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ABSTRACT
An integrated resource assessnent of the Geater
Tongonan geothermal field was conducted wusing the
volunetric stored heat nmethod. The Greater Tongonan

field covers an area of about 40 sq. km, enconpassing
t he current Mahi ao- Sanbal or an production sect or
(installed 112.5 MAe Tongonan | plant), the Upper
Mahi ao and Mal it bog proposed devel opnent areas, and the
separ at e Mahanagdong system The assessnent considered
only the existing producing field and the Ilikely
production areas for future devel opment and did not
take into account the resupply of heat fromthe field s
peri pheri es. Assuming conservative values for the
various input paranmeters and a 25-year plant life, the
total volunetric stored heat for Greater Tongonan is
estimated at 362,330 MA -years, equivalent to 530 MW of
assessed el ectrical power.

To appraise the effects of different estimtes of
recovery factor CRf) on the total assessed power
capacity of Greater Tongonan, a sensitivity analysis
was carried out. Simlar analysis was done for
conversion efficiency <CEf), load factor (Lf), rock

density (/>r), rock specific heat (Cpr) and porosity.

Results of the analysis indicate that the power
estimate responds variably to the various paraneters
for each individually specified paranmeter increnent.

Power capacity is nost sensitive to variations in Rf,
noderately sensitive to increnents in CEf and Cpr and
slightly to alnost insignificantly, to changes in Lf,
/O and porosity.

| NTRODUCTI ON
Geothermal energy resources consist of both the
natural surface heat flow seen in hot springs and

funar ol es and the - heat stored in under gr ound
reservoirs. Geothermal resource assessnent, thus is the
estimation of this thermal energy in the ground for use
at a specified time under generalized technol ogical and
econom ¢ assunptions (Muffler and Cataldi, 1978). It is
the recoverable geothermal energy however, that is
useful and neaningful to man and therefore ternmed the
geot hermal resource.

Vol une Met hod of Geothermal Resource Assessnent

The volune nmethod is also known as the nmethod of
"volunetric heat" (Wiite and WIlianms, 1975) or "stored
heat" (Bol t on, 1973). The nmethod involves the
cal cul ation of the thermal energy contained in a given
volune of rock and water and the estination of how nuch
of this energy m ght be recoverable. The thermal energy
in the ground is calculated as the product of the
vol ume of a geothermal reservoir, the nean tenperature,
the porosity and the specific heats of rock and water
using the formula:

ference in Heat Content in Rock

Total Stored Heat = Dif
+ Difference in Heat Content in Water

H = H =+ Hv
=(1-0) x Cpr x /O x Vx (T - To) +
(r"n) X Cpw x /)» x Vx (T - To)

where, Cpr and Cpw = specific heats of rock and water
/O and fivi = densities of rock and water
To = reference tenperature
and T = tenperature of the volume of rock
and wat er under consideration.

Uni versity of Auckl and

Only a small fraction of the accessible resource
base, however, is brought to the surface and thus
constitute the geothermal resource (HRf). Many authors
have resorted to the so-called recovery factor (Rf)
that allows one to express recoverable geothernal
energy as a percentage of the thermal energy contained
in a given subsurface volune (V) such that:

Recoverabl e Heat, H = F = H

where, Rf is dependent on the hypothesized production

mechanism on the effective porosity of the fornations
and on the tenperature difference between the volune
and the well head. Cal culation of the amunt of

recoverabl e thernal energy is however, nore conplex and
requires a know edge of reservoir properties such as
perneability. In nost cases, the recovery factor can be
speci fied only approxi mately (Nathenson, 1975).

Muffler and Cataldi (1978) favoured and recogni sed
the vol une nethod as giving the nost conprehensive and
reliable depiction of the accessible resource base and
showi ng promi se of rapid inprovenent in the evaluation
of recoverability and resupply. They further concluded
that the volunme nethod appeared to be the nost useful
because: (1) it was applicable to virtually any
geol ogical environment, (2) the required paranmaters
could in principle be neasured or estinated, <3) the

inevitable errors were in part conpensating, and (4)
the nmmjor uncertainties (the recovery factor and the
resupply of heat) can be resolve in the foreseeable
future.

