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PRELIMINARYANALYSIS OF TRACER TESTS IN

ROTORUA

H. Pan, D. H. Freeston and M. J. O’Sullivan
Geothermal Instituteand Department of Engineerlng Science

Universityof Auckland, New Zealand

ABSTRACT-Threetracer tests of doublet systems (pairs of productionandinjection wells) havebeen carried out during 1991

in the Rotorua geothermal field, New Zealand. These tests are part of an investigation in the use of doubletsystem for the
exploitationoftheRotorua geothermal resource. The mainobjectiveof the testswasto establish whether or not there isa direct
connection between theproductionand wells of thedoublets. Fluorescein SodiumandRhodamine were selected
astracermaterialsforthetestssince these materialsareinexpensive,easytouse,andnontoxic. Tracer observed
in the production well of theKingsgate hotel doublet 20 hours a 30 minutes tracer sluginjection. No tracerwas detected
inthe othertwo doubletsystems. Thispaper presents the tracer test procedure,the resultsofthetestsanda analysis
of the results.

1. INTRODUCTION

The term “doublet” applies to a system which includes two
wells, the firstfor productioncoupled with the second well 
through which al l the produced water is reinjected into the

afterextractionof itsheat. geothermal
aquifer is homogeneous without regional flow, a gradually
expandingzoneofcoldwateraround the injectionwell will be
created. After some time it will reach the production well 

productiontemperature to progressively decrease.

injectedcoldwaterfrontintheaquiferreaches the production
well isknown asthermalbreakthrough time. design
of a doublet system to avoid the thermal during
the system life time is very important.

Therearetwoadvantagesofadoublet system: (1)It
pressure in the geothermal field throughout the production
period and thereby the yield; (2) It disposes of
saline water which cannot be discharged into the 
environment.

The systemshas
USA and New Zealand. France first developed a doublet
schemein 1969atMelun,atownof 50,000inhabitants50km
southeast (Coudert 1985).

havebeen drilled andareexploitedintheParisBasin. These
are allof the low temperature ( ) type. Generally, 
one doublet provides heat for 1000 to 5000
housing units ( or their equivalent in hospitals, schools, 
swimming pools or greenhouses). A housing unit has a
consumptionof 1 to 1.5tonsof oilperyear, ortheequivalent
in natural gas, coal or electricity (Coudert 1984). Several
doublet system areused for space heating in KlamathFalls,
Oregon,USA. Thehot waterispumpedfromthe production
wellandthen cooled in a surfaceheat exchanger. The wells

doubletsystems areallof similardepth
and design and they are closely spaced (Sammel 1984 and

et al 1984). About 30 doublet systems 

operating New Zealand 1990). The flow
ofgeothermalfluidusedbythesedoubletsystemsisestimated
to be 1500 tonnes per day in thewinter. Even though no
detailed work has been done on these doublet systems they
appear to work well andhave very few problems

2. TRACER TEST

A tracer test is a convenient experimental method of
determining the internal characteristics of a reservoir flow
system. For a doublet system chemical material is injected
into the injection well and then the chemical concentration -
time relationship is monitored at the production well. 
tracer test is particularly important for the doublet system
because the chemical transport is a precursor of thermal

transport. Thus if the tracer arrives quickly and in large

alsoberapidandstrong. If doesnotarriveat itmay
bepresumedthatnodirectflow betweenthe
injectionand the production wells. 

The design of theRotorua doublet tracer test is presented in

Italsodiscussesthevarious
tracermaterialswhich could be used inthe tracertest. Itwas
decided that the tracer material should have the following
properties: (1)water soluble and chemically stable under the
temperature and the pressure of the Rotorua geothermal 
reservoir, (2)not adsorbedby andnot reactivewithreservoir
rock and geothermal fluid; (3) detectable in very low

(and a detection instrument is available); (4)

environmentally safeandinexpensive to use. Because of the
licensing and complexities associated with the use of
radioactive tracers andcostandcomplexfacilitiesassociated
with the use of the chemical tracers it was decided that

Fluorescein
should be used in theRotorua geothermal tracer test. The
toxicity of the two selected tracers was also studied. It was
concluded that both fluorescein sodiumand rhodamine



have no known hazardsassociatedwith their use as tracers.

1 km .

