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The f lu id  d i s t r ibu t ion  a t Wairakei described, and its divis ion
single- and two-phase tones.

pressure drop in the deep, liquid-dominated p a r t of the f i e ld , and the creat ion
and enlargement of a vapour-dominated tone.

The e f f e c t s t o exploi ta t ion appear as a

Introduc t ion

A Considerable of modelling work has been done on
Whiting and Mercer and Paust Marshall
P r i t che t t et a1 (1979).

The observed i n i t i a l s t a t e of the f i e l d was described by
reports) and Elder (1966).

the f i e l d
interpreta t ion has used this pressure as principal or only datum for model ver i-
fication.
of change and f lu id change with depth.

a vapour-dominated zone forms a t the bottom of the
phase region.

changer a t production depths, and in te rp re t much of the response i n
terms of where boi l ing occurs.
vas l iquid.

Under exploitation the pressure has fa l l en more or
Nearly a11 the modelling and

However, each model assumes, impl ic i t ly or exp l i c i t ly , some di s t r ibu t ion

Pr i t che t t e t construct a model which there a r e large

Thus

Whiting and Ramey assumed that the reservoi t

It to get a good f i t t o the his tory of the f i e l d pressute, and indeed
the best f i t is given by the model:

As cannot be discriminated by the history,
data needed.

volume f a r too large. P r i t che t t e t (1976) f a i l becaure
the i r sa turat ion changer imply large enthalpy changes, which have not occurred.

Thus Whiting and Ramey f a i l becaure the

The object of the present to supply the more detai led

This work'about the i n i t i a l s t a t e of the f i e ld , and changes in it.
i s only par t ly and t h i s paper is a report, to

those expec l a t e r.
,

Analysis

The wal ls have never been in the d e t a i l tha t now
a t or In par t there is a deficiency of

But the defect is that present techniques of hole
rants a f t e r development.. The

,
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of a re-examination of a l l well on a l l wel ls a t Wairakei.
This is presently about 40
w i l l be published as a technical repor t , as w i l l an explanation of the
ta t ion techniques..

A complete s e t

Well data is on the basis tha t each w e l l a few
Pressures else-
With feed

points, a t which it contacts the reservoir f l u i d and pressure.
where i n the well merely r e f l e c t the f lu id column in well.
points, there w i l l be a flow i n the well, or a two-phase column the well ,
or a steam overlying a water column.

For each well, i t s major feed point was ident i f ied. Pressures a t t h a t

point i n the wall were taken to give a his tory of reservoir pressure.
was assumed to here, so t h a t enthalpy his tory is a l s o avai lable
("enthalpy" means enthalpy, or the flowing enthalpy i n the reservoir
(Grant Sorey 1979)).

between points than hydrostatic, a well stand with
a s t e m column over a water and f i e l d pressures a r e obtained a t
points the well.

Discharge

After the f i e l d is and v e r t i c a l pressure

When f lu id up the standing well, it indicates tha t the ver t i ca l pres-
sure gradient in the f i e l d exceeds hydrostatic.
boi l ing or also whether two-phase or l iquid
prevail .
a r t a t e , where the well contains an upflow of boi l ing water from near wel l
bottom, and consequently do not r e f l e c t f l u i d temperatures except near wel l
bot

The f lu id i n  t h i s  flow -
Nearly a l l ear ly temperatures in Wairakei a r e measured

.
With the development of in terpreta t ion techniques, s t ead i ly greater emphasis

been placed on f lu id flow i n the well' disguising true reservoir values.
Par t icular  care  has been taken here to a l l check data t h a t exis ts .

Many of the very ear ly wells were d r i l l e d and in stages, o f t en q u i t e
small rtages. "here were a l so temperatures during d r i l l i ng .
were deepened, or plugged and perforated.
depth prof i les , comparison.

Later, some wells
These measurements provide undisguised 

Results

Figure 1 shows a cross- section o f the f i e l d i n its i n i t i a l s ta te . The
cross-section tuns from neat the powerhouse, up to well 3 and 219.

from 1950 to about
bottom is contour.
two-phase conditions a re encountered.
in two-phase.

the (horizontally) flowing f lu id in the reservoir.  Marked wlth a
double is the top two-phase
Temperature, a r e encountered above the 250 isotherm. There 
is a horizontal component i n the aa tu ra l flow, and t h i s f lu id from off

Data used 

This is i n liquid water. d is tance above

With i n t h i s is a 1200 Both isenthalps r e f e r to tho

Above t h i s l iquid vater.

Several contours a r e plotted. tha

The next contour is the 1100 J /g

,
I t h i r section.

The near-surface conditions a r e qui te  in teres t ing,  Over most of the f i e l d
.cool or cold water occurs the top 100-200 m.
by groundwater.