For these reasons, we |ikew se adopt ed t he
volunetric stored heat nethod in our estimation of the

geothermal energy in place in the integrated appraisal
of the Greater Tongonan field resource potential.

Great er Tongonan Devel opnent Plan (from
Vasquez, 1987).

Figure 1.
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GREATER TONGONAN RESOURCE ASSESSMENT
Backgr ound

The Greater Tongonan field which covers an area of

about 40 sq. km, enctonpasses the existing Mahiao-
Sanbal oran production sector (installed 112.5 MAE
Tongonan | power station); its northern and southern
extension - the Upper Mahiao and Malitbog proposed

devel opnent areas, and the separate Mahanagdong system
further south (Figure 1). The Manban-Bao Valley area
serves as the interphase between the Mahi ao- Sanbal or an-
Mal'i t bog and the Mhanagdong geothernal systens.
Todate, a total of 52 deep wells and 11 shal |l ow thermal
gradient wells have been drilled in the entire G eater
Tongonan area. The Tongonan | power plant is served by
a steam collection and waste disposal system from 12
production and 5 reinjection wells in the Mhiao-
Sanbal oran field. The majority of the remaining wells
which were originally drilled as delineation wells,
have becone producers and have been allocated for the
three other proposed future devel opment areas: 9 wells

in Uppper Mahiao, 15 wells in Malitbog and 3 wells in
Mahanagdong.
Previous Sectoral Stored Heat Estimates

KRTA (1980, 1981, 1982) published i ndi vi dual
feasibility reports including volunetric stored heat

estimation in Upper Mahiao, Malitbog and Mahanagdong
which were based on data available from conpleted
wells. Table 1 shows a summary of KRTA's stored heat
estimates for specific Tongonan field sector and the
various assunptions used in the calcul ations.
Table 1. Sunmary of KRTA Sectoral Stored Heat
Esti mates and Assunptions
PARAMETERS " FURTHER TONGONAN. ."  UPPER MALI TBOG MAHANAGDONG
MAHI AO
(1980) (1981) (1982) (1982)
Mahi ao Mal i t bog

WELLS Not Specified (N.S. ) 8A 128 " GIMG2D

USED

AREA 8.6-11.4 6..6-10.8 3.85 N.A.C 0.9

km.2

RESERVOIR 2.5 2.0 -2200 500 m. 500 m belou

THICKNESS km. km. mRSL frem TD well TD

VOLUME 21.5-28.5 13,.2-21.6  N.S. N.S. N.S.

km3

T”C 300 270 N.A. 250 250

'ED 180 180 180 180 180

c

s 712 768 N.A. 800 500

kEsm3

oW 5.65 5.10 N.A. 4.87 .4.87

kJ/kg °C

i> NA. N.A. 0.1 0.1 0.1

Ao . 2400 2600 2600

KE/m3 Volumetri ¢ Specific

Heat

Cpr = 2500 kd/m3 °C 0.9 0.9 0.9

Ki/kg *c

Rf 5CS sos 507: 50K = 50S

CEf 127 cw 10% 105! '.0%

Lf N.A. N.A. N.A. N.A. N.A.

PL 25 25 25 25 25

POWER CAP. 532-704 1(33-308 110 N.D.D N.D.

We

AVE. FOMER £2 2? 23 23 23

RATIMG

Mile | ime

MOTES: A- Includes 401, 403, 404, "05, 40:, 407, 409 and 410
(excludi ng 402 and 408) .

B - Includes 303, 501. 502, 503, 505D, 506D, 508D, 509,
510D, 511D, 514D and 515D. WuUs 505D and 506D were
included although both wells were non-productive.

C- NA, Not Applied.

D- ND., Not Derived.

