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Drew

Task Force, Rotorua

A Task Force f i e l d has been es tab-
l i s h e d i n Rotorua t o o f
reducing t h e wastage of anergy. The
e x i s t i n g  l e v e l  of f l u i d withdrawal from t h e
f i e l d been t o be t/d

from entha lpy bores.
reasons f o r t h e wastage have beer. I d e n t i f i e d and
cu r r en t technology could be used t o substan-
t i a l l y t h e  o v e r a l l  

w i l l be requi red t h i s w i l l c o s t
s e v e r a l  m i l l i o n s  of f o r new r e t i c u l a t i o n

p ip ing , i n s u l a t i o n , new hea t
and c o n t r o l devices. There is not a and
cheap way of s i g n i f i c a n t l y reducing t h e drawoff

s a t i s f y i n g t h e cu r r en t  hea t i ng  requirements.
It is a l s o  l i k e l y  t h a t most of low p re s su re
bo re s will not at reduced as
t h e i r production is a l r eady t h r o t t l e d so i n c r ea sed
bore- shar ing or group hea t i ng l o o k s l i k e an
e s s e n t i a l part o f fu tu r e

i n Rotorua. Downhole hea t exchangers could 
a r o l e t o play.

v i s i t o r s both domestic and overseas come t o
t o enjoy t h e hot and spa pools and

t o see t h e  n a t u r a l  thermal a c t i v i t y a t
S ince t h e over sha l low bores  ( t y p i c a l
depth have been d r i l l e d i n t h e Rotorua f i e l d
t o s a t i s f y t h e hea t i ng requirements i n t h e

and r e s i d e n t i a l s ec to r s . Direc t u t i l i z a t i o n
h a s been made o f t h e energy f o r space
hea t i ng , hot  water  hea t i ng , pool hea t i ng and
steam cooking. 

a l l en tha lpy between to

t h e to 700 range. However
t h e of t h e resource h a s been based on

c a p i t a l co s t  sy s t ens  except f o r some t h e
commercia: the

Hospi ta l and Hotels. has been well-known t h a t
t he se  ba s i c  systems a r e a s soc i a t ed high
o f heat as the r i s i b l e

from the area.

Current ly t h e r e arc

The major i ty are pressure i n

have
I n
related t o dec l i ne i n t h e f i e l d

pressure .
f a c t o r t o t h i s dec l i ne and s u b s t a n t i a l re-

duc t i on in withdrawal should bene f i t f i e l d
f o r o f t h e resource.

doaes t i c  u se r s ,  were s e t up t o drawoff and t o
f i e l d tes t c o n t r o l devices r e t r o f i t t i n g
t h e e x i s t i n g hea t i ng systems. t e chn i ca l pro-

h a s a l s o included some o f t h e pro-
duct ion  bores  aad a t e s t  f a c i l i t y  to

t h e e f f e c t i v e use o f geothermal Tor
space and hot water  heating.  

ESTIMATION

An estimate o f t h e l e v e l of withdrawal t h e
f i e l d can now be

l a r l y measured a t the test s i tes and t h i s can be
supported by cont icuous flow monitoring of a small

of commercial spot
o f drawoff involve no than bypassing t h e waste

water i n t o a c a l i b r a t e d This has
been e f f e c t i v e but is very consuming, however 
a sound d a t a base is being produced. I n t h e resi-
d e n t i a l s e c t o r , usage p a t t e r n s vary tremendously from
less than 1 t/d very consc i en t i ous  u se r )  t o ove r
40 t/d ( l a s t end-user on a r e t i c r l a t i o n A
typical can use between 5 t o t/d
drawoff from t h e higher bores. drawoff
increases s l i g h t l y for t h e  u s e r s  on the l o v e r
bo re s where homes can use between to Con-

t inuous flow monitoring of s e v e r a l commercial u s e r s
h a s beer. a vor tex of

i n t h e geothermal d ischarge l i n e . ' h e flow-
meter measures t h e water f lowra te while t h e is
bypassed t o avoid t h e e r r o r s c r ea t ed by the two-phase
flow. Again t h e  p a t t e r n  of drawoff is v a r i a b l e

20 t/d t o high t/d usage and an
d a t a base is being produced. Hore r e c e n t l y
t a b l e s e p a r a t o r r i g has been t o measure
t h e t o t a l mass output and entha lpy t h e larger
product ion Sores.

