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Abstract 

The pr-oi.zss o f j e l d  proving i s  o boloiice between on the one hand axFendititre of nioney and time, and 
depletion of' the rzservoir by discharge, and on the other incrzosing certoinry goined oboiit the size of die 
Ipsoiirce aiid si:? of'u power station biiilt to q l o i r  it. Lhderlying h is  proczss orz die redmiiqiies risecl to 3sszss 
t i le resoirrce, and to reodi o considered opiiiion uborrt its six.  

Inipsovenienrs in I ' ~ S O I I I T Z  osszssmerit in recent years 017 piiman/y n conseqiience of' the occirrnirlated 
esFetieni*e ST' die global geotheimol inditirn; rorlier- than any radical change in cpproach or technique. L'se of 
siniidntions lins helped impose consistenby on rzsznoir assessments, and pr-oilide asstronce ogainst gross 
Yrl-ors,. 

1 IXTRODUCTION 

?"lost geothermal development around the world now occurs under a process controlled by financial 
processes. The step at  which one obtains commitment to development is a major one. and one where the resource 
assessment is paramount. TLpicnlly one pmy is a stcamfield developer who has undertaken exploration activities 
including drilling. _Another party will construct a p v e r  station, .and bank will be providing project finance to this 
station. and cissociared sreamfie!d development. The &rails L?F with the actual project, and sometimes one party 
may be doing bcth steamfield and power station. In all cases the crucial stzp is getting the bank to commit to the 
iinance. 

Getting !he financial closure requires assurmce that the project is viable. The nature of a geothenml 
rzsource is not understood by people outside the inciusq, and the track record of some projects indicates that there 
are real risks that the size has not been correctly estimated. The problem projects are mainly .Americanin, but so are 
the financing organisations. So the resource 
risk dominates this transaction. 

Mahanagdong field size distribution 
Figure 1 shows .m estimate ar m e  

time o t  the size of a pmicular resource, 
klahanagdong. The details are not important 
for the present discussion. The result is 
t>-pical. At the sute of knowledge of the 
resen-oir. there is a broad spread of 
uncerrainty about the resource size. The 
distribution \vould normally be similar to 
figure 1 - probably log-norniul in most cases, 
or roughly a triangdu distribution. 

Given such uncertainty, an 
economic- optimisiition must be done in a 
m m r w  that esplicitly recognis<s the 
presence of uncertainty. Figure 2 shows 
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Figure 1 Probabiliv distribution of resource capacity of 
Mahanagdong. From Bayrante et al. (1992). 
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a typical decision tree. at the 
point of a decision to further 
prove the field or commil: not. 
Such optiniisalion W J ~ H ~  
indicates that a first :;rage 
station should be built at a 
size in the lower quanile of 
the distribution. ie near but 
somewhat above the lower 
limit. and below the mode or 
median of the distnbution. 
(Grant & blahon. 1995. 

Figure 7, Decision tree 
iiraiit. 1996). In inose case:: 
this size is sinaller that [he 
field will ultimately be 
proven to support. If the 

desire is to increase the capacity to whch it is reasonable to commit, it is more important t o  move tht lower limit 
of the distribution upwards than the upper limit, since the optimal size lies near the lower limit. SO resource 
proving is more about eliminating risk of catastrcphe than esploring the upper limit of what is possible. In tigurz 3: 
it would be more valuabie to elirninace the -'poor'- cutcomr than to make the -good" outcome even better. 

. .  

2. PROITSG CRITERLA 

So what criteria are used fcr proving'' They are a misrure of defined steps and judgement. 

2.1 Defined steps 

Defined steps aie reasonably widely accepted: 

well testing for permeability 

exploration and delinea1ion drilling to define area and depth of reservoir 
downhole measurements to define resemoir temperature 

some element of extended discharge or interference to make some measure of pemeabilit>. over a 
wider area 
reservoir siinuiation with match t3 natural state; and march to drawdown, if an>- 
allow a decent buffer between hjccticn and production (this may require discounting some of :he 
potzntinlly productive resource) 
tracer testing for potential injection returns 

* 

2.2 Judgement 

- 
L he role of judgement is more difficult, but extremely important. Reservoir simulations are ncw \viclti!: 

accepted as producing reasonable resu!ts, and no-one would reasonably contemplate a resource assessment :;-irhcut 
one. A decode ayo simulations {vert not so well accepted, nor were their results as good. If one csimines !he 
descriptions of simulations now, and a decade ago. they are ver> similar. The numerical codes have changec! little - 
only in presentation, not in process. \\;%at has changed is the weight of collective experience. This guj.des the 
conscious and Uconsciaus choices made in fornularing conceptual models. -4. sirnihr ZffecC of 2 S p i  ;mw 
present in resource assessment in general. 

