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ABSTRACT

Discharge and downhole w a t e r and gas
samples from fou r of t h e s i x deep w e l l s
d r i l l e d a t Ngawha, namely NG2, NG4 and

have been analysed. The l a s t t w o of
these tapped a r e s e r v o i r  c a l c u l a t e d  t o be
of t o t a l d i s cha rge composition o f 1240 ppm

410 ppm si l ica , 870 ppm boron and
about 190 ppm bicarbona te . The gases are
about 1 . 1 4 w t of t h e t o t a l d i s cha rge ,
about twice t h a t of Broadlands, and t e n
t i m e s t h a t o f Wairakei.

Geothermometers i n d i c a t e t w o
r e s e r v o i r s , one a t about and one a t

Other i n d i c a t o r s show t h a t t h e
sys tem is o l d , s ea l ed , and i n proximi ty
t o a magma body.

S i x deep geothermal w e l l s , NG2,
N G 4 , NG7 and have been d r i l l e d
s i n c e 1964.

w a s discharged i n 1965 and
ana ly se s  o f  t h e d ischarge have been
r e p o r t e d by E l l i s and Mahon (1966) . The
d i s cha rge w a s extremely uns t ab l e , gassy (up 
t o 50 w t gas) and of v a r i a b l e compos i t ion
Downhole samples from NG2 w e r e c o l l e c t e d i n
February 1978, b leed samples A p r i l 1978
and d i s cha rge samples i n June of t h a t year .
Unfor tuna te ly t h i s w e l l w a s d i scharged
v e r t i c a l l y i n an uncon t ro l l ed manner and so
p h y s i c a l d a t a from which d i s cha rge  en tha lpy  
cou ld be c a l c u l a t e d cculd n o t be c o l l e c t e d .
The w e l l even tua l l y went dry.

NG4 and w e r e both d ischarged i n
November 1979, al though NG4 had had down-
h o l e samples taken i n March. Both o f t h e s e
w e l l s had a prodig ious ou tpu t - 350 and 540
tonnes p e r hour r e s p e c t i v e l y , and a t an
en tha lpy vary ing between 950 to 1000
The produc t ion o f such a l a r g e volume of
water wi th a high boron con t en t i n an area
w i t h no major wate rcourses - l o c a t e d , i n
f a c t , on t h e east-west d i v i d i n g watershed,

l i m i t s the d i s p o s a l volume of discharge
i n t o t h e local watercourses , and f o r t h i s
reason the d i scha rges had t o be of l imited
du ra t i on .

The chemical r e s u l t s r epo r t ed  he r e  
are f o r NG2, NG4 and only.
d i s cha rges have been r epo r t ed and discus-
sed by E l l i s and Mahon (1965) and 
Giggenbach and Lyon (1977).

The chemical composition o f more than
seventy water and twenty f i v e steam
samples from t h e s e t h r e e w e l l s have been
p re sen t ed by Giggenbach and Sheppard

Table 1 g ives t y p i c a l ana lyses
f o r Ngawha w e l l d i scharges . The dec i s i on
t o t a k e the l a r g e number of d ischarge
samples from NG4 and w a s based on t h e
exper ience wi th where f l u i d compos-
i t i o n s changed markedly wi th v a r i a t i o n s i n
d i s cha rge condi t ions . This proved t o be
unneces sa r i l y pessimistic.

Downhole samples are u s u a l l y
c o l l e c t e d ahead o f major d ischarge
pe r iods i n o r d e r t h a t a concen t r a t i on
p r o f i l e  f o r  t h e w e l l may be determined, 
perhaps  a l lowing  major feed zones t o be
de t ec t ed . This i s r a r e l y t h e case, and
a t Ngawha, i n and t h e presence
o f a s t r o n g i n t e r z o n a l downward f l o w
below 700m prec ludes t h e presence of a
deeper f l u i d .

