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ABSTRACT 

ESS-4, Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

An a n a l y s i s  o f  t h e  d isc repanc ies  between 
actual temperature surveys and resu l ts  ob- 
t a i n e d  from a we l l bo re  heat t ransmiss ion  
computer code are presented f o r  recent work- 
over operations i n  wel l  EE-2 a t  the  Fenton 
H i l l  Hot Dry Rock Geothermal site. Several 
sources o f  e r r o r  i n  model ing t h e  thermal 
behavior o f  wellbores are considered. These 
are er ro rs  i n  the  estimation o f  i n - s i t u  prop- 
e r t ies ,  p a r t i c u l a r l y  thermal conductivi ty, the 
f a i l u r e  t o  include f r i c t i o n a l  heating e f fec ts  
when high f low rates are involved, and e r ro r  
i n  report ing the f low ra te  history. These 
er ro rs  were also found t o  have a cumulative 
ef fect .  A s e n s i t i v i t y  analysis o f  the com- 
puted resu l t s  t o  each e r ro r  type i s  presented 
f o r  countercurrent f 1 ow. It i s  concl uded 
t h a t  a l l  t h e  e r r o r s  considered can cause 
temperature discrepancies between measured and 
computed temperature. We1 1 bore codes should 
have provisions f o r  var iable thermal proper- 
t i e s  and f r i c t i o n a l  heating. I n  addit ion, 
modeling e f f o r t s  should be coordinated w i th  
per iodic temperature surveys so cumulative 
er ro rs  can be minimized. 

INTRODUCTION 

During recent workover operation i n  the  EE-2 
wellbore a t  the Fenton Hill Hot Dry Rock s i t e  
a wellbore heat transmission computer code 
(WBHT) was used t o  simulate downhole temper- 
atures. Downhole temperature predict ions were 
desired f o r  planning o f  operations invo lv ing  
temperature l i m i t e d  equipment, Such opera- 
t i ons  included comnercial logging f o r  wellbore 
characterization, use o f  packers w i th  temper- 
ature sens i t i ve  elements i n  f rac tu r i ng  a t -  
tempts and the cementing o f  l iners.  

Operat ions over approx imate ly  a one month 
period, Ap r i l  21 t o  May 15, 1982 were modeled. 
Figures 1 and 2 show the f l ow  ra te  schedule 
(ha1 f hour averages) and the computed bottom 
hole (45150 ft) and casing shoe (e11580 ft) 
temperatures. P e r i o d i c  temperature l o g s  
showed a de ter io ra t ing  match w i th  time between 
the  measured and computed values. The maximum 
temperature d i f fe rence was about 15'C a f t e r  25 
days. This caused some concern on the  codes 
abi 1 i ty t o  model the operation and prompted 
t h e  i n v e s t i g a t i o n  o f  poss ib le  sources o f  

error. Figures 3 and 4 show computed and 
measured wellbore temperatures f o r  Ap r i l  27 
and May 3. An addi t ional  l o g  from May 10 i s  
used i n  the  section on e r ro r  analysis. 

DESCRIPTION OF THE COMPUTER CODE 

The Los Alamos wellbore heat t rans fer  modeling 
code, WBHT, was designed f o r  modeling the  f low 
o f  compressed l i q u i d  i n  e i t he r  un iax ia l  o r  
countercurrent f low conditions. The equations 
which are solved describe the  convective heat 
t ransport  i n  the wellbore and annulus and the  
heat conduction i n  the  rock matrix. These 
equations may be wr i t t en  f o r  the wellbore: 

+ Qr-w = 0 
a(PwUw) + 4 a(Pwhw) 

a t  az 

and f o r  the rock: 

aT a aT 1 a 
prCr 

+ - ( k G )  + -- (k c) + az r ar rar = 0 

Here T i s  the temperature, h i s  the  enthalphy, 
k i s  the  thermal conductivi ty, m i s  the  mass 
f low rate, p i s  the density and w and r r e f e r  
t o  the  water and rock respectively. These 
equations are augmented by appropriate i n i t i a l  
and boundary conditions. The equations are 
d isc re t i zed  using f i n i t e  di f ferences then a 
block i t e r a t i v e  method i s  used t o  solve the  
resu l t i ng  a1 gebraic equations. 

The code has been v e r i f i e d  against published 
r a d i a l  heat f l o w  s o l u t i o n s  (Carslaw and 
Jaeger, 1957) and very good numerical accuracy 
was achieved with a 400 node grid. Table 1 
shows the  input data used i n  the  computer 
program. 

SOURCES OF ERROR 

I n  t h i s  study three sources o f  possfble e r r o r  
a re  considered. - The inaccu ra te  r e p o r t i n g  
o f  wel lhead data, f a i l u r e  t o  account f o r  
temperature dependent physical propert ies, and 
heating e f fec ts  due t o  pressure drop i n  the  
pipe. These e f fec ts  w i l l  be discussed and 
WBHT code runs w i th  and without correct ions 
w i l l  be compared t o  the temperature survey of 
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TABLE 1 
Parameters f o r  We1 1 bore Model 

Parameter Value 

Rock Density (Pr) 2500 kg/m3 
Rock Speci f ic  Heat (C,) 
Radial Extent 40 m 
Depth Along We1 1 bore 
True Vert ical  Depth 4396111 
Nodes i n  r d i rec t i on  10 
Nodes i n  t d i rec t i on  40 
Flow ra te  var iable 
I n i  t i a1 Temperat urg 

1000 J/kg°C 

4660 m 

T = 15.3 + .093 t 
f o r  t( 747 m 

T = 60.7 + .0289 t 
+ 5.67 ( lo- ')  a' 

f o r  t>747 m 

D is t r i bu t i on  [T( C), 
L - Depth along we l l -  
bore (m)] 

May 10. 
w i l l  not  be discussed. 

