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AHSI'XACI' 

The Roto-a-Tamaheke catchment i s  s i t u a t e d  a t  t h e  
eas te rn  end o f  t h e  Whakarewarewa Thermal Reserve a t  
Rotorua. I t  c o n t r i b u t e s  about 30% o f  t h e  f l o w  f rom 
t h e  Whakarewarewa area and i s  t h e  l a r g e s t  n a t u r a l  
f e a t u r e  i n  t h e  area. The two o u t f l o w s  and t h e  r a i n f a l l  
a r e  moni tored con t inuous ly .  The component o f  f l o w  
generated by r a i n f a l l  i s  c a l c u l a t e d  i n  t w o  ways. One 
uses a model o f  t h e  catchment w i t h  parameters e s t i -  
mated f rom knowledge o f  a ne ighbour ing  catchment. The 
o t h e r  uses t h e  data a n a l y s i s  techniques.  Once t h e  
r a i n f a l l  component has been removed, t h e  rema in ing  
f l o w  comes f rom spr ings  and t h e r m a l l y  heated ground 
water .  The v a r i a t i o n  o f  t h i s  s p r i n g  f l o w  i s  cons id-  
ered i n  r e l a t i o n  t o  changes i n  t h e  sha l low ground 
water, and geothermal a q u i f e r  pressures.  

I NI'ROWCI'ION 

The Whakarewarewa thermal reserve  i n  Rotorua i s  one o f  
t h e  l a s t  remain ing areas i n  t h e  wor ld  where geysers 
p l a y  n a t u r a l l y .  I n  1982, a m o n i t o r i n g  programme was 
s e t  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  o f  t h e  d i s -  
charge o f  w e l l s  and t h e  behaviour  o f  n a t u r a l  fea tu res .  
Th is  paper d iscusses the  r e s u l t s  f rom a water balance 
study o f  t h e  Roto-a-tamaheke catchment which i s  an 
ongoing p a r t  o f  t h a t  m o n i t o r i n g  programme. 

Lake Roto-a-tamaheke i s  t h e  l a r g e s t  n a t u r a l  f e a t u r e  i n  
t h e  Whakarewarewa thermal  reserve .  I t  i s  f e d  by f l o w  
f rom numerous geothermal s p r i n g s  as w e l l  as t h e  normal 
processes o f  r a i n f a l l  r u n o f f  i n  i t s  catchment. The 
f l u i d  o u t f l o w  f rom t h e  catchment c o n t r i b u t e s  about 30% 
o f  t h e  i n p u t  t o  t h e  Puarenga stream as i t  f l o w s  
th rough  Whakarewarewa. The s p r i n g  f l o w  component shows 
a t e n t a t i v e  c o r r e l a t i o n  w i t h  t h e  changes i n  the  
geothermal a q u i f e r  caused by changes i n  w i thd rawa l .  

The Rotorua m o n i t o r i n g  programme committee i n i t i a t e d  a 
m o n i t o r i n g  p l a n  o f  Roto-a-tamaheke i n  1983, w i t h  t h e  
main o b j e c t i v e s  being:-  

1. To i d e n t i f y  the  s h o r t  term (monthly and sea- 
sonal)  and long  term (annual)  f l u c t u a t i o n s  i n  
t h e  water balance. 

2. To i d e n t i f y  t h e  f l o w  changes and t rends  i n  t h e  
h o t  s p r i n g  component o f  t h e  o u t f l o w .  

3 .  To use t h e  r e s u l t s ,  i f  requ i red ,  as an immedi- 
a t e  re fe rence  t o  an event and t o  p r o v i d e  da ta  
t o  f u r t h e r  r e f i n e  t h e  t h e o r e t i c a l  f i e l d  model. 

Th is  paper descr ibes  the  catchment and t h e  m o n i t o r i n g  
t h a t  has been undertaken t o  determine t h e  water b a l -  
ance. The da ta  c o l l e c t e d  has been used i n  two ways t o  
es t imate  t h e  s p r i n g  f l o w .  The f i r s t  method uses da ta  
f rom a ne ighbour ing  catchment t o  e s t i m a t e  t h e  runof f .  
The second method es t imates  a t  l e a s t  t h e  f a s t  r u n o f f  
component u s i n g  t h e  t inie s e r i e s  r e g r e s s i o n  techniques 
being developed t o  analyse o ther  da ta  c o l l e c t e d  i n  t h e  

Rotorua geothermal m o n i t o r i n g  programme. The bas ic  
fea tu res  o f  t h e  s p r i n g  f l o w  a r e  t h e  same i n  bo th  
methods. Some i n s i g h t  i n t o  t h e  response o f  s p r i n g  f l o w  
t o  r a i n f a l l  comes f rom t h e i r  coherence. The r e l a t i o n  
o f  t h e  s p r i n g  f l o w  t o  ground water and geothermal 
pressure i s  descr ibed.  