ob t a ined from t h e downhole and b l eed
samples terms of c h l o r i d e and depth or
volume discharged. The observed p a t t e r n s
f o r NG4 and c l o s e l y correspond t o
those expected. , I n NG2 t h e decrease i n
c h l o r i d e con t en t f r o m 1000 ppm a t
550 m and 930 m dur ing February 1978 t o

ppm i n A p r i l may r e f l e c t t h e low
cond i t i ons for t h i s w e l l

a i i owing d r i l l i n g and w e l l t e s t i n g  f l u i d  
t o i n t h e v i c i n i t y o f t h e w e l l and
t o even d i l u t e t h e f l u i d a t depth. The
i n c r e a s e i n c h l o r i d e t o 1130 ppm a t
1100 m a f t e r a s h o r t per iod of d ischarge
(on dur ing which t h e w e l l r an

dry ,  sugges t  t h e thermal f l u i d

Figure 1 condenses t h e information
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Well Date

b,a

NG 6.65 958 100

NG 2 20.6.78 14.1 - - 
NG 4 21.11.79 14.6 1023 161

NG 9 16.4 1000 170

NG 20.6.78 -
Ng 4 21.11.79 14.7 1023 161 

NG 9 27.11.79 16.0 100 170 

WATER

Na K Ca B

7.6 10.3 820 - - 23* 56 480 1004 1360 16 295 0.7

- 6.5 10.7 861 80 -48 0.6 16.0 74 426 816 1162 42 590 1.2

.83 7.6 13.5 1025 90 2.9 44 464 1080 1475 27 298 2.1

.86 7.5 12.9 1011 .32 2.9 47 471 1060 1437 35 486 2.0

STEAM

4
Ys Xg He A r CH

- 172 927 5.30 2.31 5.70 5.1 54.1

25.1 945 11.2 8.3 3.04 2.3 29.9

29.8 948 11.8 11.4 2.55 2.6 24.0

Ca +

TABLE A selection of typical water and steam discharge compositions for the four Ngawha wells sampled.

All solutes steam in gas fractions Xg and the Xi water

free. Data from Giggenbach and Sheppard, Ellis and 1965.

feeding NG2 t o be s i m i l a r t o t h a t
produced from NG4 and

The p a t t e r n of inc rease i n s o l u t e
content with bleed  d ischarge  t i m e may be
used t o complement downhole samples and
t o ob ta in a d d i t i o n a l information on
v a r i a t i o n s i n s o l u t e content wi th in t h e
shut- in d r i l l h o l e . Taking account of
t h e discharge rate and diameter  of  t h e
d r i l l h o l e , a uniform rise i n t h e
f l u i d column, composite and

curves can be der ived , as is
shown by t h e d o t t e d l i n e s i n Figure 2 f o r
NG4 and I n both o f these w e l l s , t h e
f l u i d occupying t h e  s o l i d l y  cased p a r t of
t h e w e l l i s a f f e c t e d by d i l u t i o n with low
c h l o r i d e waters , perhaps from condensat-
ion . The close t o uniform compositions
de r ived from wi th in t h e s l o t t e d cas ing
corresponds t o t h a t of t h e water e n t e r i n g
t h e w e l l s below 600 m, and produced dur ing
subsequent f u l l d i scharges .

An a n a l y s i s of t h e s i l i c a- c h l o r i d e
r e l a t i o n s h i p i n t h e f u l l d ischarge
samples shown i n Figure 2. Since
c h l o r i d e i s l a r g e l y i n e r t i n geothermal
f l u i d s , b u t s i l i ca is a f f e c t e d by chem-
ical d i s s o l u t i o n o r p r e c i p i t a t i o n , t h e
e f f e c t s of va r ious processes for NG2 and
NG4 and 9 can be determined from such a
p l o t .

Correc t ion f o r steam loss i n t h e
samples g ives an average ch lo r ide  con ten t  
of 1240 ppm and s i l i ca content of 410 ppm.
The p l o t t i n g of t h i s p o i n t Figure 2
f u r t h e r g ives an i n d i c a t i o n of t h e
processes a f f e c t i n g t h e samples of a l l

types.

NG2 i n i t i a l downhole and bleed
sample compositions f a l l w e l l above t h e
simple d i l u t i o n  l i n e s ,  i n d i c a t i n g e q u i l i -
b r a t i o n of d i l u t e d waters wi th high
temperature rocks. Subsequently c o l l e c t e d ’

f u l l d i scharge samples sugges t steam l o s s
from waters of low c h l o r i d e con ten t ,
r a t h e r than the deep waters found i n NG4
and Such behaviour is expla ined by
tak ing i n t o t h e low permeabi l i ty
condi t ions of NG2 caus ing t h e discharge
t b i n t e r m i t t e n t l y run dry , wi th t h e
discharge produced l i k e l y t o rep re sen t a
p a r t l y evaporated mixture of deep thermal
water and res idua l d r i l l i n g and condensate
f l u i d s.