2.3 Esm~ples  

In general there is little published materia1 that includes a full histon. uf  the asses~i-~ierit nr ;I 1 I : S O W C ~ .  

particularly when then 3ssessments are wrong. ( h e  published example is Roosevzlt Hot Springs. ~Jaulcler 1994. 
1 2;.7rsley 1994). The). quote an assessment of the reservoir fluid volume using a standard petrolem i7pprOaCh. -. 
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Their later assessment of the resource, using a simulation match to the subsequent production histon, and to the 
original test data. found that this \$?as 9 severalfold overestimate. The difference derives from a different conczpt of 
the reservoir, not from a mistake in the original calculation. 

Almost as rare are published examples of assessment hisroy that show all early result was correct. 
Bddvarsson et a1 (1993) evaluated the performance of their 19S6 simulation model of Nesjavellir ~ compared to 
subsequent production. The model performed well. The assessment made in 19S6 proved a good guide to field 
management. 

One of the major benefits of a simulation model is the need to specify the model structure and 
assumptions. This prevents the use-of many inccrrect reservoir concepts. or of physically impossible processes. In 
the Roosevelt eminple. Faulder notes that the resen-sir h i d  voiume originally found needed too large ii porosity to 
fit into the reservoir as then known. 

In the early days of field esploration high estimates of possible size are often mnde. In similar r-ein 
national estimates of total geothemial capacity often appear extremely optimistic. Such estimates have ;1 value in 
helping to get a project moving but raise unrealistic espectations and are often a problem to later plans. .Adopting 
:he decision-tree approach from the bezhing [GmZL 19S7) has advantages. f i e  possibilities of failure are 
always explicitly considered and this keeps the expected size gf the resource within more reasonable limits, and 
means that there is at all stages a balanced view of the resource and its possibilities. 

Commitment to development needs solid estimates. and this means in paricular the need to remove rhe 
nsk of failure. 50 what are the risks of failure'? \:?lac c.an yo !\Tong.' Esc~uding the special case of The &;,sers, 
problems that have occurred are primarily: 

ignoring resource assessment 
no resource Jssessment 

injection r e t m  - probably the commonest problem ~ f d l  

Injection problems, when there are rapid and preferential ;?turns, mean that part of the field is m t  
availab!e for production. Some are3 must be allocated io injec:ion and a buffer zone around it. In essence part of 
the resourcz is lost and the field is effectively scaled down in siz?. Palinpinon is an e ~ ~ t ~ p l ~ .  Simulations are not 
much help her2 since homogeneous medium ii idels  i o  not handle thermal returns. In most geotheqal fidds 
geological structures x e  important in the pZTIl?3bi!it>. distnbuticn. h l y  in a mirxnty do they produce a 
preferential return problem. To the author's hc\viebg,e no spiogist has been able co discriminate between the 
cases beforchancl. Tracer testing is the onl). technique to help. 

There are some fields nhere the resourcc sssessment has simply been iyorcd. for reasons of national or 
company politics. There is al\ra>.s internal Pre+sxe to increase the size of the rtsen'es. Sometimes a turbine 
manufacturer offers a larger rurbine.at an iqttractii-e pice and !he de\:cloper decides to take a chance. This charice is 
pwiculxly tempting since the resource assessm&x is alnays qunlified as an opinion with the c!ear possibility of 
greater reserves. This deliberate choice to increase development size has caused some tield prob!ems but the!. 
cannot be laid against resource risk. or only to the estent that the known uncertainty in resource assessment 
provided sufficient ambiguity to allo\v the increase. 

It should also be noted that at current interest rates. a 3Gyear life is not an optimal choice. -4 de\-eloper 
!vi11 choose more rapid depletion with a larger plant. This is '-oversized" against traditional criteria but not a 
mistake. 

There have been 3 considerable number of small developments in the US Basin CYC Range. Quite a fen- are 
b>. novices to the geothermal industry, and in some cases there has simply been a bit of hilling followed by the 
installation of a b inw plant, with little more formal assessment. Sometimes this has n-orked, other times it has not. 
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For a small project it is probably appropriate to omit the relatively large overhead of a proper resource assessment. 
These projects should not be considered in the same category .as major pmn4:; say) projects. 

The &)sirs accounts for more overdevelopment than all other cases put together. It ;Ippcars Io be 
consequence of the divided ounership and control of the resource, which provides strong inczntives 1 0  

overestimate resource size. In theory the stringent C S  liability practices should provide a counterbalance to this 
incentive to overestimation but that does not seem to have been effective in this particular case and with the s m t  
of k n o ~ ~ l e d ~ e  at the time. Developers need to recognisi the eifects of too much przssurc on quality d res':i.'c 
estimates. 

4. CONCLUSIO~S 

The current state of resource asszssment, when properly applied, should prevent gross mjstakzs i i i  

development sizing. Esperience in geothermal is crucial to a reasonable assessment. 1,listakes to avoid are: 

hiling to allow sufficient spacing to injectors 
too much pressure to increase reserves assessment 
multiple developers on a single field 
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