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ABSTRACT

The Puarenga Stream forms part of t h e boundary
o f t h e Whakarewarewa area and carries t h e
d i s c h a r g e from Whaka to Lake Rotorua. F i f t e e n
minute flow and temperature gaugings are mads a t
H e m o Gorge upstream of Whaka and a t P.R.I. b r idge
downstream. Mean d a i l y estimates of t h e h e a t flow
i n t o t h e stream and t h e entha lpy of t h i s f low are
made and show changes with r a i n f a l l and a i r
temperature, b u t have otherwise remained f a i r l y
cons tan t .

The stream has been sampled on 21 occas ions
o v e r a t w o year period. A l l samples were ana lysed
f o r c h l o r l d e , and su lpha te . S o l a r h e a t i n g
e f f e c t s and t h e stream flow t i m e between
Gorge and F.R.I. bridge have been taken
account . The c h l o r i d e conten t of t h e inf low and
entha lpy , show a l i n e a r r e l a t i o n s h i p which
extrapolates well t o o t h e r f e a t u r e s i n t h e area.
The c h l o r i d e inf low Is g e n e r a l l y cons tan t b u t
shows d e f i n i t e low values.
a mixing of s p r i n g discharges and groundwater.

r a t i o s i n d i c a t e

INTRODUCTION

The Whakarewarewa thermal a r e a is t h e focus of
much s p e c t a c u l a r d i scharge .g. geysers from t h e
Rotorua geotherna l system i n N e w Zealand. A

monitoring programme has been set up t o
i n v e s t i g a t e t h e r e l a t i o n s h i p of d ischarge of wells
and t h e behaviour of n a t u r a l f e a t u r e s . This paper
d e s c r i b e s t h e d a t a obtained from the monitoring of
t h e mass, h e a t , and chemical flow from
Whakarewarewa i n t o the Stream s i n c e
September 1982.

The stream flows c l o s e to t h e northwest
boundary of t h e Whakarewarewa and on t o Lake
Rotorua rece iv ing the d ischarge from t h e thermal
area (Fig. 1 ) . measure t h i s d i scharge , t h e
gauge h e i g h t and temperature are measured a t 15

minute i n t e r v a l s a t Gorge, and near t h e
F o r e s t Research I n s t i t u t e (F.R.I.) b r idge
and downstream of r e s p e c t i v e l y .
The sample a r e separa ted by 3 The
r e c o r d e r s a r e maintained by t h e Water and
Div is ion of the Ministry of Works. The flow r a t e

c a l c u l a t e d from the gauge h e i g h t by a
r a t i n g curve. Chemical samples have been taken by
D.S.I.R. and H.W.D. s t a f f on days dur ing t h e
per iod .

VARIATION I N HATER

Both t h e flow r a t e and temperature i n t h e
stream show v a r i a t i o n s throughout the day. The
temperature has d i u r n a l c y c l e assumed t o
caused by s o l a r heat ing. f lowra te has more

complicated p a t t e r n ;
v a r i a t i o n due t o i n t e r m i t t e n t pumping of water
o u t t h e above by
D i s t r i c t Council Cor c i t y water s u p p l i e s .
is t o a of Lnflow

stream.
tempera tures have c y c l e
s i m i l a r t o air The

a p p a r e n t f l o w varies w i t h

a t least of t h e

The stream

Runoff R

Stream input

Runoff W

n o t t o scale

Figure 1: Schematic model of t h e main in f lows
i n t o Puarenga Stream as i t flows through
Whakarewarewa .

t h e amount of r a i n i n t h e r e c e n t past. Following
r a i n f a l l , t h e flow rate i n c r e a s e s , and t h e
temperature decreases. The daily flow d i f f e r e n c e
(Pig. and temperature d i f f e r e n c e (Fig.
have approximately c o n s t a n t except f o r
r a i n f a l l induced changes. The
f l u c t u a t i o n s i n t h e flow rate are of t h e same
o r d e r as t h e flow d i f f e r e n c e . The flow time from
H e m o Gorge t o F.R.I. depends on flow rate and can
be e s t i m a t e d approximately from t h e data 1.5

- 2 hours a t times of low flow.

