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ABSTRACT

Repeat g rav i t y measurements show t h a t over
the 'whole f i e l d there has been net mass loss

100%recharge) for the period b y
e a r l y 1983 a t i v e loss f r o m the f i e l d was
about 1450 x 10 and recharge about
1100 x kg.
s i g n i f i c a n t net mass loss of about 7 x
occurred i n an area west of the main production
borefield and an approximately equal net mass gain
occurred i n the eas t e rn par t o f t h e borefield.
i s the f i rs t t ime t h a t a net mass gain
has occurred anywhere i n t h e f i e l d since

began. The area i n which this gain occurs
roughly corresponds t o an area i n which shallow
groundwater levels have dropped b y up to 10 i n
this period, b u t i s n o t centred on the area of
grea t e s t ground subsidence.

4
However, between 1974 and 1983 a

T h i s

INTRODUCTION

Repeat gravity surveys have been made-in
about Field (Fig. i n 1961,
1962, 1967, 1968, 1971 and 1974 t o determine net

change and the amount of recharge of water
in to the field. These surveys showed tha t , during
the i n i t i a l period of exploitation between 1958 and

the annual recharge dropped t o about
subsequently
90% (Hunt, This paper gives sane
preliminary resu l t s of a further repeat gravity
survey, made i n February 1983; f u l l accounts of
the methods used and interpretation of the resu l t s
are in preparation and w i l l be published elsewhere.
The time period considered here is December 1974 t o
February 1983 (approximately 8.3 years)
this time about 490 x of water (both 
liquid and gas from the f i e l d
t o generate e lec t r i c i ty .

se and from 1966 t o 1974 was about

during

GRAVITY MEASUREMENTS

The were made on
permanent, concrete benchmarks with a and

gravity meter
was used t o instrument d r i f t errors and
ident i fy blunders. Gravity values were computed
using the methods described by (1982
this method d i f f e r s s l ight ly from t h a t used
previously (Hunt, and has allowed be t te r
recognition of tares and blunders - most values
computed are within 0.3 (0.03 mgal; 30
of those given previously.

re la t ive t o a base s ta t ion on Taupo
Fundamental benchmark (Fig. s i tuated outside
the f ie ld .  

A looping technique

A l l values were

Fig. 1: Location and extent of Wairakei

aries of the at a depth of about 0.5

determined from elec t r i ca l resistivity measure-
ments (G. Risk, pers. Note t h a t the
main production borefield occupies only a
area of the f ie ld . Open c i rc les indicate
positions of benchmarks used i n the gravity

survey;
have been A and indicate areas of
negative gravity differences referred to i n the

The hatched zone indicates the bound-

benchmarks i n borefield area

text .
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Fig. 2: Elevation changes (m) and the main production borefield for the period

circles indicate shallow ground water level holes. Note the large ground 
subsidence ( north-east of the borefield.

1974-1983. open circles indicate used in the gravity survey; closed
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Fig. 3:

groundwater level at bore

Groundwater level changes in and near the main production borefield for the
period 1974-1983. Symbols as for Pig. 2. Note the large drop in



GRAVITY DIFFERENCES

Differences i n the value o f gravi ty a t a
benchmark between surveys may be caused by changes
i n e l eva t ion  o f  t h e benchmark, and i n near- surface
groundwater l e v e l i n add i t i on t o ne t mass changes
i n t h e reservoir. Since the a i m of t h e gravi ty
measurements is t o mass changes i n the
reservoir, the gravi ty e f f e c t s of a l l o the r
changes must be determined and allowed for .

Considerable ground subsidence has occurred 

i n and about the f i e l d 1970; S t i l w e l l ,
e t a l . 1975; A l l i s and Barker, 1982). The amount
o f subsidence at each benchmark f o r t h e per iod
1974-1983 w a s determined from l e v e l l i n g data
provided by Ministry of Works and Development (Fig.

and the corresponding gravi ty calcula ted
using the normal ' f r ee- a i r ' gradient of
per metre of subsidence.

