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SYSTEM IDENTIFICATION I N GEOTHERMAL MODELLING

J u Fradkin and Alex McNabb

Dept. o f and Ind. Res. , Wellington, P.B., New Zealand

An exp lo ra to ry time series a n a l y s i s was
app l i ed to t h e r e p r e s e n t a t i v e pressure-mass

d a t a f o r t h e Wair a k ei g eothermal
r e s e r v o i r , New Zealand, i n o r d e r to i d e n t i f y a
model w i t h  f o r e c a s t i n g  powers. T h i s involved
numerical experiments.  wi th d i f f e r e n t models,

e s t ima t ion  a lgor i thms  and d a t a
arrangements. The i d e n t i f i e d model was
subsequent ly i n t e r p r e t e d as a slow-drainage mod
t r e a t i n g  t h e  i n t h e upper two-phase zone 
t h e r e s e r v o i r a s f r a c t u r e d porous. I n t h i s
summary t h e role t h a t model i d e n t i f i c a t i o n can
p l a y i n geothermal modelling is f i r s t d i scussed
g e n e r a l terms and then t h e r e l e v a n t p o i n t s are
i l l u s t r a t e d by t h e Wairakei example.

e l
o f

i n

IDENTIFICATION AND VALIDATION OF

GEOTHERMAL M O D E L S

types of mathematical m o d e l s are usua l ly
d i s t i n g u i s h e d i n t h e geothermal l i t e r a t u r e , t h e
d i s t r i b u t e d- and models. The
d i s t r i b u t e d parameter models a r e obtained by
express ing d e r i v a t i v e s i n terms o f  d i f f e r e n c e s  
t h a t dependent and independent v a r i a b l e s (and
p o s s i b l y parameters) a r e f u n c t i o n s of more than
one argument. The lumped-parameter models are
ob ta ined by express ing ord ina ry d e r i v a t i v e s i n
terms of d i f f e r e n c e s . For both types ,  t h e process
of parameter es t ima t ion is sometimes c a l l e d
c a l i b r a t i o n .

M o s t d is t r ibuted- parameter models of t h e
Wairakei r e s e r v o i r are c a l i b r a t e d using t h e
so- cal led d i r e c t approach involving t r
e r r o r adjustment o f parameter va lues .
is ,considered success fu l when a v i s u a l l y
s a t i s f y i n g f i t to t h e p r e s s u r e h i s t o r y is
ob ta ined . Lumped-parameter models a r e  o f t e n  
calibrated using t h e so- cal led inver se approach,
es t ima t ing parameters by s ta t i s t i ca l means r a t h e r
than t r ial- and- error. This , however, u s u a l l y on ly
invo lves applying s tandard r e g r e s s ion techniques
to f i t t h a t same p r e s s u r e curve.

Adjustment

Only l imited s i g n i f i c a n c e can be asc r ibed to
t h e parameter estimates ob ta ined on t h e basis of
such c a l i b r a t i o n s . They are meaningful only i f
t h e r e s u l t i n g model s a t i s f i e s t h e fol lowing
condit ions:

it is s t a b l e , responsive t o i n p u t s , and
observable , its i n p u t s are bounded i n  t h e i r  
means and var i ances and p e r s i s t e n t l y e x c i t i n g
(see Young, 1972 for a d i s c u s s i o n of these
concepts) .

Moreover, r eg ress ion estimates a r e reliable

unbiased and c o n s i s t e n t l y ) only i f

t h e i n p u t s are n o i s e l e s s and l i n e a r l y
independent, the r e s i d u a l s whi te , and t h e
parameters a r e cons tan t Young, 1972).

Many numerical experiments have to be conducted i n
orde r to e s t a b l i s h whether a l l t h e s e cond i t ions
are indeed s a t i s f i e d . Also, t h e f o r e c a s t i n g
powers of t h e i d e n t i f i e d model should be checked.
The whole process of system i d e n t i f i c a t i o n
inc ludes a l l t h r e e s t a g e s j u s t descr ibed:
an appropr ia t e equat ion, es t ima t ing i ts

parameters , and v a l i d a t i n g it by s ta t i s t i ca l
means. The r e s u l t s , of course , warrant more
a t t e n t i o n than models ob ta ined by mere
c u r v e- f i t t i n g , whether d i r e c t o r inve r se . I t is
s i g n i f i c a n t t h a t c a r e f u l l y i d e n t i f i e d models
u s u a l l y involve less parameters , t h e s e appear more
stable, and t h e models can be used f o r longer term
f o r e c a s t i n g than ord ina ry phenomenolog
equa t ions (with the usual comment t h a t sudden
d r a s t i c changes i n system c h a r a c t e r i s t cs cannot
be foreseen) .

f ind ing

Admittedly t h e process o f system
i d e n t i f i c a t i o n is ra the r time-consuming (more i n
terms o f t h e user time than computer t i m e ) . But
on t h e o t h e r hand the methods should no t be
considered as too s o p h i s t i c a t e d f o r an ord ina ry
modeller. They a r e developed by eng inee r s and f o r
eng inee r s ( h i s t o r i c a l l y , e l e c t r i c a l and
a e r o n a u t i c a l ) , u s e a minimal amount of s t a t i s t i c s
and a lo t of common sense. A l l t h e concepts a r e
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r e l a t i v e l y e a s y to g r a s p and t h e r e are computer
packages i n c o r p o r a t i n g most o f t h e procedures  one 
is e v e r l i k e l y to need CAPTAIN, a v a i l a b l e
f r a n Cen t re f o r Resource and Environmental
S t u d i e s, , A u s t r a l i a and a v a i l a b l e
f r a n PEL, DSIR, New Zealand).