CATCUM ENT DESCMPTION 

The p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  ( see  F i g u r e  1) 
catchment show t h a t  i t  has an area o f  0 . 4 4 6  km2. has 
an average a l t i t u d e  f rom 293 metres t o  366  metres, 
w i t h  one p o i n t  t h e  Pohaturoa t r i g  a t  433 metres. 
Apart f r o m  t h e  areas occupied by t h e  l a k e s  and h o t  
poo ls  t h e  m a j o r i t y  o f  t h e  area i s  covered i n  t r e e s  and 
scrub. The lakes and h o t  pools occupy approximate ly  
t h e  bot tom t h i r d  o f  t h e  catchment. The a rea  has a 
n o r t h e r l y  aspect. 

Wi th in  t h e  catchment t h e r e  a r e  two smal l  c o l d  streams 
(approximate ly  3 l i t r e s / s e c o n d )  t h a t  f l o w  f r o m  smal ler  
poo ls  over land  i n t o  Roto-a-tamaheke. 

Out f low f rom t h e  catchment i s  by two streams, bo th  
ou t f lows  a r e  measured. 

A t  t he  NW end o f  the  catchment, the  o u t l e t  i s  through 
a 305 m i l l i l i t r e  concrete p i p e  which d ischarges  i n t o  a 
bathhouse b e f o r e  c o n t i n u i n g  t o  j o i n  t h e  Puarenga 
Stream, t h e  f l o w  through t h e  p i p e  i n t o  t h e  bathhouse 
had been c o n t r o l l e d  f o r  many years by t h e  l o c a l s  u s i n g  
boards across t h e  entrance o f  the  concre te  p ipe .  

A new bathhouse was b u i l t  a t  t h i s  o u t l e t  ( i n  t h e  same 
p o s i t i o n  as t h e  o l d  one) d u r i n g  t h e  p e r i o d  16.7.84 t o  
8.10.84, and t h e  o u t l e t  was closed. Less water  i s  now 
r e q u i r e d  t o  opera te  the  bathhouse, p robab ly  because 
there  a r e  no longer any leaks. Flow i s  g r e a t e r  i n  
w i n t e r  than  i n  summer. 

The second o u t l e t  i s  on t h e  pathway a t  t h e  NE end o f  
t h e  catchment below t h e  main lake  o u t l e t .  There have 
been var ious  n a t u r a l  and'man-made c o n t r o l s  a t  t h e  l a k e  
o u t l e t  over  t h e  years, i n c l u d i n g  an e x t r a c t i o n  p o i n t  
f o r  geothermal water t o  poo ls  i n  the  c i t y .  

The h o t  s p r i n g  area between t h e  l a k e  o u t l e t  and t h e  
p a t h  c o n t r i b u t e s  a s i g n i f i c a n t  h o t  water  f l o w .  From 
t h e  p a t h  t h e  water f l ows  t o  t h e  Puarenga Stream. 

Some water  i s  p r e s e n t l y  e x t r a c t e d  f rom t h e  l a k e  area 
f o r  a p r i v a t e  h o t  poo l ,  bu t  f o r  t h i s  e x e r c i s e  t h e  
t o t a l  f l o w  i s  deemed i n s i g n i f i c a n t  (0 .5- 1 .0  l / s ) .  

Due t o  t h e  s u b s t a n t i a l  s to rage  i n  t h e  poo ls  and lakes,  
t h e  r a i n f a l l  r u n o f f  tends t o  be suppressed and d i s -  
charges over  a longer  p e r i o d  than would be normal i n  a 
stream channel. 
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F i t u r p  I :  Map of Roto-a-tamaheke catchment 
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F i g u r e  2 :  Total flow from Roto-a-tamaheke. Daily 
average values are used. The high flow 
values in January 1986 are off scale. 
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F i g u r e  3: Daily total rainfall in. the Roto-a- 
tamaheke catchment 
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Figure 4 :  Monthly mean spr ing f l o w  from Roto-a-tamaheke by method 1 

Toblr  I :  Roto-a-tamaheke f l o w  

The columns conta in ,  the  da te ,  monthly t o t a l  r a i n f a l l  ( R a i n ) ,  the  est imated evapo- 
t r a n s p i r a t i o n  loss  (Evap) ,  r a i n f a l l  - evapot ransp i ra t ion  (Runof f )  i n  mm and 1/s ,  the  
measured monthly mean t o t a l  f l o w  ( T o t a l  0 )  i n  1 /s .  and t h e  spr ing  f l o w  est imated by 
methods 1 and 2, (SprOl )  and (SprOZ). 

