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Geothermal energy
heats campus

Almost unbelievable savings are provided by the Oregon Institute of i
Technology’'s on-campus geothermal heating installation. 5.

By JAMES HITT, Geothermal
Coordinator, Physical Plunt
Supcriniendent, Oregon Institute .
of Technology, Klamath Falls, Ore.

Klamath Falls, a city of 16,000
population, is ncar the center of an
clongate, northwest trending struc-
turul  valley called the Klamath
It is a complex structural
valley about 50 miles long and 10
miles wide. Upthrown rocks, or
horsts, bound the vallcy on both
cast and west sides. Upper Klamath
Lake, Oregon’s largest loke., and
numerous  other  smaller  lakes,
ponds, and swuamps occupy the
lowest parts of the valley. Unlike
the other large graben valleys of
the basin and range gcomorphic
province of the western United
States, which have internal drain-
age, Upper Klamath Lake is drained
by the Klamath River that flows
south and then west through the
high cascades to the Pacific Ocean.

In the early days of Klamath
Falls, several groups of hot springs
and boiling mud pots were present
in the flats and low, rolling hills
where the city is now built, The
Indians were the carliest users of
the hot springs, and they cooked
fish and gamc and also, because
they had great faith in the healing
power of the water, bathed and
soaked in the overflow pcols.

The early settlers used them fre-
quently for various things, includ-
ing the scalding of hogs, and by
1915 there was a grecnhouse built
over onc of the hot springs. By
1928, Klamath Falls boasted a
modern hot springs natatorium in
which the pool water was complete-

ly changed daily. At the present-

o6

time, there arc more
relatively shallow wells that tap the
natural hot water to heat schools,
industrial buildings, apartments, and
houses.

Complex faulting, most of which .~

occurred in late Pleistocene time,
has broken the whole Klamath arca

into a characteristic  pattern  of -

northwest trending  fault  block
ridges and intervening down-drop-
ped graben valleys. -Tilted fault
blocks are numecrous within the
Kilamath. graben.

Perhaps nowhere else in the
United States is the geologic evi-
dence of recent faulting so well
displayed. At nine scparate loca-
tions, the shiny, polished fault
surfaces are exposed. All are high
angled normal faults and dip from
55 to 70 deg into the valleys. One
of the most spectacular faults has
been cxposed along the east side of
Upper Klamaith Lake, where re-
moval of talus has uncovered the
fault plane for nearly a third of a
mile in length and as much as 250
ft in height. Grooves in the slick
sided surfaces indicate that the last
and perhaps all of the displacement
has been vertical. At least 1600 ft
of vertical displacement is indicated
in the vicinity of Kiamath Falls,
and movements of this order of
magnitude can be estimated at other
places where the steep fault escarp-
ments are elevated about this much
above the valley floors.

The Klamath Falls geothermal
area is near the center of the graben
in slightly tilted fault blocks that
are elevated a few hundred f{eet
above the valley floor. These tilted
blocks are made up of impure dia-

than 360 )

" halo surrounding the geo‘

“: about 10 miles south of K

tomite, thin beds of (ffy
sandstone, clayey tuff, and"
intercalated basalt flows. The
blocks have, in turn, been o
ly faulted into clongate ridy
generally trend northwest., B
they are so -casily eroded, i
now scen uas low, rolling hik

Well logs indicate that &,
tomaceous tuffs and layered-
ments arc at least scveral hu.
fect thick in most places, &
pervious to the fliow of wate
act as a cap at the surface, Br
lava flows and zoncs of scofk,
cinders arc encountered at v
depths, and in_mostL cases i,
thermal arcas, these horizonss
large quantities of live hot s

. At lcast one strong northwesty

ing fault is present on the car
of thc geothermal area, ad*
rise of hot water from a6y
reservoir could be assoc1atedﬂ

. the brecciated rocks that are

mon to this type of fault. Al

. the hcat source is not kno“ﬂ

no surface rocks of recent:api
present, the PllOCCﬂC-PlCIS
dikes and sill-like masses
intercalated in the lacustnnedtv
its may indicate the prescnceé
larger intrusive rock maSSa
at not too great a depth.”
A Iong history of hot spnng
tivity is shown by the pre .*
blcached silicified rocks, dep
calcite and gypsum, and:
mercury mincralization in a-'

zone. 3
Klamath Hills is a large, 1.
fault block within Klamath

Falls. Large volumcs of hat
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lly* magnetite. "

: 4
are found at shallow depths
ow zonc along the south-
k. The geologic cnvironment
B thermal zone is similar to
the Klamath Falls area, and

B or border of silicified lake
nis and tufa arc  present.
pungled normal faults with a
V northwest trend are com-
and again, the recency of
g is shown by slick sided
Basalt flows and
breccias, scoria, and cin-
dominate in the Klamath

water wells indicate several
feet of lake sediments and

A large area in the south-
part of the Klamath Hills
¥rliin by cinders, scoria, and
jtic wff breccias, indicating
a basaltic magna encoun-
uler or saturated sediments
surface and violent explo-
gauptions resulted.

¢ original hot springs of Kla-
g Falls have disappcared
Rgh lowering of the water table

that have been drilled, the
of the wells range from as
;100 ft to a maximum of
!LM(M are in the 200 10350
ge. The water table gencrally
1o coincide’ with the elevation
Upper Klamath lake, and
watcr level depths vary with
ography. Much of the rock
ated in the geothermal zone
¢ “tight” or impermcable,
gcrched water influences the
of ‘the local water table in
cases. Drillers report drops of
evels amounting to as much
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.arl\ -gray 'to blacl\ dense to fine grained ;
rock that consists: of basrc plagwclase auglte '

lght easily’ crumbled siliceous materral
yrfrom smgle celled algae remams

i block. Drillers’ logs from

wifs in the lower Klamath.
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as 50 ft from levels initially en-
countered as drilling ‘proceeds to
greater depths.

Temperatures of the wells in our
geothermal zone range from 140
to 235 F.

Klamath Falls is 297 miles south-
cast of Portland and 383 miles
north of San Francisco. Major citics
within an approximate 1000 mile
radius arc: San Francisco and Los
Angcles, California; Reno and Las
Vegas, Nevada; Salt Lake City,
Utah; Boise, Idaho; Portland, Sa-
lem, and Eugene, Oregon; and
Scattle and Spokane, Washington.
Because of its geographic location,
it is at the center of population of
more than 26 million people.

The Oregon Institute of Tech-

nology campus is located approxi- .

mately three miles north of the
downtown business district of Kla-
math Falls. Elevations on campus
range from 4250 to 4400 ft.

A carefully chosen move

Orcgon Institute of Technology
was founded in 1947. Dr, Purvine.
the founder of the school. con-
cluded. that numcrous factors pres-
ent at this first sitc created hcating
problems and high costs at the

" onginal location.

In- 1959, the Oregon State Board
of Higher Education was willing
to gamble with funds granted to
them to establish a new campus on
the sitc that Dr. Purvine had se-
lected, after carcful study of the
winier conditions  (early morning
dissipation of ground frost as op-
poscd to earlicr afternoon dissipa-
tion of frost. Dr. Purvinc's knowl-
edge of the area prompted him to
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‘ graben——A depressed segment of the eanh’s crust K
bounded-on at least two sides by faults.” - 4?" . '
-‘_f‘:ﬁ‘ horst—A block of the earth’s crust separated by\
faults from adjacent relatively depressed blocksl
-magma-—Molten® rock -within the earth’s crus} ;
Plelstocene——An epoch within the Cenozoxc‘ Era, of
the "geological ‘time scalo, usually taken to ,&mbrace
"the last’ 'two _million years.:
- Pliocene—An" ‘epoch within ‘the’ Cenozorc Era”
~scoria—Small fragments of porous volcanic:, ,rock X
‘talus—A" slope fornied ' especially’ by an accumula- K
o uon of rock ‘debris; a rock debris at the base of: ‘a cliff. 3
tuff=a: ‘rock. composed of the volcanic detntas usu-'
-; ally fused together by heat {tuffaceous, adjecuve)
tufa—-A porous rock formed as’ a 'dcposn from
5prrngs or- streams L ;_

\-..._\m ——fen
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determine that the heat that warms
the water morc than likely rises to
the surface through fault zones. He
carcfully charted ' every fault or
faults known to cxist near to the
campus. Based on these findings,
he dirccted a drilling crew to a
portion of the campus abeve what-
he considered to be an old fault
and gave orders to begin drilling.
The well was drilled to 1205 ft.
They found water, but it was a
mere 78 F. He moved the crew to
the other side of the fault. Again
water was found, but this time it
measured 176 F. A total of six
wells were drilled, three hot and
three cold. The campus today con-
sists of eight buildings and is heat-
ed with water from just one of the
six geothermal wells. The three cool
wells measure temperaturés of 65,
78, and 92 F. Information on all
wells is listed in Table 1.

Well No. | is approximately
1205 ft deep, and the water temper-
ature is 78 F. This water is used
for irrigation and domestic pur-
poscs. It is located at an elevation
4530 ft above sca level and pro-
duces 510 gpm.

Well No. 2 is the original hot
water well. It produces 107 gpm
and is available for emergency pur-
poses. It is 4355 ft above sca level
in elevation. The temperature is
approximately 191 F.

Well No. 3 is 1150 ft decp and
was tested ut 175 gpm of 65 F wa-
ter. It was capped as uncconomical
for domestic and irrigation uscs. It
is Jocated at an clevation of 4352 (i,

Well No. 4 is used for domestic
and irrigation purposecs. It is situ-
ated 4402 fr above sea “level. It
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yiclds 400 gpm of 92 F water.
(Thus, wclls No. 1 and No. 4 sup-

Well No. 6 is the sccond of two

——Water level

wells to be used for heating pur- Gravel and clay

. -
S voLs
i, A . - . . v ° N
" ’ ply the domestic and irrigation Discharge = —— ] =3 SR
ga : nceds of the campus.) . Vo
phm . i Well No. 5 is one of the two hot A5G
G i water wells used for hot water pro- - 3
L : duction. No. 5 is situated at 4374 4
E ft above sca level and produces o ; : i
i ! 442 gpm. The water temperature D et 1 ' !
By ‘ is approximatcly 191 F. chalk rock ;
B '.“i °
3

-8,
Rsy

A

v

.

wells have a common underground
source. At the highest use level,
drawdown of the static water level
has been experienced at a minimum
of 2 ft and a maximum of 7 ft.
This seems to relate. to the general

of cubic feet of waste of geothermal
water allowed versus the square
feet of floor space heated.

All  gcothermal hot water is
maintained in a closcd system, and

~is being given to geothermal rein- -

jection 1o stabilize this condition.
During the first few scasons,

considerable expense was incurred

while opcerating the hot water wells.