The a v a i l a b l e chemical from samples
taken once on given day, show the chemical
in f low has remained cons tan t except
f o r a f e w lower c h l o r i d e va lues . have now
been taken every ha l f hour over 24 hours t o test

f o r a d i u r n a l v a r i a t i o n chemical c o n t e n t of the
stream flow, b u t the a n a l y s e s are not y e t
complete .

SOURCES OF INFLOW TO THE STREAM

The expected i n p u t s to t h e stream a r s shown
schemat ica l ly i n Fig. 1 . Runoff R the runoff
i n t o t h e stream from a r e a s o u t s i d e and N.W. t h e
thermal I t inc ludes some stream runoff and
may inc lude some discharqe . This has
b e e n es t imated pers.

Runoff r e p r e s e n t s the runoff
a c r o s s t h e thermal Cold water the
inf low t o coole r dur ing and j u s t
r a i n f a l l .
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Figure 2: P h y s i c a l q u a n t i t i e s a s s o c i a t e d with t h e
Puarenga Stream inf low from Whakarewarewa
p l o t t e d as d a i l y averages a g a i n s t time for t h e
per iod September 1882 to March 1984.

a t F.R.I., and t h e flow
d i f f e r e n c e . va lues have been c l ipped a t 6

(6000 The flow a t F.R.I. i n the
October 1983 f low w a s over 10 cumec.

Temperature a t P.R.I. Gorge and t h e
tempera ture d i f f e r e n c e .

The flow on a n expanded
Values over a r e n o t shown,

The h e a t f low d i f f e r e n c e t h e stream.

v a l u e s o v e r not shorn.

The e n t h a l p y of the t h e stream ( 1

The thermal inflow has been s p l i t i n t o t h r e e
p a r t s . The f i r s t , from Lake Roto-a-Tamaheke, has
a v a r i a b l e d ischarge which is p a r t l y due t o
r a i n f a l l . second from the Geyser F l a t
area, and v a r i e s with geyser a c t i v i t y and
condi t ions . t h i r d is Crom t h e smaller s p r i n g s
and t h e groundwater .

The temperature of t h e groundwater v a r i e s i n
d i f f e r e n t parts the thermal area and the
s p r i n g s have var ious temperatures and discharge
rates, The waters a t Whakarewarewa can be
c l a s s i f i e d i n t h r e e chemical types, c h l o r i d e ,

and

PHYSICAL

Accuracy o f phys ica l measurement

Gauge h e i g h t s a r e measured to wi th in about 2

which conver t s to 20 As the
d a i l y flow v a r i a t i o n about 100 l/s on around
1000 and t h e flow t i m e somewhat var iab le ,
is d i f f i c u l t t o s p e c i f y meaningful for
t h e flow d i f f e r e n c e (normally 120-150 from
t h e raw data . This a p p l i e s t o t h e o t h e r
d i f f e r e n c e s . Temperatures are measured to about

temperature d i f f e r e n c e is around
and t h e d i u r n a l temperature v a r i a t i o n can be 3 o r

There were recorder problems wi th both
temperature measurements dur ing the f i r s t h a l f of
1983, and there have been s e v e r a l r a t i n g changes,
mainly a t P.R.I. bridge, due to changes in the

stream bed configurat ion.

Results of p h y s i c a l measurement

overall r e s u l t s , d a l l y average values have
been used to enhance the accuracy of the p h y s i c a l
measurements and t h e flow time from Gorge to
F.R.I. br idge has n o t been taken i n t o account.
However, to incorpora te t h e chemical samples, a
more s o p h i s t i c a t e d procedure is used as descr ibed.

