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Attached are preliminary notes outlining the major criteria to be considered 
in evaluating well tests under the subject program. These notes are 
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may arrive at a suitable scope and format for inclusion in the solicitation 
documents. 
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1. INTF(ODUCTION 

These guidelines are presented to provide minimum data required for 

evaluation of geothermal \<Iell yields. It is assumed that the geothermal 

test \'/e11 has been sited, drilled, constructed and develooed under the 

guidance of a competent hydrogeologist and drilling engineer. It is further 

assumed that the resource being exploited is low to moderate temperature 

and conforms to single-phase flow behavior. 

The guidelines should be considered as general, introduction to 

requirements only. Site and resource-specific considerations will be 

required dependent upon the results of drilling and local conditions. 

2. EVALUATION OURI NG DRr LLI NG 

During the drilling and develooment procedures, preliminary 

information on the nature and behavior of fluids must be collected in 

order to maximize the benefits of subsequent testing. The information 

available during drilling will to some degree be determined by the 

method of drilling and in some cases will require geophysical logging 

techniques to obtain it. Required information includes: 

2.1 location (depth and thickness) of identified fluid-bearing 
horizons. 

2.2 estimate of fluid contribution to the borehole at each identified 
hori zon. 

2.3 representative sample of fluid at each identified horizon. 

2.4 measured head or flow at each identified horizon. 

2.5 borehole temperature and caliper survey, prior to any intermediate 
casing and in the completed well. 

2.6 geophysical logs of open borehole if other than water used 
as drilling fluid. Geophysical logging suited to provide hole 
diameter, temperature profile, bed boundaries, porosity and 
depth of drilling fluid penetrations. 

2.7 flowmeter log in any well with multiple horizon contributiJn 
to the borehole. 

flny \'lel1 development techniques such liS nitrouen Oi' c.i t 1 iF:j 0)' 

swabbing should be organized with 
, , 
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3. TEST OBJECTIVES 

The primary objective in well testing is to stress the producing 

reservoir sufficiently to predict the 'dell's performance undel' sustained 

\·iithdl'al·;als. In oder to select a suitable flm'i or DU~!lp'inq rate at \'ihicfl 

to test the l"e11 and 2'/aluate the efficiency of the \'!211 , pulse tests at 

a range of rates are required. A sustained test is further required to 

identify possible reservoir boundary influences on well performance and to 

extend confidence in the quality and temperature of the resource with long­

term production. 

Appropriate analytical techniques must be applied to the tEst data 

in order to estimate the hydraulic properties of the \'Iellbore and teservoir 

and predict the well's behavior for a period of five years. 

Many geothermal reservoirs are comprised of fractured competent 

rock. Hydraulically this type of reservoir does not conform to the assumptions 

demanded by standard analytical methods. For this )'eason it is recommended 

that well tests in fracture-flow media should preferably be carried out 

at or above the rate of which the well might be used. Straight-line 

extrapolations to extended time are probably the most reliable means of 

predicting future well behavior in fractured rock reservoirs. 

In geothermal \Alell evaluations the dUi'ation of tesi:ing must be sufficient 

to exceed temporally transient thermal influences. 

4. ORGANIZATION OF WELL TESTS 

There are several considerations which must be recognized and organ~zed 

prior to conducting geothermal well tests. These include: 

4.1 ,c~ecognition and monitoring of all sources \}ihich may be hydraulically 
intel'fer'ed ~'Iith during testing. These include natural jischal'~;es 
or adjacent hot or cold wells. It is essenti~l to understand any 
trends or fluctuations ill fluid leveis in adjacent sources for 
a period of one '.'ieek prio)' to testing. A cJnricent oatJ basel-;ne 
is required to establish \'\Ihether' interference ~12S occured curi;),] 
testing and answer any litigation which Might arise. 

4.2 Recoqnition and monitorinq of natural external influences on fluid 
level (piezGmetric) su\~faces SUC!l a:~ baromett'ic and tidal chc!nC~t?s 
or possibly railway activity. One week of monitoring stabil ized 



fluid leve-is will reveal such infl~lences. 

4.3 The test well must be permitted to reach stable initial conditions 
prior to testing. 

4.4 Disposal of geothermal fluids must be arranged before test~ng and 
adequate measures taken to conduct fl ui ds to an env'i ronn:enta 11)/ 
acceptable point of discharge. 

4.5 A temperature survey should be run in the well immediately prior 
to tes ti ng. 

4.6 If the well is to be pumped, rather than free-flowed pump selection 
criteria should include: 

a) thermally adequate equipment 

b) sufficient drop-pipe to represent reasonable lifting 
costs to the user. 

5. PULSE TESTING PROCEDURES 

All well tests must include short pulse tests of a range of rates to 

estimate the probable maximum rate at which the well can be flowed or 

pumped and provide indication of temperatul'e and quality stability at 

several rates. Pulses should be run at progressively higher rates and the 

vie 11 penni tted to recover betl'/een ra tes. 

5.1 Duration of Pulses 

Each pulse should be minillium three hCLP'S duration \yHh minimum 

three hours recovery or to initial piezometric conditions. Recovery Deriod 

should be equivalent to the duration of pulse. All pulses must be of 

equivalent duration. 

