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Introduction

The conventional methods of well tests analysis usually assume a constant
rate of discharge of the producihg‘we11t 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 of the production well as a
Tine source of constant strength in an infinite reservoir. However, vari-
able discharge;wejl:téstweonditfonsfnh§'arfse under a yariety of conditions,
such as existing we]i-fie1d productipnvscheeules, step-drawdown tests, and

influence of the pumping'water,1eve1\onatﬁesprbductiph'rate. It is very

}’In fact, the present study was prompted by a set of recent geothermal well

test data in which due to various mechan1ca1 prob]ems, the flow rate during
the first 70 hours of product1on var1ed w1de1y and could not effectively
be treated as a mean constant rate The present paper reports the develop-

ment of a genera] techn1que of ana]yz1ng we]l tests w1th var1ab1e flow

rates |
This work was supported by the U. S. Department of Energy under Contract

Number W-7405-ENG-48.
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Method of Analysis

The variable flow is approximated by a series of sequential straight line
segements of arbitrary length and slope (Figure 1). The pressure response
of each linearly varying production pulse at any time is derived analyti-
cally in terms of the well-known exponential integral. The change in pres-
sure head at time t and distance r fkom the producing well that is cau-

sed by a production pulse n, occurring between T, and T is given by

n+l

r,2

A_ 1 Th+i ' ;'4alt-T§
Ahn(t,r) = m-./[‘ Qn('l') B e dt
’ n

If we define

]
X1 = ZnkA
xp = T2 = HOCHr?
2% %a " T4KkH

and the Tinear flow rate is given by

Qn('r) = An+Bn '(T- Tn)‘
then X2
t-T

. -
- n+l - e

Ahn(t,r‘) = XIL [An+ Bn (‘r Tn)] - drt
n .

The result of the integration is given by

Ahn(t,r) = xl{[An +B, (r,* Xz)] [w (un) - (un;l):, _ [BnTn efun C T e'”.n+l:|}

where

- X2
u 3
n -T
t n
X2
u =
+ -
n+l t L

and W(u) 1is the well function, which is related to the exponential inte-

gral Ei(x) by
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W) = -Ei(-u)
The total pressure drop asa function of time is ‘obtained by‘a“éupé#pasi;'

tion of the reservoir responses attributable to each production pulse:

Ah(t,r) =D ah (t,r)

To account for the 1nf1uence of one ]1near boundary, a third parameter is
def1ned as WoCHr.*

T TER

where r; is the image well distance, and the pressure drop is then given

Bh(t,r) =E Ah (t.r) £ an t,r
where the pos1t1on or negat1ve s1gn 1nd1cated an 1mpermeab1e or fu]]y

1eaky boundary respect1ve1y

These -equations are used-to*ca1cu1ate pressure drawdown values that cor-
respond to a spec1f1c flow rate var1at1on and a glven set of reservo1r
parameters Thus W1th a set of 1n1t1a1 guess va1ues of reservoir para-

meters a mu]t1parameter least square -fit computer routine is emp]oyed to

,compare we11 test data w1th pred1cted va]ues in a search for the best set

,of reservo1r parameters Input data for the program are A and Tn’ coor-.

d1nate po1nts on the product1on h1story record Ah and t, coord1nate

\7po1nts on the we]] test pressure drawdown record and a few program con-

troi parameters

Corresponding toioptimal,va]uesiof{,xf,_x2; and x; obtained. the: program
assigns values respective]y—tortransmissivity,'ng ¥ storatiVity;"¢CH§

and the image well distance .r,. Both interference and production tests

-3,




LBL 5934

can be analyzed. In the latter case, work is in progress’to account for
the influence of well bore storage and skin effects, also in a. parametric "

fashion.

Applications

The method has been applied to data from seven well tests to evaluate its
utility (see Table 1). Three of the analyses involve theoretica11y gener-

ated well test data and four analyses involve field data.

TABLE I. East Mesa Well Data

. Deoth Bottom - Producing Lower Casing
P Temperature Interval o.d.
WELL
feet meters °F °C feet meters inches
' | 6201- 1890-
6-1 8015 2443 399 204 7982 2433 7
' 4790- 1460- L
5007- 1526-
5-1 6004 1830 315 157 6004 1830 7-5/8
‘ 4948- 1508-
- 5420- 1652- o
31-1 6175 1882 309 154 6175 1882 7-5/8
4890- 1491-

The field data were from two well tests conducted at the East Mesa Geo-
thermal Field in southern California and from two well tests conducted

at the Raft River in southern Idaho. The three theoretical cases involve

-4-
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well test data calculated assuming: (1) constant discharge; (2) variable
dischérge in steps, and (3) exponentially decaying discharge. Three of
the four field tests'were constant discharge interference tests, two of

which indicated the presence of a boundary, The last rémaining field test

involved a discharge rate with a very wide fluctuation.-

In all of these cases, a solution was possiblé agd an unambigous set of
reservoir parameters was determined. In the;three testé using generated
data, known parameters are reasonably reproduced. The first three field
interference tests analyses y%éidéa‘reasoﬁébiélparametefs. Figures 2, 3
and 4 show respeétively the thedfétiéal»éése of éxponentia]ly decaying
discharge rate, the East Mesa 31-1 constant discharge interference field
test analysis involving the detection of a barrier boundary, and the ana-
lysis of the Raft River #3 productioh test, in which the flow rate varied
Vmarkedly, In the figures,rihe circles represent observed drawdown data
and the squaresvkepresent the beét-fit drawdown values. The close agree-
ment with ané]ytica] and conventional results in cases where they are

| available indicatés the validity of the method. Furthermore, the results
of fhe RRGE 3 productioh test'analysis indicate that the methods can suc-

‘cessfully analyze variable flow field data.

Conclusions |

This method will mdke'it pbsgib]e to do“wéll test aha]yses whén'a con- |
stant‘dischérgé flow rate isfdifficult to maintain, and permii'detection
of boundaries even in SituainnsAWhere fheke is a ﬁarkedly varying flow
rate. ‘WOTk is currently inrprogress to exténd the analysis to the study

short-term data.
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This report was done with support from the
Department of Energy. Any conclusions or opinions

- ‘expressed in this report represent solely those of the

author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company. or product name does

‘not imply approval or recommendation of the

product by the University of California or the U.S.
Department of Energy to the exclusion of others that
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.Nomenclature
Ah Pressure head drop
n Designation of production segment
t Time
r Distance from well
k ‘permeability
H Thickness of aquifer
T Time
Q Flow rate
a k/{¢ucC)
) Porosity
C Total compressibility
r Image well distance
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