The h e a t f l o w a t each s i t e g iven by:

h e a t flow f low temperature x s p e c i f i c h e a t of
water

heat flow d i f f e r e n c e can then be ca lcu la ted .
en tha lpy of the inf low is given by:

( h e a t flow d i f f e r e n c e
(mass flow d i f f e r e n c e )

e n t h a l p y

The h e a t flow d i f f e r e n c e and t h e e n t h a l p y of
i n f l o w c a l c u l a t e d from the d a i l y average values
are shown i n curves (e) and Fig. 2.

The flow d i f f e r e n c e , the temperature
d i f f e r e n c e , t h e h e a t flow d i f f e r e n c e and the
e n t h a l p y are roughly c o n s t a n t 21, t h e
immediate o f r a i n f a l l a r e axcluded (Table
1 a f i r s t approximation t o t h e outf low from
Whakarewarewa t h e mean va lues used. Various
approximate methods of removing t h e r a i n f a l l
dominated d a t a can be devised b u t all g i v e roughly
t h e same r e s u l t s . averages are
a f t e r t h e days with r a i n f a l l , and any remaining
days wi th flow greater than 1500 (1 .5

a t Hemo Gorge have been removed.

The mean entha lpy of the in f low is e q u i v a l e n t
t o about water . rain' s tandard
d e v i a t i o n s can be used an estimate the

accuracy of d a i l y avsraqe obta ined from
i n t e r n a l cons i s tency of the d a t a .

The r e s u l t s f o r the weekly measurements
inf low v a l l e y i n t o the stream

1951- 52 shown comparison. The

i d i t d t t d h l i d t t h
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ACL c h l o r i d e f l u x a t F.R.I. -
Chlor ide f l u x a t Hemo.

-1200 Time

TABLE 1 : Inflow d a t a - Hemo Gorge t o F.R.I .

8 12 14 16

all data no Wairakei

1951- 52 s u l p h a t e a t
s u l p h a t e f l u x a t H e m o .

Flow d i f f mean 160

sd 2562
137
28 l/s

l/s
j . c h l o r i d e concent ra t ion of t h e inf low

Temp d i f f mean C
.87 C

5.86 C
c EI, en tha lpy of t h e inf low flor

- AF.

5 2

520 J /g

Heat flow mean 42.5

s d 12.6

38.9
4.3 , mole r a t i o of t h e

1.

inf low x
Enthalpy mean

s d
291 J/g 291 J/g
60 J/g 51 J/g

Chloride mean
sd g

130 g

from 14 chemical samples (see t e x t ) , f o r which
t h e flow d i f f e r e n c e mean 145 20

There are periods when the flow and h e a t
d i f f e r e n c e s show t r e n d s away from t h e mean va lues ,

there is a long rise and f a l l of t h e flow
d i f f e r e n c e s dur ing t h e r e l a t i v e l y d r y summer o f
1982-1983. The entha lpy shows some a b r u p t
changes, t h e s izes of which are mainly w i t h i n the
accuracy l i m i t s . -10

As the entha lpy minima correspond w i t h the
f low (with the d a i l y average v a l u e s ) , Gran t

1984) has es t imated t h a t t h e r e is n e g l i g i b l e
p e n e t r a t i o n of t h e co ld i n t o the h o t
ground a t Whakatewarewa. changes i n
temperature of t h e run-off from Whaka r e s u l t from
t h e mixing and displacement of s u r f a c e h o t waters.

CHEMICAL MEASUREMENTS

Twenty one surveys have been concluded, from
9/8/82 to 21/7/84. Samples were collected from
t h e l e f t bank, c e n t r e stream, and r i g h t bank at
t h r e e s t a t i o n s , H e m o Gorge, Whaka Bridge and
F.R.I. Temperature gauge h e i g h t were read and
c h l o r i d e , and s u l p h a t e determined on each
sample. Analyses o f samples from t h e same s t a t i o n
were w i t h i n 1

M.W.D. f low and temperature d a t a w a s used so
t h e c o r r e c t i o n s could be made f o r solar h e a t i n g
and flow t i m e between and F.R.I. Whaka
b r i d g e d a t a are not repor ted due to l a r g e
u n c e r t a i n t i e s I n t h e flow data .