L poses. It produces 250 gpm of (cold wates sean Ll I8
e ; about 191 F water. This is the _ ,/_/Pumo shat
s 1 decpest of the wells with a depth g S— ; -
‘;‘:" L of 1800 ft. ? SIN ; 0 e ;‘ | Steel casing
o i By alternate pumping, it was de- f S o} ) éo 0} A g
. : termined that the three hot water o . \t dsb { o) ; | packers
STy ' ractured basal

(hot water seam)

(9
S5go§ 5${O§ H

Clayey tuff

Free tiow

[|_——Deep well turbine p=y 71

proved to be an crror. The lubricat-
ing capability of hot water was so
low as to causc frcqucnt bearing
fatlures.

surface mounted clectric motor lo-
cated in its center. Variable rate of
expansion of the pipe and the shaft
produced a requirement of 5.5 in.
expansion allowance, both at the

Y groundwater levels in the area. The 1
':! water appears to be a portion of Convection cel
i the - normal groundwater since it 0 ;
. 3 contains no impurities indicating ? § 5°f DT ? oiw IL
4 " direct contact with molten rock or o | { oot dba‘" 0! {iW L Bié Free flow
2 water from such magmatic sources. (hat water seam)  ~—{t _ \Ww...
‘;%g ’, -A ‘comparison of the corrosive ef- 5 \ \‘) \
PR ! fects of some hot water wells in 01 { of 0( f 0{ g f B‘”‘mn. perforations
L% i the Klamath Falls area determined o, ol A 050 —{y
. lv} : the water there to be carrying chem- 20980 0L90N Ses avaell U
E}t : i ical elements corrosive to metals. Dense lava Sediment bowl
E 7 ; Due to the comparatively pure char-
oy ; acteristics of the Oregon Inst_nutc R
- i of Technology well - water, it iS 1 section of one of the geothermal wells.
;X : forced through the heating system
"B { and discharged at about 120 F and i :
= i flows via the storm scwer into Submersible. pumps were installed motor mounting and in 3
E: f Klamath Lake. All geothermal wa- with the bowl located well below bowl. Eventually, redesign & 4
;,5 ! ter waste is allowed to haturally static water level. Engineering as- installation produced a swv
& discharge into Klamath Lake. The sumptions had been made that operating mechanical sysh.v
,, discharge is controtled by the city water lubricated bearings would be added lubrication.
% and is based upon a ratio formula satisfactory as had been demon- ,
& o strated inycold water wells, This  From $94,000 to $14,000

Original costs of this ¢
perimentation came to ahw
000 or un average of SIt¥
year for mechanical remn?

g
b:‘ * corrosion is very minimal. Slight, Another problem was associated The original campus P
- 4 but apparently incrcasing, subsi- with the ratc of expansion of the extremely high hculing ot
L dence originating from the geother- pumping components. As the pumps heating of housing and ™"
= mil wells is producing cracks in operated, hot water was forced up buildings amounted to a8 ¢ &
I excess of 1000 lincal feet across  through the pump column made of  of $94,000 per year. ﬂ“‘f' %
¥ the campus. Serious consideration pipc with the drive shaft from a mal hc.uing system at the ® 4

pus is now a valuable &"“ ‘
The costs range from $!- %
$14.000 per year to BY %
440,000 sq ft of building "* P

The unique factor of the "

Mg(."
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Fow n :hc'usc of standard motors
mng (,qmpmcnt without the
I lv(pcns:vc custom built
¢ 1 was called upon to
? ; aries of problecms encoun-
a the initial phasc of con-
& c Lack of proper cooling
bawes. shaft stretching, and
§oom of pipes were the basic
i“u 1o be overcome. These

o e e e e——

. e docomphshcd by first :
{13 the pumping cquipment to ;
- ;uund level. This pcrmmcd :
;_.mg of all motors. Sccondly,
k.o serermined that the 550 fi
g would initially expand as
3+ Jin. in a 3 min period. !
suwag custom made 5 in. lateral
»w whstituted for the normal
& .eral bowls, the expansion
ze wis eliminated. Finally, air
v released  corrosive  gases
» =& caused much corrosion of
=Y
- ¢ preliminary installations,
: ¥ span of $8000 motors
2 zwhere from 10 min to
ré poaths. Since-the problems
= &en solved, onc motor has
~ naning continuously for 24
=t dy for the past five years
=2 any problems. A motor in
seagon with a cluteh type that
= witer to be supplied on
! s used in the installation.
» swem is probably the only
‘@ type in the United States,
sag water from an 550 ft
"
"% criginal motors had insuffi- .
- *‘*atil.nion and frequently ’
%o In the beginning, these
X motors were set down in a
4w later on, it was found
™7 lo raise them  above )
“xe and to build housing -
Troved  ventilation and to s
“ Ze equipment from vandal-
At first, there were some |
“ome periods during which
[“ boiler was roquired. This
4 been necessary for the past
“n. After numerous altera-
% original cquipment was
" ®quate and serviceable for
“nxular needs. In a region
Blerately severe winters are .
“od, Oregon Institute  of
B ‘YV has benefited  greatly
use of natural hot ground
 heating not only in com-

Xt ale . A
U also economically. . b

.
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{191 F)

Gas vent Q

’

Storage
tank
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Gravity flow {186-189 F)

We!l casing

Submerged pump

Geothermal well

Domestic
hot water

———

L

n er\; .
Heat exchang Forced air

space heating

(120 F)

Fluid reinjection (being considered)

Discharge

J natural flow to

2 Schematic of heating system.

Klamath Lake
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Table 1-—Summary of data on the six geotherma! wells at Oregon Institute of

Technology

Data Well No. 1 Well No. 2 Well No. 3 Well No. 4 Well No. 5 Well No. 6
Depth of well 1205 ft 1288 it 1150 ft 1224 ft 1716 ft 1800 ft
Static water

level 449 ft 332 ft 110t 315 ft 358 ft 359 ft
Water level

at testing 532 it 550 ft 355 ft 550 ft 393 1t 540 ft
Temperature

of water 78F 191F 65F 92F 191 F 181 F
Volume of '

water puimped

at testing 510 gpm 107 gpm 175 gpm 400 gpm 442 gpm 250 gpm
Water use Domestic, Domestic Domestic, Domestic, Domestic Domestic

irrigation heating irrigation irrigation heating heating

Casing used

12in. — 441 1t3in. — 733 it 530ft3in. 416t 4in,

10 in. — — — 3151t6in.  8l41t6in. 867ft6in.

8in. 686 ft 803 1t 7071t 7in.  207#t7in. 3181it6in. 294 1t6in.

6in. 544 ft10in. 5151t — —_ 6481t Yin. 677t 8in.
Cost of well :

Drilling $10,038.00 $11.08250 § 741800 $15317.75 $20.32250 $21.466.50

Testing 2.076.00 3,425.00 1,325.00 1,750.00 1,750.00 2,000.00

Casing 4,836.12 7,592.00 3,012.87 5,939.32 9,180 00 8.816.74
Total $16950.12  $22,099.50 $11,755.87 $23.007.07 $31,252.50 $32,283.24
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t¥s fiew in Europe

L,A.‘ FIELD. London, England

by Lian L
3 jpaistence of vast quantities of

Jied underground water has re~
By been verified in France. A
g tousing development is al-
¥y drawing some energy from
% source, and an intensive study
bpam has been launched by the
tch government to find the best
s of exploitation. :
11973, the two geothermal
prr stations at Larderello and
mic Amiata in Italy produced
PO million kwH. The current total
~gnling power from geothermal
pees in the country is 406 Mw,
- glike France, Italy wants to boost
h with new drillings. Professor
pgiorgi, head of the International
ermal Energy Center in Pisa,
announced a new geological
; to identify the major heat

energy rediscovered

believed to be very much higher
than cver imagined in the past.
The uncertainty of the present state
of knowledge is illustrated by the
recent explosion of a geothermal
stream from an area declared sterile
by the National Rescarch Council
only a few years previously.

France

Fig. 1 shows the distribution of
medium and high temperature de-
posits rcvealed by the recent survey

by the Bureau de Recherche Geo-

logique et Miniere. Tempceratures
of 212 F and above are regarded
as power sources for turbines, and
temperatures below this range can
be used for -district heating. In
addition to these deposits, there
are others that as yct have not been
delineated. but are gencrally con-
sidered to be equally as large with
temperatures ranging from 90 to
160 F. In the upper temperature
band, water can be used as the
primary medium in a heat exchang-
er, but in the lower temperature
range, more sophisticated recovery

techniques. are necessary—for ex-
ample, the heat pump, or a combin-
ation of counter flow heat exchang-
er and heat pump.

Geothermal temperature  gradi-
ents can vary from 0.5 to 5 F per
100 ft. The steeper gradients are

~associated with volcanic areas. In

general, the gradient in France is -

“around 2 F per 100 ft. This means
that usable deposits begin at around
3000 ft.

Depending on its temperature,
water can be used to drive a stcam
turbine (212 F plus), act as a
primary medium for a heat ex-
changer (140 to 200 F), or form
the source for a heat pump (90 to
110 F). It generally follows in
heating applications that the deeper
the bore hole, the less complex the
hardware nceded to utilize the heat;
but low temperature water needs
a heat pump to raise it to a realistic
temperature.

R. Cadiergucs, director of the
French HVAC research center “of
CoSTIC, presented some interest-
ing ideas on the combination of

ap

—.—-
. = .. .
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1 Distribution of geothermal resources in France.
Water temperature ranges from 160 to 180 F in
light areas. Dark areas indicate water
temperatures over 212 F.

