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ABSTRACT

The geothermal environment is possibly one of the most
demandi ng environments in which to operate recording
equipment.  Not only are high tenperatures, high
pressures and corrosive at m)theres encountered but
mai ns power supply is generally unavailable.

A recording system has been designed and constructed
for such an environnment as ﬁart of a mass and energy
flow study at \aimangu Geothermal Reserve.  This
study requires the nonitoring of diverse physical
paraneters for a ﬁeriod of approximately 12 nonths.
A sinilar system has been installed and operated on
Ceyser Flat, Wakarewarewa as part of the 1987-1988
Rotorua Monitoring Program

This paper gives a brief introduction to the above
recording sites, describes the recording and analysis
system and presents exanples of data obtained.

| NTRCDUCTI ON

Waimanogu

The \Mimangu hydrothermal systemis located 26 km
south-east of Rotorua on the south-western shores of
Lake Rotomahana.  This hydr ot hermal ’s\ést emis the only
intense hot chloride water systemin New Zeal and t hat
has not been significantly disturbed artifically.

Surface manifestations of the hydrothermal system have
devel oped in and around craters formed during the 1886
Taravera eruption.  This devel opnent has been
characterised by violent hydrothermal outbursts such as
the eruptions of \aimangu Geyser (1900-1904) and by

I ess violent sporadic events. (Keanm

The two main geothermal features at Wimangu are the
hot |akes, Frying Pan and Inferno Crater.  They show
remarkabl e synpathetic variations in outflow and water
|evel respectively. The anplitude (up to 12metres) of
water |evel changes experienced by Inferno Crater Lake
are unparalleled by that of any known hot spring.

Conti nuous instrunental rnonitori n(}; at \imangu of water
level and water temperature in Inferno Crater Lake and
the water tenperature and outflow from Frying Pan Lake
were initiated by the Rotorua Geological Survey in
1983.  Unfortunately the high humidity and acidic
nature of the environnent caused continual instrunent
problens resulting in the procurenent of sporadic
records.  These discontinuous records did however
provide an outline of a cycle of activity at Wi mangu
whi ch was ver% intrigui n(]]. Inferno Crater Lake
appears to exhibit a cycle of very conplex water |evel
and water tenperature changes. (Scott and Ll oyd)

The Present research intends to establish a conmpre -
hensive data base and to develop a Erocedure for
processing this data to ascertain the variations
occurring in the proportions of steam and water within
the imediate hydrothermal system A careful study
of the water level and temperature cycles of Inferno
Crater Lake should provide information about the size,
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shape, material and dynamic states occurring inside the
feeder reservoir.  Such a study should lead on to the
devel opment of a quantitative nodel for \Mimangu and
other sinlar geothermal systens.

\Mhakar ewar ewa

Geyser Flat, centrally located at \hakarewar ewa
contains the last remaining concentration of geysers in
New Zeal and. It is a gently sloping sinter sheet with
a proninent linear vertical fracture tending roughly
NNWSSE.  Along the fracture are seven features which
are or have recently been, geysers.  South-south- east
from Puarenga Streamthey are: Kereru, Prince of Wales
Feathers, Pohutu, Te Horu, Mikorohihi, Mhanga and
Wiroa.  These features have all heen described by

Ll oyd. (1975)

For thirty years, falling geothermal aquifer pressures
induced by artificial withdraw of geothermal energy,
adversely modified this geﬁser field. Ll oyd (1974{
outlined the interactions between Price of Wales
Feathers, Pohutu, Te Horu and \Mikorohihi.  Cody
(1986) presented evidence of major changes in these
interactions.

To assess the effectiveness of remedial measures such
as bore closures, it was proposed that the program
initiated in 1984, to nonitor pressures in the geo -
thermal aquifer, be expanded to directly monitor the
main features of interest, the geysers and other

adj acent surface springs.

Historically, .sporadic observational nonitoring of

some of these features at \Whakarewarewa has occurred.
Isolated features have also been nonitored instrunent -
ally fromtine to time. On 1 April 1987, an expanded
noni toring program commenced.  As part of this program
an intensive study of Geyser Flat was initiated.  The
pr esent Frogram is unique as it involves the continuous
ans sinultaneous nonitoring of several paraneters for a
sel ected nunber of the main hydrothermal features.