--

Measurements of t h e level of the shallow
groundwater su r f ace a t Wairakei have been made
the late 1950's by M.W.D. Prior t o 1974 the
changes i n l e v e l have generally been less than 3
and t h e g rav i ty e f f e c t s a t the benchmarks used
have been considered negl ig ib le Hunt,

However, dur ing t h e period 1974-1983 t h e r e
have been some larger changes, notably i n the nor th

e a s t e r n part of t h e main production bore f i e ld (Fig.
which require consideration. Assuming t h e

connected poros i ty o f rocks i n the groundwater zone
is 0.5, on dra in ing the re is 50%res idua l
s a t u r a t i o n , and t h e o f water at the
groundwater level is 100 C, the gravi ty e f f e c t of

-0.5

0
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Fig. 4: Corrected gravi ty di f ferences a t

Geothermal F ie ld f o r the period
1983.

Fig. 5:

g rav i ty di f ferences covering the eas t e rn p a r t of t h e boref ie ld .

Corrected g rav i ty di f ferences i n and near thema in production bore f i e ld
f o r t h e period 1974-1983. Symbols as f o r Fig. 2. Note the a rea of pos i t i ve



a drop i n water leve l is approximately -0.1
per metre drop.
measurements of groundwater level changes outs ide
of the boref ie ld , and so f o r this
e f f e c t have been confined to those gravi ty
observations i n the  boref ie ld .  

Unfortunately there have been few

I
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Other changes which might cause gravi ty
dif ferences include changes i n topography, changes 
i n temperature of  the  groundwater ( A l l i s ,

uncer ta in t ies i n the ca l ib ra t ion of t h e gravi ty
meter, and regional gravi ty changes. The gravi ty
e f f e c t s of a l l these have been invest igated,  but  
are considered to be negl ig ible 3 .

dif ferences  corrected for t h e
gravi ty e f f e c t s of subsidence and changes i n
groundwater level are ca l l ed corrected gravi ty
dif ferences .

CORRECTED GRAVITY DIFFERENCES

Corrected gravi ty  d i f ferences  f o r the

Values of such di f ferences are generally

per iod are given i n Figs 4 and 5 .

s m a l l except at same benchmarks i n and
close to the main production boref ie ld . An estimate
o f the values by errors i n measurement,
reduction of the data , and o the r spurious causes can
be obtained by examining the dif ferences a t bench-
marks d i s t a n t the  boref ie ld .  
t he  d i s t r ibu t ion  fo r  values of corrected gravi ty
d i f f e rence at benchmark outs ide t h e area covered i n
Fig. 2, f o r the period 1974-1983, is shown i n Fig.
6. Except f o r one value of -1 t h e values
range between -0.6 and and are s l i g h t l y
skewed towards negative values. 
similar to t h a t f o r the period 1967-1974 (Fig.
This suggests t h a t ,  f o r  t he area i n and near t h e

of than and less
than -0.6 are s ign i f i can t , and par t i cu la r ly
s i g n i f i c a n t i f values a t adjacent benchmarks are
also outs ide t h i s range and of the same sign.

.

A histogram of

The pa t t e rn is

DISTRIBUTION OF CORRECTED DIFFERENCES

Signif icant corrected gravi ty  d i f ferences  
occur i n two small and separate areas of the

1. An area north-west of the main production bore-
f i e l d (A; Fig. and possibly extending south-
w e s t of the Fig. di f ferences
a r e negative, indicat ing a ne t mass loss, and
a re up t o -1 i n amplitude.

2. An elongated area covering the  eas t e rn  p a r t of
the main production'borefield and the area
between it and the Wairakei Stream to the
north.
indicat ing a ne t mass gain, and are up to

The gravity dif ferences are positive

2.4 i n amplitude. This is the f i r s t t i m e
t h a t s ign i f i can t positive gravi ty  d i f ferences  
have been recorded a t Wairakei.
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Fig. 6 : . Histogram showing the frequency
d i s t r ibu t ion of corrected gravity

dif ferences a t Wairakei f o r t h e area outside
that covered i n Fig. 2. One value of -1.0

f o r the period not
been plot ted . Note that, apa r t from t h i s
value, a l l di f ferences l i e between
and -0.6 and that the d i s t r ibu t ion
f o r is s imilar t o that f o r 1967-1974.

