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ABSTRACT

A Geothermal Task Force field team has been estab-
lished in Rotorua to investigate urgently ways of
reducing the wastage of geothermal anergy. The
existing level of fluid withdrawal from the Rotorua
field mas been confirmed to be around 32,000 t/d
(tonnes/day) from 350 medium enthalpy bores. The
reasons for the wastage have beer. Identified and
current technology could be used to reducs substan-
tially the overall withdrawal. However, major
medifications will be required and this will cost
several millions of dellars for new reticulation
piping, thermal insulation, new heat exchangers
and control devices. There is not a simple and
cheap way of significantly reducing the drawoff
arnd satisfying the current heating requirements.
It is also likely that most of the low pressure
bores will not self-flow at reduced flowrates as
their production is already throttled so increased
bore-sharing or group heating looks like being an
essential part of the future geothermal duvelop-
ment in Rotorua. Downhole heat exchangers could
also have a role to play.

INTRCDUCTICN

Many visitors both domestic and overseas come to
Rotorua to enjoy the hot mineral and spa pools and
to see the natural thermal activity at whakarewarewa.
Since the 1940's, over 900 shallow bores (typical
depth 1COm) have been drilled in the Rotorua field
to satisfy the heating requirements in the commer-
cial and residential sectors. Direct utilization
has been made of the geothermal energy for space
heating, hot water heating, pool heating and for
steam cooking. Currently there arc 350 production
bores, all medium enthalpy between SO0 kJ/f%g to

90C kJ/kg. The majority are low pressure bores in
the S00 kJ/kg to 700 kJ/kg enthalpy range. However
the utilization of the resource has been based on
minimum capital cost systens except for some of the
larger commercia: usersjy the Government Depariments,
Hospital and Hotels. It has been well-known that
these basic systems are associated with high wastage
of heat as characterised by the many risible steam
plumes coming from the gas vents in the thermal area.

In the last five years, *here have heen sigaificant
chanpes In the surface ac*ivity a* Whazarewarewa
protanhly related to a decline in the Rotorua field
pressure. Ar*tificial drawoff could he a =orntribu-
ting factor to this decline and a substantial re-
duction in withdrawal should benefit field pressure=
for the future management of the resource.

In Movember 1983 a Gaeothermal Task Fors: fiald tear
was established in Rntorua %o investigate urzently
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doaestic users, were set up to measure drawoff and to
field test promising control devices by retrofitting
the existing heating systems. The technical pro-
gramme has also included testing some of the pro-
duction bores aad building a test facility to demon-
strate the effective use of geothermal energy Tor
space and hot water heating.

DRAWOFF ESTIMATION

An estimate of the level of withdrawal frem the
Rotorua field can now be made. The drawoff is regu-
larly measured at the 50 test sites and this can be
supported by conticuous flow monitoring of a small
number of commercial users. The spot measurements
of drawoff involve no more than bypassing the waste
geothermal water into a calibrated drum, This has
been effective but is very time consuming, however

a sound data base is being produced. In the resi-
dential sector, usage patterns vary tremendously from
less than 1 t/d (a very conscientious user) to over
40 t/d (last end-user on a reticrlation system). A
typical home can use between § to 10 t/d geothermal
drawoff from the higher enthalpy bores. The drawoff
increases slightly for the users on the lover enthalpy
bores where homes can use between 8 to 15 t/d, Con-
tinuous flow monitoring of several commercial users
has beer. done using a vortex shedding type of flow-
meter in the geothermal discharge line. 'he flow-
meter measures the water flowrate while the gas is
bypassed to avoid the errors created by the two-phase
flow. Again the pattern of drawoff is variable from
low 20 t/d to high 700 t/d usage and an invaluable
data base is being produced. Hore recently a por-
table separator rig has been commissioned to measure
the total mass output and enthalpy from the larger
production Sores.

