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DRILLING AT NGAWHA

COMPARISONS AND CONTRASTS

Grindley, N.Z. Geological Survey, Lower Hut t

Production D r i l l i n g a t Broadlands (Figures 1, 2)

two years ago i n the Broadlands Investigation Report o f
June 1977. D r i l l i n g has since followed made i n that
report t o d r i l l wells on major inferred subsurface faul ts

the southeast par t the f i e l d to iden t i f y fracture zone
permeability and so add t o the overall resources o f the f ie ld. Both
wells (BR 35 and 36) were si ted t o intersect these faul ts a t o r
near the top o f the greywacke basement and both were highly successful
i n intersecting fissures near the anticipated depths and so producing
re l iab le well discharges. The two wells averaged 70 steam
a t W.H.P. 16 bars, ef fect ive ly doubling the resources east o f the
Waikato River t o a present o f Deepening of three
non-productive wells 24, 14 and 30) was also recomnended and
the G.C. r i g deepened BR 24 i n la te 1977. Unfortunately, the 
strayed o f f l i n e i n the wrong direct ion (to the northwest by about 10 )
from and was abandoned when d r i l l p i pe became stuck. The
well i s now being redr i l l ed and deviated to the southeast t o search
f o r a possible continuation o f one o f the steep
faul ts i n the basement greywacke. A further wel l  ( B r 26) was J r l l l e d
i n the northeast lobe o f the res i s t i v i t y 400 o f BR 1
i n an area o f known high temperatures and low primary permeability.
The well intersected greywacke a t without encountering any
signi f icant losses o f circulat ion; once more the importance
o f locating subsurface faul t-determined fissures f o r successful
production i n the Broadlands Field.

The geology structure and o f the Broadlands f i e l d

Reinjection D r i l l i n g  a t  Broadlands

Disposal o f hot water by reinject ion i n t o the f i e l d i s a
necessity a t Broadlands and experiments have been conducted to deter-
mine the most suitable sites. The waste water from 27 was
successfully injected i n t o 7 f o r several months a t temperatures
ranging from - a t f l o w rates o f 25 - 32 The waste
water was not exposed t o the atmosphere and s i l i c a deposition was
insignif icant. I n another experiment, water from 11was
a t in to the Ohaki Rhyolite a t 33 a f t e r s i l i c a
polymerisation to take place i n a holding pond; some s i l i c a
I n pipes was' noted. I t not considered desirable to re in jec t
above levels a permeable faulted region such as Ohakl
because o f l i k e l y adverse effects on producing wells.

of the f i e l d i n 1978 to 600 and tests conducted in monitor wells to
A further well (BR 34) was on the



determine passage of re in ject ion water towards the f ie ld . I n
1979 34 was deepened to over 2800 m i n an e f f o r t t o locate deep
permeability i n the basement, though geological in terpretat ion
indicated th i s was unl ike ly t o be found. The well d r i l l e d basement
greywacke below 1600 m and found no s ign i f i can t permeability except
j u s t below the casing a t 800 m where a f a u l t have been
intersected. The well discharged b r i e f l y from this zone, u n t i l the
slot ted casing became detached and s l i d t o the well bottom. The well
f i l l e d with debris so tha t i t no longer i n the deeper
levels. Ef for ts may be made i n the future t o improve permeability
by hydraulic fracturing. 

I n a recent report by NZED many wells unsuitable f o r production
because o f insu f f i c ien t permeability o r temperature have been 
suggested as potential re in ject ion wells. These are mainly o f
moderate depth (900 - 1200 m) ,have long lengths o f open hole and are
situated towards the margins o f the production f ie ld ; Reinjection
rates per well o f 40 - are anticipated depending on known
downhole permeabilities, although two wells close t o the Waikato River
(BR 13 and 23) are expected to take up t o 300 These wells
are, o f course, per fect ly good production wells and could be used as
such i n the future. Further re in ject ion wel l  s i tes have been
suggested i n th i s area.

