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1. INTRODUCTION

These guidelines are presented to provide minimum data required for
evaluation of geothermal well yields. [t is assumed that the geothermal
test well has been sited, drilled, constructed and develoned under the
guidance of a competent hydrogeologist and drilling engineer. 1t is further
assumed that the resource being exploited is low to moderate temperature

and conforms to single-phase fiow 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 DURING DRILLING

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
horizon.

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.

geophysical loas of open horehole if other than water used

as drilling fluid. Geoohysical loqging 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 contribution
to the boreheole.
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Any well develoument techniques such as nitrouen or air lifzing or
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swabbing should be organized with the dual purpose of measuring 7luid

level response during recgvery in order to estimate yield rotential.




3. TEST OBJECTIVES

The primary objective in well testing is to stress the producing

T

reservoir sufficiently to predict the well's performance under sustained
drawals. In order to select a suitable flow or pumping rate at which
to test the well and evaluate the efficiency of the well, pulse tests at
a range of rates are required. A sustained test is further required to

2.

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 wellbore and reservoir

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 reason 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 well evaluations the duration of testing must be sufficient

to exceed tempeorally transient thermal influences.
4. ORGANIZATION OF WELL TESTS

There are several considerations which must be recognized and organized
prior to conducting geothermal well tests. These include:

4 3

4.1 Recognition and monitoring of all sources which may be hydrauiical
interfered with during testing. Thﬂse include natural 4i rges

or adjacent hot or cold wells. [t is essential to unde
trends or fiuctuations in fluid ?ev:?s in adjacent sources
a perlud of one week prior to testing. A contident da

is required to establish whether interference has occw
testing and answer any litigation which might arise

4.2 Recognition and monitoring of natural external influences on 7luid
Tevel (piezometric) surfaces such as barometric and tidal changes
or possibly railway activity. One weex of monitoring stabilized




fluid levels will reveal such influences.

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

4.4 Disposal of geothermal fiuids must be Arwawged before testing and
adequate measures taken to conduct fluids te an environmentelly
acceptable point of discharge.

4.5 A temperature survey should be run in the well immediately prior
to testing.

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 1ifting
costs to the user.

5. PULSE TESTING PROCEDURES

t

e of rates to
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A11 well tests must include short pulse tests of a ran
estimate the probable maximum rate at which the well can be flowed or
punped and provide indication of temperature and quality stability at
several rates. Pulses should be run at progressively higher rates and the

well permitted to recover between rates.

5.1 Duration of Pulses

Each pulse should be minimum three hours duration with minimum
three hours recovery or to initial piezometric conditicns. Recovery period
sheuld 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
profoundly influence measurements of the piezometric surface at '

For this reason, wellhead measurements must include carefiyl continuous tenparatur
PTibrium

sufficient to reach cuasi-equ
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records and pulse test duration shoul:

temperatures. The parameters measured must inc




5.2.1 Flow Rate: The flow rate must be capable of being controlied
by means of a suitable valve in the discharge line. Flow rate must be measured
carefully and continucusly by means of a circular orifice weir or similar device

acceptable toc DOE.

urements of

(5]

5.2.2 Fluid{piezometric) Level Changes: Mea
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 should be made during both drawdown and recovery
segments of each test.

5.2.3 Temperature: Wellhead temperatures must be recorded

[

during both drawdown and recovery segments of each test. A continucus
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-1ine measurement of specific conductance is recommended with sampling
frequency of at least once each 24 hours. Parameters analyzed will be site

specific but should include geothermometric indicators.

5.3 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 and 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 statad time.

c) estimates of the relative efficiency of the well over the
range of rates pulse tested

d}  estimates of well losses.




6. SUSTAINED TESTING PROCEDURES

The sustained test must be designed to provide enough information
to permit reasonably confident prediction of the well's behavior for a period
of five years. The constant-rate type of test is recommended 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 duration is influenced by the well's performance during the test.
An arbitrary period of five days is recommended as the practical minimum

duration in which most boundary influences shculd be detecte

6.2 Required Data in Sustained Tests

The four major parameters of flow rate, fluid{piezometric) leveis,
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 Analysis of Sustained Test Data

The assumptions made about the reservoir in selecting the most

. . { . R .
appropriate analytical method must ch?ear]y 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 ot any reservoir hydraulic properties used in
predictive models must be clearly substantiated. In standard analyticai
technigues 1t is assumed that no further reservoir boundaries will be
intersected following the period o
wells are available, any additional reservoi:

!

into the nredictive mocel,




Long term {5 year) predictions must include consideration of

transient density and viscosity changes.

7. ALTERNATIVE TEST PROCEDURES

It is Tikely that specific situaticns 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 sufficientiy

accurate to meet the cbjectives of long term prediction of well behavior.

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

state flow assumptions must similarly be shown to have sufficient precedent

to meet predictive objectives with equivalent confidence.
8. MEASUREMENTS & INSTRUMENTATION

Measurements of the few major parameters must be sufficiently
accurate to meet the stated testing objectives. Recommended limits

of accuracy are detailed below.
8.1 Flow Rate

Flow rate must be controlled within + 3% accuracy with resolution

of 0.13 1lps.

8.2 Fluid (piezometric) Levels

-

Free fluid levels should be measured to 0.3 cm precision. Fluid

pressures snould be measured to 0.01 psi.

8.3 Temperatures

5

Mercury thermometers used Tor temperalure meizuremant shoculd be

- ~ A0 P
calibrated to 0.2°C per division.
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