MASS CHANGES THE WHOLE FIELD

The integra ted sum of the corrected gravi ty
dif ferences i n each of t he above areas is
about 3
change of about 7 x The
n e t loss from the first area approximately
balancing the  ne t  mass gain i n the second; fo r

each area the mass change is less than 2%of the
total mass ex t ra t ed during the period.

cor to a ne t mass

The integra ted sum of the corrected gravity
dif ferences over the whole f i e l d is about zero 
indicat ing t h a t there has not been any net mass
loss from the f i e l d and there has been, overal l ,
complete recharge f o r this period.
mass loss from the f i e l d t o ea r ly 1983 is about
1450 x kg;
1100 x kg;
s ince exp lo i t a t ion began (Fig.

Cumulative

and cumulative recharge about
an overa l l recharge of about 75%

OF THE

Sign i f i can t negative corrected qravity 
d i f ferences occur north-west of the main production
bore f i e ld near bores 201, 206 and 107 (A; Fig.
1); o the r negative differences (-0.4 t o -0.6

occur near the junction of and
Roads Fig. The d i s t r ibu t ion

of these dif ferences is no t clearly ' defined bu t
appears be similar
period 1967-1974 (Hunt, although the

o f the dif ferences a re smaller. This
suggests t h a t same water continues t o be mined
from this area, bu t recharge has increased.

t o that found f o r the
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Fig. 7: Cumulative mass loss and recharge a t Wairakei Geothermal Field.

w e r e provided by M.W.D.; values f o r recharge were determined repeat  gravi ty  
measurements and have an estimated error of about 15%.

This graph i s an update of Fig. 8 given i n Hunt (1977). Values f o r mass loss

MASS CHANGES I N EASTERN

The shape of the area with pos i t ive
corrected gravi ty  d i f ferences  is elongated i n an

d i rec t ion , with g rea te s t values a t the
end and a ' ta i l ' eastward towards

the Power House (Fig. The maximum value i n the
area is a t benchmark P41 near bore 

and s i x times the estimated amplitude of
error. The area overlaps s l i g h t l y , parts of the

bore f i e ld b u t i n general the gravi ty
dif ferences i n the western boref ie ld are close t o
zero.

l a r g e s t positive difference occurs near
t h e largest measured drop i n shallow
l e v e l (10 i n adjacent to Fig. 3) .
Furthermore the  d i s t r ibu t ion  of these dif ferences
approximates t h a t of the shallow groundwater level
changes, a t least i n the eas tern  boref ie ld .  The
amplitudes of the dif ferences , however, are much
l a r g e r than might be expected from simply draining
t h e equivalent mass of groundwater depletion down
i n t o the reservoir zone. In t h i s case, the
measured grav i ty dif ferences uncorrected f o r
groundwater l e v e l changes be about zero, b u t
t h i s is no t so;
mark P41, corrected only f o r subsidence, is

the gravi ty difference a t bench-

area of pos i t ive gravi ty  d i f ference  
overlaps the area of l a rge .subsidence but
t h e areas do not appear t o be d i r e c t l y re la ted .
The largest gravi ty  d i f ference  is located about 1km
west of the centre of subsidence. gravi ty
dif ferences of 1.9 and 1.8 a t benchmarks
P 147 and P 125 near the centre of subsidence a r e
greater than at adjacent benchmarks, bu t this may
be with ponding of t h e Wairakei Stream i n
the (Allis,

The pos i t ive gravi ty dif ferences i n t h i s
area are probably very s ign i f i cna t and can only be
caused by a n e t mass increase i n the reservoir zone
beneath the eas tern boref ie ld . Such an increase
may be due to cold water invading the
reservoir zone or t o an increase of sa tu ra t ion i n
the two-phase zone. Further in t e rp re t a t ion is ,

underway to and isolate the

There was no net mass l o s s from the f i e l d
for t h e period 1974-1983; recharge
has been about 100%.

2. There has been a n e t mass loss of about
7 x f r o m an area w e s t of the main
production boref i e ld .



3.

4.

.

There been a ne t mass gain of about
7 x 10
the eastern part of the borefield.

i n the reservoir beneath

Further work should be t o monitor
temperature and water-level i n the
groundwater zone, pa r t i cu la r ly north of
the borefield.

I thank S. Survey Section, Ministry
of Works and Development providing
unpublished level l ing data, and of
Measurements Section (M.W.D.; Wairakei) f o r
unpublished water data.
(D.S.I.R.; Wellington) provided the computer

for reduction of the gravi ty observations
and Rick A l l i s S.I.R. Wairakei offered much
helpful advice.

Derek Woodward
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