Date Rain Evap Runoff To ta l  Q SprQl SprQ2 
(mm) (mm) (mm) ( l / s )  ( l / s )  (l/s) ( l / s )  

1984 
Jul 

SeP 
O c t  
Nov 
D e c  

1985 
Jan 
Feb 
Mar 
APr 
May 
Jun 
Ju l  

SeP oct 
Nov 
Dec 

1986 
Jan 
Feb 
Mar 
APr 
May 
Jun 

126.2 
109.5 
92.2 
18.8 
110.7 
186.6 

118.4 
73.4 
94.4 
76.0 
75.0 
220.7 
107.0 
77.3 
126.8 
76.7 
91.5 
154.0 

118.4 
85.7 
48.0 
74.6 
113.4 
46.1 

88.34 
59.13 
56.24 
0.00 
75.28 
141.82 

81.70 
47.71 
66.08 
52.44 
46.50 
156.70 
50.29 
25.51 
71 .OO 
32.10 
56.73 
101.64 

60.37 
47.99 
0.00 
35.06 
83.93 
21.67 

37.86 6.30 
50.37 8.39 
35.96 6.19 
18.80 3.13 
35.42 6.10 
44.78 7.46 

36.70 6.11 
25.69 4.74 
28.32 4.72 
23.56 4.05 
28.50 4.75 
64.00 11.00 
56.71 9.44 
51.79 8.62 
55.79 9.60 
44.49 7.41 
34.77 5.98 
52.36 8.72 

58.00 11.97 
37.71 6.95 
48.00 7.99 
39.54 6.80 
29.48 4.91 
24.43 4.20 

48.8 
43.4 
43.4 
45.2 
49.0 
50.9 

49.00 
48.00 
51.32 
49.30 
49.13 
54.25 
51.98 
44.32 
40.63 
41.10 
42.79 
45.71 

49.53 
48.34 
46.72 
47.52 
51.72 
49.47 

42.50 
35.00 
37.20 
42.07 
42.90 
43.42 

42.89 
43.26 
46.60 
45.25 
44.38 
43.24 
42.54 
35.70 
31.03 
33.69 
36.81 
36.99 

37.56 
41.39 
38.73 
40.72 
46.81 
45.27 

43.34 
38.59 
39.45 
43.46 
44.50 
42.89 

43.66 
44.60 
46.91 
46.24 
45.99 
45.38 
46.44 
40.64 
34.93 
37.78 
37.74 
38.97 

41.85 
43.72 
44.08 
44.67 
46.96 
46.71 

Means 
July  

July  ( t o t a l )  
1984-85 1301.9 

1985-86 1119.5 
( t o t a l )  

6.08 42.39 43.75 

7.72 38.94 42.04 
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MM'IIODS OF MEASOKI:'MBNT AND 
CAIXULA'TION 

The p e r i o d  used i n  t h i s  s tudy was J u l y  1984 t o  June 
1986 i n c l u s i v e .  Month ly  average ( o r  t o t a l )  measured 
values and est imated values d iscussed below a re  g i v e n  
i n  Table 1. 

1. Flow Measurements 

Two f l o w  s i t e s  were e s t a b l i s h e d  a t  t h e  catchment ou t-  
l e t s .  The nor theas te rn  o u t l e t  s i t e .  Tamaheke a t  Path, 
comprised of a 90 degree V notch w e i r  w i t h  s t i l l i n g  
w e l l  and recorder  shed. 

The western o u t l e t  s i t e ,  Te Kokonga a t  Bathhouse con- 
s i s t e d  o f  a s t a i n l e s s  s t e e l  c o n t r o l  box a t tached  t o  
t h e  head o f  t h e  concre te  p i p e  l e a d i n g  t o  the  ba th-  
house. The box has a s l i d e  v a l v e  on t h e  i n l e t  t o  
c o n t r o l  the  f l o w  and i t  has a 305 m i l l i m e t r e  o u t l e t ,  
w i t h  a smal l  p i p e  t o  a s t i l l i n g  w e l l  and recorder  
house f o r  t h e  water l e v e l  record ing .  

Both s i t e s  a u t o m a t i c a l l y  r e c o r d  water  l e v e l  a t  15 
minute i n t e r v a l s  on a punch tape recorder .  The c o n t r o l  
s t r u c t u r e s  have been f l o w  r a t e d  i n  o rder  t o  o b t a i n  
f l ow f rom t h e  recorded stage da ta .  To o b t a i n  d a i l y ,  
nionthly. and annual mean f lows ,  t h e  da ta  was f i l e d  and 
manipulated on t h e  Vogel Computer. T o t a l  d a i l y  f l o w  
i s  p l o t t e d  i n  F i g u r e  2. 