5.2 Required Pulse Test Data 

It is forseen that many well tests may rely on wellhead measurements 

if suitable bottom-hole pressure and temperature instrumentation is not readily 

available. Transient, temperature-induced changes in fluid density and viscosity 

pr'ofoundly influence measurements of the pieZolllet)~ic surface at vtellh2ac1. 

For this (eason, \'iellhead meaSUt'eI!12nt.S must -inclu'~e cdi'eful continuous tC:'l':p2)~aLUte 

recotds and pulse test duration should be sufficient tG reach Q,jClsi-eqc:ilibriunl 

temperaturt:s, The pdl'ameters i;:easui'ed i'1L1St include: 
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5.2.1 Flow Rate: The flow rate must be capable of being controlled 

by means of a suitable valve in the discharge line. Flow rate must be measured 

carefully and continuously by means of a circular orifice weir or similar device 

acceptable to DOE. 

5.2.2 Fluid(2J.!=zometric) Level Changes_: j'1easurements of 

well head pressure or fluid level must be recorded with a frequency of 

at least 20 measurements distributed per log cycle of time in minutes. 

Such measurements shaul d be made duri ng both dra':ldo1,·m and recovery 

segments of each test. 

5.2.3 Temoerature: Wellhead temperatures must be recorded --4-__ _ 

during both drawdown and recovery segments of each test. A continuous 

record of temperature fluctuations is preferable but in the event that 

manual readings are necessary, these should be of similar frequency to 

the fluid (piezometric) level observations. 

5.2.4 Quality: Samples of the discharged fluid must be collected 

at least as frequently as the beginning, middle and end of any test period. 

In-line measurement of specific conductance is reco~nended with sampling 

frequency of at least once each 24 hours. Parameters analyzed will be site 

specific but should include geothermometric indicators. 

Analysis of Pulse Test Data 

The pulse data should be analyzed by techniques appropriate to the 

acceptable assumptions of reservoir behavior. Data should be corrected where 

feasible for temperature und external influences. The analysis should provide: 

a) the most appropriate rate at which to carry out a sustained 

well test together with the reasoning for this decision. 

b) estimates of specific capacity of the well for a st~ted time. 

c) estimates of the relative efficiency of the well cv~r the 

range of rates pulse tested. 

pstimates of wpll losses. 



6. SUSTAINED TESTING PROCEDURES 

The sustained test l11ust be designed to provide enolJ']h information 

to permit reasonably confident prediction of the \-lel1's behavior for a period 

of five yeiws. The constant-rate type of test is ~'econ~mended as most appropriate 

for the low to moderate temperature geothermal resource. 

6.1 Duration of Sustained Test 

The two major criteria influencing the duration of a sustained 

test are to extend to quasi-equilibrium temperature conditions and to indicate 

the presence of reservoir inhomogeneities or boundaries. To some degree the 

selection of d~l'ation is influenced by the \'I'211's perform2tlce dUl'ing the test. 

An al~bitrary pC)'iod of five days is recomrlended as the pr-actical minimum 

duration in which most boundary influences should be detected. 

6.2 Required Data in Sustained Tests 

The four major parameters of flow rate, fluid{oiezometric) levels, 

temperature and quality outlined in section 5 above are also mandatory 

requirements in any sustained test. Similar frequency to that outlined for 

pulse testing should be followed both for drawdown and recovery segments of 

the test. 

6.3 ~nalysis of Sustained Test Data 

The assumptions made about the reservoir in selecting the most 

appropric,te analytical method must b~clearlY addressed in the test analysis. 

If uncorrected field data is used in the test analysis it must be clearly 

evident that corrections are not applicable. 

Calculation of any reservoir hydraulic proper-ties used in 

predictive models must be clearly substantiated. In staGdard ana 1ytica1 

techniques it is assumed that no further reservoir bouno3r-ies will be 

i IH::J sec ted f 0 1 1 0 vi i 11 g the pel' i 0 d 0 f the t e " t . I n t il2 c: / e n t t hat 0 b.3 e r"/ a t ion 

\'Iells are available, 2r~'j Jdditionalr'2serloi:' deta 'rust 

into the f-:tedictive model. 



Long term (5 year) predictions must include consideration of 

transient density and viscosity changes. 

7. ALTERNATIVE TEST PROCEDURES 

It is like·ly that specific situations may demand other' than the pro­

cedures of pulse testing followed by a sustained constant rate test. In 

the event that an alternate method of well testing is proposed. the 

method must be shown to be both specifically applicable and sufficiently 

accurate to meet the objectives of long term orediction of well behavior. 

Analytical techniques other than standard non-equilibrium, non-steady 

state flow assumptions must similarly be shown to have sufficient Drecedent 

to meet predictive objectives with equivalent confidence. 

8. MEASUREMENTS & INSTRUMENTATION 

11easurements of the fe\'/ major pa)~ameters must be sufficiently 

accurate to meet the stated testing objectives. Recommended limits 

of accuracy are detailed below. 

8. 1 F10\·/ Ra te 

Flow rate must be controlled within ± 3% accuracy wi th resolution 

of 0.13 lps. 

8.2 Fluid C2iezometric) Levels 

Free fluid levels should be measured to 0.3 efT) prer::isioll. Fluid 

pressures should be measured to 0.01 psi. 

cal ~,'unl-ateu~ ~o n nOe per d' l'c:~n ~ l- u.e: ;\f ~Iun. 
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