The is

The r e s u l t s from t h i s sample have Seen used t o
mate t h e output of each Sore and o v e r a l l  v i t h-

t h e field is ca l cu l a t ed us ing
d a t a Th i s can only be an
but is t h a t be f a r

t e s t s i t e s . i n
t h e two s e c t o r s appears
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BORES

The bores produce a steam-water mixture, with
steam q u a l i t i e s varying from 8 t o
non-condensible gas content gene ra l ly low at

of t h e steam frac t ion .

RETICULATION

Bores a r e normally shared by more than one use r ,
e s p e c i a l l y i n t h e r e s i d e n t i a l sec to r . In most
c a s e s , t h e geothermal drawoff is suppl ied by a
one-pipe t o each user. There a r e a few
small c e n t r a l hea t exchanger with a
p ipe system, with a supply and r e t u r n of ho t water

of t h e s t e e l pipework is bare and is above

HEAT

The

systems use cheaply made tube- in-pipe o r

shell- and- tube hea t exchangers, arranged i n para-
l l e l .
denses i n t h e tubes and t h e secondary water flows

l o n g i t u d i n a l l y o u t s i d e t h e tubes.
changers a r e piped up i n a counter- current manner
and very few of t h e exchangers segmental baf-
fles t o promote c r o s s flow. secondary water
c i r c u l a t i o n commonly depends on a
f o r houses and a pumped f o r l a r g e r bui ld-
ings.

CONTROL

Cheap valves a r e used t o a d j u s t t h e
drawoff, In most c a s e s these are

s i z e d and do not have the c o r r e c t
c h a r a c t e r i s t i c s f o r accura te control . The normal
p o s i t i o n s f o r t h e commonly used b a l l a r e

on' - a q u a r t e r open and 'heat ing o f f '- f u l l y closed.

The waste geothermal f l u i d is discharged t o a
shal low soak bore ( l e s s than o r soak hole.
Each soak bore ren ted t o atmosphere
t h e gas (and steam i f t h e temperature exceeds

at e l e v a t i o n s t o avoid high ground concen-
t r a t i o n s of gas.

The geothermal steam-water mixture con-

hea t ex-

SAVING TEE WASTAGE

.

The Task Force has on i d e n t i f y i n g where
t h e geothermal is wasted and t h e scope f o r
i n g
bypass ing t h e bore , high hea t l o s s e s from t h e
t i c u l a t i o n p ip ing , i n t h e discharged waste f l u i d and
from t h e secondary
i n inc reased f l u i d withdrawal from t h e f i e l d .

A t t h e Bore

The h ighe r p res su re bores produce geothermal f l u i d with
e n t h a l p i e s between t o and show t h e
c h a r a c t e r i s t i c b o i l i n g curve i n t h e i r temperature and
p r e s s u r e p r o f i l e s . These bores a r e s e l f - s t a r t e r s and
can be completely t h r o t t l e d so t h e r e is scope f o r re-
ducing product ion by t h e implementation of improved
h e a t i n g systems. Unfor tunate ly , t h e r e a r e only t o

bores i n t h i s category on t h e e a s t e r n s i d e of t he
f i e l d and t h e scope for saving o v e r a l l drawoff may
on ly be around