2. R a i n f a l l  Heasurements 

To f i n d  t h e  r a i n f a l l  on the  catchment, t h r e e  r a i n -  
gauges w e r e  i n s t a l l e d .  Two o f  these were a t  t h e  head 
and midd le  of t h e  catchment r e s p e c t i v e l y .  These 
gauges were manual and read  once a week. The t h i r d  
gauge recorded the  r a i n f a l l  a u t o m a t i c a l l y  and was 
i n s t a l l e d  a t  t h e  Tamaheke a t  Pa th  s i t e .  The da ta  was 
f i l e d  and manipulated on t h e  VCC. 

Us ing  t h e  t h r e e  raingauges, an annual a r i t h m e t i c a l  
mean b a s i n  r a i n f a l l  was c a l c u l a t e d .  As t h e  annual 
t o t a l  f r o m  the automat ic  gauge was w i t h i n  l e s s  than  
0.1% o f  t h e  a r i t h m e t i c a l  mean, the  d a t a  f rom t h e  
automat ic  gauge was used i n  a l l  t h e  c a l c u l a t i o n s .  
D a i l y  r a i n f a l l  i s  shown i n  F i g u r e  3. 

3. Spr inq  Flow C a l c u l a t i o n  - Hethod 1 

I n  o rder  t o  d e f i n e  t h e  water balance and h o t  s p r i n g  
component, t h e  t h e o r e t i c a l  r a i n f a l l  r u n o f f  had t o  be 
found. The month ly  l o s s  ( e v a p o t r a n s p i r a t i o n )  va lues  
f rom a ne ighbour ing  catchment (Pomare) o f  s i m i l a r  s i z e  
and r a i n f a l l ,  b u t  o f  d i f f e r e n t  l a n d  use, were a p p l i e d  
t o  the  Roto-a-tamaheke data as a percentage o f  r a i n -  
f a l l ,  and t h e  t h e o r e t i c a l  month ly  r u n o f f  c a l c u l a t e d .  

The r u n o f f  was sub t rac ted  f rom t h e  t o t a l  o u t f l o w  and 
t h e  h o t  s p r i n g  f l o w  found. Th is  es t imate  i s  p l o t t e d  i n  
F i g u r e  4 and the  values g iven  i n  Table 1. 

The l e v e l  o f  Roto-a-tamaheke l a k e  was a l s o  taken on a 
weekly b a s i s .  These read ings  were used t o  c a l c u l a t e  
any s to rage  e f f e c t s  t h a t  t h e  l a k e  m i g h t  have on t h e  
r u n o f f .  However, t h e  maximum monthly  s t o r a g e / l o s s  i n  
t h e  l a k e  t h a t  was exper ienced accounted f o r  l e s s  than 
1% o f  t h e  t o t a l  o u t f l o w .  

The r a i n f a l l  i n  January 1986 was o f  t h e  o rder  o f  
363mm, 235mm o f  t h i s  f e l l  over  a two day per iod .  Due 
t o  t h i s  excessive r a i n f a l l  and a l l  . t h e  r u n o f f  n o t  
go ing  through t h e  f l o w  s t r u c t u r e ,  6 days da ta  have 
been d e l e t e d  f rom t h e  c a l c u l a t i o n s .  

The mean r a i n f a l l  component o f  t h e  catchment o u t f l o w  
was o n l y  6.9 l i t r e s / s e c .  o r  17%. b u t  i n  o rder  t o  
i d e n t i f y  f l u c t u a t i o n s  and t rends  i t  was reasonable t o  
remove t h e  r a i n f a l l  component i n  such a way t h a t  t h e  
basef low d u r i n g  low r a i n f a l l  months was a l s o  removed. 
Hence t h e  use o f  t h e  ne ighbour ing  catchment data.  

The c a l c u l a t i o n  and p l o t t i n g  o f  a month ly  mean r a t h e r  
than  weekly was done i n  the  knowledge t h a t  the  r u n o f f  
tends t o  be suppressed by t h e  storage i n  t h e  lower 
h a l f  o f  t h e  catchment and month ly  da ta  should be less 
s u b j e c t  t o  e r r o r  f rom missed f l o w .  

The minimum f l o w s  occur  a t  t h e  end o f  t h e  w i n t e r  each 
year  (F igure  4 )  wi th  a r e d u c t i o n  f rom t h e  summer peak 
f l o w s  o f  11 l / s  and 15 l / s  (1984-85 and 1985-86). 

4. 

