

area i s ,  AP = ( D I A )  and RHOB, PSATB, SWB, HWB a t  PWB and TRES are 
determined from the ASME equation o f  s ta te  f o r  pure water (4) o r  from 

Reference 2 f o r  brine. I n te rpo la t i on  f o r  b r i ne  propert ies a t  s a l t  
contents d i f f e r e n t  than the s p e c i f i c  percentage l i s t e d  i n  the reference, 
i s  no t  used i n  the present version o f  WELLFLOW. 
percentages are appl ied f o r  the ind icated range o f  the WFS parameter. 

5 I WFS < 7, b r i ne  constants f o r  5 weight percent are used, 
7 ,< WFS < 12, b r i ne  constants f o r  10 weight percent are used, 

2 

Instead, the fo l l ow ing  

12 5 WFS < 17, b r i ne  constants f o r  15 weight percent 
17 I WFS < 22, b r i ne  constants f o r  20 weight percent 
22 I WFS < 27, b r i ne  constants f o r  25 weight percent 

The veTocity o f  the f l u i d  enter ing the wellbore i s  determ 
c o n t i n u i t y  equation, VLWB = WF/AP( RHOB) 

Flash Level 

A t  the f l a s h  l eve l ,  Y f e e t  above wellbottom, the pressure 

are used, 
are used, 
are used. 

ned from the 

w i l l  be the 
saturat ion pressure a t  some temperature T; 

l i q u i d  column between the wellbottom and f l a s h  p o i n t  i s  sketched i n  
Figure A2. 
equal t o  zero i n  t h i s  case since constant v e l o c i t y  i s  assumed. 

A f r e e  body diagram o f  the 

The sum o f  the forces i n  the v e r t i c a l  d i r e c t i o n  i s  set  
Therefore, 

FB- FT- FF-WT=O 
FB -= pressure force a t  bottom = -144 PWB (AP) . 

FT = pressure force a t  top = 144 (AP) PSATB (T) 
WT = weight o f  f l u i d  column = AP ( Y )  RHOP (T) 9 

FF = f r i c t i o n  fo rce  = AP (DPF) where 
DPF i s  determined from the Darcy - Weisbach equation f o r  the f r i c t i o n a l  

pressure loss, 
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DPF = RHOB (FM) ( m ) ( q ) ,  Y V L W B ~  and 

Y V L W B ~  
2gC 

FF = AP (RHOB) (FM) (m) (-) 
Subst i tu t ing  and s imp l i f y i ng  gives, 

c 

144 [ PWB- PSATB (T) ] Y =  a 

FM (VLWB)' 3 
2gc 

RHOB(T)[l+ DIA 

The general energy equation w r i t t e n  between wellbottom and f l ash  p o i n t  i s ,  
YFP + - ) + -  V L F P ~  As 

2 9 ~ ~  J ) + 0 = WF (HFP + 9, 3 
gc 

WF (HWB + & 
The v e l o c i t y  d i f ference i s  neglected, no work i s  done by the f l u i d  and heat 
i s  l o s t  from the wellbore t o  the earth. Therefore, 

(TRES+T) 
2 AV 

Figure A3 depicts the assumed l i n e a r  increase o f  ground temperature from 
the surface (70°F) t o  the w e l l  bottom (TRES). The ground temperature a t  
any e levat ion above wellbottom i s  then, 

Te = TRES - DEPTH (TRES-70) and the average ground temperature over the 

c Y i n t e r v a l  i s  

TSINK = TRES - 2- ( TRES-70) 

The r e  f o  re, 

HFP = HWB - DQ - 5 9, 

-27- 
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The temperature T i s  decreased i n  one degree steps from TRES and equations 
1 and 4 are solved u n t i l  the calculated l i q u i d  enthalpy, HFP, equals the 
enthalpy o f  the saturated l i q u i d  corresponding t o  the temperature T, 

well-depth, wellhead parameters are determined by i n t e r p o l a t i o n  wi thout  the 
occurrence o f  f 1 as h i  ng. 