The pressu re bores produce from hot water
between e n t h a l p i e s t o which f l a s h e s
i n t h e c a s i n g over an upper t o b o i l i n g zone
where t h e flow is two-phase.
drop i n t h e b o i l i n g zone due t o the reducing s a t u r a t i o n
pressu re .
p r i o r t o c a l c i t e (calc ium carbonate) c leaning which is
requ i red usua l ly every 6 12 months. The main
aqe a t t h e bore is t h e need t o a f r a c t i o n
t h e drawoff t o keep the bore flowing. Calorimeter
t e s t a have t h a t the are opera t ing below
t h e i r maximum well-head and t h a t t h e i r out-
p u t is a l r e a d y t h r o t t l e d . Fur ther turndown t h e i r

producen i n the v e r t i c a l
flow and of the rising

A t y p i c a l w i l l waste energy by

Thi s r e f l e c t e d

There is a temperature

The product ion r a t e d e c l i n e s rap id ly j u s t

The Task Force c u r r e n t l y ob ta in ing f i e l d d a t a on
t h i s problem i n a n at tempt t o quan t i fy t h e minimum out-
pu t but t h e scope f o r f u r t h e r t h r o t t l i n g t h e majo r i ty
of t h e s e low pressu re bores appears l imi ted.

Re t i cu la t ion

The one-pipe geothermal r e t i c u l a t i o n can beat
b e descr ibed by the two extremes; t h e web',
a with and t h e 'octopus*
with p i p e l i n e s emerging i n a l l d i r e c t i o n s from t h e bore.

p ip ing carbon and is not i n s u l a t e d the re-
f o r e t h e hea t l o s s e s a r e considerable , A
high bore r e t i c u l a t i o n system is q u i t e exten-
s i v e and may hare of p ip ing sur face a r e a above

whereas a low pressu re m a y a s u r f a c e
area of at On t h e hea t losses
can represen t a major part of t h e drawoff,
f lowra tes t h e temperature and enthalpy drop along t h e
p i p e l i n e s be even not iceable .
Force worked on a leng th of l i n e of od car-
rying f l u i d at and
t h e minimum f o r a hea t ing duty was
5 With o f i n s u l a t i o n , t h i s .
flowrate could be reduced t o Thermal insu la-
t i o n of t h e supply p i p e l i n e s is e s s e n t i a l . uncer-
t a i n t y is t o f ind t h e cheapest and b e s t way of cladding
or waterproof ing t h e
f i e l d t e s t i n g a of a l t e r n a t i v e s :
malthoid and tubing,
inves t iga ted .

A t lower

Task

Without i n s u l a t i o n

Task Force is

Other op t ions are also being

A p a r t high hea t losses t h e ba re pipe-
lines, there are a of o t h e r as soc ia t ed
with this one-pipe two-phase flow r e t i c u l a t i o n :

Flow S p l i t t i n g - at tee and junc t ion where
t h e f low splits, t h e r e w i l l be a corresponding

in t h e enthalpy ( t h e steam q u a l i t y ) o f each
stream. On one bore, next-door

drawoff. This sakes con-
trol and design d i f f i c u l t .

Balancing - t h e r e are problems in providing a
t o cope with both peak requirements and
o f t e n t h e r e is a d e l i c a t e found each

such t h a t i f one takes s l i g h t l y more
(pool f i l l i n g ) , it o t h e r users.

Cleaning - t h e p i p e l i n e s h a t e t o be

r e g u l a r l y o f c a l c i t e and t h i s is done
u s i n g acid. Future ha re t o

f o r cleaning.
p i p e l i n e from t h e bore will mean t h a t t h e drawoff
b o i l s e n t e r i n g t h e hea t exchanger and t h i s w i l l be
t h e problem a r e a f o r c a l c i t e deposi t ion.

of t h e

Ef f luen t

A l l too commonly the drawoff is discharged
at temperatures exceeding and at e n t h a l p i e s over

l a c k of con t ro l a r c t h e main These high dis-
charge e n t h a l p i e s can lead t o b o i l i n g i n the secondary
water c i r c u i t s which causes noise and Vibrat ion prob-
lems, sca ld ing hot water which dangerous

problems a r i s i n g t h e open r e n t a t soak

bore.