I n  the complicated workover operations modeled 
i n  t h i s  study, there were several instances 
where inaccurate wellhead information made a 
s i g n i  f i c a n t  d i f f e r e n c e  i n  t h e  c a l c u l a t e d  
downhole temperature. I n  the case a t  hand, it 
was estimated tha t  f low rates may have been as 
low as 80% o f  the previously reported values. 
Figure 5 shows the  e f fec t  o f  modeling opera- 
t i ons  w i th  a reduced f low rate. The computed 
resu l ts  are improved a l i t t l e .  

The phys i ca l  p r o p e r t i e s  which a f f e c t  t h e  
t rans ien t  thermal behavior o f  the wel l  bore and 
rock system are the density o f  water and the  
thermal c o n d u c t i v i t i t y  o f  t h e  rock. The 
e f fec ts  o f  rock permeabil i ty and porosi ty are 
neg l i g ib le  because the  wellbores are located 
i n  grani te which has extremely small values o f  
these properties. The importance o f  co r rec t l y  
accounting f o r  changes i n  water density w i th  
temperature and pressure had been recognized 
from the codes' incept ion and an appropriate 
density funct ion was obtained from steam tab le  
data. The thermal conduct iv i ty o f  g ran i te  
varies about 25% from 40°C t o  300°C (Sibbet e t  
al,  1978). Or ig ina l l y  the  code provided f o r  
spacial l y  dependent thermal conduct iv i ty but 
was l a t e r  programmed t o  account f o r  the  temp- 
erature dependence given bel ow: 

The effects of Spat ia l  dtfferencing 

T W  K 2.9 (1.- m) -- mo C 
The e f f e c t  o f  t h e  temperature dependent 
thermal conduct iv i ty on modeling i s  seen i n  
Figure 6. It i s  disappoint ing tha t  the  match 

i s  poorer  w i th  t h e  temperature dependent 
thermal conduct iv i ty included, though i t  does 
fo l low the  measured f l a t  temperature t rend a t  
the  bottom o f  the  wel l  be t te r  than the  other 
model. 

The e f fec ts  o f  pressure heating are usual ly 
n e g l i g i b l e .  However f o r  c i r c u l a t i n g  f l o w  
rates o f  10-15 BPM though a d r i l l p i p e  and 
wellbore can cause s ign i f i can t  wellbore heat- 
i n g  effects. I n  the  o r ig ina l  version o f  the 
computer code, the  pressure heating e f fec ts  
were ignored; a f t e r  adding the  enthalpy trans- 
po r t  terms which include the  e f fec ts  o f  pres- 
sure drop, calculated downhole temperatures 
during f low periods increased 20OC. 

Figure 7 shows a match t o  the  flay 10th temper- 
ature l og  w i th  and without t he  e f fec ts  o f  
f r i c t i o n a l  heating included. It i s  evident 
t ha t  the inc lus ion  o f  the  f r i c t i o n a l  heating 
produces a be t te r  match (except very near the  
bottom o f  the  hole). F ina l l y ,  Figure 8, shows 
a match o f  the May 10th temperature survey 
when the WBHT code was run including both 
temperature dependent thermal conduct iv i ty and 
f r i c t i o n a l  effects. As can be seen t h i s  
improves the  match and reduces the  overheating 
e f f e c t  near the  bottom. 

CONCLUSIONS 

Errors caused i n  wellbore modeling by improper 
input data, temperature dependent thermal con- 
d u c t i v i t y  and f r i c t i o n a l  heating accounted f o r  
only a por t ion  o f  the  di f ferences observed 
between temperature surveys and computed 
values. Other sources o f  'errors could include 
the  presence o f  f ractures around the  wellbore 
which would negate the  assumption o f  rad ia l  
flow. Overall, however, the  WBHT code proves t o  
be a u s e f u l  t o o l ,  p r e d i c t i n g  temperature 
w i th in  + 12OC. This could be improved by 
us ing  t x e  p e r i o d i c  temperature surveys t o  
update i n p u t  da ta  and min imize  cumula t ive  
effects. 
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Figurc! 1. Flow rate history for April 21 through May 15, 1982. 
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i re  3. Temperature Survey i n  EE-2 wellbore, Apri l  27, 1982, with WBHT code match. 
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Figure 4. Temperature Survey i n  EE-2 wellbore, May.3, 1982, with WBHT code match. 
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Figure 5. 
reduced f low rates. 

May 10, 1982 Temperature survey i n  EE-2 w i t h  WBHT code matches with and w i  thout 
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Figure 6. 
temperature dependent thermal conductivit ies.  

May 10, 1982 Temperature survey i n  EE-2 w i t h  WBHT code matches with and without 
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Figure 7. May 10, 1982 Temperature survey i n  EE-2 with WBHT code matches wi th  and without 
f r i c t i o n a l  heating effects.  
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Figure 8. 
dependent thermal conductivity and pressure heating effects.  

Temperature survey o f  May 10, 1982 i n  EE-2 with WBHT match including temperature 
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