This is presumably maintained
Near natural discharge vents, hot or two-phase

even here there is a con t ras t with the deeper
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reservoir, A t dep a t Wairakei and other f i e lds , f a i r l y homogeneous
two-phase f lu id is The steam and water a r e  q u i t e  well mixed. Near

the phases a re much more prone to separate, with d i s t i n c t flows of
steam and water.
and colder waters.

i s a very patchy, cr iss- cross flow of steam, ho t water

Figure 2 shows v e r t i c a l section, i n i t i a l l y and i n 1972. The i n i t i a l
pressure corresponds t o a gradient about 1.1 hydrosta t ic , a s has
been found before by

The f i r s t well d r i l l e d i n 1950-51, were shallow and there is no
e f f e c t of the i r discharge, except upon each well i t s e l f .
discharge, began i n 1953.
of the natural discharge, i n
deep production (Grant i n Prep).
a f t e r the natural discharge was severely affected.
pr incipal ly within the two-phase zone, grew.
i t grew and spread across the f i e l d , and was f u l l es tabl ished by 1962.
then the v e r t i c a l pressure p r o f i l e has been of s t ab le shape.
AB is l i t t l e disturbed.
mobility two-phase vapour-dominated).
dominated segment CD, and then l iquid DE.
liquid-dominated sect ion still exceeds hydrostatic. Within the two-phase
zone there is an l iquid r i s i n g  t o  about 1300-1400 J / g a t
the inerface the vapour.
The'korners" and C a r e not defined accurately by the data,  so i t cannot be 
sa id how sharp a r e these interfaces .
the vapour.

Deeper d r i l l i n g and

Natural features a r e very sens i t ive  to  
The f i r s t observable f i e l d response was the reduction 

A general drawdown is perc ip t ib le i n 1955-56,

This drawdown, located
In 1958 a vapour zone f i r s t appeared

BC i s the vapour zone, contains steam and water of low

Since
The top segment

Beneath t h i s i s a two-phase l iquid-
The v e r t i c a l pressure gradient i n the

It is hoped t o def ine t h i s p r o f i l e accurately.

There is i n places a two-phase zone above 

There has been production of saturated steam from the vapour zone.
of th i s , there is a pressure gradient i n i t , towards the production area; and
i ts pressure has s teadi ly  fa l len.  
now controlled by the pressures on the HP steam line, As

pressure has f a l l en , t h i s zone has r isen, so t h a t i t i s i n places l e s s than
150 m from the surface.
appear to have any influence on f i e l d behaviour.

Because

I n f a c t the vapour zone pressures a r e probably

the vapour zone

Note t h i s is above the mudstone. The mudstone does no t

There is much evidence of the advance of cold water in to the f i e ld . Peri-
pheral wells,  such a s 23 and 35, show shallow cooling water inwards.
Wells such a s 31,101,107 have been k i l l e d by cold intrusions.  
high-enthalpy wel ls whose enthalpy has f a l l en , and wel ls producing from the
vapour zone show the presence of mobile water; t h i s water must be moving down-
wards.
zone, and i n t o the deeper reservoir.
hence mobi l i t i e s of the two phases, t o estimate the of water.

s imilar ly an of steam, and consequent heat loss the
liquid.

a heat and mass balance between four of f i g u r e 2) of thd
f i e ld .

There a r e a l s o

I t appears t h a t there is some entry of cold water, through the vapour

It hoped, by s tud ies of enthalpies

The enthalpies of up t o 1400 i n the 'liquid-dominated two-phase zone 

It is hoped similar ly to estimate t h i s flux, and f i n a l l y to construct
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Comparisons with other f i e l d s

A vapour zone a t about 55 bar developed br ie f ly a t Broadlands, and
discharged dry steam.
a f t e r the f i e l d shutdown i n 1971.

indicates upward loss of steam.
steam zone formed within the two-phase zone, and was not confined o r controlled
by any stratum.
ta t ion and i t appears above the level of greates t drawdown.

The zone f i r s t formed i n 1970, and pers is ted for a year
It decayed with the s t e m pressure fa l l ing ,

Both Broadlands and the

It is conjectured tha t its formation is controlled by exploi-

The natural discharge, and changes i n it, a r e being simultaneously 
f o r useful to modelling Rotorua f i e ld .
conclusion is tha t deep exploi ta t ion appears t o  a f f e c t  the na tu ra l discharge mora

A t present the only obvious

. inmediately than shallow withdrawal.

References

R.G. (1979) "Thermal History of the Karapiti Area, Wairakei", Report
137, Geophysics Division DSIR

R.S. (1970)

(1970)

"The Behaviour of the Wairakei Geothermal Field During
Exploitation", U.N. Conf.,Geothemics Special 1426-1449.

"Development of a Theory of the Wairakei Geothermal Field
by the "Simplest Cases F i r s t" Technique,", U.N. Conf, Geothemics Special 
Issue 669-676

MERCER (1978) "Geothermal Reservoir Simulation Application of
Liquid and Vapour dominated modelling techniques to Wairakei, New Zealand"
Unpublished.

A. (1975) model of the Wairakei Geothermal Field". Unpublished paper. 

WHITING R.L. (1969) "Application of Material and Energy 
Balances to Geothermal Steam Production, Journal Petroleum Technology,

.,.
898-900

S.K., D.H.J. (1976) "Numerical of
Production and Subsidence a t Wairakei New Zealand".
Geothermal Engineering Standford University



I

a-

€-

\ e -



I

a-

€-

\ e -



100

-100

PROFILE WK9

iquid

E

PRESSURE,




