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LBL 5934 

Summary of a talk presented a t  the Second Annual Geothermal Reservoir 
Engineering Workshop a t  Stanford, December 1-3, 1976. Published i n  the 
Proceedings o f  the Workshop. 

Analysis of Well Tests w i t h  Variable 'Discharge 

C h i n  Fu Tsang, D. G. McEdwards, T. N .  Narasimhan 

and P. A. Witherspoon 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

Introduction 

The conventional methods of well tests analysis usually assume a constant 

ra te  of discharge of the producing well. The procedure involves matching 

a log-log plot of test data (drawdown versus time) to  analytic or semi- 

analytic solutions that  are based on a model o f  the production well as a 

line source of constant strength i n  an inf in i te  reservoir. 

able discharge.#ell test conditfons Itmy ar i se  under a variety of conditions, 

such as  existing well-field production schedules, step-drawdown tests ,  and 

influence of the pumping te. I t  is  very 

However, vari- 

. I ,  

l e - t o  'have the Xca t a  from the tes t s .  

the present study wa pted by a set of recent geothermal well 

t e s t  data i n  which due t 

the f i rs t  70 hours of p r  

be treated as a mean con 

ment of a general techni variable flow 

rates . 
T h i s  work was supported by the U. S. Department of Energy under Contract 

roblems, the flow rate  dur ing  

and could not effectively 

ent paper reports the develop- 

Number W-7405-ENG-48. 
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Method o f  Analysis 

The var iab le f low i s  approximated by a ser ies o f  sequential s t ra igh t  l i n e  

segements of a r b i t r a r y  length and slope (Figure 1). 

o f  each l i n e a r l y  varying production pulse a t  any time i s  derived ana ly t i -  

c a l l y  i n  terms of the  well-known exponential in tegra l .  The change i n  pres- 

sure head a t  time t and distance r from the producing we l l  t h a t  i s  cau- 

sed by a production pulse n , 

The pressure response 

i s  given by 

-,4a(t-.r) 
Ahn(t,r) = - d-r   IT kH Jrn+' Qn(-c) e t-r 

'n 

1 x1 = - 47rkH 

If we define , 

c 

- r2 w$CHr2 
4 kH X2 -x= 

and the l i n e a r  f low r a t e  i s  given by 

then 

Ahn(t,r) = X I ~ ~ ~ + ~  [An+ Bn (T- T ) ] - e '-' d-c 
n t--r 

n 

The r e s u l t  o f  the in tegra t ion  i s  given by 

where 
h 

and W(u) i s  the wel l  function, which i s  re la ted  t o  the exponential i n te -  

gra l  Ei(x)  by 

-2- 
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W(u) = - E + ( - u )  I . 
I 

The t o t a l  pressure drop as a function of time is'obtained by a superposi- 

tion of the reservoir responses a t t r ibutable  to  each production pulse: 

A h ( t , r )  = Ahn(t,r) 

I -. \ To account for  the influence of one l inear boundary, a t h i r d  parameter is 

p$CHr{ 
4 x3 = 

where ri i s  the image well distance, and the pressure drop i s  then given 

A h ( t , r )  =E A h n ( t , r )  k Ahn t,ri 
. .  

the position o r  d an impermeable or fu l ly  

leaky boundary respect 

and the image well distance ri. Both interference and production t e s t s  

-3-,  
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can be analyzed. 

the inf luence of w e l l  bore storage and sk in  effects, a l so  i n  a parametric 

fashion. 

I n  the l a t t e r  case, work i s  i n  progress t o  account f o r  

Appl icat ions 

The method has been appl ied t o  data from seven we l l  t e s t s  t o  evaluate i t s  

u t i l i t y  (see Table 1). 

ated w e l l  t e s t  data and fou r  analyses invo lve f i e l d  data. 

Three of the analyses invo lve t h e o r e t i c a l l y  gener- 

WELL 

6- 1 

6- 2 

5- 1 

8- 1 

31-1 

R38-30 

TABLE I. East Mesa Well Data 

Depth 

feet meters 

8015 2443 

5958 1816 

6004 1830 

6001 1829 

6175 1882 

8890 2710 

Bottom 
Temperature 

"F "C 
~ 

399 204 

340 188 

315 157 

354 179 

309 154 

N/A N/A 

Producing 
I n t e r v a l  

f e e t  meters 

6201- 1890- 
7982 2433 

4790- 1460- 
5959 1816 

5007- 1526- 
6004 1830 

4948- 1508- 
6001 1829 

5420- 1652- 
6175 1882 

4890- 1491- 
8890 2710 

Lower Cas i ng 
0.d. 

inches 

7 

7-5/8 

7-5/8 

7-518 

7-518 

7 

The f i e l d  data were from two w e l l  t es ts  conducted a t  the East Mesa Geo- 

thermal F i e l d  i n  southern C a l i f o r n i a  and from two we l l  t e s t s  conducted 

a t  the Raft River i n  southern Idaho. The three theo re t i ca l  cases invo lve 

-4- 
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wel l  t e s t  data calculated assuming: (1) constant discharge; (2) var iab le 

.s 

discharge rate,  the East Mesa 31-1 constant discharge interference f i e l d  

t e s t  analysis invo lv ing  the detect ion o f  a b a r r i e r  boundary, and the ana- 

l y s i s  o f  the Raf t  River #3 production test ,  i n  which the f low r a t e  var ied 

markedly. 

and the squares represent the b e s t - f i t  drawdown values. 

ment w i t h  ana ly t i ca l  and conventional resu l ts  i n  cases where they are 

I n  the f igures , the c i r c l e s  represent observed drawdown data 

The close agree- 

discharge i n  steps, and (3) exponent ia l ly  decaying discharge. Three o f  

the four  f i e l d  tests '  were constant discharge interference tests, two o f  

which ind icated the presence o f  a boundary. The l a s t  remaining f i e l d  t e s t  

involved a discharge r a t e  w i th  a very wide f l uc tua t i on . .  

I n  a l l  o f  these cases, a so lu t ion  was possible and an unambigous se t  o f  

reservo i r  parameters was determined. I n  the three tes ts  using generated 

data, known parameters are reasonably reproduced. The f i r s t  three f i e l d  

in ter ference tes ts  analyses y i  able parameters. Figures 2, 3 

and 4 show respect ive ly  the theoret ica l  case o f  exponent ia l ly  decaying 

short-term data. 

- 5- 
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Nomenclature 

Ah 
n 
t 
r 
k 
H 
T 

Q 

9 
C 

a 

ri 

Pressure head drop 
Designation o f  production segment 
Ti me 
Distance from well 
permeabi 1 i ty 
Thickness o f  aquifer 
Time 
F1 ow rate 

Poros i ty 
Total compressi bi 1 i ty 
Image well distance 

k/ (9PC 1 

c 

c 
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