WELLHEAD 

' HB(T) .  I f  the value o f  Y needed t o  s a t i s f y  t h i s  condi t ions exceeds the 

Above the f l a s h  point, the f low i s  two phase. 
temperature and corresponding small increments o f  height, DY, are used so t h a t  
average values o f  varying propert ies can be included i n  the ca l cu la t i ona l  
procedure s t a r t i n g  from the f lash point .  
f l u i d  mixture o f  height DY whose lower statepoint ,  1, i s  a t  temperature T and 
whose upper statepoint, 2, i s  a t  temperature (T-1). 
physical proper t ies f o r  the vapor and l i q u i d  phases, the vapor f r a c t i o n  
and height  above wellbottom a t  1 are known from the previous ca l cu la t i on  
performed a t  the f l a s h  l e v e l  o r  a t  temperature ( T t l ) .  An i sen t rop i c  expansion 
o f  the mixture from T t o  (T-1) i s  assumed i n i t i a l l y  t o  obta in  a new value 

One degree increments o f  

Figure A4 shows an element o f  the 

Thermodynamic and 

' f o r  the vapor f r a c t i o n  given by 

SM - SB2 I .  

x2 = SGB2 - SB2 

From cont inu i ty ,  

WG2 = X 2  (WF) 

WL2 = WF-WG2 

The vapor v e l o c i t y  i s  

VG = VR (VL) ,  and 

AL2 = WL2/RHOB2 (VL2)  

AG2 = WGZ/RHOGB2(VG2) = WG2/RHOGB2 (VR) VL2  

* 

*. 
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The sum o f  these two areas must equal the casing cross-sectional area. 

AP = A L 2  + AG2 

which s i m p l i f i e s  t o  WL2 + WG2 = RHOB2 ( V L 2 )  RHOGBE (VR) (VL2)  

. 

i __j 
WG2 

RHOGB2 (VR) 
+ 1 WL2 

AP RHOB 2 V L 2  = - [ 

The mass o f  l i q u i d  i n  u n i t  he ight  o f  p ipe equals WL 

The mass of gas i n  u n i t  he ight  o f  p ipe equals E WG 

and the t o t a l  mass of f l u i d  i n  u n i t  height of p ipe i s  the sum o f  these two quant i t ies .  

WG RHOM (AP) = + 

Fina l  l y  , 

(7) 
1 WL WG RHOM = - [- t AP VL - 0 1  

The average mixture densi ty  .over the  DY i n t e r v a l  i s  

(8  1 
Expressing the mass f l ow  

c which can be 



Average mixture 

1 AVM = 2 

Conservation o f  
d i rec t i on  equal 
1 i s  

1 [WLl 
9c 

The momentum o f  

ve loc i t y  over the  DY i n t e r v a l  i s  

(VM1 + VM2) (1 0) 

momentum requires t h a t  the sum o f  the forces i n  the v e r t i c a l  

the change i n  f l u i d  momentum. The momentum o f  the mixture a t  

(VL1) + WG1 (VR) (VLl) ]  

the mixture a t  2 i s  1. [WLZ (VL2) + WG2 (VL2)VRI. 
9c 

The change i n  f l u i d  momentum from 1 t o  2 i s  

DMOM = [WLZ (VL2) + WG2 (VR) (VLZ)]-[WLl (VL1) + WG1 (VR) (VLl)], 
gC 

Set t ing the sum o f  the forces equal t o  DMOM, 

F1-FP-FF-WT = DMOM, where 

F1 = pressure force a t  1 = 144 (AP) PSATBl 

F2 = pressure force a t  2 = 144 (AP) PSATB2 

UT = weight o f  f l u i d  column = 9 [RHOMM (AP) DY] 

FF = f r i c t i o n  force = AP (DPF) where 

DPF = f r i c t i o n a l  pressure loss given by the Darcy-Weisbach formula f o r  
the mixture 

DY A V M ~  
gc 

DPF = FM (m) (-) RHOMM, where FM i s  an equivalent Moody f r i c t i o n  

fac to r  numerical ly equal t o  the value used i n  the l i q u i d  f low region. 3 
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DY A V M ~  
gc 

FF = AP (FM) (m) (-) RHOMM 

S u b s t i t u t i n g  and simplifying yields, 

-144 AP (PSATB2-PSATB1) - DMOM 
FM (AVM)' 1 DY = 

AP (RHOMM) [1 + DIA 
gc 

The general energy equation for this case i s ,  

As before, the shaft work is zero and heat is lost from the fluid. 