RECORDI NG SYSTEM

Initially the recording instrumentation used at

Vi mangu and Whakar ewarewa was either circular or strip
chart records.  These instruments had at nost two
channel s and recorded data as anal og traces, so before
processing coul d proceed the charts required manual
reading and digitization.

In late 1982, a magnetic recorder was installed at
Inferno Crater Lake.  The recorder used cassette tapes
for storing the records, had eight sensors attached,
required two 12 volt lead-acid batteries and was part
of a netre high, bulky rack of instrunentation.

As part of the 1984 Rotorua Monitoring Program a nini
conputer systemwas installed at \Whakarewarewa.  This
system was connected to 11 sensors, recorded the data
on floppy disks, required mains power supply and
occupied a small room
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Both recorders used |arge amounts of power, were Conput ers

unreliable, inflexible and required specialist technical ] o

support.  These systems also required miniconputers Conput i ng facilities used to support the loggers are

for reading the recorded data and the subsequent described bel ow.

anal Ksis. To seriously pursue the intended research

in the geothermal areas, an enhanced recording and (a)  EPSON HX20

anal ysi s systemwas required. The HX20 is a portable conputer used to
conmuni cate with the logners while in the

The system chosen consisted of a collection of field.

subsystens that could be reorganised for various tasks.
(b) ZENTH Z-181

Sensors The Z-181 is a lap-top IBM PC conpatible
computer used to anal yse and process the
Various types of sensors were required for sensing the data while in the field. It is capable
physical parameters of interest.  The sensors of running prograns constructed on the
mentioned bel ow were required for sensing surface desk-top conmputer.  Though not as fast
geothermal features at both Wiakarewarewa and Vi mangu. as the desk-top machine, this conputer
allows the recorded data to be reviewed
(a) Tenperature Sensors while on location.
Tenperature sensors are used for measuring
water tenperatures, air tenperatures and (c)  CONCCRD XTurbo .
for detecting geyser activity.  The sensors The Concord is a 10MHz 1BM PC conpatibl e
are situated next to the geyser and detect desk-top conputer. This is the main
the flood of erupted water. devel opnent, archiving, comunication and

anal ysi s conputer.

(b) Pressure Sensors
The water |evels are measured by neans of a (d) VAX _ o
gas purge system  Dry nitrogen gas is The DSIR VAX network is used for archiving

continual |y bubbl ed through a subnerged the data collected by the VWhakarewar ewa
fixed pipe. As the water level varies the recording system
pressure required to bubble the gas varies
proportionally.  This pressure variation is Sof t war e
converted into a voltage variation and
recorded. Anbient air pressure is measured Various prograns have been constructed for transferring
using an absol ute pressure transducer. translating and analysing the collected data.  Three
sof tware packages have been selected, one for each of
(c) Overflows the above tasks.
At Wi mangu there are two Parshall Fl unes
located in the outflows of Frying Pan Lake and (a) Taupo Interface
Inferno Crater Lake. These flumes are For comuni cati n? with the Taupo-F data
hydraulically connected to still wells in | oggers, a conpiled BASIC program TAUPO
adi acent huts.  The water level in the still was constructed.  This program enabl es an
wel I's is sensed by usi nP a balanced float and operator to instruct the Taupo-F and to
pul ley system  The pulley is attached to a transfer the recorded data fromthe |ogger
multi-turn pot. to the interrogating conputer.
Loggers (b)  Translator Software
The conpressed binary format produced by
For each site, two Taupo-F, 16 channel data |oggers are TAUPO is translated into a binary format
used for recording the data.  The Taupo-F is a small more suitable for archiving and anal ysis.
sealed field data recorder designed for unattended The generated format enables the analysis
operation in harsh environments. It does not have software to quickly access the data.
external controls or a display screen. Readings are
taken fromits inputs and stored in internal mem)r?/. (c) Analysis Software
Subsequent|y the data is retrieved through a serial ASYSTANT, a software package constructed
conmuni cation channel . from FORTH was selected for analysing the
data.  ASYSTANT has powerful graphics
A conputer or visual display unit connected to the abilities and advanced signal analysis and
communi cation channel is necessary for instructing the statistics functions.
| ogger and starting the |ogging. ey
There are a nunber of advantages in having two |oggers v, sewsE
for each site: e
st
(a) The data fromone |ogger can be cogi ed directly _
into a host conmputer, while the other |ogger
continues recording. J\}
(b) The batteries in the loggers can be recharged [ 2 recoro TaUPO LogeR ‘
fromthe mains power supply.  This neans that [
the loggers are independent of the sensor
power supply, hence If the sensors nalfunction
the recorded data is unaffected. S o
| ’WD:‘E_SS = COMPUTER
(c) Alogger is free to use on a portable system | SO
for taking "snap shots" of the activity at - A | ) coneom
features that are not directly sensed by a T
primary system It also enables specific - |
features to be studied in greater detail. AT v
ik i
(d) In case of problems with one |ogger, there is

another inmediately available for the primry |
nonitoring site.