Investigation D r i l l i n g  a t  Ngawha, Northland (Figure 3)

Since-1977, f i ve wells (N 2, N 5, N 7, N 4, N 9) have been d r i l l e d
a t Ngawha t o determine the productive potent ia l o f the 30 f i e l d as
outl ined by res i s t i v i t y surveys. As anticipated from the results

. obtained from a 600 m f a i l i n g hole (N 1) i n 1965, the primary
i t y o f the f i e l d i s very l o w compared wi th even the worst i n the Taupo
Volcanic Zone. I n a l l dr i l lho les, a thick (500 - 600 m) impermeable
sequence o f lochthonous la te Cretaceous - ear ly  Ter t iary marine
sediments, by large-scale slumping, overl ies basement
wacke (Waipapa Group). The overlying sediments have a complex structure
because o f t he i r mode o f emplacement, but contain discrete ra f t s o f
re la t i ve ly unsheared claystone, limestone and greensand tha t can be
correlated between some wells. A basal conglomerate o f Eocene age i s
present loca l l y and supplies some permeability, though generally
cased of f . The productive potential l i e s mainly w i th in the basement
greywacke, and i s en t i re ly dependant on intersect ing fissures.

O f the s ix wells d r i l l e d t o date, only two (N 4 and N 9) have
intersected signi f icant basement permeability. Both wells were s i ted
near the centre o f the r e s i s t i v i t y anomaly close t o hot-springs
alignments and close to a conspicuous topographic lineament bisecting
the f i e l d i n a north-south direction. both wells struck permeability 
a t two d i f fe ren t levels w i th in the these levels being

by downhole spinner tests, which showed downflows o f
water between the two permeable levels. A l l the other wel ls d r i l l e d
have proved qui te impermeable, so tha t the nature o f the permeable
fissures i n N 4 and N 9 i s a matter o f some importance. The levels
a t which fissures were encountered ( -630 and -950 m i n N 4; -410
and -710 i n N d i f f e r appreciably tha t they are not
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horizontal features. However, data are insu f f i c ien t t o determine i f
extensions o f surface faul ts were encountered.

Tectonic Model f o r Ngawha (and ands?)

The north-south orientat ion of the Ngawha res i s t i v i t y anomaly i s
probably a d i r e c t re f lec t ion of the thermal anomaly i n re la t i ve ly
impermeable rocks, where la te ra l outflows i n near-surface aquifers can
be neglected, For example, a t Broadlands the thermal and r e s i s t i v i t y
anomalies are both oriented i n a NNW direct ion across the structura l
grain o f the Taupo Volcanic Zone. Thus the res i s t i v i t y anomaly trend
i s l i k e l y t o re f l ec t the heat source a t depth. Both a t Ngawha and
Broadlands the surface escape o f thermal f lu ids i s control led by NE
distensional fissures o r faults, presumably paral le l t o the regional
horizontal stress direction. The movement o f large crustal plates 
determines the regional stress f i e l d which conforms t o a simple
pattern o f NE compression and NW extension over northern NZ.

Since the NE fau l ts trend a t an oblique angle (400 t o the
anomalies, i t l i k e l y that either:

a.
i n an ea r l i e r stress f i e l d o r

The thermal anomalies are related to distensional fissures produced

b. The thermal anomalies are related to shear fractures produced by
same stress f ie ld.

both f i e l ds are associated wi th l a te Quaternary volcanism

unlikely. A model involving thermal heating along fundamental shear
faults i n the basement is, therefore, proposed. This heating may have
been accomplished by magmatic intrusion and/or hydrothermal convection
i n f issure systems.

3 x 10 years) s igni f icant  rotat ion o f the regional stress f i e l d i s

I n the case o f Ngawha, the north-south lineament the f i e l d
l ines up wi th volcanic centres to the north and south cone) as
well as a small volcanic vent within the f i e l d (N area). The
lineament may continue southward across Northland to the west coast
near Dargaville Photo, Skinner and P. Oliver pers.

From consideration o f the Quaternary regional stress f i e l d i n
Northland, the NE directed pr inc ip le horizontal stress di rect ion (P.H.S.)
would produce dextral transcurrent displacement on a north-south faul t .
Late Tert iary analogies ex is t i n the Coromandel Peninsula (Waihi and
Te Aroha fissure vein systems) where Wellman (1354) and Wodricki and
Weissburg ( have described NE hydrothermal vein systems
intersected by north-south dextral transcurrent faul ts  that  have also
been the locus o f hydrothermal vein deposition. If Broadlands i s a
structural analogue, the NNW thermal anomaly may mark a deep-seated
dextral. s t r i ke- s l ip f a u l t contro l l ing the ascent o f magmas and
hydrothermal f lu ids i n the basement and opening up NE trending
tensional fau l ts i n the near-surface racks.
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1 Broadlands Geothemal F ie ld re la t ion o f
t o fau l ts and r e s i s t i v i t y contours.

Figure 2 Cross section of Broadlands Geothermal F ie ld t o
16.

3 Ngawha Geothermal F ie ld re la t ion o f to re-
s i s t i v i t y and volcanic centres.
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