Simulationof the tracer tests was conducted before the tests
(Pan et al 1990and 1991). The objective of the modelling 
work was to determine when the tracer breakthrough could be
expected to arrive. Also the modelling studies were used to
find out which parameters significantly influencethe tracer
arrival time. The RESSQ programme (Javandel et al

used for the modelling work. The RESSQ
programme can applied to two dimensional contaminate 
transport by advection in a homogeneous, isotopic confined
aquifer of uniform thickness. It uses a steady flow field
created by a regional flow, the production wells and the
injection wells. It calculates the pattern in the
aquifer and tracer concentration at the production well as a
function of time. From the simulation work it was
concluded that the doublet well spacing; the regional flow
velocity and direction in the reservoir, the aquifer thickness 
and porosity all significantly affect the tracer breakthrough 
time.

2.1 Doublet system selection

As mentioned above, there are 30 geothermal doublet 
systems that are currently operating in Rotorua. The
doublets for the tracer tests were selected from these. The
selection was based on the following considerations: (1) 
Both the production and the injection wells are of similar
depth. The depths of the wells at the geothermal aquifer are 
about 100 meters . The production water comes fiom the
geothermal aquifer rather than shallow ground water, and the 
used geothermal water will return to the Same aquifer; (2)
The main regional flow direction in the aquifer is fiom the
south-eastto north-west (that is from Whakarewarewa area to
the lake of Rotorua) across the field (Bradford, E. 1992).
The direction of aquifer regional flow is thought to be from 
the injection well to the production well, with an angle of

less than so that the injected tracer material will spread 
with the regional flow towards the production well and can
be detected at the production well after a period of time. (3)
There are no so far identified between the production 
and injection wells. Therefore the tracer is not expected to
be blocked.

Five doublet systems were selected as candidates for tracer
testing. Three doubletswere used for the tests and the other
two for monitoring. The final decision was made after
contacting the owner of the well and the Energy and
Resources Division, Ministry of Commerce.

The doublet well information is shown in Table 1, and the 
locationsof the doublets indicated in Fig. 1. 

2.2 Tracer injection

Tracer can be introduced into the geothermal reservoir either
continuously or as a single "slug". Since the slug injection 
results in a greater increase in the concentration of the tracer
in the reservoir (although over a small volume), it is
commonly used for artificial tracer tests for which amounts
(and cost) need to be minimized. For all the tracer tests 
mentioned in this paper, slug injection was used.

For most of the Rotorua injection wells, the injected fluid 
can be into the well by gravity. For the relatively
high pressure (higher than 3 bar) doublet system of the

Table 1 Doublet well information for tracer tests

I Kingsgatehotel

Boulevard
motel

Fig 4.3 Doublet Location for Rotorua tracer test 

Kingsgate hotel, the injection well could turn into a 
production well if the pipeline is opened to the atmosphere.
In this case, a dosing pump was used.

The details of tracer injection for the three tests carried out
are:

Test 1: 80 grams or 0.4 litres of 20% Rhodamine WT
solution was injected in 7 minutes by gravity into the
Holland streetdoublet on 01 August, 1991.

1 or 10 litres of 10% Fluorescein Sodium
solution was injected in minutes by gravity into the
Boulevard Motel doublet on 03 August, 1991.

Test 3: 1 or 8 litres of 12.5% Fluorescein Sodium
solution was injected within 30 minutes using a dosing
pump into the Kingsgate hotel doublet on 17 September,



2.3 Sampling

In order to take samples from the production well, a small
valve installed at the wellhead is needed. Since the 

temperatureof the geothermal fluid is normally over 110
and pressure is over 2 bars, a cooling coil was designedand
used to condense the fluid. 

Samples were taken several days before the injection of the
tracer. Thiswas done to obtain information on the level and
stability of the background concentration of the selected
tracer materials.

From modelling studies (Pan et al it was determined
that the injected tracer may arrive at a production well in less
one day, or it may take weeks, even months to arrive. In
order to interpret the tracer arrival information, it is 
necessary to have samples both before and after the peak
breakthrough concentration. The longer the peak
concentration takes to arrive the more dispersed it is, thus
frequencyof samplingcan be decreasedwith time.

For each tracer test in Rotorua, samples were taken daily
three or four daysbefore the test. Immediately following the
injection of tracer samples were taken every 15 minutes for
the first six hours, and than every half hour. After the first
day samplingwas reduced to hourly, after the second day two
hourly, and on. After three weeks sampling was taken
two or three times per week. For each of the tracer tests
sampling was conducted for up to two months.

It was expected that each sample collected represents the
instantaneous tracer concentration of the production
geothermal fluid at present time. However, if the sampling
valve is opened and the sample taken immediately, the
sample may be the old fluid rather than present fresh fluid.
So that the production well was discharged (about ten litres
of the fluid was drained ) using the sampling valve about
three minutes before taking the sample. 

2.4 Tracer detection and results 

Each sample taken from the production wells was analysed
in a laboratory of Geography Department at the University
of Auckland, using a Turner 111 fluorometer. The 
fluorometer had been previously calibrated with the tracer
materials which were used for the test.