Fig 1. Data Flow Path
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Waimangu

Three sets of parameters are currently being recorded
at Waimangu. These are :

(a) Inferno Crater Lake
Autonatic neasurenents are made of the water
level, water tenperature and the amount of
overflow from Inferno Crater Lake. The | ake
water level is measured by a gas purge system
as described above, and |ake overtlewis
measured with a flune and still well
arrangenent .

(b)  Frying Pan Lake
Vter tenperature and the continuous overflow
from Frying Pan Lake are recorded at a flune
located 100 netres down the outflow stream

(c)  Environnental
To help determine the effect of air pressure
on the lake water |evel, baronetric pressure
is monitored in the vicinity of Inferno
Crater.  Nett incident radiation is also
measured at the same site to establish
whether any diurnal effects are present in
the records.

Previous research %Stant on) has shown that
seismc noise in the proximty of Inferno
Crater varies with the lake water level. To
further explore this observation, a geophone
has been included in the sensor array.

In addition to the problenms of non-nains power supply
and an environnent hostile to electronic equipnent,

an accepted constraint has been that \imngu is also
a scenic reserve of considerable tourist potential.
Hence, every effort has been made to keep instrunent-
ation as inconspicuous as possible to avoid degrading
the reserve and to discourage inquisitive interference.

Wekly maintenance visits include the manual neasure -
ment of the various parameters being neasured. This
provides a check on the electronic instruments and
conpl ementary visual observations.

EXAMPLES CF DATA

Four parameters for a cycle of Inferno Crater Lake are
provided.  The tinme span starts at 19 April 1988 at
17:00 hours and continues for 1000 hours, (about six
weeks)  The data is froma two mnute data base, 29
of every 30 points have been discarded and no data
smoot hing has been appl i ed.

Details of interest are :

(a)  The two dominant spikes in the Frying Pan
Overflow data are due to heavy rain. These
two events are also discernible in the
Inferno Water Level and Seismc Noise data.

(b)  Inferno Water Level reaches overflow at 0.06m
at which point there is a noticeable increase
inthe seisnic noise. This noise is in part
due to a four netre water fall in the' overflow
channel .

(c) Acorrelation is apparent between the water
level in Inferno Crater Lake and the overflow
from Frying Pan Lake.

(d)  The minor water level oscillations in Inferno
Cater Lake are acconpanied by oscillations
in the water tenperature and Increases in the
Sei smic noi se.

The data at present being collected from Wimangu is
to be used wth bathynetric information collected by
Keam (1981a, 1981b) to calculate the energy and nmass
flows occurring in Inferno Crater and Frying Pan Lakes.

MCLECD

It is intended that the gross characteristics of
Inferno Crater Lake's cycle of activity will be
nodel led and it is hoped that the intriguing detail
evident in the Inferno water level records will be
understood. A model that describes the approxinmate
six weekly cycle should serve as a tool to explore the
nature of the feeding aquifer.
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LOCATI ON
\Whakar ewar ewa

A nunber of features on Geyser Flat are currently
being nonitored.  These are described bel ow.

(a)  Pohutu Geyser
Various sensors have in the past been placed
around Pohutu in attenpts at recording its
activity.  The use of a tenperature sensor
laced in a ﬁool that is flooded on eruption
as become the standard method and is being
used again.  This arrangement can roughly
di stinguish between the different eruptive
states of Pohutu.  An eruption usually
commences with a flood of hot water. — This
imedi atel y devel ops into a colum of boiling
water and steam reaching heights u% to 21
metres.  After a period of time this colum
decays into a shattered, spashing mound of
wat er approximtely one netre high before
cessation.  The tenperature sensor registers
the flood of hot water, and a foll owi n?
cooling period as the eruptive colum fornms.
The comencenent of this splashing node is
detected as the sensor is again heated.