2 Geothermal water used in a two stage
heat recovery technique.

Counter flow
heat exchanger

Circulating

Well pum Heating

installation

%

Heat pump
USLUSTISTS,

From Return 1o
geothermal seurce
source

, jting/Piping/Air Conditioning, Jaﬁuary 1975 C 113




What’s new in Europe

heat exchangers and heat pumps in
a paper to the journal Promoclim
A.® By using a counter flow heat
exchanger for the first stage of the
transfer, it is possible to keep the
exchanger to a reasonable size while
leaving a moderate second stage
entry temperature. For example,
water from a well enters” the first,
stage of a heat exchanger at 158
F and leaves at'122 F, producing
a 158 F exit temperature from the
secondary (heating  installation)
side (Fig. 2). The water then enters
the second stage unit, which in this
case is the evaporator or the heat
pump, and is cooled to 68 F before
finally being reinjected into the
underground source. For an ex-

. penditure of 1 Kw in the heat pump,

the amount rcleased in the two
stages (for the sake of continuity,

this will be cxpressed in kilowatt

units also), would be: heat ex-
changer, 2.85 kw, and heat pump,
5.15 kw. This represents a total

input of 8 Kw for only | Kw ex-"
pended at the heat pump. Water
pumping costs have been omitted -
since they are fairly small by com- |

parison.
This arrangement obviously
makes the best use of the source,

but the initial ‘cost may be difficult’

to justify since at 158 F, the water
could be used directly. Heat pumps

-alone would be the only solution

when the source temperature is 110
F or less. In this temperature range,
it would be possible to reach a co-
efficient of performance of about

4 or 5 with a heat pump, px
the heating system was desi
work at 120 F—for examp
bedded floor or cciling pu
warm air systems. ‘

By studying economic ai
nical models of geothermal g
the CoSTIC laboratory can
that the optimum flow rat
the well could be determines:
in relation to a temperature ¢
45 F and not the temperatu;
itsclf. Fig. 3 is based on t,
STIC analysis and shows i
nical and economic chay
points for the three system
exchanger only, heat exchang
heat pumps, and heat pumy
The ratios of energy usedi
various stages can be derivec
the intersection points on th
cal ordinates from the soun

-

50

150

Process temperatuse,

25

Millians of Btuh

3 Optimization of heat recovery techniques
for geothermal sources.

Heating system System pump hServicle :Afg‘
temperature, F ot waler 7%
\ - ‘ b
Peak load ( .
boilers &
Contral Canteol y
~
’ P
Heat trom ) 2 Hot
N compressor o
J
Geothermal p
heat exchanger
| | i ] ] L . Cold water | -
100 140 180 :
Source temperature,-F N
¥
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5 Piping hookup at the Melun geothermal installatioq't

.
a 'i‘-;*-v.;; - ..1

Bailer 2 '

v

Boiler 1

TN A o

End of heating season.s

gt b .
T

=

j—Winter —sta— Spring and Auvtumn ——sf=-Su

4 Load curves for the installation at Melun, France. | '
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| “packaged"
FUEL OIL PUMP
& HEATER SETS

Compact. EAGAN Fuel Oil -
. Pump & Heater Set is. a
: completely assembled
unit, ready to operate.

EAGAN PACKAGED UNITS are de-
signed to fit compatibly into your
specific installation to provide
maximum efficiency—and EAGAN
packaging offers these addltuonal
important benefits:

* Ready to operate—saves instal-
lation time, cuts assembly costs,
eliminates “‘bugs",

* Compact EAGAN ‘Units require
minimum space.

» Parts easily accessible for main-
tenance.

EAGAN Packaged Units are avail-

able in single or duplex models

for steam, electric or combination
drive. Units can be furnished cap-
able of providing:
. —= heat to 300°F

— pumping to 3000 gph

—_— pumping to 400 psi

Get details on the near-
est thing to instant in-
stallation, EAGAN Pack-
aged FUEL OIL PUMP
& HEATER SETS.

¥y ~rr .v}

Wrxte, wire or call. ' -

WAlTER'H EAGAN co.,mci

D(V of Sfmth Koch Inc,

Circle 233 on Card; see HPAC Info-dex p. 304
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g Tha na- “t+hino tn' hat's new in Euro

,1:,:‘ i ) The neareSt thmg to w S new pe ing development of social]
R RREE near Paris.* In this devedl
)f; : INSTANT INSTALLAT'UN perature. A small proportion s 2000 of the ‘dwellings, wH
%] ) : heat from the compressor. mostly apartments, are
he L . to the scheme. The strucy
&b Paris systems sulation for the units wi
'-:'-'f;; The principal heated water layers particularly high at the’

in the Paris region are the Albien
layer at 86 F, and the Dogger layer
at 158 F. The first layer has been
used for some time by the water
authorities since the water is partic-
ularly pure. Further exploitation,
however, is limited by law. Water
from this layer is still scrving as
the source for the heat pump in-
stallation at the Radio Paris build-
ing, commissioned 12 years ago.

While water from the Albien
layer must be trcated by a heat
pump to make it usable, water from
the Dogger layer can go straight to
a heat exchanger. However, it is
much more aggressive since it con-
tains a high proportion of dissolved
salts. The Dogger layer is never-
theless the most extensive, covering
an area of 2700 sq miles located
between 5200 and 6200 ft below
the surface.

The Radio Paris building at the
time it was built had a total volume
of 16 million cu ft, of which 5.3
million required air conditioning,
9 million required heat only, and
the remaining 1.7 million cu ft is
comprised of underground areas
and other spaces. The heat pump
installation has an output of 8§
million Btuh into a low temperature
water circuit that serves heated
acoustic ceilings. A 108 F condens-
er exit temperature gives a gas
condensing temperature of 117 F.

“During the summer, the heat pump

is used as a refrigerator for the air
conditioning plant.

A cost comparison at the time
showed almost the same figures for
boiler plant and heat pump systems,
including sinking the well (see
Table 1).?

A running cost comparison ranks
the heat pump installation much
lower than the traditional boiler
plant, even based on oil costs and
clectricity rates at the time. A
further bonus was that the source
water was so pure that it could be
reused for water services in the
building and thus avoid the cost of
purchasing water from the city.

More recently, geothermal energy
from the Dogger layer has been

Heating /Piping/Air Conditioning, Januatling/ P!

“rate of $0.2 per sq ft of flo

construction, which result
load of only 0.05 Btuh p
per deg F. Each apartmen
total floor arca of 900 g
a total cube of 7000 cu ft.]
design conditions in this"
France and for an average §
temperature of 65 F, the iilw
per apartment is 17,000 Bid8
Two wells were sunk at|
and each is pumped at a)
370 gpm. Each well is co
to heat exchangers, indi
rated at 10 million Btuh. T
thermal input over the yed|
under half the total requireng
heating and hot water servig
remainder is provided by ty
load boilers, each rated 22
Btuh. The total mvestmem o
$1.75 million. ‘}.
Heating was charged a

and hot water was billed §
per 100 gal. Consumers ps
four installments. The firgus
covered 95 percent of the (i
rate charge, and the fourlj
up the balance and the cosji
water service over the year
Analysts of the load ¢
sented in Fig. 4 shows thal
year, geothermal energy i
for 60 billion Btu. The"
heavy oil to generate this- -.'
of heat would have.been $l

Table 1—A comparison of relj
first.costs between a traditio
heating system and the geoth
system installed at the. Radio?
building. The comparison is bagy-

{tem

on 1957 prices. :
Relative fird UBY'S
Traditional %@ COME

‘ innovc

Boiler plant and
chimneys

Fuel handling and
storage

Refrigeration com-
pressors

Evaporative coolers

Well sinking and
pumping gear

Heat ‘exchangers

Standby electric boiler
(possible failure of
source)

Pipework

Total : . $550,000 ﬁct ex;I

[}



-most check valvesrelyon | - |
. : » for 2000. tons in May 1974. %
. reverse flow for closure | nrhesene v

4 rate of 370 gpm, yielding§
F drop in the heat exchy
Water enters the sccondary s
. .the exchanger at 130 F andg

boost temperature to 185 Fg
the nctwork. When the b
circuits are- closed down i
summer, geothermal hcat isf
nected directly across the

for geothermal encrgy as W
10** kwH per year (based §
considcration of radioactive nf

‘oursclose . - [Y
" aUtomatically \ | ' . wind or solar energy, geot §

energy offers perhaps the g g
reserves, with a steady outpr

The big difference between a CPV top and bottom-—assuring question that is not entirely oy
Silent Check Valve and almost perpendicular disc motion with at the moment is the size o
any other kind of check valve is no possibility of tilting or reserves in terms of heat .J,f{.
how they close. Swing checks—with - misalignment. . tion, and how they will beif‘,
or without springs—actually i
depend on reverse flow, the very
force they're supposed to eliminate.
Not ours.

CPV Silent Check Valves also give | X
you full flow. And easy installation References ' i

in any position—horizontal, 1) Energia Geotermica. Conik

vertical or upside down. Report, lustallatore ltaliano, Septs
CPV Silent Check Valves have an - - . 1974. .
engineered stainless steel helical Pos:t|ye piping protection. 2) Cadiergues. R.. “Energies af
i hich cl the valve - Leaktight sealing. Full flow. You cedes Nouveaux." Promoclim 4,$e0
spring, w closes the v get it all with CPV Silent Check 1974, : op!
automatically, silently and safely at 51,65 They're different by design. 3) Conturie. L. and Testamath, )|
the very instant of zero velocity. Write for Catalog 690. Combination La Pompe de Chaleur de la Mai or]
Not after reverse flow has begun la Radio de Paris,” Industries Tk
) Y . Pump Valve Co., 851 Preston St. : nft
And no reverse flow means no . : . ' ques, April 1957.

. Philadelphia, Pa. 19104, 4) Guichemerre, A.. "Les Ean}
destructive pressure surges or (215) 386-6508. terraines et le Chauffage des Logi
water hammer. Ever. L'lnsiallateur, September 1974.
These superior CPV valves also Wb
teature precision-machined metal- B
to-metal seats (standgrd) or optional —————Fig& > and 3 are based on didk
soft seating for positive, leakproof frqmn Reference 2. Figs. 4 and §
sealing. The disc shalt is guided based on diagrams from Referent

Circle 234 on Card; see HPAC Info-dex, pp. 226, 227
Ureae@me |8 Heating/Piping /Air Conditinnino {anuan &
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DISTRICT HEATING IN SWITZERLAND

Road traffic, air-polluting individual
oil-fired systems for space heating
and hot water supply services ac-
count for about 40% of Switzerland's
total energy consumption and rep-
resent a corresponding hazard to the
environment. The author has devel-
oped a general model concept which
shows how, in years. to come, 0il-
tired heating can be replaced by a
method of heating which is less in-
jurious to the environment. In resi-
dential and recreation areas the sup-
ply undertakings will resort to the
only clean forms of energy—elec-
tricity and hot water.

R. HOHL

witzerland can be divided into two

distinct areas: The 40 or more ur-
ban concentrations of at least 20,000 to
30,000 inhabitants each, which by the
year 2000 will house about 60-65% of
the population; and the sparsely popu-
lated areas, including villages and
mountainous areas, which will account
for the remaining 35-40% . Urban areas
will be provided with district heating
plants, beginning with plants to heat
definite sections of a town, until at
least 90% -of all buildings are heated.
The heat will be carried by hot water
at 70-120 C, depending on the time of
year and the ambient temperature.
Apart from the well-known advantages
of district heating, hot water can be
produced by any kind of fuel, espe-
cially that which will be most appro-
priate.during the period under consider-
ation, not only as regards the political
aspects affecting supply, but also from
an environmental viewpoint.