The results from this sample have Seen used to esti-
mate the output of each Sore and the overall vith-
drawal from the field is calculated using a computer
data base. This can only be an approximate estimate
but is the %est that -can be done without far many
more test sites. The current spli4 in production
between the two end-user sectors appears :o he
similar:

MIMRER OF NTMBER DRAWOFT
PRORIICTION oF 15T /4
20RT
Cammercial 175 275 155800
Residontial 1565 AL 17,0
r2iong

TYPISAL SYSTRS

A typical minimam cont seother=al heating -y3tem ia
hath fhe vommeraial amd residontial sectops has the

follnaing featuras;::
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* BORES

= The bores produce a steam-water mixture, with
steam qualities varying from 8 to 3% w/w. The
non-condensible gas content i8 generally low at
1% w/w of the steam fraction.

* RETICULATION

= Bores are normally shared by more than one user,
especially in the residential sector. In nut
cases, the geothermal drawoff is supplied by a
one—pipe system to each user. There are a few
small central heat exchanger $ysteas with a two=
pipe system, with a supply and return of hot water =
Most of the steel pipework is bare and is above
ground.

® HEAT EXCHANGERS

- Most systems use cheaply made tube-in-pipe or
shell-and-tube heat exchangers, arranged in para—
Ilel. The geothermal steam-water mixture con-
denses in the tubes and the secondary water flows
longitudinally outside the tubes. Most heat ex-—
changers are piped up in a counter—current manner
and very few of the exchangers use segmental baf-
fles to promote cross flow. Tne secondary water
circulation commonly depends on a thermosyphon
for houses and a pumped &ystea for larger build-
ings.

® CONTROL

= Cheap sanual valves are used to adjust the geo=
therzal drawoff, In most cases these valves are
sized inc¢orrectly and do not have the correct
characteristics for accurate control. The normal
positions for the commonly used ball yalves are
'heating on' T a quarter open and 'heating off"
= fully closed.

¢ EFFLUENT DISCBARGE

= The waste geothermal fluid is discharged to a
shallow soak bore (less than I0m) or soak hole.
Each soak bore i# rented to atmosphere o remove
the gas (and steam if the temperature exceeds
100°C) at elevations to avoid high ground concen-
trations of gas.

SAVING TEE WASTAGE

The Task Force has ¢oacentrated on identifying where
the geothermal enerzy is wasted and the scope for make
ing savings, A typical systea will waste energy by
bypassing at the bore, high heat losses from the ree:
ticulation piping, in the discharged waste fluid and
from the secondary systems, This wastage {8 reflected
in increased fluid withdrawal from the field.

(1) At the Bore

The higher pressure bores produce geothermal fluid with
enthalpies between 700 kJ/kg to 900 kJ/kg and show the
characteristic boiling curve in their temperature and
pressure profiles. These bores are self-starters and
can be completely throttled so there is scope for re-
ducing production by the implementation of improved
heating systems. Unfortunately, there are only 20 to
30 bores in this category on the eastern side of the
field and the scope for saving overall drawoff may
only be around 3-5,000 t/d.

The low pressure bores (300 +) produce from hot water
between enthalpies 500 kJ/kg to 700 kJ/xg which flashes
in the casing over an upper 30m to 5Cm boiling zone
where the flow is two-phase. There is a temperature
drop in the boiling zone due to the reducing saturation
pressure. The production rate declines rapidly just
prior to calcite (calcium carbonate) cleaning which is
required usually every 6 - 12 months. The main wasgt-
aqe at the bore is the need to bypass a fraction of
the drawoff to keep the bore flowing. Calorimeter
testa have shown that the bores are operating below
their maximum well-head pressure and that their out-
put is already throttled. Further turndown of their
output producen instabilities in the vertical two-
phase flow and separation of the rising steam-water

The Task Force is currently obtaining field data on
this problem in an attempt to quantify the minimum out-—
put but the scope for further throttling the majority
of these low pressure bores appears limited.