WF [ ( H M l  - HM2) + -9- (Y1 - Y2) + - (VM12 - VM2 ) ]  - Q = 0 2 
gCJ 29,J 

simp1 ifying, 

(HM2 - HMI) c - (DY) - 1 (VM22 - VM1 2 i  ) WF gCJ 2gcJ 

Heat transfer o u t  of well per u n i t  mass of fluid is, 

(13) 9, E DQ = ,w (AVT - 
WF WF 3600 K) where i n  this 

region AVT = (T - 0.5) 

. The kinetic energy per u n i t  mass of mixture a t  1 
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WL1 (VL1)Z + WG1 [VR (VL1)I i! 
2gcJ (WF) 

The k i n e t i c  energy per u n i t  mass o f  mixture a t  2 i s  

2 WL2 (VLZ)? + WG2 fVR (VL2)l 
2gcJ (WF) 

The change i n  k i n e t i c  energy i s  

DKE = 2g,J WF 

Equation 12 can be w r i t t e n  as, 

(VLZ)' [WLE + WG2 (VR)'] - (VLl)' [WLl + WG1 (VR)'] 1 

HM2 = HM1 - 9 (DY) - DKE - DQ 
gCJ 

A corrected value for  the vapor f r a c t i o n  can now be determined from 

HM2 - HB2 and subst i tu ted back i n t o  equation'5. HGB2 - HB2 x2 = 

Equations 5 through 15 are solved u n t i l  the i n i t i a l  and f i n a l  values o f  the 
vapor f r a c t i o n  are equal. A t  t h i s  p o i n t  the values of the var iables a t  s t a t e  
po in t  2 are used as the i n i t i a l  values a t  s t a t e  p o i n t  1 f o r  the new in te rva l ,  
the temperature i s  lowered one degree and the e n t i r e  ca l cu la t i ona l  process i s  
repeated. I f  the cumulative value o f  
we l l  bore e levat ion exceeds the we l l  depth, wel l  head condi t ions are determined 
by i n te rpo la t i on .  
i s  reached, a new value f o r  WF t h a t  w i l l  j u s t  r e s u l t  i n  sonic v e l o c i t y  a t  the 
wellhead i s  found and the program rerun from the rese rvo i r  condi t ion w i t h  t h i s  
value o f  WF. 

The procedure ends i n  one o f  two ways. 

I f  the l i q u i d  achieves sonic v e l o c i t y  before the wellhead 

Sonic l i q u i d  v e l o c i t y  i s  ca lcu lated by the expression 

where, C = sonic l i q u i d  ve loc i ty ,  f t / sec  

RA = r a t i o  o f  gas and l i q u i d  f l o w  areas 

RM = r a t i o  o f  gas and l i q u i d  mass flow rates 
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APPENDIX B 

HOW TO USE WELLFLOW AND SAMPLE PROBLEM 

Ins t ruc t i ons  

1. Need v a l i d  user number. 

2. Log on t o  te letype. 

1 

* 

i 3. Type ELF. Teletype responds w i t h  per iod (.)* 

4. Read program from s 

5. Type END t o  ge t  ou t  a f t e r  program read. Teletype responds w i th  . . . 
ALL DONE. 

6. Type WELLFLOW t o  s t a r t  program. 

7. Teletype responds w i t h  . . . . Are you using ENG or S I  u n i t s ?  

8. Type ENG f o r  engl ish un i ts ,  S I  f o r  met r i c  un i ts .  

9. Teletype res t h  .... Please enter your data. 

10. Input  format and numerical values are t o  be 
ted  by a space. 

(1 1 Eng . ' SI 
Va r i a b l  e Name - Units Uni ts  Defaul t  Values 

Pascal s 0 

PPR = 0 o r  1 

e 

L 

DD = Psia/Lbrn Per Sec Pa/Kg Per Sec 1.6 Psia/Lbrn Per Sec 

1 .o 

BETW = o o r  1 (3)  0 
-35- 
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Graphics Input  Data (4 1 