In addition to fuel oils, and prob-
ably nuclear energy in the future, dis-
trict heating plants can be fired by
natural gas, the cleanest form of fossil

R. Hohl is with Brown, Boveri & Co.
(BBC) Baden, Switzerland.

80

fuel. But since the world's reserves of
natural gas are by no means plentiful,
it would not be economical for Switzer-
land to extend costly distribution net-
works to every single household. The
capital thus saved can be invested in de-

‘veloping hot-water supply systems, be-

cause they will continue to be useful ad
infinitum, regardless of the source of
energy used. Perhaps it will eventually
be possible to resort to coal again, the
world’s reserves of which are known
to be one order of magnitude greater
than all other fossil fuels put together.

SPACE HEATING
One or more district heating plant will
be installed in every urban concentra-
tion, each plant containing a boiler and
back-pressure turboset, or a gas turbine
in the smaller plants. All waste heat will
be transferred to the heating system.
Since it does not involve such heavy
capital investment, this type of power
plant is more appropriate in relation to
the low utilization of space heating over
the year. The load imposed on the en-
vironment by exhaust gas is only a small
fraction of the corresponding load due
to individual firing systems, because the
firing is always optimally controlled,
effective flue-gas cleansing systems are
incorporated and very high stacks en-
sure that the gases are well diluted. Ex-
traction-condensing turbines, though
more flexible, are less likely to be in-
stalled because they are accompanicd
by all the problems of dissipation of
waste heat, such as temperature rise of
lakes and rivers, the problem of cooling
towers with the associated location
problems and the thermal load imposed
on the environment (low efficiency).
In a back-pressure district heating
plant the demand for heat and the out-
put of electricity are strictly propor-
tional to one another, on an annual or
an hourly basis, which explains why the
generated power does not fit into the

~ load diagram of the general electricity

supply system. But by combining
generation of power and heat on a lar
scale, far more electricity than is real
needed would be produced on co
days. In order to benefit from the ¢
cellent overall efficiency in spite of th

~ the discrepancy is overcome in the pi

posed model by utilizing the electric
generated in the district heating pla,
for direct electric space heating in o
areas. This would dispense with the

dividual oil-fired heating systems 1
prevail there. When the ultimate ph:
of the concept is attained, a state
equilibrium can be visualized in wh
an almost negligible fraction of the h
required (5-10% ) would have to

supplied by individual systems (elec.
cal storage heating at night, h
pumps, oil and wood-fired systems, o
the like).

PROVISION OF HOT WATER
Present-day nuclear generating plai
~-since they involve very heavy cap
investment—are unlikely to prove su
able for the supply of energy to us
having a poor annual utilization fac
like space heating. This obstacle ho
ever, does not apply to hot water,
demand for which remains practica
constant throughout the year. It :
counts for about 20% of the ove
heat energy demand and therefore,
the model for the urban cities is she
as being provided by the intermed:
nuclear plants of the public electric
supply system. It would be quite st
cient if every second plant of the :
1000 MWe nuclear plants which «
be expected to be erected by the yt
2000 were to feed, on the avera
about one third of its waste heat
about 120° C into the urban dists
heating systems. The loss in electri
output of such a nuclear plant woi
only amount to about 12%, but:
load imposed on the environment
heat would be 33 % less.

As a result of the very cheap

ASHRAE JOURNAL March 19§
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' Fig. 7—Model of energy supplies in Switzerland in the vear 2000. Main emphasis-on
space heating and hot water services. Account taken of power, light and industrial
. -process heat, hut not of transport, storage pumps and losses. Figures in Tcal/a of

gecondary (delivered) energy.

: Qicar fuel, the break-even price for the

-.extracted heat when operating year-

'mund is 50 low (5-10 Fr/Geal, com-
pared with 15 Fr/Gcal (1972) for light
~fuel oil with an efficiency of 100%)
_“that the cost of transporting the heat in
lhe form of hot water over a distance
o( 20 to 30 km is quite tolerable.

' ,.;, . The municipal rubbish mcmera-

F tion plants would have to be eqmpped
§ .with back-pressure turbosets, the waste

“beat of which would also be fed into
d l.bedls(nct heating networks.
fn the. other populated areas,

| which are heated with electricity, the
kWt water required for day-by-day con-

mmpuon would be produced with the
: mrplus electricity generated by hydro
lnd nuclear power plants at night, a

common practice even today.

CONSEQUENCES

It will cost a lot of money to realize
the model: Heat distribution networks,
district heating plants, upgrading the
electricity distribution systems in the
second area, and so on, although in-
vestment can be spread over 30-40

. years. But today a healthy environment

is no longer free for all. In the long run
the recommended approach will prob-
ably prove cheaper than trying to make
good the damage done by polluting the
atmosphere. It is our duty to impart fu-
ture generations with a concept which
will create a better environment. As has
been shown, we can already make a
start in the heating sector.

‘to collaborate on ali levels.

= Relatively constant load

= Widely variable load

= Urban centre (over 20,000 to 30,000
inhabitants), total 5 mnlllon inhabitants
= 62.5% of popuiation

Remammg residential areas = 3 mil-
lion people = 37.5% of total popula-
tion

Space heating {inc,luding

® »<X
lI

E S
nu

Hot water places of
services employment
Domestic
sector
1B = Industrial
sector
E = Suppliers of delivered energy (total
268,200 Tcat/a of which 160,000
" Tcal/a tor R and W) °
FHK = Combined heat and power stations
at edge of urban centers. Primary
energy: Natural gas. fuel oil, nu-
clear energy

il

H8
exciuding
Rand W -

KKwW = Nuclear power stations between
urban centers
KVA = Retuse incineration plants at edge

ot urban centers
H 4+ T = Hydroelectric and thermal, fossil-
fueled power stations
Div. = Other energy supplies
High-temperature hot water in
district heating networks (max.
120 C)
Electricity
Industrial process heat from
natural gas, fuel oil, coal, nu-
clear energy
—*__* ___ Industrial process heat from
combined heat and power sta-
tions
—  —— —— Individua} space heating (elec-
tric storage heaters, heat
pumps, fuel oil, coal, wood)

The model prescribes what form
of energy the user shall employ, accord-
ing to where he is situated, so that
finally it will be necessary to charge the
same price per unit of heat everywhere,
whether it comes in the form of hot
water, electricity or a fossil fuel. In the
initial stage a contribution could be
made by those consumers who still pro-
vide their own heating, thus helping to
finance the construction of the district
heating plants and the extension of the
electricity distribution networks.

Before this concept can be real-
ized, it will be essential for cantonal
and local government bodies, electric,
oil and gas companies, as well as private
undertakings and building contractors
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hospital. Pert.inent facts are listed below:

WellDepth. ..o, 1,584 feet
Water Temperature. . .............oovett. 195°F.
MaximumWaterFlow ................. 500 GPM
Pump ........... 100 HP deep well turbine pump

Water is pumped from a depth of 450 feet to a
4,000 gallon settling tank which is vented to the
atmosphere.

From the settling tank, water is pumped through
several heat exchangers in the Mechanical Room
by a transfer pump.

The heat exchangers are of the shell and tube
type. They are used because the well water,
while relatively clean, contains too many impuri-
ties to be pumped directly into the hot water
heating system.

Fouling in the heat exchanger tubes can be
controlled by periodic cleaning.

From the heat exchangers system water is
pumped to the terminal units, where it is used
for space heating, domestic hot water, and a
glycol snow meiting system.

The following description of system operation
refers to the attached schematic.

1. Well to Settling Tank

The well pump supplies water to the settling
tank. A constant water level is maintained in the
tank by varying the output of the well pump to
match the amount of water drawn from the tank.
To accomplish this, a water level controlter sends
a signal to a fluid drive clutch on the well pump,
which in turn governs the performance of the
pump.

2. Settling Tank Heat Exchanger Loop

*A 20 HP transfer pump, pumps well water from
the settliing tank through the heat exchangers.
Energy is extracted from the water and its tem-
perature drops. If the water temperature drops
below 125°F. it is dumped into the storm sewer
by mixing valve #6. Above 125°F., the water is
returned to the settling tank. As can be seen, the
hot well pump will always replenish the settling
tank with an amount of water equal to that being
wasted.

3. Heat Exchanger Operation

a) Heat Exchangers 1A, 1AA, 2A and 3A and
Automatic Mixing Valves #1, #2 and #3 divert
water through or around their respective heat
exchangers, depending on the leaving system
waler temperature. If the building heating de-
mand increases, more well water is routed through
the heat exchanger. As the heating demand be-
comes salisfied well water is by-passed around
the heat exchangers.

siliiaas (RN
T J— B /. ;
i ‘?ﬁ f%ﬁj { F

A

This pump unit is 10' high with 100 HP motor. It
has a Nelson drive unit below the motor.
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Heat exchangers #4 and #5 as shown on line
drawing.
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Heat Exchanger #1A & 1AA, 2 & 3 as shown on

line drawing.
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Bypass to drain or return to tank. Pneumatic Di-

verter Valve. Valve #6 on line drawing.

Pipe trench to K.C. Nursing Home.
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Heating water building’s supply pumps.

The mixing valves are reset by outdoor air
temperature. When the outdoor air temperature
is mild, the required leaving system water tem-
perature is lowered, as less heat is required to
sustain space temperatures. On very cold days,
the maximum temperature is maintained (185°F.
leaving water temperature for exchangers 1A,
1AA).

‘ b) Heat Exchanger #4: This exchanger sup-
plies heat for the domestic hot water storage
tank. Automatic Mixing Valve #4 modulates well
water to maintain 140°F. in the storage tank.

C) Heat Exchanger #5: A glycol snow melt-
ing system was added to remove snow from the
sidewalks and roadway at the entrance to the
hospital emergency care area.

Automatic vaive #5 is controlled by a sensor
in the leaving water supply pipe and is set to
maintain 100°F. supply temperature.

Heat Exchangers 1A, 1AA, 2A, 3A and 4 are
duplicated by steam heat exchangers to provide
the hospital and nursing home with 100% stand-
by. The steam heat exchangers are supplied by
the existing steam boilers. .

4. Building Heating System

From the heat exchangers the heating water
is pumped to a standard hot water heating sys-
tem which incorporates fan coil units, reheat
systems and unit heaters.

When the entire project is completed an aver-
age annual savings of $104,300.00 is predicted.
The cost of the geothermal changeover, includ-
ing the new mechanical system building was
$320,000.00. The result is a very attraclive pay-
back period.

The conversion of this system to geothermal
has been a resounding success, and should
serve as a fine example for the feasibility of simi-
far projects where geothermal heat is available.

‘Peterson, Norman V. and Edward A. Groh, “Geothermal
Potential of the Klamath Falls Area, Oregon—A Preliminary
Study,” The Ore Bin Vol. 29, No. 11, State of Oregon, Depart-
ment of Geology and Mineral Industries, Portland, Oregon,
November, 1967.