KRTA- (1980) initially estimated the potenti al
el ectrical generating capacity available from the

Mahi ao- Mal i t bog areas as being between 720 and 1000 MAé
for 25 years, corresponding to the 15.2 and 22.2 sq.

km total mi ninum and nmaxi mum resource areas postul ated
from resistivity data. Subsequent re-assessment and
feasibility reports (KRTA, 1981; 1982) however, did not
expressly indicate the power capacity potential for

Qur derivation of the power capacity based
on the given average stored heat rating for each sector
and simlar mninumand mexi mum resource area limts,
indicated a reduced total electrical energy potential
for Mahi ao and Malitbog of between 400 and 570 MAe. The
| ower power estimate is primarily related to | ower nean
reservoir tenperatures used in the calculation and

these areas.
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to variations in the assumed input val ues
efficiency. A

secondl y,
for the rock properties and .conversion

uni form recovery factor of 50% was assuned in all the
reports, a value which is quite large as conpared to
the 25%or less, range of recovery factors suggested
for hot-water reservoirs which takes also into account
t he i nhonogenous nature of the reservoir rocks
(Nat henson, 1975; Muffler and Cataldi, 1978). As shown,
the variations in the power estimate for Mahiao and

is
t he

and to any other stored heat cal cul ation,
dependent on the assumed val ues for
conversion efficiency, load factor and
On these paraneters, one
choi ce
ot her

Mal i t bog,
in general
recovery factor,
the various rock properties.
can ascribe sone degree of uncertainty on the
of values through the technique of analogy with
fields.

Current Greater Tongonan Assessnent of Stored Heat

o General Considerations and Assunptions
The
extensive
around the
boundari es
expl oration
i ndependent
stored heat

be very
scattered

Greater
and with the nungrous
field, it is possible infer sone
from well neasur ement s and surface
data and divide the entire area into
but contiguous sectors for the purpose of
calculation. The amount of energy that
m ght be available for high-grade utilization in each
of the defined reservoir area, t hus has been assessed
on the basis of a set of guidelines and assunptions.
These are discussed bel ow, with the deductions mnade
illustrated in Figure 2.

Tongonan resource appears to
bor ehol es
to

Greater Tongonan Field Resource Boundaries
and Sectoral Allocations

Fi gure 2.
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A-Reservoir Lateral
"drainage radi us" of 250 m beyond the
the drilled wells has been
however, is restricted

A horizontal
bottormhol e |ocations of
adopted. This drainage radius,
only to existing production wells and does not
consi der shallow thermal gradi ent wel |'s, non-
commercial wells and wells exhibiting |arge tenperature
reversal s. The line which connnects the vertical
projections of the 250 m drainage radii of the
outernost wells defines the boundary of the field,
except the area south of Mahanagdong. The boundaries
between the different identified resource sectors are
further described as follows:



1. Mahiao-Sambaloran-Malitbog Area

a. Upper Mahiao Field Includes all 400 series

(Proposed Tongonan V) wel |'s.

b. Lowe Mahiao-Sambaloran Includes all 100 and 200

(112.5 MW\e Tongonan 1) series wells. :

c. Malitbog Field Includes all 300 and 500

(Proposed Tongonan 11) series wells.

The separation bet ween t he production and
reinjection sectors for each of the resource field is
det er mi ned by connecting the trace of the arc
equi distant between the 250 m drainage radii of
adj acent wells allocated for production and wells
likely to be used for injection. Between closely-spaced
(<250 m drainage radius) wells wth overlapping
drainage radii, the -equidistant line is defined by
connecting the points of intersection between drainage
circles.

Segregation between production sectors within each
field is described by grouping production wells

according to: (a) simlar well characteristics such as
well location (with respect to field upflow, outflow
regions and field margins defined by geophysical data)
and production data (injectivity/transmssivity, total
massfl ow, discharge enthal py and downhole tenperature
profiles), and (b) distance between wellheads (wth
respect to the ease and econom cs of interconnecting
wells to the nost likely fluid collection and pipeline
system.

2. Mahanagdong Field (Proposed Tongonan I11)

A "positive" or identified resource that has been
delineated by drilling, covers the area enclosed by the
l'ine connecting the 250 m drainage radii of MG 1, MG

2D and MG 5D.
"Probabl e" resource areas exist to the southeast,
sout hwest and north-northwest around the "positive"

The SE and SWareas were defined on the
throw radius fromexisting MG 1, MG
The NNW resource covers the area
within a 1000 m throw radius fromM>1 and MG B pads.
This area may serve as a "buffer” zone between the
"positive" resource and the reinjection sector further
to the NW The Mhanagdong reinjection sector is
bounded roughly by wells TGE3, TGE7, TGE8 and MN1.

resource area.
basis of a 1400 m
2D and MG 5D pads.