I n  t h i s  method a t r a n s f e r  f u n c t i o n  i s  used t o  remove 
t h e  immediate response t o  r a i n f a l l .  D a i l y  average 
va lues  a r e  used. There a re  two terms i n  t h e  t r a n s f e r  
f u n c t i o n ,  one con ta ins  t h e  r a i n f a l l  and some o f  i t s  
lags  ,and t h e  o t h e r  i s  an e x p o n e n t i a l l y  smoothed r a i n -  
f a l l ,  which a l l o w s  f o r  s to rage  dependent upon t h e  
amount o f  r a i n  i n  t h e  past .  The exponen t ia l  smoothing 
was s t a r t e d  u s i n g  r a i n f a l l  va lues f rom the manual 
gauge a t  Whakarewarewa back t o  t h e  beg inn ing  o f  1983. 
The smoothing cons tan t  i s  chosen e m p i r i c a l l y  as 10 
days. A s i m i l a r  method was used by Young (1984, and 
re fe rences  t h e r e i n )  f o r  t h e  Bedford-Ouse catchment. 
Young a l s o  inc luded  a temperature dependent f a c t o r .  
Th is  was o m i t t e d  method 1 showed no obvious seasonal 
v a r i a t i o n .  Very l o n g  te rm ground water  s to rage  i s  n o t  
f u l l y  inc luded.  Again, da ta  r e l a t e d  t o  t h e  heavy 
r a i n f a l l  i n  January 1986 was omi t ted .  

Sor ina Flow C a l c u l a t i o n  - Hethod 2 
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5: Coherence between t o t a l  Roto-a-tamaheke 
f l o w  and r a i n f a l l .  Both the  d a i l y  r a i n -  
fall and t h e  r a i n f a l l  which has been 
e x p o n e n t i a l l y  smoothed a re  used. 

The coherence between t h e  r a i n f a l l  and f l o w  ( F i g u r e  5 )  
shows how they  a re  r e l a t e d .  The coherence i s  sma l l  a t  
low f requenc ies  ( t h e  t o t a l  f l o w  has a l o n g  term p a t -  
t e r n  u n r e l a t e d  t o  r a i n f a l l ) .  i s  h i g h  through t h e  m i d  
frequency band and drops away aga in  a t  h i g h  f requen-  
c ies .  The l a c k  o f  coherence a t  h i g h  f requenc ies  comes 
p a r t l y  f rom t h e  random na tu re  o f  r a i n f a l l  th roughou t  
t h e  day. Also, i t  seems t h a t  s p r i n g  f l o w  can be s t i m-  
u l a t e d  o r  des t imu la ted  by r a i n f a l l  i n  t h e  s h o r t  term. 
Both responses have been n o t i c e d  i n  Spr ing  426 which 
i s  l o c a t e d  i n  t h e  catchment. The coherence between t h e  
d a i l y  averaged f l o w  and t h e  d a i l y  r a i n f a l l  and t h e  
e x p o n e n t i a l l y  smoothed r a i n f a l l  a r e  e s s e n t i a l l y  t h e  
same; t h e  coherence shows t h a t  t h e r e  i s  a r e l a t i o n  
between t h e  f l o w  and r a i n f a l l  extending back 10 t o  20 
days. There i s  a phase s h i f t  between t h e  f l o w  and 
r a i n f a l l  suggest ing lagged terms. 

The t r a n s f e r  f u n c t i o n  used inc luded  t h e  r a i n f a l l  and 
lagged values f rom t h e  p rev ious  two days. r o i n ( O ) ,  
r o i n ( 1 )  and r a i n ( 2 )  and t h e  e x p o n e n t i a l l y  smoothed 
r a i n f a l l ,  snroin.  The background i s  approximated by 
an AR(2), HA(1) process w i t h  c o e f f i c i e n t s  u r ( l l .  u r ( 2 )  
and r u ( 1 ) .  The values o f  t h e  c o e f f i c i e n t s  a re  
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Vuriiibl I '  I J U / U l '  S.E. T 

rii in(  0) 0 . 3 1  56 0.0168 1 8 . 8  
r t i in (1)  0 .3.?'19 0.0156 2 1 . 5  
ru in(?)  0.0781 0 . 01 45 5 . 4  
siiiru i II 0 .6199  0 .  136.1 4 .5 
u r ( 1 )  I .  3 9 8  0.0467 28 .5  
u r ( 2 )  -0.3360 0.0446 - 7 . 6  
nru ( I ) 0.8712 0.0266 3 2 . 8  

The e s t i m a t e  f o r  t h e  s p r i n g  f l o w  a f t e r  removing t h e  
r a i n f a l l  c o n t r i b u t i o n  i s  shown i n  F i g u r e  6. The p o i n t s  
which were removed f rom t h e  c a l c u l a t i o n  a r e  n o t  p l o t -  
ted. There i s  s t i l l  cons ide rab le  v a r i a t i o n  i n  t h e  
data.  A smoothed cu rve  ob ta ined  u s i n g  t h e  r o b u s t  
smoother LOWESS (C leve land  1979) i s  drawn t o  i n d i c a t e  
t h e  t r e n d  i n  t h e  da ta .  Month ly  average va lues a r e  
g i v e n  i n  t h e  l a s t  column o f  Table 1. 