? Peterson, Norman V. and James R. Mcintyre, “The Recon-
naissance Geology and Mineral Resources of Eastern Kila-
math County and Western LLake County, Oregon,” Bulletin 66,
State of Oregon Department of Geology and Mineral Indus-
tries, Portland, Oregon, 1970.
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GEOTHERMAL
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our staff has a wide range of domestic and international
experience in engineering disciplines related to geother-
mal energy and geothermal energy systems.

Geologic Exploration
Hydrogeologic Investigations
Remote Sensing[JWater Analysis
Plant Siting [JEngineering Analysis
Field Instrumentation (J Geochemistry

for further information contact:

Paul C. Rizzo
VICE PRESIDENT

10 DUFF ROAD
PITTSBURGH, PENNSYLVANIA 15235
US A

TELEPHONE: {412) 243-3200
TELEX: 81-2378

BRANCH OFFICES. DENVER, CO (303)771-3464, HOUSTON, TX (713)776-9305
BRUSSELS, BX. 377. 2120 TELEX. 22360, TEHERAN, IRAN 226-007 TELEX 213128
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Solar-Energy Conclave Set for Palm Springs

What are the latest developments in alternate
energy technology? This and other questions
will be the subject of the first international solar-
energy conference and exhibit in Palm Springs
April 30 to May 4. |

The five-day event named the Helioscience
Institute is expected to bring together nearly
1,000 prominent energy scientists, educators and
technologists from throughout the world, as well
as government officials involved in the develop-
ment of energy policy and the application of al-
ternate energy sources.

The original concept of the institute was deve-
loped by the Palm Springs Solar Energy Develop-
ment Institute, a non-profit foundation estab-
lished by the city’'s Chamber of Commerce to
promote research, development and application
of solar-related energy.

Jointly assisting SEDI with this project are the
Pollution Control Research Institute, the South-
ern California Solar Energy Association and Nor-
throp University, which is serving as a coordina-
ting sponsor.

“The Coachella Vailey is one of the prime loca-
ticns in the world to develop alternate energy
sources, using solar, geothermal and wind en-
ergy,” said SEDI president Walter Hutchinson.

“Wae fesl the Helioscience institute will con-

tribute invaluable assistance in helping to solve

the world-wide energy crisis.”

The institute will include a three-day technical
conference and a four-day public exhibit.

The conference will consist of a series of work-
shops, panel discussions and the presentation
of significant technical papers conducted by an
international group of energy experts. ’

Objective of the conference will be the produc-
tion of a “White Paper” assessing the existing
and near-term aiternate energy technologies for
use by federal, state and local governments in
the formulation of a national energy policy. '

Ed. Note: The Geothermal Energy Magazine
will exhibit at this conference, as well as others
in May and Geothermal materials and publica-
tions will be available. Public interest has been
increasing in geothermal but it is not yet a
household word as is "'solar.”

GEOTHERMAL PLAN FOR
MiAMIMOTH LAKES UNVEILED

Los Angeles Herald Examiner, Feb. 24, 1977—
Residents of the popular Central California ski
resort community of Mammoth Lakes Village
may be heating their homes and businesses with
geothermal energy by 1980.

. The Ben Holt Co., a Pasadena engineering and
construction firm, has undertaken a 12-month
technical, economic and environmental study of
the geothermal concept under a $120,755 con-
tract with the federal Energy Research and Deve-
lopment Administration.

In addition to the study, the firm will design a
space and water heating system that will draw
hot water from Casa Diablo Hot Springs several
miles from the village said Ben Holt, the firm’s
president,

The water would be stored in tanks and on de-
mand would supply heat and hot water to resi-
dential, commercial and governmental buildings
now operating on electricity by the Southern
California Edison Co.

"“SCE will assist us in the study. It is interested
in seeing the feasibility of converting from elec-

tricity to geothermal energy,” Holt said.

Mammoth has a total energy need for 50 mega-
watts of electricity, but can only generate 10 to
15 megawatts. The remainder must be imported
from the Los Angeles area at great expense, he
noted.

“The Mammoth area spends $2%2 million a
year on heating. We think we can do a lot better
than that with geothermal heating,” explained
W. Craig Racine, senior project engineer at Holt.

Preliminary estimates indicate the Mammoth
geothermal heating system coulid be saving 50,000
barrels of oil a year by 1980 and up to 120,000
barrels annually by 1990, he said.

Douglas B. Campbell, Southwest District di-
rector for ERDA, said the Mammoth project is
one of several such projects aimed at developing
immediate energy sources to reduce the demand
on shrinking oil supplies.

“California is blessed with an abundance of
geothermal energy. There is probably enough
geothermal energy in the Imperial Valley to
power the entire Los Angeles area,” he said.
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BOG HOT SPRINGS, NEVADA

THE GECTHERMAL CYCLE

CONCHEETAMILLER

Nestled below the snow-capped Pueblo Moun-
tains, at an altitude of 4,280 feet, lie the vast
high desert valleys of northern Nevada, alive with
stark beauty, unmatched anywhere else on this
earth. The purest air is combined with untouched
silence, except perhaps, the scream of a Golden
Eagle after its prey or the haunting call of the
wild Canadian Geese. Here, too, are the steam-
ing boiling hot springs, eons old, forever the
same.

This land is where the Piutes dwelled, ¢lad in
nothing but their braided rabbit fur robes. Their
whole existence depended upon roots and the
pounded sunflower seeds, the hunting of ante-
lope and the driving of jack rabbits into their
nets made from softened desert plants. Their
feet were protected by sandals woven from coarse
sage brush. Here they camped and lived and
died, by these same steaming springs. And now,
in modern times, we too exist and enjoy the com-
forts of these bubbling eternal cauldrons.

in the center of one of these valleys is Bog Hot
Springs Ranch, owned by the C2 Cattle Company.
It is the second largest ranch owned by them in
Nevada. All Nevada ranches are managed by Mr.
Buster Dufurrena.

My husband, Jack, operates Bog Hot and knows
by memory the meandering miles of ditch sys-
tems that make up the irrigation patterns. Bog
Hot Springs itself is the one main source for
watering a three mile long by a quarter of a mile
wide pasture. From one cutting of hay we aver-
age 320 tons of baled hay for our winter feeding.
This usually consists of 350 to 400 head of cattle.

There are many estimates of Bog Hot Springs
flow; everything from 500 to 3,500 gpm. That is a
big variance to be sure, but asking for the latest
flow, the new estimates are 2,500 gpm. Most
experts agree on that amount. The temperature
at the source in the winter months are 125 de-
grees F. cooling to 98 degrees F. at our bathing
area a quarter of a mile below the springs. Bog
Hot Springs can fill our holding lake in three
weeks.

Once the lake has been filled to capacity in the
early spring, the land is then flooded acre by
acre to the end of the pasture. This process takes

twenty-eight days. The water gates are then turned
off and the lake is filled again.

In July the water is turned off completely to
let the fields dry and ready the wild grass for the
hay crew. Once the fields are cut, baled and
stacked, the water is turned on again to grow
another full crop. This time, however, the grass is
not baled but saved for the fall feeding when the
cattle have been rounded up from the high hills
and brought in to the fenced pasture area.

The cattle feed on this grass until hard frosts
kill the pasture grass or snow covers the feed
completely. This is the time for hard work, as
each bale has to be loaded by hand onto the hay
wagon. My husband does this heavy work, of
course, while | drive the truck or tractor into the
fieids, pulling the wagon behind me. Jack cuts
the bales free while the cattie run happily along
beside us.

In February most of the calves are born. Some-
times the younger cows have trouble calving and
then we have to help, but usuaily nature takes
her course, and we greet newborn healthy calves
everyday.

4
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The source of Bog Hot Springs in mid-winter
with our ever-faithful Willy’s jeep.
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Jack enjoying the waterfall at the pool.

—Photo by C. Miller
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The source of Bog Hot Springs.

Often it is icy cold or snowy, but no matter
what the elements are, the cows have to be fed
every single day. They are completely dependent
upon the dried bales of hay.

Finally spring arrives and with it branding, de-
horning and castrating. After that the cows and
calves are happily set free and head for the hills.
Once more they feed on the virgin grasses of the
Pueblos. The holding lake is full by this time,
thus the Bog Hot Springs cycle beings once
more.

‘One of the greatest pieasures of our hot springs
is the bathing area. My husband and | use it win-
ter and summer. We do, however, try to pick a
sunny day. We have actually been in the water
when the outside temperature was 22 degrees
above zero. You learn to wash your hair last on
those days as it freezes the minute you come out
of the water. We bathe, jump into our robes and
run for the jeep. The ride back to the ranch is
less than a mile. That's when we catch our breath
and realize how super clean only a hot springs
bath can give us. Total freshment!

About seven miles, and to the east from Bog
Hot Ranch, is Continental Lake. It is listed on
every map as a dry lake, but in the four and a half
years we have lived here, it has been full most of
the year. When full, it reflects the surrounding
mountains in a crystal clear panorama. On the
edge of this lake is another fascinating hot springs.
| interviewed the previous owner, Mr. Henry
Houck, to gain the following information: .

The Balzor Hot Springs, now owned by the
Warm Springs Development Company of Reno,
Nevada, was first developed by a-Mr. Balzor, but
no one in the area could remember his first
name. People did remember, however, that he
built several cabins there in 1912. Friends came
for miles around to enjoy his family's hospitality
and sample the spring water after it cooled. There
are three separate springs in the immediate area.
One is very close to a house on the property,
about thirty feet from the front door, in fact.

The temperature of this small spring is 185 de-
grees F. on the surface and 212 degrees F. further
down. It is boiling at both of the other locations
in a nearby pasture. When Henry lived there, he
used geothermal energy to heat the house from
the smallest and closest spring. This was by use
of a vacuum process. Henry said, “You had to
stay there and tend it, but it did work and quite
well.” He also had a metal basket set up outside
for cooking his meals and said it worked like a
slow cooker. Everything was perfectly done if
timed correctly.
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The author, through the steam at 22° above zero.
Water temperature 98°, Bog Hot Springs Pool.
—Photo by Jack Miller
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Mr. Henry Houck, former owner of Balzor Hot
Springs.
—Photo by C. Miller

It was another story at the main spring. A tall
tale from this area goes like this: A man was
coming through the country by team and wagon.
He had decided to camp the night at the hot
springs, so before he unhitched his team he put
a whole smoked ham in the water to cook for
supper. He unhitched, washed up and when he
came back to check his ham, there was nothing
left but the bone and the twine he had tied it to
a stake with.