For the three tracer tests,in only one was a return detected.
The results are:

Test 1: No return within days.

Test 2: No return within 57 days.

Test 3: was observed in the production well, 20
hours after a 30 minutes tracer slug injection. The tracer
return (breakthrough) curve is shown in Fig. 2. The first
200 hours of the same tracer breakthrough curve is shown in
Fig. 3.
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Fig. 2 tracer test breakthrough curve at Kingsgate Hotel,
Rotorua.
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Fig. 3 The tracer test breakthrough curve for the first 200
hours.

In a previous study two tracer tests were carried out at Post
Office (Rotoruacentral) doublet system in September 1986
(Bowman 1986). The depth of the production and the 
injection wells are 101meters and 91 meters respectively and
the distance between these two wells is 35 meters. For the
first test 0.5 litres of 20% Rhodamine solution were
injected in the system in less than a minute. After the first
test seven days, 2.5 litres same tracer material were added
into the system. Samples were taken frequently up to 48
hours for test 1 and up to 216 hours for test 2. No return
was observed in either tests.

These are the only tracer tests, known to the authors, which
have been conductedat the Rotorua city area. The results of
these tests are summarised in Table 2. Only one of the
tracer tests produced a breakthrough and the tracer recovery 
was very small. Therefore there does not appear to be a
direct connection (or a strong connection) between the 
injection and the production wells in these Rotorua doublet
systems.
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Table 2 The Rotorua tracer test result

58.

7.9

20.5

35.1

35.1

well
head
temp

______.__.I

124.

85.

136.

90.

140.

120.

130.

No
info.

130.

No
info.

I

3. PRELIMINARY TEST ANALYSIS 

The analysis of Rotorua tracer test work has divided
into two steps: preliminary test analysis and computer
simulation. In the preliminary analysis described here the 
tracer speed,recovery and mixing volumeare The
breakthrough curve obtained was from the tracer test of
Kingsgate Hotel. The sketch of this doublet system is
shown in Fig. 4

3.1 Tracer speed 

As mentioned above, tracer breakthrough was observed in the
Kingsgate doublet production well 20 hours after the 30
minutes injection of a tracer slug. The breakthrough curve
is the plot of concentration of Fluorescein at the production
well versus time. The distance between the injection and the
production well for the Kingsgate hotel doublet is 20.5
meters. So the fastest speed of the tracer travelling through
the geothermal aquifer is 1.025 meters per hour. However,
the peak concentration of the breakthrough curve was
detected at 50 hour time (see Fig and this indicatesthat
the mean speed of the tracer movement is 0.41 meters per
hour.

Table 3 shows typical tracer from slug injection test 
in geothermalreservoirsworld wide. It shows that the speed
of tracer movement for the Rotorua tracer test is within the
range shown in the Table. 
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Injection

Sampling,

I
I

205 m

well

123.5m

Injection

well

casing

Fig. 4 Sketch diagram of Kingsgate hotel, Rotorua

3.2 Tracer Recovery 

The quantity of tracer recovery in the production well can be
found by integrating the return profile over time. For a slug
injection test, the total tracer recovered, Q, can be calculated
using equation (1) (Home 1987).

Here is production well flow rate and is the tracer 
concentrationmeasured at the production well as a function
of time.

For the Rotorua geothermal tracer test, the production well
flow rateq is constant. Thus equation (1) can be written:

Clearly it is not feasible or necessary to monitor the tracer
recovery for infinite time. Since the tracer concentration
becomes small later in the test it is reasonable to integrate
over whateverperiod measurementsweremade.

The quantity recovered as a of that tracer injected is
an important parameter in tracer test analysis. It is defined
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From Fig. 3, it can be estimated that the average of the
tracer return is approximately at the
beginning of 200 hours. After 200 hours, a very low tracer
concentration was still present in the samples (see
but it is likely that this is the tracer recirculated in the close 
loop system not the injected tracer. The circulatingflow rate
in the doublet system is 300 or 3.48
Based on these data the calculated total tracer return for the
first 200 hours is 1.25 grams. The injected Fluorescein 
Sodium was 1.0 or grams, and so the tracer
recovery is approximately 1.25%. This result indicates that
there is not a strong connection between the injection well
and the production well. Some typical values of tracer
recovery fraction for geothermal reservoirs are indicated in
Table4. The value for the Rotorua tracer test is lower than
average in comparison with other tests. This low value may
be due to a regional flow effect. In addition, these tracer 
tests shown in Table4 are not only for doublet system, there 
may have many production wells operating during their 
tests.