hea t exchanger systems and t h e

The of t h e geothermal heat exchangers is
l i m i t e d the water s i d e and t h e low f l o w -
r a t e s induced by the c i r c u l a t i o n systems.
The low v e l o c i t i e s and lack of cross- flow out s ide the

a r c t h e c o n t r o l l i n g fac to r s . systems
only opera te success fu l ly a t high of drawoff,



where high requ i red to
for i n s u f f i c i e n t hea t s u r f a c e

area. iaprovenento can c e r t a i n l y made
by new exchangers c i r c u l a t i o n

Task Force a
based on two-phase methods i n
computer f i e l d t e s t i n g of t h i s u n i t
and heat c i r c u l a t i o n
systems is

Control

It e a r l y i n Task Force work t h a t
devices would t o au tomat i ca l ly

the t o h e a t i n g requirements.
of c o n t r o l devices be ing f i e l d

t e s t e d :

Two

c e s s on c lean systems.
a r e robust a r e capable

o f l i m i t i n g the t h e drawoff

t o t o acd can pass
gases. The the

device is p a r t i c u l a r l y promising.

Traps - t hese a r e used i n t h e pro-

Temperature Act ivated Valves - t hese c o n s i s t of
a s e n s o r f i l l e d c a p i l l a r y and modulating valve and
can be t o con t ro l temperature of the secon-
dary water c i r c u i t .
for c l e a n hot water supp l i e s ,
a r e s e v e r a l types which art made from s u i t a b l e mater-
ials f o r t h i s geothernal du ty and have given good
s e r v i c e i n
most promising valves is be ing evaluated,

va lves have been developed
Noae- the- less t h e r e

performance o f

The f i e l d t e s t i n g of c o n t r o l devices on h e a t i n g
s y s t e m using energy from t h e h ighe r
en tha lpy bores has nany problems.
c a s e s t h e savings i n drawoff have not been as high a s
expected because of the of t h e r e t i c u l a t i o n
h e a t losses and t h e poor performance of t h e hea t ex-
changer and secondary systems. It is now c l e a r t h a t
c o n t r o l devices alone w i l l not save 75%
of t h e wastage. Some dev ices have f a i l e d due t o de-
pos i t ion . On bore 501, t h e hard depos i t ion product
was found t o be hiqh i n s i l i c a as w e l l as aluminium
and it could be a sodium s i l i c a t e . Devices
on t h i s bore w i l l r equ i re r e g u l a r c l ean ing and main-
tenance. The dev ices have also been r e l a t i v e -
ly expensive t o i n s t a l l because of p ip ing modifica-
t i o n s and they have c r e a t e d many balancing problems
between interconnected u s e r s and p a r a l l e l hea t ex-
changer systems.

most

It h a s been shown befo re i n Rotorua and now
the Task Force t h a t and a r e reason-

a b l e discharge and for t he
design of geothermal h e a t i n g systems. Task Force
h a s modified house w i t h a new heat exchanger,

and con t ro l device such t h a t the geothermal
e f f l u e n t is discharged drawoff re-
quirements reduced from ? t o ',

As the drawoff e s s e n t i a l l y free, the re
has been l i t t l e incen t ive t o i n s t a l l wel l
designed secondary t o use of
t h e h e a t -  o f i t to build-
ings is again the losses a r e high.
There is a l a c k of bas ic c o n t r o l s t o reg-
u l a t e r a d i a t o r water and pools.

is so too hot
excess ive o f cold

coo? t o of ho t

and pool; water h e a t i n g
nos:

Tt
o f of
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It has a l s o tecoae t h a t f u t u r e

t o geothermal s i d e of tho hea t ing
also have go hand-in-hand v i t h improvements to
secondary ems s i g n i f i c a n t savings i n If

t o made.