Henry also told me that the water is quite pot-
able with a trace of borax and soda. Many tourists
still stop by to take home a gallon or two. These
hot springs are always unique in the timeless
feeling they give you as you peer into their bubb-
ling depths; the strange hollow sounds you hear
as you walk near the source to the constant mov-
ing of the earth, not discernible but constant
through the ages.

At Balzior Hot Springs is one of the strangest
mysteries of all. Every year on September 11th,
one of the springs ceases to flow. Henry said,
“I know it sounds impossible, but | can prove it!”

The next day it always bubbles merrily away
and continues to do so the rest of the year at
1 cubic foot per second. Sometimes it stops a
few days earlier but almost always on September
11th. .

My husband and | are going to watch it next
year.

Such are the mysteries of these ancient hot
springs. They hold me fascinated with all their
internal energy and all their many limitless uses
for the future.

NATIONAL GEOGRAPHIC WILL
FEATURE GEOTHERMAL ARTICLE
JUNE, 1977

Kenneth Weaver, associate editor of the Na-
tional Geographic, has been working for a year
on an extensjve article dealing with geothermal
energy. Originally planned for publication in May
1977, it has now been scheduied for the June
1977 issue. The article will deal with the latest
developments in geothermal on a worldwide
basis, and will be of great interest to educators,
industry, and the general public.

If you are not a subscriber to National Geo-
graphic, you are missing out on the best maga-
zine this country has to offer. Start your subscrip-
tion now. Write to Kenneth Weaver, National Geo-
graphic Magazine, 17th & M Street, Washington,
D.C. 20036. Enclose $10.00 for a 1 year subscrip-
tion. ~
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by Bruce Hamilton

Using geothermel energy to warm your
home and heat your water may sound like a
far-fetched ided, but many of the residents
of Warm Springs Avenue in Boise, Idaho,
are sold on it. They know using naturally-
occurring hot water is a cheap, renewable,
practical energy source because it’s been
used in their neighborhood for over 85
years.

Boise's geothermally-heated homes look
the same as homes in other parts of the city
heated with gas or electricity. Radiators in
each room provide even, reliable heat. The
only detectable difference is a slight sulfur
odor when you first enter a geothermally-
heated home. The other difference is heat-
ing bills. Residents on the geothermal line
pay less than one-half as much as Boise
residents who heat with natural gas. And
geothermal rates are more likely to remain
relatively low.

‘RIGHT FROM HADES'

Indians were the first to use Idaho's
geothermal resources for bathing and cook-
ing. Later, when white settlers traversed
Idaho on the Oregon Trail, they stopped to
cook meals in hot springs about halfway
between Snake River Crossing (near
Glenns Ferry) and Boise.

As Boise developed, two rival companies
fought for control of the municipal water
business. One, Boise Water Works, decided
to go into the hot water business ag well to
gain an edge on their competition. In De-
cember 1890 the company drilled a well

that produced hot water with enough sul-

F T T L BT PR PR S AP

fur that the whole supply was identified as
coming “right from Hades.”

Later, the company ran a wooden pipe
full of 178 degree water from the well field
to Warm Springs Avenue residences and
businesses. The wooden pipe didn't last
long, and was soon replaced by a metal one.
An 1892 issue of the Idaho Daily States-
man reported: “In time, this hot water will
come into general use. All houses will be
heated by it, and the heating will be done
without care or annoyance on the part of
the occupants, while the savings in ex-
pense will be enormous.”

The system did expand, and at its peak it
served about 400 residential and ccmmer-
cial customers, including the original
Boise City Hall and Boise's famous
Natatorium. However, when cheap
natural gas was introduced to Boise in the
early 1950s, geothermal use declined. In
1972 Boise Water Company had fewer than
200 geothermal customers and planned to
cap off the wells and discontinue hot water
service.

The company’s decision to cap the wells
could have ended Boise’s geothermal era,
but residents on the line organized to save
the system. In 1974 local residents set up
the Boise Warm Springs Water District
(BWSWD) and acquired the geothermal
assets from Boise Water Company.

“We could see fossil fuel energy costs
were riging, and we liked being on geoth-
ermal heat so we decided to band together
and save the system,” says BWSWD Presi-
dent Joe Hansen.

EXPANSICN PLANS

Hansen says his organization is ready to
extend its service Lo other customers

Boise rediscovers geothermal

whenever the market develops. One new
customer has already signed up for service
— the state of Idaho.

With a $355,000 grant from the Pacific
Northwest Regional Commission, thestate
plans to convert three state buildings near
the BWSWD wells to geothermal heat. The
buildings contain offices and labs for the
state departments of Health and Welfare

.and Agriculture. Sclar and wind ererygy

systems are also being studied to comple-
ment the buildings’ new geothermal sys-
tem.

“Estimates indicate the geothermal
water will heat the, building complex ai
one-half the cost of the current gas-tire
steam heat system,” says Ralph Coinstoch
of the ldaho State Office of Energy.

Comstock says converting the three
state buildings to geothermal is only the
“first stage of what may become the largest
geothermal space and water heating pro-
ject in the Western Hemisphere.”

The Idaho National Engineering
Laberatory (INEL) prepared a report last
year on an expanded Boise Space Heating
Project. The report stated that for $5 mill-
ion, 38 large buildings or the equivalent of
4,000 average homes could be served with
geothermal energy from another geother-
mal well field near the city. The study re-
commended heating buildings at the state
capitol complex, the Veterans’ Administ-
ration grounds, and Boise State Univer-
sity.

“INEL has concluded that no major re-
source or engineering difficulties exist that
would prevent this projeet from being com-
pleted successfully with a significant long
term savings in both scarce fossil fuels and
total heating costs to the state,” the report
stated.
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NATURAL HOT SPRINGS are found
all over Southern ldaho. In Boise, hot
springs are used for space heating
and hot water. Photo of springs at
Soda Springs, Idaho, by the Idaho
Department of Commerce and De-
velopment.
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WARM SPRINGS AVENUE. Most of the older homes along Warm Springs
Avenue in Boise are heated with geothermal water. Some of the oldest
homes have been on the system since the 1880s,
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BOISE SPACE HEATING PROJECT. At right, the existing geothermal
wells by the old penitentiary. These wells serve residences in the Warm
Springs Avenue area and will heat three state laboratories. In the middle,
the Idaho National Engiuneering Laboratory has proposed developing a
new well field to heat the Veterans Administration grounds, the Capitol
Mall area, and buildings at Boise State University.
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EYES ON BOISE

Dr. Kenncth Hollenbaugh, head of the
geology department at Boise State Univer-
sity, says the plan to heat 38 buildings with
geothermal “is just phase one of what will
surely be a very long and continuing” pro-
ject. “I'm sure we will be able to supply all
as well as
the private sector,” he told the Idaho
Statesman.

Alréady subdividers are trying to cash in
on the renewed mterest in Boise’s geoth-
ermal resources. A recent ad in the
Statesman read: "Geothermal Heat!!!
You've heard about it! You've read about it!

Nature’s answer to high heating costs! It-

could be available to you in your new home
in ‘Morningside Heights' in the near fu-
ture.”

The city of Boise is also anxious to see
geothermal development. Lee Post, head of
‘the Boise City Energy Task Force on
geothermal energy, says, “Boise’s leader-
ship hasdetermined that now is the time to

LEE POST, head of the Boise City
Energy Task Force on geothermal
energy, says citizens from other
geothermal hot spots in ldaho are
waiting to see how Boise's system
works before they proceed with their
own development.

ISR (e UTe Segay
At Y

NG, s
IR LI
.v- e
afy

=

THE C.W. MOORE HOUSE on Warm Springs Avenue was the first house in
Boise to be heated with geothermal enerpry. Moore, one of the developers of
the system, began heating his home geothermally in 1892.

thoroughly study geothermal as an impor- ! government have leased surface lands for

tant alternative energy source for the city.

geothermal development. But whether

It appears that the abundant hot under-| geothermal rights are linked with surface

ground water can be transported to heat

. the Boise City Central Downtown Business
District. Boise has a unique and ideal mar- -

ket and should develop the resource to its
fullest extent.”

Post says there are geothermal hot spots
all over Southern Idaho with similar po-
tential for development. “The rest of Idaho
and the whole nation are waiting to see

‘what happens-in Boise w ith geothermal,”

she says.
LEGAL QUESTIONS

In October 1976 Boise received a grant

. from the U.S. Energy Research and De-

velopment Administration to investigate
and define the legal and institutional prob-
lems related to geothermal development.

~Post, who is heading up the study, says |

many legal questions remain unanswered
because the courts have not dealt with
geothermal energy issues.

Idaho law treats geothermal resources as
neither water nor mineral but “suij
generis” — a thing unto itself. The state
claims police power authority to oversee

rights or with subsurface mineral rights is
still undetermined.

Matt Mullaney, an attorney who has
held positions with the state Department of
Lands and the Public Utilities Commis-
sion, says he doesn’t think the question of
who owns the resource i$ substantially
holding up development. People will as-
sume ownership until a test case is
brought, he says. L

ENVIRONMENTAL PROBLEMS

Geothermal developinent in the Boise
area seems to have few environmental
problems. The key problem seems to be
how to dispose of geothermal water after it
is used. The water from the BWSWD wells
is potable except for a high fluoride level.
Present users dispose of their waste water
in the city sewer system, in irrigation
ditches, or in reinjection holes. Disposal is
the responsibility of the individual user.

Mullaney says future development will

have to involve delivery and disposal of
geothermal water. He notes that the city
has objected to receiving any more geoth-

development and make surc it does not | ermal effluent from new installations.

damage public health and safety or the en-!

Comstock reports that the three state

vi'ror_lment,butowncrshipofthc resource is' buildings that will be hooked up to the
stillin doubt. Both the state nnd the tederal! BWSWD system will either discharge their

rechi
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waste water into the Boise River or reinject
it. If river disposal is chosen a series of
spray {iélds.and settling ponds will be used
prior to discharge to lower the effluent
temperature and to raise the dissolved ox-
ygen content. The water is expected to be
120 degrees F. when it leaves the state
buildings.

INEL notes that reinjection is probably
the ""most environmentally suitable
niethod of disposal. This method will in-
crease the number of wells required, and
will increase pumping costs. Reinjection
has increased the seismicity in some areas.
However, the Boise area does not appear tn
be seismically active.”

INEL believes that most potential en-
vironmental problems associated with
Boise geothermal development can be av-
oided “as long as proper project manage-
ment is maintained. There has been no in-
dication of seismic activity, subsidence, or
aquifer interference resulting from opera-
tion of the Warm Springs Avenue System
during the past 86 years. The production
from the wells supplying this system has

not measurably changed with years of use;
thus it appears the geothermal reservoir
would be capable of sustained long-term
production at the levels proposed.”

In Klamath Falls, Ore.