(2) Reticulation Piping

The one-pipe geothermal reticulation &ystems can beat
be described by the two extremes; the 'spiders web',

a ring-maia with branches sverywhere and the 'octopus*
with pipelines emerging in all directions from the bore.

The piping is carbon steel and is not insulated there-
fore the transmission heat losses are considerable, A
high pressure bore reticulation system 1S quite exten-
sive and may hare 200m2 of piping surface area above
140°C whereas a low pressure $yste@ may have a surface
area of S50m2 at 120°C. On windy days the heat losses
can represent a major part of the drawoff, At lower
flowrates the temperature and enthalpy drop along the
pipelines will be even aore noticeable. The Task

Force worked on a 100m length of line of 32ms od car-
rying fluid at 650 kJ/kg and 138°C. Without insulation
the minimum flowrate for a 4 kW space heating duty was
5 t/d, With 25.4=e of tibreglass insulation, this
flowrate could be reduced to 1.4 t/d. Thermal insula-
tion of the supply pipelines iS essential. Ome uncer-
tainty 1S to find the cheapest and best way of cladding
or waterproofing the fioreglass, The Task Force is
field testing a oumber of alternatives: aluzinina,
malthoid and PYC tubing, Other options are also being
investigated.

Apart from the high heat losses from the bare pipe-

lines, there are a nultber of other prodleas associated

with this one-pipe two—phase flow reticulation:

® Flow Splitting = at every teec and junction where
the flow splits, there will be a corresponding
change in the enthalpy (the steam quality) of each
stream. On one bore, next—door neighboure receive
600 kJ/kg and 1,400 kJ/kg drawoff « This sakes con-
trol and design difficult.

® Balancing = there are problems in providing a supply
to cope with both normal and peak requirements and
often there is a delicate »alance found ia each
systes such that if one user takes slightly more
drawof{ (pool filling), it starves all other users.

®* Cleaning = the supply pipeclines alee hate to be
regularly cleaned of calcite and this is 8e¥ done
using waste acid. Future insulaticn will hare to
provide for cleaning. Thereal insulation of the
pipeline from the bore will mean that the drawoff
boils entering the heat exchanger and this will be
the problem area for calcite deposition.

(3) Effluent Discharge

All too commonly the geothersal drawoff is discharged
at temperatures exceeding 100°C and at enthalpies over
450 kJ/kg. The c¢heap heat exchanger systems and the
lack of control arc the main reasons. These high dis-
charge enthalpies can lead to boiling in the secondary
water circuits which causes noise and Vibration prob-
lems, scalding hot water which is dangerous and cor=
rosion problems arising from the open rent at the soak
bore.

Heat Exchangsrs

The performaace of the geothermal heat exchangers is
limited by the seconday water side and the low flow-—
rates induced by the thermosyphon circulation systems.
The low velocities and lack of cross-flow outside the
tube(s) arc the controlling factors. Many systems can
only operate successfully at high rates of drawoff,
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where high temperatare differences are required to
compensate for insufficient heat sxchangsr surface
area. Performapnce iaprovenento can certainly be made
by new heat exchangers and pumped circulation systems.
The Task Force has designed a shell-and-tube unit
based on two-phase methods incorporated in *he H.T.R.I.
computer grogrammes, The field testing of this unit
and 3ome plate heat sxchangsrs with pumped circulation
systems is irhand.

Control Devices

It was recognissd ecarly in the Task Force work that
control devices would ke ossen%ial to automatically
regulate the drawoffl to the heating requirements.
types of control devices are currently being field
tested:

(1) Thermostatic Traps ~ these are used in the pro-
cess industries on clean-steam/zondensate systems.
They are cheap,(around $150) robust and are capable
of limiting the temperature of the geothermal drawoff
to 70 to 90°C acd can continuously pass the non-coba-
densible gases. The performance of the Spirax-Sarco
LE8 device is particularly promising.