30 t ' I :  

. . . . actual 

- trnooll 

.: . 

201 ' ' ' ' ' ' ' ' ' ' ' I ' ' ' ' ' ' ' ' ' ' ' I ' ' ' ' ' ' ' ' ' ' ' 
1984 1985 1986 

Figurc 6 :  S p r i n g  f l o w  f rom 'Roto-a-Tamaheke by method 
2. D a i l y  average va lues a r e  used. The 
smoothed cu rve  shows t h e  d a t e  t r e n d .  

The e s t i m a t e d  s p r i n g  f l o w  f rom t h i s  method i s  gener-  
a l l y  h i g h e r  than t h a t  ob ta ined  w i t h  method 1; t h i s  i s  
expected because some o f  t h e  base f l o w  i s  omi t ted .  The 
annual  c y c l e  i s  smoother than  ob ta ined  i n  method 1. 
T h i s  may a l s o  be due t o  l a c k  o f  ve ry  l o n g  te rm s t o r -  
age. I t  c o u l d  a l s o  be due t o  v a r i a t i o n  i n  behaviour  
between t h e  Roto-a-tamaheke and t h e  Poniare catchments. 

5. Nearby geothermal  and ground water  a q u i f e r s  

The s p r i n g  f l o w  f rom Roto-a-tamaheke w i l l  be compared 
w i t h  t h e  l e v e l  v a r i a t i o n  o f  a nearby geothermal  w e l l .  
M16. ( F i g u r e  7 ) .  and w i t h  t h e  l e v e l  v a r i a t i o n  o f  t h e  
ground water  w e l l  G l l .  ( F i g u r e  8). 

The b a r o m e t r i c  response has been removed f rom H16. 
u s i n g  a t r a n s f e r  f u n c t i o n .  The coherence between t h e  
d a i l y  average H16 v a r i a t i o n  and t h e  ba romet r i c  p res-  
sure  i s  h i g h  over  most o f  t h e  f requency range, drop-  
p i n g  somewhat a t  low f requenc ies .  The baromet r i c  
e f f i c i e n c y  o f  H16 i s  h i g h  (around go"/,), and the  c o e f -  
f i c i e n t s  o f  lagged terms a r e  n o t  s i g n i f i c a n t ,  cons is-  
t e n t  w i t h  i t s  p r o x i m i t y  t o  a twophase r e g i o n .  Data 
known t o  be s i g n i f i c a n t l y  i n  e r r o r  i s  exc luded.  The 
background te rm can be c l o s e l y  approximated by a f i r s t  
d i f f e r e n c e .  The d a i l y  average baromet r i c  p ressure  
va lues  have been taken,  i n  t h e  main, f rom t h e  d a t a l -  
ogger  o r i g i n a l l y  l o c a t e d  a t  Whakarewarewa and now a t  
t h e  M i n i s t r y  o f  Works b u i l d i n g ,  Rotorua. Gaps a r e  
f i l l e d  i n  u s i n g  t h e  c h a r t s  reco rded  by t h e  He teoro lo -  
g i c a l  O f f i c e  a t  Rotorua a i r p o r t .  Water l e v e l  va lues 
i n  M16 a r e  measured h o u r l y  and s t o r e d  upon t h e  Vogel 
computer. 

M16 minus barometric pressure 

OS 4 

-0.5 
1984 1985 1986 

Figure 7 :  Water l e v e l  v a r i a t i o n  o f  HI6 wi th  barome- 
t r i c  p ressure  removed. The p o i n t s  w e l l  
away f rom t h e  main l i n e  a r e  d a t a  e r r o r s .  
tl16 r e p r e s e n t s  p resure  v a r i a t i o n  i n  t h e  
geothermal  a q u i f e r  c l o s e  t o  Whakarewarewa. 

1984 1985 1986 

Figure 8 :  Water l e v e l  v a r i a t i o n  o f  G l l .  G l l  i s  a 
ground wa te r  w e l l  i n  t h e  catchment. 

