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ABSTRACT

In the petroleum industry, estimates of oil reserves are bassd on
the coﬁcepts of resource base, estimated réserves, and proven ressrves,
Estimates of geothermal reserves can also be viewed in teims of total
amount of heat sﬁored within a reasonable depth (resource hese), amount
of the resource which may be recoverable (estimated reserves), and actual

my

measured energy to be derived from a reservoir (proven reserves)., The
sl

following table illustrates the use of the concept for The Geysers,

California and southeastern Cregon:

TABLE 1

Resource
Basel Bstimated reserves Dyorren 4,”AWTN_2
N £ RO RS = bR AR SN O
RTRE
el e . a0 S v — e e et o S e gt e s
The Geysers 1.42 x 10 ~° BTU sy

S. E, Oregon 6.59 x }020 BTU 6.59 x 1085 BIU-
1.14:101% bbls of oil  1.14 x 109 bbls of oil

1. Assuming a maximum temperature of 506°C in Orcgon and at a
minimuwa usavle temperature of 90°C, density of 2.6 gm/cmB, sraciiic
heat of 0.25 cal/gm®°C in Orezon and 0.2 at Tae Geyscrs, wnd & rrodient
of 100°C at The Geysers, with 80°C/km gradient in Oreson.

2. Based on an eleciriczl ovtput of 1,000 )w for 3o  wenrs, Who doto

for the resource basc are more than likely too low since oniy the b

O

. . . . . . ,
onvtained in the rocks at a given instant is concernsd vwhes

all instances heat is being added to the sysiem as it is boing looth.



INTHCDYSTINN

Geothermal exploration is just beginning in Oregon, so estimates
<O o ) 3
of stored energy must be based on sparse gradient date and comparisons to
known areas. In southeast Oregon, the wells lozged show an averase

geothermal gradient of 80°C/ian (L.LOOF/100'), which is much creater than
the world average of about 20°C/iam (1.10°F/100'). It would be advantageous
to compute the stored energy for southzast Crezon and for The Geysers,

California, by comparing the actual energy to be »roduced in 30 years atb

The Geysers with this estimate and arriving at a factor for the amount of

reserves
This method of calculating possible rescerves boce in an

s 1

unknown area is often used by oil compeanies.

maximum fmount of a certain resource which could

3

the estimates used to compute it based on rosli

calculate the resource base for The Geyers end

at The Geysers, and the percent of the resource bace which zre proven rescrves,

nossible

then using this percentage of reserves from The

reserves in Oregon.

CALCULATTONS

1

The amount of stored heat is related to the size of the in

auestion (A), the lowest usable tempsrature (To) which is s

90°C (19L"), the gradi=nt in the areaz (g), the madir

rock (Tl) wnich is assumed to be 500°C (932°F), the densiiy fg7), =nd suecific

~

heat of the rock (Cp) in cal/gmO, and +the totel da:

N

is 10 ku (6.2 miles). .



The stored heat ) is:

- ) .l.,: =1 s ° = 2 =4
Q= A Cpr tl ¢z - :3.1) +g (iTl - HTO) - To (ug
‘ 2

The cmount of stored heat is assumned to be fixed in the above equation,
i.e., descrezsing due to man's extraction only and not increasing from
input cutside 10 km. In some geothermal fiélds, heat may be coming from
lower than 10 km, in which case the estimate will be low, and in those
with scurces ehallower than 10 km, the estimate will be too high., 3ut for
the most part, 10 km is reasonable.

For the area south of longitude L1,°15N, east of Klamath Falls, north
of the Orezon-Nevada-California border, and west of the Orsgon-Ideho border,
the stored heat is about 6.59x1020 BTU or the hsat energy eouivalent to
(1,12)(1015) barrels of 0il (see Appendix B for celeulations). The density,
spediric hezt, and gradient were assumed to be 2.6 gn/cm3 (Blackwell, versonal
commuication), 0.25 cal/gm®C (Birch, 1974), and 20°C/km respectively.