(2) Temperature Activated Valves these consist of
a sensor filled capillary and modulating valve and
can be used to control the temperature of the secon-
dary water circuit. The valves have been developed
for clean hot water supplies, Noae-the-less there
are several types which art made from suitable mater—
ials for this geothernal duty and have given good
service in Rotorua. The loagterm performance of the
most promising valves 1S being evaluated,

Two

The field testing of 20 control devices on heating
system using geothermal energy from the higher
enthalpy bores has highlighted nany problems. In most
cases the savings in drawoff have not been as high as
expected because of the magnitude of the reticulation
heat losses and the poor performance of the heat ex-
changer and secondary systems. It is now clear that
control devices alone will not universally save 75%
of the wastage. Some devices have failed due to de-
position. On bore 501, the hard deposition product
was found to be high in silica as well as aluminium
and it could be a sodium alwminium silicate. Devices
on this bore will require regular cleaning and main-
tenance. The contrel devices have also been relative-
ly expensive to install because of piping modifica-
tions and they have created many balancing problems
between interconnected users and parallel heat ex-—
changer systems.

It has been shown many %imes before in Rotorua and now
by the Task Force that 20°¢ and 330 kJ/kg are reason-
able discharge ‘emperatures and enthalpies for the
design of geothermal heating systems. The Task Force
has modified one house with a new heat exchanger,

pump and control device such that the geothermal
effluent is discharged below 75°Z. Thg drawoff re-
quirements were reduced from ? 4/d to , t/d.

(W)

Secondary Svatamo

As the geothermal drawoff iz essentially free, there
has been little incentive to use=s %o install well
designed secondary systesms to make effective use of
the heat- The pipiag, much of it external to build-
ings is unlagged so again the heat losses are high.
There is a lack of basic *hermezta* controls to reg-
ulate radiator temperatures, hot water and pools.
Scalding water from taps is common so too are hot
thermal pools requirins excessive amounts of cold
water o coo? them to “C?Z. Many of th: hot swimming
and cpa pool; operate orn 2 once-through water heating
sy=tem and nos: 2f them remain unceversd when they
are no* in o the syaporation heat louses are
hizh. Tt Ras bteen evetizmated that a considerabls
numher of pool. g 30K of the Moent.
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It has also tecoae apparsnt that future improvcments
to ths geothermal side of tho heating systems will
also have to go hand-in-hand vith improvements to the
secondary systems if significant savings in drawoIf
ars to %e made.

* AN EXAMPLE OF THE SCOPE FOR SAVING WASTAGE

A not untypical residential heating syotcn could be
using 12 t/d drawoff at an enthalpy of 600 kJ/kg for
space heating. The bore does a0t require bypassing
as it supplies several users and the system consistis
of th: typical bare piping, a thermosyphon heat &x-
changer system and manual valves (sce figure 1).
geothermal drawoff is discharged at 10S°C and at an

enthalgy of 440 kJ%z. The performance of the systam
can be deserided by the T/F (temperature/heat content)
diagram in figure 2 and the heat load distribution n

figure 3. The thermal effectiveness of the sy=tem is
5%;

2.5 %W of useful heat in the radiators for space
heating from an availakle SO kW in the drawoff.

a

The

This
is the heat available above 60°C which is the return
secondary temperature and the target approach temper-
aturo if &ll the heat could be utilized in the goo-
thermal drawoff.

OTHER HOMES GAS VENT
RADIATOR(S)
e
' H o .
¥ L
NO BYPASSING : - s;
ol = 2
BARE PIPING T : T
== MANUAL r
T HEAT VALVE A _
EXCHANGER
SOAK
HOLE
PROCQUCTION
BORE
STAUSE 4:  SAUTSVEWS SLOVSUTTT OF A WOOIFTTR RESIENTIAL SPACT HTaTTML ive

CEIIMNG
NELLATION

/\

ap— ——

L) |
| i e Pura@
SECONOARY i 3 ' /r
|n§uLA‘t|CN| - *"""@
L-—o H‘J e j%

PIPING » THERMAL

M_,/‘ e

IHSULATION
/- TEMPERATURE v~
ACTIVATED
IMPROVED HEAT VALVE

E*CHAMGER



DREW

The Meating system can ha improved by the following
fratures shown in figure L:

® Tharmal insulation of the geothermal supply and
the secondary piping and in the ceiling space of
th2 building,

® A new heat exchanger and pumped secondary systen,
A temperature activated control device.