F i g u r e  7 shows c l e a r l y  t h e  changing seasonal t rends  i n  
t h e  l e v e l  o f  H16. There i s  l i t t l e  s c a t t e r  i n  t h e  data, 
p o i n t s  away f rom t h e  main t r e n d  o f  t h e  d a t a  a r e  known 
t o  be i n  e r r o r .  I n c i d e n t a l l y ,  t he  d e c l i n i n g  va lues o f  
t h e  w i n t e r  minima and summer maxima show t h a t  t h e  
p ressure  i n  t h e  geothermal a q u i f e r  i s  s t i l l  d e c l i n i n g :  
t h e  r a t e  o f  d e c l i n e  o f  p ressure  i n  a w e l l  c l o s e  t o  t h e  
i n f e r r e d  source o f  t h e  geothermal f l u i d  and c lose  t o  
Whakarewarewa i s  ve ry  a larming.  

The ground wa te r  w e l l ,  G I 1  i s  measured manual ly .  I t  i s  
l o c a t e d  w i t h i n  t h e  Roto-a-tamaheke catchment, and i s  
on t h e  o u t e r  marg in  o f  t h e  thermal  area. The l e v e l  i n  
G l l  has been r e l a t i v e l y  h i g h  s ince  J u l y  1986. 
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I t  i s  f a i r l y  c l e a r  t h a t  t h e  v a r i a t i o n  i n  f l o w  ou t  o f  
Lake Roto-a-tamaheke i s  n o t  d i r e c t l y  r e l a t e d  t o  t h e  
v a r i a t i o n  i n  t h e  ground water as represented by G l l .  
Any c o r r e l a t i o n  t h a t  i s  shown i s  negat ive,  ma in ly  
a r i s i n g  f rom t h e  h i g h e r  ground water  l e v e l s  i n  w i n t e r  
when t h e  f l o w  ou t  o f  Roto-a-tamaheke i s  reduced. The 
permanent f l o w  t o  t h e  l a k e  i s  sma l l  and v a r i a t i o n  
p r o p o r t i o n a l  t o  t h e  ground water  l e v e l  would be 
masked. However, changes i n  t h e  ground water l e v e l  
w i l l  a f f e c t  s p r i n g  f l o w  due t o  sub sur face  compet i t i on  
between t h e  geothermal water  and ground water .  Higher  
ground water  l e v e l s  w i l l  c o n t a i n  t h e  sp r ings  more and 
reduce t h e  sub sur face  f low,  and hence a l l o w  more 
s u r f a c e  d ischarge.  Such a model o f  s p r i n g  f l o w  i s  
d e s c r i b e d  by Grant e t  a1 (1985). 

The w i n t e r  d i p  i n  f l o w  ou t  o f  Lake Roto-a-tamaheke i n  
1985 corresponds f a i r l y  w e l l  w i t h  t h e  w i n t e r  low i n  
H16 i n  1985. as does t h e  incomplete recovery d u r i n g  
t h e  summer o f  1985-86 when compared w i t h  t h e  1984-85 
values;  however recovery  con t inued  u n t i l  Hay. H16 has 
been d e c l i n i n g  s i n c e  t h e  end o f  March. The s i t u a t i o n  
i n  t h e  Roto-a-tamaheke area was confused i n  1984 due 
t o  t h e  r e c o n s t r u c t i o n  o f  t h e  bathhouse. One o f  t h e  
o u t l e t s  t o  Lake Roto-a-tamaheke was c losed f o r  a 
per iod ;  t h i s  had t h e  consequence t h a t  t h e  l a k e  l e v e l  
r o s e  s l i g h t l y .  Abnormal ly  h i g h  l e v e l s  were observed 
i n  t h e  area, as s p r i n g s  responded t o  the  r a i s e d  l e v e l  
o f  Roto-a-tamaheke. The reduced o u t f l o w  may have been 
due t o  a r e d i s t r i b u t i o n  o f  f l u i d  i n  the  area, r a t h e r  
than  a reduced f l o w  f rom depth. I t  i s  very u n f o r t u n a t e  
t h a t  H16 was n o t  be ing  used as a Mon i to r  w e l l  b e f o r e  
September 1984, as t h e  f l o w  minimum i s  somewhat b e f o r e  
t h e  October minimum i n  H16. 