The amount of heat stored can best be understood when compared with an

operating field, such as The Geysers in northern California. Presently,

Ding 398 Mw (1974 data) are on line with plans calling for a

vlants totall

Present estimates place the maximum

rate of production at 3,000 ¥w to 5,000 Mw or about the corbined generating
capacity of Donneville, The Dalles, and John Day dams (Power Planning
4o

Comaission, 1973). The total amount of energy produced by a power plant can

be calculaisd from the formula which follows and converted to ecuivalent

rels of 0il1) = production (kw) x period of time (hours)
veriod of time ziven -

x  load factor’* x BTU/kwh* x barrels of oild
'D‘"‘U
L2 1

- A S h - o ~
Gee Apoendix & for valve of factors



Thus, at the 1,000 M level, the field would produce in 30 years
the same amount of electricity as'370 million barrels of oil, At the
3,000 Mw level, the field in 30 years would produce electricity equivalent
to 1,086 million barrels of oil., For compzrison, an estimste of the amount
of energy stored at The Geysers was computed based on the parameters given
in Appendix C. ,

For 1,000 s, the stored heat above 90°C (19L4°F) is about l.hZXlOlSBTU
or heat energy equivalent to 245,000 million barrels of oil which is about
660 times the energy to be produced in 30 years, For B,COO M, the stored
heat above 90°C (194°F) is about A,ZéxlOlSBTU, which is heat~energy equivalent
to 735,000 million barrels of 0il, which is about 660 times the energy
which will actually be produced from the field in 30 years., Therefore it is

bout
reasonable to assume thet/0.1 percent of the calculated rescurce base is
extractable from a dry-steam field in 30 years, Most fields found will be
hot-water fields, which will probably yield a higher percentage of ensrgy
than a dry-steam field but at a slower rate. Timis we shall asswae that the
heat will be eﬁtracted av the same rate.

No one reezlly knews how rmch stored heat in southeast Oregon will be
usable. If one assumes that in 1/1,000th of the area the heat is in a
usable form and that 1 vercent of this heat is extracible, then ensrgy
equivalent to 1140 million barrels of oil can be extracted from southeast
Oregon. Thus, if the energy 1s extracted at the rate of 1 parcent of the

3.E. .
reserve per year, then]@regon would produce heat energzy equivalent to
11./ million barrels of oil per year. This is over 6 percent of the energy

deficit in Oregon of 165 million barrels of oil, when the deficit is expressed

nr

in terms of barrels cf oil insuead of several different forms of energy. Thus
hel ¥ Yo
development of our geothermal resources could offset Oregon's currentenergy
n .

daficit.
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Appendix A -~ = = - - - Factors

10,000 BTU (o0il) per hwh

5.8 x 106 BTU per barrel of oil

Load factor on geothermal power plants is 80%

0.0039 BTU per calorie
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APPENDIX B

(Z-7p) + g

area

—
-

specific heat

density

2
(ZT} - = L02

) - To (255]

2

= 2.6 gnferd

102,000 km? = 1.02x 10%° ¢

0.25 cal./gm. °C

geothermal gradient = 80°C/kn

lower limit of useable temperature
4n assumed maximum temperature
= depth to‘temperature ¥o
depth to temperature Tj

maximum depth of area of

-

.02 x10%5 em,?) x (0.25 cal/gn®C) % (2.6 gafen’)

>:[5oo°c (100105 - 6.1x105 em) 4 (2.0 » 107 9C /) =

int

( 6.1:005)% - (1.0ag))? /2

(1.66)(10%3) cal.

(6.59)(10%0)

BTU

(1.14)(1014) barrels of oil

. .

O
SOV

500°C

1 ¥om.

6.1

erest, taken as 10 km

- 90° (10x105 cm)]



APPEHDIX C ~ THE GEYSERS

Cp = specific heat = 0.20 cal/em°C
2.5 gn/om

g = geothermal gradient « 100°C/km

o~ = density

i
(Xo)
Q
[0}
(@]

To = Jower limit of useable temperature =
TL = an assumed maximum temperature = 50000

m

Z7o = Bepth to temperature To = 1 km

£Ty = depth to temperatwre T = £,9 \m ~ 5.0 Em

R
!

= maximun depth of area of interest, taken as 10 km.

Capacity of field assumed to be 10 Mw/sq. mile, thus

{

. . o172,
for 1000 Mw, erea required is 100 sg, mile or (2.59)(10°%% ¢u?

G = (259010 %) (0-20 cal/gmeC) (2.5 emfomd)

BOOQ.LO x 10%cm -5.0 x10° cn) 4 (10"’0"/107 « (5,0 x 10")(3'1?!)2
- (1x 105) /2~ 90%(10x105 CU\l

= (3.63)(0%0)  cal
= (L.2)(108) 31w
= (2.45) (1011) barrels of oil

For 3000 M, the cauivalent {igures would be:

(3) (2.45)(0™) = (7,35)(101Y) barrels of oil