F i g u r e 3: Flow and temperature d a t a a t P.R.I. and

Hemo recorded a t minute i n t e r v a l s by

H.W.D., Rotorua.
The method used w a s :

a. Plot temperature and flow d a t a f o r H e m o and
F.R.I. from 0700 to 1700 hrs ; d a t a from

is shown in 3 .

Chemical r e s u l t s

D a t a to a r e shown Table 2 ,

( t h e r e are no 1 5 minute recorded values f o rFT, temperature a t F.R.I. = t h e
temperature read on t h e graph a t t h e sampling
t i m e .

The e f f e c t msasursment e r r o r on c a l c u l a t e d
parameters .C . temperature Hemo t h e temperature

read from the graph a t t i m e t h e F.R.I.
sample was taken. This makes the best
c o r r e c t i o n €or s o l a r between and

The of chanqing measured values a t
F.R.I . a r e shown 4 and 5 , and
Table 3.

d.

e .

FF, flow a t t h e flow read from
a t the sampling t i m e .

C h l o r i d e concent ra t ion of inflow, v Enthalpy
of in f low, - 4 .

a t the flow from

t h e 1 2 before the F.R.I.

This t h e flow t i m e

t w e e n . .

Pig. 4 shows a l i n e a r t rend with E I .

Deep hiqh temperature usually

have relatively c o n s t a n t c h l o r i d e
Thus h e a t flow be calculated from
out f low ( E l l i s 1 9 5 5 ) . the

l i n e Fn Fig . 4 c h l o r i d e
c o n t e n t a t is v a l u e is c l o s e
t o t h e con ten t of of the

€ .
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TABLE 2: Puarenga Stream Data

Sample Date PF HF

1354
1261
1115
1092
1648
1184
1073
1274
1520
1050
1075
1985
1255
1334
1245
1118
1289
1143

HT
4

272 65.7
281 63.1 36.8
281 62.9 33.5

276 66.2 41.5
213 66.0 44.4
275 55.8 30.5

247 61.6 41.2
219 66.3 37.7

346 28.9

299

240
253
286 61.6 36.4
257 63.9 35.1
304 61.0 32.1

288 65.0 36.0
218 36.3

260

4.6
5.1
5.0
4.3

5.0
4.7

4.8

4.8
3.6

4.9
5.1
5
4.9
3

30/ 9/82 1474
1387

24/11 1246
16/12/82 1171

4/83 1800
11/ 5/83 1307
24/ 5/83 1174
14/ 6/83 1394
28/ 6/83 1686

8/83 1220
9/83 1198

2/11/83 2150
5/12/03 1403

2/84 1492
3/84 1380
5/84 1298
6/84 1429
7/04 1265

120
126
131
79

152
123
101
120
166
170
123
165
148
158
135
180
140
122

18.6
19.0
20.3
21

17.1
15.9
17.2
15.9
17.1
17.2
17.2
21.7
20.3
21
17.8
18.1
14.3

14.5

14.8

13.6
11.2
12.1
11
11
12.6
13.6
16.2

15.4

12.6
9.2

17.4

548
501
480
678
436
537
552
539
371
390
467
379
416

404
452

372
464
426

Ins tantaneous measured temperatures. No 1 5 minute values.

TABLE 3: P rec i s ion of c a l c u l a t e d d a t a

Parameter

P rec i s ion
at F.R.I.