The near sur face hydro logy  o f  a geothermal s p r i n g  
system i s  very complex; h o t  sp r ings  d ischarge sub 
sur face  as w e l l  as a t  sur face.  T h i s  sub sur face  water  
g r a d u a l l y  coo ls  and changes i t s  chemical n a t u r e  
(becomes more a c i d ) .  Changes i n  ground water l e v e l  on 
t h e  p e r i p h e r y  o f  t h e  system h e l p  c o n t r o l  the amount o f  
sub sur face  d ischarge.  With d e c l i n i n g  geothermal 
pressures,  the  ground h a t e r  invades t h e  s p r i n g  system, 
p robab ly  f o r c i n g  c o l d e r  more a c i d  water back i n t o  t h e  
d i s c h a r g i n g  spr ings.  Chemical changes have r e c e n t l y  
been no ted  i n  Ororea which a re  c o n s i s t e n t  w i t h  ground 
wate r  i n v a s i o n  (Ashley Cody, p r i v a t e  c o m u n i c a t i o n ) .  
Ororea i s  loca ted  c l o s e  t o  Roto-a-tamaheke. so c o l d e r  
water  i s  r e p l a c i n g  t h e  h o t t e r  more a l k a l i n e  geothermal 
water  which o r i g i n a t e s  a t  depth. 

DISCUSSION 

The s p r i n g  f l o w  changes a r e  assumed t o  be caused, i n  
p a r t ,  by a change i n  t h e  geothermal a q u i f e r  pressure 
and t h e r e f o r e  a r e s u l t  o f  drawof f .  The l a t e  w i n t e r  
minima and l a t e  summer maxima a re  a t  s i m i l a r  t imes  t o  
those i n  the  m o n i t o r  bore  H16. A connec t ion  i s  
t h e r e f o r e  i n d i c a t e d .  A t  t h i s  s tage t h e r e  i s  i n s u f f i -  
c i e n t  d a t a  t o  i d e n t i f y  t rends,  b u t  i t  i s  no ted  t h a t  
t h e  f l o w  recovery  r a t e  was s lower 1985-86 than  t h e  
p r e v i o u s  year .  Causes a re  s u b j e c t  t o  specu la t ion .  The 
apparen t l y  h i g h e r  l e v e l s  o f  s p r i n g  f l o w  d u r i n g  the  
e a r l y  p a r t  o f  t h e  1986 w i n t e r  may be due t o  t h e  h i g h  
l e v e l  o f  ground water .  

The on g o i n g  m o n i t o r i n g  o f  t h i s  catchment w i l l  be an 
impor tan t  c o n t r i b u t i o n  t o  t h e  knowledge o f  t h e  Rotorua 
geothermal f i e l d .  

Appendix A 

W M M E N I ' S  O N  TRANSFER H J N C T I O N S ,  

The t r a n s f e r  f u n c t i o n  g i v e s  a way o f  r e g r e s s i n g  t ime 
s e r i e s  da ta  which takes  i n t o  account t h e  s t r u c t u r e  o f  
t h e  data,  t h a t  i s ,  t h e  f a c t  t h a t  da ta  va lues  a r e  
r e l a t e d  t o  immediate ly  p reced ing  values. T h i s  i s  n o t  
n e c e s s a r i l y  t r u e  f o r  r a i n f a l l  which i s  f a i r l y  random, 
b u t  i s  t r u e  f o r  f l ow,  water  l e v e l  and baromet r i c  
pressure.  An e x t r a  te rm i s  inc luded  i n  t h e  t r a n s f e r  
f u n c t i o n  t o  account f o r  t h i s ,  and f o r  any l o n g  term 
t r e n d  o r  o t h e r  f a c t o r  n o t  e x p l i c i t l y  i nc luded  i n  t h e  
independent v a r i a b l e s .  The t r a n s f e r  f u n c t i o n s  used 
here a r e  somewhat r e s t r i c t e d .  

Al though d a i l y  average values a r e  used, t h e  number o f  
' p o i n t s '  i n  t h e  r e g r e s s i o n  i s  more l i k e  t h e  number o f  
events, t h a t  i s ,  s i g n i f i c a n t  r a i n f a l l s ,  or t h e  t ime  
between baromet r i c  lows (or highs) .  and n o t  t h e  number 
o f  days. T h i s  r e s t r i c t s  t h e  number o f  parameters 
which can be determined accura te ly .  

Time s e r i e s  r e g r e s s i o n  i s  p a r t i c u l a r l y  s e n s i t i v e  t o  
da ta  e r r o r s ,  (Mar t in .  1981) hence care  i s  taken t o  
remove ' o u t  l y i n g '  p o i n t s .  

The coherence i s  used as one o f  t h e  t o o l s  t o  determine 
when s u f f i c i e n t  lagged terms have been added; t h e  
coherence between t h e  r e s i d u a l  and t h e  independent 
v a r i a b l e s  i s  r e q u i r e d  t o  be smal l ,  u s u a l l y  below t h e  
95% con f idence  l i m i t .  Other checks a r e  on t h e  s i g n i f -  
icance o f  t h e  c o e f f i c i e n t s .  and t h e  s i z e  o f  the  r e s i -  
dua l  mean square e r r o r .  
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