Te Horu

The main paranmeter measured is the water |evel
of Te Horu relative to nean sea level. This
parameter is nmeasured with a gas purge system
as described above.  The records are
converted from pressures to water level with
respect to a datumon the rimof Te Horu, a
point surveyed by the 1984 Rotorua Geot her mal
Monitoring Program Water tenperature at two
fixed depths are also recorded. This
tenﬁerature array provides information about
both the hydrodynam ¢ and thermodynani ¢
events occurring in the vent and assists in
monitoring events occurring in the vent and
assists in monitoring the varying water |evel.

Vi kor ohi hi
A tenperature sensor is located in the over -
flow fromthe pool surrounding the geyser.

(¢)

Geyser Flat is seen by thousands of people every day,
therefore the visual 1npact of any monitoring
instrunentation has to be mninised. An additional
incentive for concealing equipment is to mininise the
possibility of interference.

Qther factors that required consideration when
locating the recording systemwere the periodic
dousing of the site wth near boiling water and the
presence of hydrogen sul phide gas.

Sensors are calibrated by taking manual measurements
and observations. For the Te Horu water |evel, every
coupl e of weeks the water level is manually neasured
every minute for approximtely one hour.  Tenperature
aensors are checked against a portable thernocouple
evi ce.

EXAMPLES CF DATA

Two sets of selected data are provided as an exanple
of the records being collected from Geyser Flat.

Three paranmeters have been chosen; Te Horu water |evel,
Vi korohi hi activity, and Pohutu activity.  These
sets are fromruns that contain 10 second sanpl es,
five points in every six have been discarded.

The data sets are not presented in chronol ogical order.
This is because early data does not exhibit
characteristics that are now regarded as representing
the norm

WHKDB31
Data collected from 1 Cctober 1987 at 9:53 hours

through to 2 Cctober 1987 12:15 hours.  Points of
interest to note are: .

MCLECD

Vi kor ohi hi appears to 'normally' have
eruptive periods of about eighty mnutes.
Its rest period is dependent on the length
of time active.

The pattern of activity of Pohutu and

Vi kor ohi hi changes as the water level in

Te Horu changes.  Wile the Te Horu water

I evel averages aound -3.5 netres, the geysers
play fairly regularly.  The water |evel
average falls when Pohutu starts exhibiting
"shattered' eruptions.

Pohutu usual I'y erupts when Wi korohi hi stops.

Wien Pohutu erupts, the water level in Te
Horu falls.

erature

Increases in deep Te Horu water te
evel and

are preceded by increases in water

followed by an eruption of Pohutu.

(f)  There are peaks in Te Horu water |evel that

gf)pear unrelated to other activity on Geyser
at.

VWHKDB44

Data points collected from 28 July 1987 at 9:03 hours
through to 29 July 1987, 851 hours.  Points of
interest to note are outlined bel ow.

(a)  An obvious relationship between the Te Horu
water |evel and the activity of Waikorohi hi
and Pohutu Geysers.

Low average water level in Te Horu is

acconpani ed by virtual cessation of \éikorohi hi
activity and 1s followed by an unusually long
qui escent period from Pohutu.

(b)

(c) Extended time of short period Pohutu eruptions
corresponding to an average Te Horu water

| evel of around -6.0 metres bel ow datum

(d)  Exceptionally high Te Horu water |evel
following an above normal length eruption of
Vi kor ohi hi and acconpani ed by a possible
20 minute full colum eruption from Pohutu.

The records of activity now available from Geyser Flat
are further revealing the conplex nature of the inter-
connections between the features. It is intended
that the data will be used to further define
quantitatively the evident coupling and cyclic nature

of the activity.

DI SCUSSI ON

The described recording system has increased by an order
of magnitude the resolution and reliability of records
from Wai mngu and \Whakarewarewa.  Instrunentation and
programs for collecting and processing the data from
both |ocations have benefitted fromthe experience
gained at each.  This productive association can al so
extend to the data analysis and model | ing.

At WAimangu the activity is dominated by the approximte
six weekly cycle evident in the Inferno Crater Lake

wat er |evel changes, whereas at \Wakarewarewa, the

coupl ed system of Pohutu, Te Horu and Wi korohihi has a
relatively faster cycle. It will be an interestin%
chall enge to devel op model s that can be applied to both
syst ens.
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