E f f e c t s of change on

n i1 n i1
n i l -12, +15

-20 -23, +33

Chlor ide -1 +9, -9 -1

Temp. n i l n i 1
-20 -59, +81 -1.0

Horu

8

00

-1-200
linear regression

* 1 chloride a t
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A similar e x t r a p o l a t i o n t o y i e l d s a
conten t of 1359 which compares well

1375 measured t h e deep w e l l

which t a p s water a t l i n e a r i t y
r e l a t i v e l y simple of t h e deep

f l u i d w i t h c o l d groundwater.

inf low, v mass inflow, - Fig.

t h e c h l o r i d e inf low c o n s t a n t o r v a r i a b l e ?
Fourteen va lues of l i e between 61 and 67

r e l a t i v e l y c o n s t a n t (see Table 1 ) . However
four low va lues of 53 .6 , 5 5 . 8 , and 5 2 . 0 are
recorded. These d i f f e r e n c e s are much g r e a t e r than
are expected from measurement e r r o r s (Table 3) and
thus show t h a t t h e c h l o r i d e inf low does vary.
These low va lues are n o t related to s p e c i f i c times
of t h e year . However they occur a t lower AF
values , sugges t ing t h a t t h e r e is a lower thermal
flow from Whakarewarewa a t these times.

The r e l a t i v e l y c o n s t a n t c h l o r i d e inf low a t
high i n d i c a t e s t h a t h igh AF values are due t o
high r a i n f a l l runoff . does n o t i n c r e a s e t h e
c h l o r l d e or h e a t inflow, b u t lowers
average entha lpy , EI. Figs 4 and confirm t h a t
high AF samples 1 3 , 15 , have low
and values. A t r end of wi th t i m e n o t
seen.

Figure Input versus Mass ‘Input
of the Puarsnga Stream.

Comparison of Whakarewarewa s p r i n g and stream
inf low c h e m i s t r i e s

r a t i o i n t h e stream inf low 4.6

4
However r a t i o i n t h e major
c h l o r i d e s p r i n g s much higher ,

Roto-a-Tamaheke East = 10.4; Parekohoru 23;

Geyser P l a t average 17; Papakura area 20. If
H these f e a t u r e s oxid i sed to SO the

is a Little,

Thus t h e r e Large c o n t r i b u t i o n t o t h e
i n f l o w from o t h e r Some -

- known, 160

near bottom

They conta in 1000, 610 and 480 mg SO4 and have

r a t i o s of 0 .2 and 2.9..
4

of a l k a l i n e and a c i d springs and t h i s

groundwater accounts t h e r a t i o 4.6

i n t h e inflow.
,

well has a su lphur
r a t i o i n t h e downhole f l u i d o f approx. 4.6.
s u g g e s t s t h a t , al though steam and gas s e p a r a t e
from t h e ascending f l u i d , e s s e n t i a l l y a l l t h e

trapped and oxid ised t h e groundwater and
e v e n t u a l l y reaches t h e Puarenga Stream.

CONCLUSIONS

flow rate and temperature the Puaranga
show d a i l y and seasonal changes, and

changes with r a i n f a l l .
F.R.I. Gorge show changes with r a i n f a l l
and possibly slow changes with t i m e , b u t t h e s e
changes less than the poss ib le measurement
error. in f low i n t o t h e has a mean
va lue o f approximately 140 l/s and entha lpy
e q u i v a l e n t t o t h a t of water. A c h l o r l d e
i n f l o w of 64 l/s shows only small changes b u t
t h e r e are some lower values which seem t o
occur a t lower flow d i f f e r e n c e s , a t times

t h e r e appears t o be an a c t u a l decrease i n t h e
c h l o r i d e f l u x and hence t h e deep f l u i d d ischarge
to t h e s u r face a t Whakarewarewa.

The d i f f e r e n c e s between

The l i n e a r regress ion between c h l o r i d e and
e n t h a l p y e x t r a p o l a t e s to other f e a t u r e s i n
t h e area.
r e q u i r e s a mixing of waters from s p r i n g s and
groundwater.

The r a t i o of the stream inf low,
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