The first t h r e e bleed samples f o r
NG4 occupy pos i t i ons beneath t h e d i l u t i o n
l i n e and a l o s fa r from t h e dashed curve
rep re sen t ing  the  p o s i t i o n of d a t a po in t s
f o r t h e deep thermal waters a f t e r d i l u t -
ion by su r f ace w a t e r followed by complete
s i l i ca r e q u i l i b r a t i o n . The t r end of t h e
d a t a po in t s , however, sugges t t h e gradual
t r a n s i t i o n from a 900 ppm c h l o r i d e water
wi th a low s i l i ca con ten t t o a water
c l o s e l y resembling t h e  t y p i c a l  deep water.
The’only poss ib l e process g iv ing rise t o
t h e observed low con ten t s a t s t i l l
high chlor ide con ten t s i s conductive
cool ing of the waters accompanied ‘by
silica- deposi t ion. t h e to ta l
d ischarge composition rep re sen t steam
loss from the deep water.

t h e deep f l u i d s by t h e use of chemical
The evalua t ion of t h e temperature of
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F I G U R E 1. Var i a t i on i n c h l o r i d e c o n t e n t s f o r Ngawha w e l l s wi th depth (downhole
samples) and t i m e du r ing bleed , a t 1 From Giggenbach and Sheppard,

geothermometers g ive s q u i t e c o n s i s t e n t
r e s u l t s about G a s
meters, on t h e  o t h e r  hand,

tope geothermometers
e q u i l i b r a t i o n temperatures above
Th i s i s i n t e r p r e t e d to i n d i c a t e
i n i t i a l e q u i l i b r a t i o n of the v a r i o u s
chemical components has occu r r ed i n a
high temperature r e s e r v o i r b u t
tha t a long  res idence  t i m e f o r waters
i n a r e s e r v o i r ha s al lowed
r e e q u i l i b r a t i o n t o t h i s tempera ture f o r
aqueous b u t n o t gaseous species.

The Figure 3 i l l u s t r a t e s a to ta l
nitrogen-helium-argon p l o t , w i t h t h e
c h a r a c t e r i s t i c l o c a t i o n of m o s t New
Zealand geothermal and some
thermal gases . The Ngawha s p r i n g s l i e
on a t i e l i n e l i n k i n g high hel ium

systems, t y p i f i e d by
Te and Hanmer Spr ings , and h igh
n i t r o g e n ("magmatic") sys tems ,
i s e d by Ngauruhoe and White I s l a n d . The
i n i t i a l h igh helium i n b l e e d and gassy
samples sugges t s t h e accumulat ion of gas ,
and t h e h igh n i t r ogen c o n t e n t i n NG4 and

is thought t o i n d i c a t e t h e
of a degass ing "magma".

l a r g e s h i f t of the water t o
h igh va lue s is he ld t o be evidence of
prolonged i n t e r a c t i o n wi th t h e h o s t rock
i n t h e area ( B l a t t n e r and Bunting,
and also t h a t t h e r e has on ly been a s m a l l
throughput of water i n t h e whole h i s t o r y
of t h e geothermal system. Pre l iminary
argon isotope measurements i n d i c a t e an
enrichment i n rad iogenic argon - a s u r e
i n d i c a t o r t h a t t h e r e is l i t t l e i n p u t of
meteoric water i n t o t h e system.
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FIGURE 2 . P l o t i l l u s t r a t i n g
d i l u t i o n , steam loss, and
conductive h e a t  t r a n s f e r  
processes a f f e c t i n g Ngawha
w e l l (and pool) discharges.
From Giggenbach and Sheppard,
1 9 8 0 .

FIGURE 3 . Relat ive total
Nitrogen, Helium and Argon
contents of New Zealand geo-
thermal, vo lcanic and other
discharges. From Giggenbach
and Sheppard, 1 9 8 0 .
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