The inferences drawn above are conbined in Figure 2
to give an estinate of the total greater Tongonan
resource area. The area has been divided into blocks

with each block in the Mhiao- Sanbal oran-Malitbog areas
assi gned an average block tenperature based on
tenperature contours while those in Mananagdong, were
based on stabilized tenperature profiles of the three
conpl eted wells.

B- Reservoir Thickness

assumed
the heat

A reject or mninumtenperature of 180°C is
such that for the stored heat calculation, all
in the rock and fluids above 180°C only is sumed. At
the initial separation pressure of 0.77 MPa(abs), the
tenperature of the separated water is approximtely

170°C and the energy contained in the hot water is not
used and reinjected back to the ground. To account for
some wells in the field not giving a good discharge

when the production tenperature is |less than 180°C, the
energy below this tenperature is hence, neglected in
the stored heat assessnent.

In the Mahi ao- Sanbal oran- Mal i tbog areas, the upper
reservoir limt is thus represented by the 180°C
i sothermal contour which varies across the area wth
the hi ghest level at the upflow and |owest at the
field margins. I n Mahanagdong, the upper reservoir
limt is defined by the mean depth of the 180°C
formation tenperature neasured in the wells.

The lower reservoir linmt is the> horizontal plane
defined by the -2500 m RSL subsurface depth, 350 m
beyond the deepest production bottomhole in 513D. The
hi ghest elevation for a production pad is 812 m (403)

and any well drilled to a depth of -2500 m RSL at this
elevation wll have a total drilled depth of 3312 m
VD. This depth is within the capacity of PNOC Rig 10.
It is also assumed that during production, heat is
drawn off by the fluids not only from the lateral
peripheries of the well but also from the bottom
therefore, the assumed "bonus" depth of 350 m is

deened appropriate.
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C. Recovery Factor

For an ideal uniformy perneable Iiquid-dom nated
reservoir, the recovery factor has been estimated at
about 50% (Nathenson, 1975) . To allow for the

i nhonogenous nature of the structures in the reservoir,

this figure is reduced and a subjective halving of the
ideal recovery factor has been suggested by Nathenson
and Muf fl er (1975). A recovery factor, therefore, of

25%is used in the present stored heat assessnent.
D. Conversion Efficiency

The question of how much of the recoverable thernal
energy can be converted to electricity is really a
function of the thernodynanmic processess and the
opti mum plant/turbine specifications desired for each
of the proposed new devel opment areas. Assuming a 55
MAe plant unit, a conversion efficiency of 16% was
calculated for a single-flash system based on design
ratings of 0.668 MPa(abs) turbine inlet pressure, 52°C
condenser tenperature and a separator pressure of 0.77
MPa( abs) .

Bodvarsson (1974), Bodvarsson and Eggers (1972) and

Nat henson (1975) graphical ly illustrated t he
efficiencies of real thernal engines as a function of
tenperature (Figure 3). The graph is a representation

of efficiency between energy and power generation
varying with fluid enthal py and source tenperatures. |t-
is logical therefore, to derive the conver si on
efficiency fromthis graph, given the nean resource
tenperature for each production block. Conpared with
the results of Nathenson and Bodvarsson, the assumed
efficiencies for Lower Mahi ao- Sanbal oran (12.5% , Upper
Mahiao (12%, Malitbog (11.5% and Mahanagdong (11%
are conservative.

Figure 3. Variation of Conversion Efficiency with
Geot hermal Fluid Tenperature CReproduced
from KRTA, 1980 based on data" from
Bodvar sson C1974); Bodvarsson and Eggers

(1972) and Nat henson 1975)11.
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E. Load Factor
A plant load factor of 0.80° is wused which is
conservative as conpared to the projected average | oad
factor of 0.70 for the entire Luzon Power Gid (NPC
1986) assuming all the additional power that can be
har nessed from Leyte will be exported via submarine
cable to Luzon.
F. Plant Life
The designed life of a power station is wusually
taken to be 25 years (Watson, 1987).. This is the usual
lifetine sought in a. resource assessnent and is
therefore, used in our calculation.

o Stored Heat Cal culation

A list of the assunmed paraneters used in the
calculation is given in Table 2. Application of these
paraneters and of the tenperature distribution wthin
the resource block leads to the values of volunetric
stored heat and power capacity contained also in Table
2 for each of the resource block and for Geater