Klamath Falls, Ore., is the only other
U.S. city besides Boise, Idaho, where
geothermal heat is used extensively. Dr.
John Lund with the Geo-Heat Utilization
Center at the Oregon Institute of Tech-
nology in Klamath Falls notes that
geothermal heating has been used since
the turn of the century in his city, but
development has been largely unplan-
ned, inefficient, and marginally
economijc.

Most Klamath Falls residents using
geothermal have individual wells which
only serve one or two houses each. At a
cost of $4,000-$5,000 per well it takes 10
years to pay back the cost of the well, he
says. Residents pump cold city water
down into their wells which is heated and
pumped back into their homes at up to
170 degrees F

Lund says "district heating” — having
a central well and heating plant which
served a neighborhood — would be more
attractive.

The university in Klamath Falls uses
the geothermal water directly rather
than pumping city water into its well.
The university system not only heats the
buildings, but also: is, used to heat
greenhouses and raise shrimp.

Lund says it would cost
$250,000-$300,000 per year to heat the
university with fossil fuels — but the
geothermal bill is one tenth of that. Half
the geothermal bill is for maintenance of
the system and the other half is for amor-
tization.

The university has just finished a
feasibility study on geothermal district
heating for the city. Also, the Oregon
legislature just passed a geothermal dis-
trict heat law which allows residents to
band together to develop a geothermal
resource by selling bonds and purchasing
or condemning land. '
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DR. T. BOLDIZSAR
Technical University
Miskolc-Egyetemvaros

H-3515 Hungary

ABSTRACT

The Carpathian Basin is characterized by high
value of terrestrial heat flow. The first heat flow
measurements in the European continent were made
i Hungary, which lies in the central part of the
pasin. These measurements showed twice as much
terresirial heat flow as the world average value.

This causes a geothermal temperature gradient of
50-60°C/km, twice as much as the normal value
visewhere. The virgin rock temperature at 2000 m
gepth reaches 110-130°C.

Between a depth of 1500 and 2500 m there are
porous pliocene strata of good permeabilities and a
6-5/8"-well is able to produce 60-120 m3 /hour hot
water of 60-99°C temperature depending on the
depth of the well.

In the last decade, intensive exploration and
geothermal development has taken place and at
bresent the production capacity of 131 geothermal
wells amounts to 11760 m® /hour hot water of
%-99°C temperature. The heat equivalent of the hot
':valer, referend to 20°C temperature is about 770
MW,

The chemical composition of the pliocene hot
water is very agreeable. The water is soft, contains
1800-2500 ppm dissolved solids, more than 90 per

- tent of it is sodium hydrocarbonate. Scaling rarely

Dfesent serious problems; there is no corrosion
since the hot water is free of oxygen. The gas/water
‘lio is generally 0,1-1,2 m3 /m3 al the wellhead.
The gas is mainly CH, and CO, Some of the
*¢lls produce considerable amounts of methane-
“hane gas which after separation Is used in the
Seothermal project. -,

The wellhead armature is suitable for the produc-

. October 8, 1974

THE OREGON INSTITUTE OF TECHNOLOGY
GEOTHERMAL INTERNATIONAL CONFERENCE

tion of 60-120 m* [hours hot water which flows into
the gas separator, where the combustible gases and
some CQ, is separated. The main separation of
CO, take place in a reinforced concrete storage
tank. In this tank CaCO; deposits as flakes and can
be cleaned away easily. In the heating pipes prac-
tically there is no deposition.

Geothermal hot water is used directly for

1. Heating greenhouses, cattle stalls, milking
rooms, pigsties, chicken houses, auxiliary
rooms

2. District heating, space heating in hospitals,
factories, etc.

3. Industrial processes (food industry, paper
mills, textile, ceramic industries, etc.).

4. Cooling and drying in agriculture.

5. Warm water supply for washing, bathrooms,
municipal swimming pools, schools, etc.

Cooling and drying, and additional warm water
supply is needed not only in winter but ali through-
out the year. In winter, warm water is supplied by

‘the water of 50°C temperature leaving the heating

system,

A.t the end of 1973, 2100 apartments, 1,2 million
m?  greenhouses, several hospitals, and factories
are heated geothermally. in Budapest, 5600 apart-
ments are supplied with geothermal warm water.
There are 195 swimming pools, and balneologic
establishments fed by geothermal warm water in
Hungary.

The cost of geothermal space heating, even before
the rise of oil prices, was considerably less than half
of the alternative coal, oil or natural gas heating
costs.
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wnermal water has been used in Hungary since 1962,
The authar proposed to the Government of Hungary
the large scale exploitation of this new form of
energy in 1958, after investigaling the geothermal
characteristics of the Hungarian Basin.

The UNQ-Congress on New Sources of Energy in
Rome in 1961 gave an impetus to the development
of the geothermal energy as the most important one
among the "new sources” including solar and wind
energy.

These “new sources of energy” are the most
ancient forms of energy used by mankind, but
geothermal energy, mainly in the form of hot water
springs had been used only for balneological estab-
lishments before the development of the Larderetlo
steam field.

From the practical point of view, geothermat
energy is a very slight fraction of the internal heat of
the earth, which can be used in many ways. The
amount of the internal heat of the earth is at least
1033 cal and is more than ten times as much as the
added calorific value of all exploitable fossil energy
on the earth, and the nuclear energy of fissionable
materials 1o be obtained by mining.

As a matter of fact, geothermal energy is essen-
tially nuclear energy of the big natural nuclear
reactor shell situated in the crust and mantle of the
earth. The nuclear fuels are the K9%°, Th242, and
U238 atoms dispersed chiefly in acid crustal rocks.

The amount of geothermal heat of the earth is not
only immense, but it is well isolaied and only a
small fraction is conducted over the surface into the
space. The heat accompanying volcanic activities is
negligible compared to the conductive heat. It may
be that radioactive heat production is even more than
the heat joss and the earth is aclually heating up
itseif.

The connection of hydraulic systems and hyper-
thermal rocks under suitable circumstances may give
the possibility of commercial geothermal fluid
production either in form of superheated and
saturated steam or by hot water. Hyperthermal terri-
tories exhibit higher than normal heat loss either by
local concentration of steam and hot water vents or
by elevated regional terrestrial heat flow. In the first
case, convection takes the foremost part; in the
second one, conduction is the main agency of the
transport of surplus heat.

The presence of the following main simulitaneous
factors are prerequisites of geothermal areas:

1. Warm or hot rocks near to the surface owing
to relatively recent volcanic or subvolcanic activity
(hyperthermal areas).

2. Energy transporting agent, in most cases
water, filling the fissures and pores of the healed
rocks (hydraulic systems),

Thermal springs, geysers, fumaroles, and solfa-

oy y IVVULEU o THUVUR At VUL tnans
manifestations are very important in the gy,
commercial geothermal fields.
. Large scale exploitation of geothermyy o,
solved technically by drilling sleam ang . .
wells. Porosity, permeability and the amay;..,
water to be mobilized are the most importan, | -
teristics of the hydraulic systems.

At present two types of productive g
energy systems can be distinguished;

1. Volcanic or subvolcanic processes in ¢
tion with recent or Quaternary activities, .
superheated steam or hot water.

2. Subsidence basins or depressions wip
than normal heat flow filled up with porou,
tured sediments, containing hol water ungw -
pressure.

The first type has been considered up to naw -
important owing to the higher concentran
energy.

Along the worldwide Alpine orogenic belt th.
locations are: Larderello, Monte Amiata in
Denizli-Aydin in Turkey, Indonesia, Philip;.
New Guinea, New Britain, New Hebrides. 1
Wairakei and Waiotapu in New Zealand, Yai«
Japan, Paushetsk in Kamchatka, the Geysir
California, Cerro Prieto and Hidalgo in Mexico, *
Salvador, Guatemala and northern Chile.

The geothermal areas in Iceland are connacier
the Mid-Atlantic ridge which is also a Tertiary fi.
of the oceanic orogenesis. Some areas in Alric.
connected to the tectonic system of rift valleys.. ¢
these locations are well described in the -~
national literature and the exploration for o
geothermal locations of this system has not alw...
been successful, since the evolution of a sk
deposit depends on peculiar geothermat, hydraut
and thermodynamical conditions.

The second type of geothermal systems arc s
widespread and are also located along the Al -
orogenic system. Few of them are known and ¢
less are exploited for practical ends, although
percent of the prospective areas for superheat
sleam produce actually hot water instead. V'
surplus heaf, manifesting itself in higher
normal heat flow, takes its origin in subcru’
magmalic processes, which are in connection, .
perhaps are the cause of the evolution of '
continental crust and the growing of the continen's
masses.

These hyperthermal territories has been subsit
since the beginning of their formation and have b
filed up by sediments having been eroded from ¥
emerging mountains in the surroundings. The.
hyperthermal regions in most cases ar¢c
connected to volcanic manifestations.

The higher than normal terrestrial heat fiow caut
rapid increase of lemperature versus depth. In 1




100 KM

Y
.‘,
IV EY.
: ‘\\x

5
s - 5 s 3, A
4 - s SN e W
L vy {1 - v 0
W
/ Q
& <.
Q
g D .
\ o

Q
2,
Ly
(&}
y
-

POROUS WATER O!

90°C

POROUS WATER Bl
c

60-90°

KARST WATER MO

80°C

=

Fig. 1. Geothermal energy potential of Hungary.
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Hungarian basin the gradient of temperature is
between 50-70°C/km, which means that at 2000
meters depth the temperature of water is 110-150°C
and outflow temperatures may be a few degrees less
than the boiling point of water under atmospheric
conditions. The high permeability of the sandstones
enables the production of great volume rates, and
consequently the amount of energy produced by a
well is enough for practical aims.

The most important example, and at the same
time, the most intensively explored and exploitated
subsidence territory is the Hungarian basin which
will be described later in detail. Another important
location, where development is in an advanced stage
is the Piedmont region of the Caucasus, where at
Krasnodar, Stavropol and Mahachkala important hot
water deposits are stored in the porous sediments.
Temperature gradients are between 40-50°C/km and
commercial production is said to have been started.

At the northern slope of the Pyrenees, in the
Arzacq basin the temperature gradient is about
60°C/km. From the Lacg-tield hot water production
is possible but not practiced. : :

in the Paris basin in France, where the heat flow is
normal, hot water produclion for space or district
heating is considered as an economic alternative.
Projects are underway there now.

In Western-Siberia, an immense sedimentary basin
with moderate heat flow can produce hot water for
space heating. The climate is very cold, but the
population is sparse. In the future, geothermal
heating will surely play an important part since
important oil and gas fields are being developed
primarily for transporting it outside this territory,
and littie local use.

In the Great Artesian Basin in Queensland at
Springleigh, temperature gradients of about
50°C/km has been observed. At a depth of 1740 m
the virgin rock temperature is 110°C.