WN Points = ( 5 )  20 

FPLOTS (1) = 0 

FPLOTS (2) = .005 

FPLOTS (3) = .02 

FPLOTS (4) = 

FPLOTS (5)  = 

FPLOTS (6) = 

FPLOTS (7) = 

FPLOTS (8) = 

NPLOTS = 

Notes 

.03 

.04 

.05 

.06 

.10 

8 

Defaul t  values w i l l  be used i f  var iab le  name and numerical value i s  no t  

supplied f i r s t  time through program. 
from preceeding ca l cu la t i on  i f  new input  not  speci f ied.  

Current ca lcu la t ion  w i l l  use values 

PPR = l., i f  PRES i s  specified, PPR= 0. i f  PRES i s  no t  speci f ied.  

BETW = l., i f  calcu lated output i s  desired f o r  each temperature increment 
i n  the two-phase f low region i n  the  wellbore between the f l a s h  p o i n t  and 
we1 1 head. 

A reduced graphics output can be obtained by speci fy ing the f r i c t i o n  f a c t o r  
values t o  be used i n  FPLOTS ( ) and the corresponding number o f  curves t h i s  
represents by NPLOTS (which i s  no t  parenthesized). 

The number of po ints  t o  be ca lcu lated f o r  de f in ing  the curve o f  f low r a t e  
versus wellhead pressure f o r  each value o f  FPLOTS ( ) speci f ied.  
po ints  i s  the maximum number t h a t  can be speci f ied.  

F i f t y  
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11. 

12. 

13. 

Type GO t o  s t a r t  calculation. 

Teletype responds w i t h  .... Do you want the graphics package? 

If user types NO, program jumps to  step 16. 
responds w i t h  ... Monitor No.? 

14. User types the 3 d i g i t  monitor number and the program proceeds to  calculate 
mass flowrate versus wellhead pressure for the values of the variables and 
the friction factors specified. Teletype types the numbers 1 through 8 ( i f  
8 curves specified) t o  indicate progress through the calculation. A t  the 
end of the calculation, the results are displayed on the monitor i n  graphical 
form. Teletype responds w i t h  ... Do you want the hardcopy? 

15. Type NO if no p r i n t  is wanted and program will proceed t o  next step. Type YES 
for  p r i n t  of graphs and teletype will respond w i t h  ... RJET, DD80 or BOTH? 
Hardcopy will be available immediately a t  RJET terminal 43 or i n  Box R69, 
Building 113 i n  4-6 hours. After choice is made, teletype responds w i t h  ... 
Given, t o  close out graphics. 

Teletype next responds w i t h  . .. Do you want the o u t p u t  now? 

If user types NO, no further calculations are performed and the program will 
go t o  the next step. If user types YES, an o u t p u t  f i l e  named VALUES will be 
f i l l ed  w i t h  the calculational results corresponding t o  the variable i n p u t  data. 

The teletype responds t o  either a yes or no answer t o  step 16 w i t h  ... DO 
you w i s h  to  do another problem? The o u t p u t  f i le  can be inspected a t  this 
time by bying into a new channel and typing U t o  enabie this library 
program. 

19. Teletype responds w i t h  . . . an open cross symbol and a TV monitor display. 

20. Type T followed immediately by the number corresponding to  the VALUES f i l e  t o  
observe calculated data  i n  VALUES. 

21. System responds by displaying f i l e  contents on monitor screen and types some 
additional information. 

If user types YES, teletype 

16. 

17. 

18. 

I 22. If o u t p u t  looks acceptable, user types END to  return t o  previous U-program 
display. 

. 
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23. To p r i n t  output f i l e  contents on RJET, user types ... AR-RJET terminal 
number - VALUES f i l e  number. 

Teletype responds w i t h  ... an open cross symbol and the p r i n t  i s  ava i lab le  
immediately a t  the designated RJET terminal w i t h  the name Box’R69. 
types END t o  c lose ou t  U. 