Tongonan as a whol e.
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Table 2. Summary of Stored Heat

Resour ce Bl ock

Cal cul ation per

TOTAL HEAT IN PLACE = DI FFERENCE |N HEAT CONTENT IN ROCK +
DI FFERENCE | N HEAT CONTENT | N WATER
H =V x (T - To ) Xc(l-i(i) X Cr X firi +
4 x Cpy x/ Un
POWER CAPACITY, PC = (H+ X RF X CG&F) / @G-F X 25 YEARS)

ASSUMPTI ONS:
T -

1SO DE6. C. RF 257.

A = 2650 KB/CU. M &F - o0. 11, 0.115, 0.12 AND 0. 12B
Cpr = 0.9 KJ/KG °C -F = 807.
= 0.10
BLOCK  +AREA  THICK- VOL. TENP.  joH qH H H Conv.  Power
NESS U or EH.  Cap.
sq.kn. - ke« cukn. DegC  kg/s kikg C  KkH-sec. NHt-Yr. He

LMSL 24 6.67 216, 757 5180 163E+15 515E+04 0125 805
LHS2 08 1.70 2 7H 5390 467E+14  148E+04 0125 23.1
TDTAL 32 B.37 M- 278 0.125 1036
M1 1 2.66 %57 788 4940 5.19E+14 165E+04 0115 237
M2 2 437 252 80 4890 798E+14 253E+04 0115 36.4
M3 1B 3.91 276 757 5180 953E+14 302E+04 0115 434
N4 08 - 181 267 773 5060 400E+14 127E+04 0115 182
TOTAL 56 1275 1 - 262 0115 1217
Hl 22 22 484 267 773 5064 107E+15 339E+04  0.11 46.6
N2 07 22 154 24 777 5020 328E+14 104E+04  0.11 143
H3 18 22 39 26 774 5052 ab4E+14  274E+04 011 377
M3t 3 22 660 20 78 5100 151E+15 478E+04  0.11 657
TOTAL 77 48 1694 H - 268 0.11 1643
un 27 7.24 24 743 5314 191E+15 607E+04 012 910
u 08 2.02 238 816 4760 297E+14 9.42E+03  0.12 141
U8 08 179 262 70 5010 372E+14 118E+04 012 177
UMt 08 2.09 239 814 4770 313E+14 991E+03  0.12 149
TDTAL 51 1314 « -267 012 1377
GRAND

TOTAL 216 51.20 M - 268 0.116 527.3

The principal conclusions that can be drawn about
the resource potential fromthe stored heat cal culation
are:

o that approximately 10,510 Mwe-years of recoverable
stored heat above a tenperature of 180°C have been
identified, of which 2755 Mwe-years is available
for devel opment in Upper Mahiao and 2435 M\é-years
in Malitbog. The identified resource in these two
areas corresponds to 260 MAe of electrical power
suitable for utilization outside of Leyte's power
demands.

o that within a reach of 1400 m
pads, a further 3290 MAt-years of recoverable heat
corresponding to 164 MAe of power is probable in
Mahanagdong of which 932 MAé-years or 47 MAé has
al ready been identified by drilling.

of existing well

o that the Geater Tongonan field has an overall
potential electrical generating capacity of about
530 MA\e for 25 years which includes the 112.5 MAe
Tongonan | already in production. This |eaves
about 420 MW still to be harnessed in the three
proposed devel opment areas around the current
producing field.

Sensitivity Analysis
As shown by previous sectoral assessnments and the

current estimates for the various Geater Tongonan
production sectors, the calculation of stored heat is

in fact based on the paranmeters only in part known and
invol ves assunptions and hyphotheses that are to a
great degree subjective. Hence, the nethod is dependent
on the geological situation, amunt of subsurface
i nfornmation, the scope of investigation and the
purposes for which the assessment is intended. It is
i nperative, therefore, to evaluate the practical
limtations of the stored heat nethod using the
assunptions and results of the Geater Tongonan

assessnent as our test data.
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o Need for Sensitivity Analysis