I t should be emphasised t h a t sys tem
i d e n t i f i c a t i o n i s never  seen as an a l t e r n a t i v e to
concep tua l modelling. The i n t e r p l a y between t h e
two is very important . System i d e n t i f i c a t i o n
should  begin  wi th an a n a l y s i s of a v a i l a b l e
concep tua l models i n o r d e r to i n d i c a t e t h e best
among them or maybe even suggest a new one. On
complet ion o f t h e system i d e n t i f i c a t i o n process ,
a d d i t i o n a l v a l i d a t i o n through parameter 
i n t e r p r e t a t i o n should be c a r r i e d o u t . Namely,
mathemat ica l parameter estimates should be used to
estimate p h y s i c a l parameters f o r which independent
estimates e x i s t .  I n  t h i s way, f o r example,
d i f f e r e n t concep tua l models l ead ing to t h e same
mathemat ica l e q u a t i o n may be f u r t h e r assessed.
So, we r e p e a t aga in , i d e n t i f i c a t i o n is no t an
a l t e r n a t i v e to concep tua l modelling. It is an
a l t e r n a t i v e to c a l i b r a t i o n through a mere
curve- f i t t i n g - be it by t r i a l- and- er ro r or
r e g r e s s i o n . Parameter adjus tment used i n t h e
t r i a l- and- er ro r approach is seen by us as
appropriate a t t h e very l a s t s t e p i n t h e model l ing
c h a i n (see Fig. when t h e model is a l r eady
e s t a b l i s h e d and is used to make v a r i o u s
p r e d i c t i o n s . W e do not th ink it is a reliable

br a ti o n techn ique .
IDENTIFICATION AND VALIDATION OF A

MODEL OF THE WAIRAKEI GEOTHERMAL RESERVOIR

The above i d e a s were app l i ed i n t h e a n a l y s i s
of t h e Wairakei d a t a (Fradkin , 1981; Fradkin et
a l , 1981). Records of p res su re , temperature , mass
and energy d i s c h a r g e f o r t h e Wairakei geothermal
f i e l d s t a r t i n g f r a n 1953 have been used. Only
lumped-parameter models o f t h e Wairakei r e s e r v o i r
have been analysed thoroughly. I t was found t h a t
t h e b e s t equa t ion f o r desc r ib ing t h e response o f
p r e s s u r e , p, to mass d i scha rge , q , was of t h e form:

T h i s gave a b e t t e r f i t to t h e  d a t a  than  o the r  
d i s t r ibuted- and lumped-parameter models a v a i l a b l e
to d a t e (Fig . 2 ) . Moreover, numerous exper iments
w i t h d i f f e r e n t d a t a blocks and e s t i m a t i o n
a lgor i thms showed t h a t t h e model pa ramete r s  cou ld  
be considered c o n s t a n t . F i n a l l y t h e equa t ion was
shown to possess some f o r e c a s t i n g power. Ten
y e a r s o f  d a t a  produced r e g r e s s i o n e s t i m a t e s t h a t
led to good f o r e c a s t i n g of t h e nex t  t en  y e a r s
performance (assuming t h e mass d i s c h a r g e known a l l
t h e way through)  (Fig .  3 ) .

The equa t ion was i n t e r p r e t e d as a
slow- drainage model i n which t h e upper p o r t i o n of
t h e r e s e r v o i r is seen as a f r a c t u r e d porous medium
c o n s i s t i n g of blocks  approximately  20m t h i c k
sepa ra t ed by f r a c t u r e s . It is c a l l e d a
slow-drainage model because w i t h propaga t ion of
t h e zone, l i q u i d d r a i n s f a s t through t h e
f r a c t u r e s and slowly through t h e porous blocks.
T h i s i n t e r p r e t a t i o n  l e a d s  to reasonab le estimates
o f f i e l d p o r o s i t y , macroscopic p e r m e a b i l i t y and
c h a r a c t e r i s t i c block s i z e x

and
mass r echa rge to measured total mass produced
a g r e e wi th independent g r a v i t y measurements.
model has nothing to say about en tha lpy changes
and d e c l i n e i n deep bore temperatures , bu t as
independent measurements show t h a t t h e s e are
r e l a t i v e l y small, t h e model can be cons ide red a
good f i r s t approximation. The fact t h a t t h e
pr imary hydrologic  f e a t u r e s are w e l l reproduced
implies t h a t t h e thermal e f f e c t s are o n l y weakly
coupled to t h e deep p r e s s u r e e f f e c t s . S imi l a r ly ,
t h e model proves  compat ib le  wi th o t h e r a v a i l a b l e
d a t a al though it does n o t v a l i d a t e them (see also
Fradk in et a l , 1982).

Ratios o f es t ima ted t o t a l

The
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Fig. 3. Forecasting with model (1).

Fig. 1. Modelling chain.
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Fig. 2. Comparison of various models outputs with 
Wairakei representative pressures. 