25. System responds w i t h  ... ALL DONE, and removes d isp lay  from screen. 

26. User byes back i n t o  o r i g i n a l  channel. 

27. I f  user now types YES, (response t o  step 18) the program recycles t o  step 7. 

28. If user types NO, te le type responds w i t h  . . . ALL DONE. 

29. User logs o f f  machine by depressing CTRL and D keys simultaneously. 
Teletype responds w i t h  . . . BYE. 

24. - 
User 

Teletype responds w i t h  ... RCV + FLOW. 

Calculat ions of the Magmamax No. 1 geothermal Well are used as an example Problem 
t o  i l l u s t r a t e  operat ion o f  the code. 

Sample Problem - Magmamax No. #1 

The user - te le type sequence f o r  t h i s  ca l cu la t i on  i s  shown i n  Table B1. The 
graphical  output i s  shown i n  Figure B1 and the  output  f i l e  VALUES i s  shown i n  
Table B2. 
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TABLE B1 

USER - TELETYPE SEQUENCE FOR MAGMAMAX NO. 1 CALCULATION 
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FIGURE B1 

MAGMAMAX NO. 1 GRAPHICAL OUTPUT 

S.cOE+ol 

0. 
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I 

I 
f: 

AX NO. 1 VALUES OUTPUT FILE 

T DIAHETER WE COMPUTRTIONflL HETHOD FOR SELF FLOWING CEOTblERM9L &ELLS 
I N  'COMPRRISON OF BRINE PRODUCTION METHODS AND CONVERSION PROCESSES FOR GEOTHERMRL 
ELECTRIC POWER GEHERRTION'. D. G. ELLIOT, EQL REPORT kl0. l a c  ENVIRONMENTRL QUALITY 
LFtBORRTORY~ CRLIFORNIFI INSTITUTE OF ECHNOLOGY, PRSRDENflP CFILIFORNIR. JULY 1975. 

DATE: 83423.4'7 

NWWIbIPUT WILUESWWR 
TRES = 5.0988E+02 DEG F 
PRES = 0.  

ONE WITH PRES INPU ZERO WITHOUT 

- 2.02lBBEl-01 WEIGHT PERCENT 
* 1.11(3EtE+O2 LBM PER SEC 

3.66BDE-82 MOODY FRICTION FACTOR - 1.6000E+08 PSIAABM PER SEC, DRRIJIIOWN 
G R S A I Q  VELOCITY RRTIO 

2 PHRSE REGION 

MORmL HYDROSTATIC PRES 

E CONSTRNTSW 
1 - 8.4700E-0 1 

-S.28%0E-B2 

BTURBM-DEG E RT 408 F 

M COND ITIONSHamc 
5.09BEW2 Gm258E+EJ2 8.190EM2 4.144EM2 3.38EE-E 1 5.48 lEM0 S.827E-8 1 

0 INT COND ITIQNSfiolcwc 

LATED WELLHERD CONDITIONSM 

5.885EW2 G.222EM2 4EM 1 4.669Effl2 4.139E#2 5 479E+Elfl 5 B22E-8 1 

.wH - 4.3325Effl2 DEG F 

MhrH 7.7119E-82 
HWH = 4.1151El-02 
SW a 6.223SE-81 
IJGWH - 8.5602EMO 
WLWH 1.0244E+02 
KWH - 5.1434EMl 
MJH 2.3088EM3 

QUALITY 
PWH - 3.0124302 PSIR 

FT REO'& WELLBOTTOM 

BTUABM 
BTUABM-DEG R 
LOWSEC WPOR' 
L B M E C  L I Q  
CIQ VEUlCITYc FEET PER SEC 



APPENDIX C 

EXAMPLES OF WELLFLOW OUTPUT 
5 

Several types of calculated o u t p u t s  are  possible. 
a description of the o u t p u t  data are discussed below. 

Examples of the formats w i t h  I 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

Time when the calculation was performed i n  hours, minutes  and seconds; 
date (A1 1 examples). 

Tabulation of the i n p u t  values used. ( A l l  examples). 

Calculated hydrostatic pressure a t  well depth if the reservoir pressure 
was not specified. (See Table B2). 