Muffler and Cataldi
principal weakness of

(1978) have recogni sed that the
the vol une nethod concerns the
estimation of the recovery factor and that the value
chosen depends on the assumed fluid production nodel
and then on the evaluation of how the recovery factor
varies wth tenperature, effective porosity and depth
for the particular nodel. Al though there are sone
theoretical formulations and field exanples that allow
evaluation of the recovery factor for steam producing
systenms, the estimation of a recovery factor for a hot-
water system and the manner in which the recovery
factor varies with effective porosity, are little nore
than educated guesses. Consequently, a sensitivity
analysis was carried out to assess the extent to which
the total power capacity estimate for Greater Tongonan
responds to a change in recovery factor upon which the
final estimte depends. Simlar analysis was done for
conversion efficiency, | oad factor, rock density, rock

specific heat and porosity. The sensitivity analysis'
functions were to establish the change in power
capacity that results froma change in the chosen input
paraneter and to reveal the m mnmum and maximumlimts
within which the power capacity can vary for each
specified increnental change of the input, while other

paraneters remai n unchanged,

0 Choice of Individual Input Parameter |ncrenent

The various input paranmeters anal ysed were made to

vary according to individually specified constant step
changes or increnents. The choice of the anmount of
change for each input parameter has been taken on the

basis of what others would perceive as the reasonable
range of values for each of the parameters, if a
simlar stored heat calculation is conducted given the

sane Tongonan set .of data. The choice and the range of
values for each paranmeter is based on; physi cal
neasurenents already taken such as rock density, rock
specific heat and porosity, on historical NPC data for
load factor and plant conversion efficiency, and from
literature for estinmates of recovery factor in real
field situations applicable for hot-water systens
simlar to Tongonan. Each range of .input paraneter
val ues, t herefore, includes both pessimstic and
optimstic considerations which do not deviate nmnuch
from the initial values and assunptions used in the
current stored heat calculation. The-need to use -a
uniform- increment, say 5% for each paraneter was
earlier recognized, however, the resulting range of
values at this chosen step change, does not represent
the realistic range of values that has been based on
| aborat ory neasurenents. For exanple, at a .5% constant
step change, the resulting range of values for rock
specific heat is 0.5, 1.0 and 1.5 kJ/kg °C, for rock
density 2518, 2650 and 2782 kg/cu. m and; for porosity
0. 05, 0.1 and 0.15. At the 5% step change, t he
conversion efficiency range is 0.05, 0.1 and 0.15 with
the value of 0.05 quite unrealistic.

The increnental change ascribed to each i nput
par anet er is summarized in Table 3. Only one input
parameter is made to vary at a time according to the
given rate of change with the rest of the paraneters
unchanged for which the initial value indicated were
taken. Al the paraneters were analyzed over five step
changes.

Table 3. Input Paraneters Analyzed and Correspondi ng

Initial Value and Increment Change

PARAVETER | NCREMENT CHANGE INITIAL VALUE RANGE OF VALUE
1. Recovery 5% 25% 15 - 3N

Factor, Rf
2. Conversion % 10% 9-13%

3. Load b 80% 75 - 95%

Factor, Lf
4. Rock 50 kg/cu m 2650 2500 - 2700

Density, /Or
5. Rock Spe. 0.10 kJ/kg °C 0.9 0.07 - 110

Heat, Cpr
6. Porosity,<p 0.02 0.10 0.04 - 0.12



+

0 Results of Sensitivity Analysis

The relationship between power capacity versus each
input paraneter is best illustrated in graphs as shown
in Figures 4-9. The graphs show that plots of power
capacity and of the input paraneters, all lie on a
straight line. The straight line plots indicate that
power capacity is a linear function of recovery factor,
conversion efficiency, |load factor, rock density, rock

Figure 4. Sensitivity of MAe vs Rf.
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and porosity with the relation defined by

speci fic heat
y =a+ bx , where aand b

the first-degree equation;

are constants and b is the slope, the ratio of the
increase in power capacity over the increase in each of
these input paranmeters. The slope of the Iine plots
denonstrates that power capacity increases as Rf, CEf,

/O, Cpr and <j) is increased except for Lf where power
capacity decreases with increasing |oad factor.

Figure 7. Sensitivity of Me vs JOr,
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Figure 8. Sensitivity of MAE vs Cpr.
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Ogena and Freeston

A relative and subjective scale was devised to show
the degree of sensitivity and to best highlight the
extent to which power capacity estimate varies wth
each input parameter. This is sumuarized in Table 4.