3.3 Mixing volume

Table 3.1 Tracer return speed in geothermal reservoirs.

reservoirs

Dixie
Valley

Klamath
Falls

U

Reykjavik

Rotorua

Southeast

Tongonan

Country

5.0 (1989)

Japan 78.0 Home

Table 4 Typical values of tracer recovery fraction in
differentgeothermalreservoirs

(1989)

3.9

For a doublet system in which the wells
are connected at the surface, the produced fluid, which
contains tracer material, is circulated in a closed loop. This
material,if it does not degrade,or is destroyed or absorbed by
the reservoir racks, will reach a steady concentration as
illustrated in Fig. 2. In this case the volume of fluid over
which the tracer has been mixed can be estimated. This 
volume is called the mixing volume. 

If the mixing volume was originally at concentration

and fiially reaches concentration C, ,then the totalmass

. of tracer injected is given by (Home 1987) 

or

For this tracer test, the injected tracer mass is

grams, C, and are , and zero 

respectively, so the mixing volume, ,is litres or
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,

the reservoir aquifer thickness is assumed to
20 meters, then the area of the reservoir mixing is
approximately m or 0.5 This calculation
and consumption is only valid that the aquifer is at steady
state without regional flow. Whether or not there is any
regional flow and its influence on the tracer test results will
be studied using computer simulation.

6 2

3.4 Temperature and pressure

The five tracer test listed in Table 2 indicated that only one
of the tracer tests produced a breakthrough and the tracer
recovery was very small. Therefore there does not appear to
be a direct connection (or a strong connection) between the
injection and the production wells in these Rotorua doublet
systems. Most doublet systems, including those
investigated in the tracer tests have been used for years, and
the pressure and temperatureat theproduction wells have not
changed with time. This demonstrates that the production 
wells in the Rotorua geothermal field are not suffering
thermal drawdown even when the production and the
injection wells are very close (7 meters to 50 meters apart).
The explanation of this phenomenon could be that there is a
very strongregional flow across the geothermal field.

For the Boulevard motel doublet, the distance between the 
production and injection wells is only 7.9 meters. For the 
tracer test carried out using this doublet no breakthroughwas
observed within a two month period. This indicates that 
there is not a connectionbetween the production well and the
injection well. The well owner exchanges the production
well and injection well every six months. However, the
wellhead temperatureand pressure is always constant. These 
facts indicate that the injected cold water would not create a
cold zone around the injection well 

4. COMPUTER MODELLING 

To help in analysing the results of the tracer test, three
computer are currently being used for
the interpretation of the test results. There are a analytical
method (2D-MODEL) (Pan et al a semi-analytical
method (RESSQ)and a full numerical method (MULKOM)

1988). Three features of the tracer test breakthrough
curve are considered. They are: (1) the tracer arrival time;
(2) magnitude of the tracer concentration at the production 
well; (3) the shape of the breakthrough curve. Reservoir
variables investigated in this modelling work are the
thickness of the aquifer, the regional flow velocity and
direction, and the porosity. The depth of the feed zones in
the production well and the injection well are also
considered. Someresults of the modelling work have been
obtained but not yet completed. The detail of the modelling 
work will be published at a later date.

5. COMMENTS AND DISCUSSIONS

The comments and discussions from the tracer tests are
summarizedas follows:

(1) The doublet tracer tests in Rotorua were carried out
(Table 2), while these tests cannot be used to predict the
behaviour of other doublet systems in this geothermal field.
It is significant that of the five tests conducted only one of
these produced a breakthrough and the tracer recovery was

very small. It seems that this is a positive result in which
shows that development of doublet systems in this field is 
feasible.

(2) The rapid of the and smallrecoveryrate
during the test indicates that the geothermalreservoir around
this doublet may be fractured in a direction approximately
perpendicular to the line joining the two wells. However,
the information is not sufficient to determine whether the
entirereservoir is fracturedor not.

(3) The tracer recovery is small (or there is no return)
which indicates that there is not a strong connection (or a
direct connection) between the injection and the production
wells for the Rotorua doublet systems tested. 

(4) The utilization experience for these doublet systems
shows that the well pressure and temperature have not 
changed with time for several years. This demonstrates that 
the production wells are not suffering thermal drawdown
even when the production and the injection wells are very
close (7 meters to 50 meters apart).

(5) From the long term equilibrium of tracer
concentrationin the doublet system, the mixing volume was
calculated. Assuming the reservoir aquifer thickness to be

20 meters, the mixing area is 0.5 However, this
calculationand assumption is only valid if the aquifer is in a
steady state without regional flow

(6)
Further computer modelling work will be carried out.

The tracer test analysis in this paper is preliminary.
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