If  a value had been entered for  WFS, the coefficients used t o  calculate brine 
properties would now be listed followed by the calculated value of saturated 
brine entropy a t  400°F. (See Table B2). 

We1 1 bottom conditions of temperature and the corresponding saturation 
pressure, flowing bottom pressure, liquid enthalpy, pipe cross-sectional 
area i n  square f ee t  or  meters, l i q u i d  velocity and Jiquid entropy 
i n  a sequential l ine format. (All examples). 

Flash p o i n t  conditions of temperautre and the corresponding saturation pressure, 
l i q u i d  density, elevation from well bottom to  flash p o i n t ,  saturated l i q u i d  
enthalpy, 1 i q u i d  velocity and saturated 1 iquid  entropy i n  a sequential 
format ( A l l  examples). 

If  BETU had been set  equal t o  one, each temperature increment from the flash 
level t o  the wellhead would produce two l ines  of o u t p u t  a t  this point under 
the t i t le ,  "Traverse Well Conditions" (See example C2). The first  line would 
consist  of the current values of temperature, corresponding saturation 
pressure, cumulative elevation, i n  the wellbore, elevation change as  a result 
of the temperature increment, mixture qual i t y  and the qual i 
of the current calculation, respectively. The second line consists of the 
current values of mixture entropy, l i q u i d  velocity, vapor velocity, saturated 
brine enthalpy, sonic l i q u i d  velocity and mach number, respectively. 

* 
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8. I f  the calculation has proceeded t o  the wellhead w i t h o u t  producing a choki 
condition, the labeled wellhead pararnhters are  tabulated under the t f t l e  
"Interpolated Well head Conditions". 

I f  the mixture chokes below the wellhead, an appropriate value of WF is 
selected t o  just produce sonic l i q u i d  velocity a t  the wellhead and the 

(See example Cl). 

9. 
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‘FXAMPLL CF - PBlK WATER 

1 CONSTANT DIAMETEK WELLBORE CALCULATIONS BASED ON COMPU1#TIONRL METHOD FOR SELF FLOWING GEOTHERVQL WELLS 
I N  ’COMPARISON OF BRINE PRODUCTION METHODS AND CONVERBION PROCESSES FOR GEOTHERVQL 
ELECTRIC POWER GENERRTION’, D. G. ELLIOT, EQL REP0R.T NO, 10, ENVIRONPENTAL QUALITY 
LRBORRTORY, CALIFORN I A  INSTITUTE OF TECHNOLOGY, PClSADENFIc CAL IFORN IFI, JULY 1975 . 

TIME : ae:49:46 DATE: 03/24/77 

*.PamcINPUT VALUESXclclcK 
TRES = 5.7200EM2 
PRES - 0. 
PPR = B. 
bEPTH = SIOflBflEffl3 
D I R  5.60BBE-81 
WFS - 0. 
WF * 1.2500E+82 
FM * 4.1EEBE-82 
DD - 1.60flBE+OE 
VR - 1.0000E-t-00 

BETW - 0. 
HTC - a. 

DEG F 
PS Ifl 
ONE WITH PRES INPUT ZERO WITHOUT 
FEET 
FEET 
W E ~ G H T  PERCENT 
LBM PER SEC 
MOODY FRICTION FACTOR 

G A S A I Q  VELOCITY RATIO 
BTU/HR-SQ FT-DEG F 

P S I R A O M  PER SEC, DRftWDOWN 

1 FOR VRLUES THRU 2 PHASE REGION 

NORVflL HYDROSTRTIC PRESSURE - 2.166EM3 PSI0 

:KmMJELL BOrrOM COND I T I O N S ~ ~ W ~ K  
5.726E-M2 1 2 4 6 ~ 3  1.966Effl3 5.759Effl2 2.46JE-B 1 1.12SEM 1 7.723E-0 1 