3 +/d4 of drawoff is now required. The thenal effec-
tiveness of the system has been increased from 5% to
LC% 'out more importantly TS% of the original drawoff
has been saved, Figures $ and 6 illustrate the im-
provements in the T/H diagram and the magnitude of
the heat losses. In particular it is worth noting
that :

* 5 xY% heat is availabdle for the space heating, the
domestic hot water ani the pool “eating,

the geothemal effluent is discharged at 80°C and
enthalpy 330 kJ/“rcg so there will be less problems
at the soak Sore,

the system is controlled automatically to balance
the geothermal supply with the heating require-
ments,

= thermostat control devices can be used on indi-
vidual radiators for improved home comfort levels,

FIGURE 2
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FIGURE 3
BREAKDOWN OF GEOTHERMAL HEAT LOADS
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3 to 4 %W nnd it is anticipated that the normal rats
of drawoff will he between 1 t/d to 2 t/d whizk rom-
parcs to a drawoff of 14 t/d before the syster was
improved.

FIGURE 5
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DISCUSSION

The level of draweff from the production bores zan
now he confirmed at around 32,000 t/d. A more pracise
figure caanot be obtained unless far more random
sampling is carried out and this does not appear to
be practical. This level 2an also be compare.! %o the
natural outflow from the surface activity at Whaka=
rewarawa which is around 8,000 t/d. It has Seen sug-
gested that a recovery of the Rotorua field is poss-
ible if the production rate can be reduced %o this
level. The Task Forze has shown that the wastage iz
such tha: thers is scope for 73% savings 3 mast
users so it appears feasible o0 ai3 for this “arget
level »f production.

However *here is not a simple and cheap was of doing
this and =ajfor modifizations, if not totally new
heating systems will be needed. These will he more
axpensive which nap make grothermal not so cemmer=
cially attractive especially as natural gas «ill he
an alterna“ive in Rotorua. The comparison of heatingz
costs for tho warious energy supply options it; keing
carried »u* by “he Task Force.

5 alae *he soaagibility that sore =00 2%iy
ya+amzvz Wwill provida additignal prabl
which shau ha pverloohed:
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® The ane-pipe geothermal reticulation system will
still have major balancing and calcite cleaning
prchlems.

™ia heat exchangers will have to e cl.ared mare
fruguently to rumove caleite deposits. This may
not b: a practical proposition as mor2 eff2etive
heat exchangers may block ewar several days.

* There will be higher mointenance costz for the
pumps and control Zevices.

® Te new systems muzt be able %o cope »ffechively
with toth winter and summer load conditions.
Existing bores may not be able to satizfy this
requirement .

There is no doubt that the total costs of medifica-
tions required for all ths heating systems will =un
icto millions of dollars if the total flzid with-

drawal from the Rotorua field has to be reduced. A

new approach for using the resource may be justified.

Group heating could replace a number of bores dy
one production bore with the drawoff going to a
deep injection bore. A central heat exchanger and
control device could heat a low or medium pressure
hot water raticulation system. This would resolve
all the problems associated with geothermal reticu«
lation. Metering of hot water to ¢onsumers is also
possible and this would enccurage energy conserva=
tion.

Downhole heat exchangers may also have a role to
play especially if they can provide sufficient heat
from an existing low pressure bore. There will be
no net removal of drawoff. Syndicate groups would
be able to aaintain their current independence.

The Task Force will be investigating both ¢f these
future options in order to recommend the most cost
effective way of reducing withdrawal for the future
management of the Rotorua field.
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