Table 4. Sunmary of the Sensitivity of Geater
Tongonan Field Assessed Power ,Capacity

to Rf, CEf, Lf, Cpr, /Or and f.

AVE. MUe TOTAL MWe
CHANGE PER
INCREMENT

CHANGE

RANGE OF
PARAMETER

INCREMENT
CHANGE

PARAMETER DEGREE
OF

MUe
SENSITIVITY

15-35% 73 91 362

(+24%)

RECOVERY HIGH
FACTOR

Rf

CONVERSION
EFFICIENCY
CEf

LOAD FACTOR
Lf

9-13% % MODERATE

45 181
(+9%) (+44%)

75-95% 573 102

<-21%?

25 SLIGHT
(-6%)
2500-2700
kg/cu, m.

50

29 NEGLIGIBLE
kg/cu. m.

ROCK 7
DENSITY (+1.6%) (+7%)

for

42 170
(+10%) (+46%)

ROCK 0.7-1.1 0.1 MODERATE
SPECIFIC ki/k-g. °C kJ/kg. °C
HEAT

Cpr

POROSITY 0.04-0.12 0.02 6 22
+ (+ 1%) (+5%)

NEGLIGIBLE

HIGH =
MODERATE =
SLIGHT =
NEGLIGIBLE =

> 25% MWe CHANGE PER PARAMETER INCREMENTAL CHANGE
24-10% MWe CHANGE PER PARAMETER INCREMENTAL CHANGE
9- 5% MWe CHANGE PER PARAMETER INCREMENTAL CHANGE

< 5% MWe CHANGE PER PARAMETER INCREMENTAL CHANGE

Fan the results of the sensitivity analysis, the

following conclusions are drawn:

1. The power capacity
vari ous paraneters
increment. Power

responds variably to the
for each specified paraneter
estimate is npst sensitive to
variations in Rf, noderately sensitive to
increments in CEf and Cpr, and slightly to
al most insignificantly, to changes in Lf,/Or and £

2. The power potential of the Greater Tongonan
resource is estimated at a range of from about
270  Mne, representing the nost reasonabl e
pessim stic assunptions, to about 635 MM which

consi ders the nore optimstic deductions.

The rel ationship between the paraneters CEf, Lf and
Rf wherein the sensitivity of power capacity is
significant, is graphically illustrated in Figure 10
which provides for direct estinmation of power capacity

at any given value of CEf, Lf and Rf.

Figure 10. Power Capacity vs Recovery Factor (Rf),
Conversion Efficiency <CEf) and Load
Factor <Lf>.
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CONCLUSI ONS

Qur stored heat calculation indicated a total power
generating potential of about 530 MAt for 25 years for
the Geater Tongonan field. This includes identified
resource capacity of 104 MAe for the currently
producing field in Mhiao-Sanbal oran, 122 MAe in
Malitbog and 138 MAe in Upper Mahi ao. Both the Upper
Mahi ao and Malitbog areas, the northern and southern
extensions of Mhiao-Sanbaloran field, have been
al | ocat ed as future developnent areas for power
expansi on. The optimum power plant capacity for each of
the proposed Upper Mahiao (Tongonan |V) and Malitbog
(Tongonan |1) production field, therefore, is 110 M.
Thi s capacity is based on our conservative but
reasonabl e assunptions for the various input paraneters
used in the resource assessnent. A probabl e resource
with a stored heat power potential of about 165 MA&
exi sts in Mahanagdong, a separate system further south.
Mahanagdong covers an area of alnobst 8 sq. km, based
on a devel opnent reach of 1400 m from existing pads.
This area, however, would still require further well
del ineation and testing.

The total power capacity estimated for Geater
Tongonan has been subjected to a sensitivity analysis.
The power capacity responds variably to the different
assuned val ues of the various input paraneters and is
most sensitive to Rf, less sensitive to values of CEf

and Cpr and al nost negligibly to Lf, /O and f. Oher

power capacity estimates of |lower (270 MAe) and hi gher
(635 MWe) figures were also calculated which were
dependent on the values of the input paraneters

representing either
assunptions.

pessimistic or otherwi se optimstic
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