A not hea t ing syotcn be
u s i n g 12 drawoff a t an enthalpy fo r
space heat ing. bore does r e q u i r e bypass ing

i t seve ra l users and t h e system
of bare piping, a h e a t

geothermal drawoff at at an
of of t h e

t h e content
diagram 2 and t h e hea t load d i s t r i b u t i o n
f i g u r e The e f f e c t i v e n e s s of t h e is

2.5 of hea t i n the r a d i a t o r s for
from an i n t h e

is the hea t a v a i l a b l e above which is t h e
secondary temperature and t h e t a r g e t approach
a t u r o i f the heat could be u t i l i z e d i n t h e goo-

f.

f i g u r e

,
I
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1 1 0

M -

ea-

by the following

shown i n

.

i n s u l a t i o n of supply
secondary pip ing i n t h e c e i l i n g space o f
bu i l d ing ,

1 4 0

-

1 1 0

A and pumped secondary sys t en ,

-

of drawoff is
t h e system has been increased from

'out
h a s been saved,

i n and t h e of
l o s s e s . I n p a r t i c u l a r i t is worth no t ing

t h a t :

A c o n t r o l device.

t h e n a l
t o

of the drawoff
Figures and the

-

5 hea t is f o r space hea t i ng , t h e
hot water t h e pool

HEATING

t h e g e o t h e m a l is discharged at and
so t h e r e w i l l be less problems

at the soak Sore ,

t h e system is con t ro l l ed  au toma t i ca l l y  t o ba lance
t h e supply wi th t h e hea t i ng

. c o n t r o l devices can be used on
r a d i a t o r s for improved home comfort l e v e l s ,

FIGURE 2

I

0

0 + SECONDARY

3

BREAKDOWN OF HEAT LOADS
(12

3 t o 4 nnd i t is a n t i c i p a t e d t h a t  t h e
of drawoff w i l l he between 1 t o

drawoff before t h e

improved.

W

E

FIGURE 5 .
PERFORMANCE OF MODIFIED SYSTEM

I

0

. FIGURE 6

BREAKDOWN OF GEOTHERMAL HEAT LOADS

DISCUSSION

The l e v e l of t h e bores
now he around
f i g u r e obta ined unless f a r more
sampling is c a r r i e d out and t h i s does not appear t o
be p r a c t i c a l . This level also be compare.! t h e

n a t u r a l out from the  su r f ace  a t
which is around It

t h a t a of t h e Rotorua f i e l d
i f t h e production r a t e can be 

l e v e l . The Task has shown t h a t
such is scope for s av ings

so a i 3 fo r
level

A more

not and cheap
t h i s and i f n o t new

will be needed. These
which nap not so

e spec i a l l y as n a t u r a l
in Rotorua. The comparison o f

c o s t s t h o options it;

carried Task Force.
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w i l l

s t i l l have balancing and c a l c i t e c l ean ing

heat have to mare
to depos i t s .

not a
heat exchangers may block

systems be
win te r and load conditions.

E x i s t i n g bores to t h i s.
i s no doubt that t h e t o t a l c o s t s of

t i o n s for a l l t h s hea t ing systems w i l l
i c t o d o l l a r s i f t h e t o t a l w i t h-
drawal f r o m t h e f i e l d h a s t o be reduced. A

approach for using t h e resource be j u s t i f i e d .

one product ion bore with t h e t o a
deep i n j e c t i o n bore. A c e n t r a l heat exchanger
c o n t r o l device could hea t a low o r pressu re
ho t water r a t i c u l a t i o n Th i s would reso lve
a l l t h e problems a s s o c i a t e d

Metering of hot water t o is a l s o
p o s s i b l e and t h i s would energy
t ion .

hea t ing could rep lace a number of bores

hea t exchangers may also have a r o l e t o
e s p e c i a l l y i f they can provide s u f f i c i e n t hea t
a n e x i s t i n g low pressu re bore. There w i l l be

no n e t removal of drawoff. Syndicate would
be t o a a i n t a i n t h e i r c u r r e n t independence.

Task Force will be i n v e s t i g a t i n g both t h e s e
f u t u r e op t ions i n o r d e r t o t h e most c o s t
e f f e c t i v e way of reducing withdrawal for t he f u t u r e
management of t h e Rotorua field.

Drew, S.R. ,- Plant 'dark and
presented at t he 4 t h
November

Shannon, Les te r , B.C. Controls
f o r Appl icat ions , presented a t
t h e 4 th Geothermal 1982.

Shannon, Heating
Bui ldings i n
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cisco.
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