W L R S H  POINT COND ITIONSWW 
5 685E+02 1.2 12E4-03 4.47 LEffl 1 2 1 18Effl3 5.736EM2 1.135EM 1 7.73 LE-0 1 

:mINTERPOLATED WELLNERD COND I T I O N S ~ W ~ I C  
TI& 4.3381Effl2 DEG F 



I 
P 
VI 
I 

EXAMPLE C2 - CALCULATIONAL OUTPUT THROUGH TWO-PHASE REGION ' 

- 
I', CRL IFORN TA SNSTIWTE OF TECHI.iOL(?GY, PASRDENR, C A L  IFORWIA, JUL? 1975 

TIME: 88:52: 14 : 03/24/77 

TRES = 5.7208EJ-82 DEG F 
PRES = 0. PS I A  
PPI? = 8. ONE W I T H  PRES INPUT ZERO UITHOUT 
DEPTH = 5.QOQEIE+03 FEET 
D I A  5.6000E-81 FEET 
WFS = Et. !EIGHT PERCENT 
WF = 1.259BE+Et2 LDI? PER SEC 

3 4.181311E-02 ROODY FRICIYON FRCTOR 
* l.Gt3B3Et.80 P l i I A . 4 R M  PER SEC, DRAWDOWN 

HTC = B. OWfHR-SEI FT-DEG F 
EETW a 1.QBR9Et.OO I FOR WiLUES THRU 2 PHASE REGION 

= i .aat3aE+w G ~ S A  rn v ~ i o c  STY RF~TIO 

NORMAL HYDRDST9TIC P?ES%AE = 2.16GEMS FSIn 

8mMMELL BOTTOM COND ETiONSw*% 
5.728EM2 1.246E+83 1,9SGE+g3 5.759EW2 2.4G3E-01 1.125EMl 7.723E-01 

::~!:~~KFLASH PO I1?T C3ND f?"lQl.ISsl*a 
5,635E+02 1.212E.I-03 4.47tE-t-131 2.11EiE+-03 5.73GE+Q2 1.135E+Ql 7.73lE-01 

2Wa4T?RVERSE E L L  CONI) ITIOC.f3:R:m K= 2 
5.6708868E+02 1.1902321E+~3 2.1584395E+83 4.0542222E+Ell 3.162203ElE-03 3.1622899E-63 
7.  7309343E-El I 1.187@928E+8 1 1.18?8928E+8 I 5.735629 1E+82 I .6263971iE+83 7.2989839E-93 



EXAMPLE C3 - CHOKED FLOW 

I 
P 
k 

TIME : El1 : 58 : El3 DflTE : 03/24/77 

Hc:clc% I N? UT VH LUES!r::!WK 
TRES = 5.720E)E+92 DE5 F 
PRES = El. PS IR 
PPR = El. ONE W I T H  PRES INPUT ZERO WITHOUT- 
DEPTH = 5.0030~+83 FEET 
D I A  5.6EIB2IE-Eil FEET 
IJJFS = El. LE IGHT PERCEHT 
WF = 1.2508E+E12 LBM PER SEC 
FM ' 8.0836E-02 MOODY FRICTION FFlCTOR 
DD = 1.6890E+ElEl P S I A A R M  PER SEE, DRflLIDO'd 
VR = l.B8ElElE+(30 G A S A I P  VELOCITY RATIO 
HTC - a. BTWHR-SO FT-DEG F 
BETLJ = 0 .  1 FOR VALUES T H R U  2 PHASE REGION 

NGRMRL HYDROSTATIC PRESSURE = 2.16tEH3 PSI13 

WmI4JELL BOTTOM COND STIONS41mR 
5.728E+Ef2 1.246E+El3 1.9S6E+83 5.759E+82 2.463E-E)l 1.125E+01 7.723E-Ell 

mcMcFLASH POINT COND iTI0tJS:l~lm;s 
ti. 6 a 5 ~ + ~ 2  1.2 1 2 ~ ~ 3  4.47 i ~ + a  1 1. oaaEim s . 7 3 6 ~ ~ 2  i .135~+13 I 7.73 IE-EI I 

3 
W I W W L O W  IJJOULD CHOKE BELOW ELLHERB, RESTHRTING USING 9.7833E+3 1 FOR THE LF WILE- 

7.72ElE-Q 1 

7.73 1E-Ell 
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