The Salton Sea geothermal area presents an
interesting mixed type with both volcanic and
subsidence effects. The structural trough in the
vicinity of the Saiton Sea is 120 kms wide. 1t is filled
up by Neogene sediments. The fill is more than 6000
m thick at the center of the depression. Voicanic
domes and recent mud volcanoes indicate that the
thermal anomaly of this depression is in connection
with Pleistocene volcanic activities. Hot brines of
exceptional high concentration of dissolved material
characterize this unique geothermal area.

A high heat flow value was measured in the
Hungarian basin in 1954 (Boldizsar, 1956) and further
measurements has confirmed that the Hungarian
basin which lies within the Carpathian arc and the
Dinarics is a geothermal high with terrestrial  heat
flows between 1,0 and 3,4 f’cal/ c¢m? sec (Boldizsar,
1964). The average heat flow is about, 2,4 calf ¢m?
sec and this high heat flow causes high temperature
gradients everywhere in the sediments of the basin.
The observed gradients are generally between 50 and
70°C/km. ‘

Intensive exploration for oil deposits in the
Tertiary sediments of the Hungarian plain has
reveated the topography of the subterranean surface

-

of the Paleozoic-Mesozoic bedrocks ang
reliable figures on virgin rock temper;
Hungarian plain is in the center of the Cg;
The Paleozoic-Mesozoic bedrock is elevaie
SW-NE fracture line forming the mig.i:
Mountains which rise to 1000 m above s¢.

These elevated, mostly Mesozoic strata ¢,
Hungarian pfain into two basins, a smaller¢.
northwestern direction and a greater on..
southeast. The depressions are filled wiin
porous sediments; about half of their v
consists of Lower Pliocene (Pannonian) sy,
maximum depth of the depressions is abou
pelow sea level; the average depth of the
basins is about 3000 m. The porous and p.-
sandstone strata contain immense quani,
water, and oil and gas deposits of commeic;,
have been found in about 50 traps.

The volume of Tertiary and younger rocks -
160,000 km® . The volume of porous roc:
porosity over 10% is about 20,000 km? . M
4,000 km3 of hot water of 60 to 200°C is s
the pores of the rocks that are deeper than it
most of it can be recovered by drilling wells .
water capacities of 1 to 2 m3 /min.

It the temperature is dropped to 4Q°C
immense quantity of heat will amount to 2.3
cal, which is about 50% of the calorific value
known petroleum deposits in the entire world
well of 1000 to 2000 m deep can produce
m3 /min. of water at a temperature of 60 o
for decades. About half of the territory of Hung
potentially productive, as shown in Fig. 1.

It is of interest to note, that outside the C
thian arc, in the Vienna-basin, in Czechoskr
Poland and Ukraine, the value of terrestrial heat
is normal, less \than half of the value wiihn
Carpathian basin. Consequently, the tempocr
gradient is also normal or less than normat
values between 35 to 10°C/km.

PRODUCTION METHODS

The standard procedure of opening up o
Upper-Pannonian reservoir is done by putting ¢
1600-2400 meters deep borehole with a suil
Rotary drilling rig.

According to the local stratigraphy, the first "
m is usually dritled with 19-1/2" bit and cas:
13-3/4" tube. After cementation the ou
continues with 12-1/4” bit down to about 8
After casing with 9-5/8” tube and cementi
8-1/2" bit goes down to 2000 m. Drilling proc
with bentonite based drilling mud with S
gravities between 1,1-1,4,

After finishing the 8-1/2" hole, a suitable ¢l

.. logging sonde is lowered and resistivity and lu

SP logs, are made and porous and permeable i

are determined. Moreover, it necessary, gamm

and neutron logs are also made. For determinin
virgin rock temperature al the bottom, ¢
temperature measurement is made, but most ¢!
values are obtained later, at the deepest Infi0
hot water.
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Fig. 2. Perforated sections and hot water production
from a typical 1935 m deep well.
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rhe next step is to lower the 6-5/8" casing tube

spwn to the bottomhole. After cementing, jet perfor-
yron follows. The depths of the perforated sections
20 determined according to the interpretation of the
»gings- Usually 12 or 24 perforations per meler are
~ade. Perforation is started at the first suitable
.crmeable layer nearest to the bottom. .
" alter perforating two or three layers, a production
st is made. If the production rate is less than
1200-1500 liters/min. more layers are perforated and
rgain & production test is made with all the
.forated layers. Generally, 3-6 permeable sections
;:e perforated, the overall thickness of the perforated
seclions are between 30 and 100 meters along a hole
gngth of 100-200 m according to the given
qrcumstances (Fig. 2).

The virgin rock temperature of the upper perfo-
Fk\ ated layers is less than that of the deepest layer.
since the cooling of the water in the upper cold
E «eclion is very sensitive of the volume rate, the
nerease of volume by perforating the cooler layer,
« to a certain length, increases the outflow
iemperature.

The wells are equipped with a wellhead armature
"B sitable for the production of 1-3 ci. meters per
ninute. The hot water, after flowing through a gas
separator, is stored in a reinforced concrete tank,
snere CO, is separated and the CaCO; deposits
&5 flakes. In the heating system, no scale deposit
«as observed. Corrosion is no problem, since the
aaler is free of oxygen. Hot water production is
tontrolled by four 6" gate valves.

After shutting down completely, it takes a certain
time {ill the water column in the hole cools down to
the geothermal temperature of the layers. After a
‘ong shutting down time, production cannot start by
§ self and an airlift is used to start production for
xhich suitable connections to the 100 psi compres-
sOr are available.

Along the upper 30-80 meters scale may deposit
N the casing. Yearly once or twice descaling is
Made by mechanical or acid treatments. The upper
Mtion of the hole may be equipped with a plastic
“ner which can easily be exchanged.

The Upper-Pannonian hot waters are mainly alkali
= hydrocarbonate waters of about 1800-2500 ppm
¥ toluble jons.

A typical chemical analysis at a well in Szentes

Ca 6.5 ppm
Mg 2,2

qg Na, K 594.8
HCO3 1575,0
Cl 23,4
CO4 23,0
others 2,0

\I‘«‘u}s-water ratio is generally between 0,2-1,2
mg‘ !'Nm® at atmospheric pressure; mainly Cli,
o (-02' can be found. In most cases the gas is
.- "bustible and after separation will be used in the
*®therma) project.

11
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ECONOMIC CONSIDERATIONS

There are at present 131 geothermal wells in
Hungary (Fig. 3). Total output all of them is 11,760
cu.m/hour with an energy capacity of 380. 10°
kcal/hour. The average production of a well is about
80-90 cu.m/hour, the average energy about 4,4. 10¢
5,0. 10° kcal/hour. The energy of the wells is
computed from the difference of outflow temperature
and the off-flow temperature, latter is considered as
20°C.

Total energy production of the 131 wells amounts
to about 770 MW, which is considered as the peak
load. If heating of apartments, industrial and agri-
cultural objects further warm water supply for
washing, bathrooms are considered, only 30-35 per
cent of the continuous heat output can be ulilized,
since in summer from May to October heating is
unnecessary..

in summer months, warm water supply is needed,
and the agriculture uses hot water to drying and
cooling processes. In small towns municipal,
industrial and agricuitural uses can be coordinated
and utitization may be higher than 35 per cent.

If one third of the full capacity is taken into
account, the optimal useful production capacity of
geothermal energy in form of hot water at present is
about 260 MW. The geothermal energy production is
expected to double within 6-8 years.

An average geothermal well produce 80-90
cu.m/hour hot water of about 85-95°C temperature.
Such a well can supply a district heating for 1200
apartments and complimentary municipal and public
buildings, swimming pools, schools, kindergartens
including warm water supply for washing and bath-
rooms. The length of the severe peak heating load
period is normally not more than two weeks. If the
peak load is carried by complementary oil or gas
overheating, the number of apartments supplied by
one well can be increased to 1800.

The geothermal district heating plant in Szeged
(Southern Hungary) comprising 1200 apartments
each consisting of two living rooms, dining room,
kitchen and bathroom, was economically a very
successful project.

Heating costs are half those of coal-fired plants.
Additional advantage is, that the geothermal hot
water supply take off the load from the water works,
since cold water is used in small amount only for
drinking and cooking. which amounts not more than
10 per cent of the domestic water consumption.

In agricuiture, the use of geothermal energy is very
economical. During the 6 month heating season,
night air temperature are frequently under the
freezing point-and from the end of November to the
beginning of March the soil is frozen. During cold
spells in January and February air temperatures may
sink frequently below minus 20°C.

Geothermal hot water is used for heating green-
houses, milking rooms, cattle stalls and pigsties,
chicken houses, further all auxiliary rooms and
premises (machine shops, garages, bureaus, service
houses, etc.). In summer, drying and cooling
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pressures are important heat consumers. An average
well can supply hot water to all installations of a
modern 7000 acre farm. The price of the heat unit is
7 dollars/ 10° kecal with geotherma!l system, 17
dollars/ 10% kcal with coal or oil firing.

At the end of 1973, the geothermal greenhouse
area was about 1,200,000 sq.m. Geothermal heating
for animal husbandry projects is also increasing and
from 1965 up to now B0 wells of about 6-8. 1Q¢
kcalf/hours individual capacity were made for the
cooperative agricuttural units. The number of weils
in the agriculture is increasing yearly by 10 or more
wells.

Geothermal heating of hospitals, municipal
buildings, factory premises and swimming pools in
towns is also being made, but priority is given to
agriculture because geothermal energy in agriculture
increases the volume and variety of production.
Geothermal heating of smali towns and agricuttural
villages are being considered.

it shoutd be mentioned, that in 1966, a geothermal
borehole in Tape near Szeged discovered the biggest
oil and gas field of Hungary. The well after perfor-
ation produced through the 6-5/8" casing 5400 bbl of
oil a day. After shutting down, the oil and gas field
has been developed by drilling an additional 300
production wells. This strike increased the
Hungarian oil production’ capacity by a yearly
amount of 7 million barrels_and doubled the natural
gas reserves of the country. ~

Cooling by geothermal hot water is possible by
various processes and xs very economical since the
summer load is smail or nit, .and the hot water can
be used to supply cool|ng plants. In Hungary
geothermal cooling zs “Used In the agriculture for
food storage. W

12
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Fig. 5. District heating plan in Szeged.

Drying of grain, haystock, tobacco, paprika an
other products found successful applicaticn
Geothermal hot water supply heat to exchangers and
the warm air of 50-60°C temperature is blown inw
the drying chamber by electrically driven ventilatot

EXAMPLES OF GEOTHERMAL HEATING

The average length of the heating season is 4460
hours per year. Fig. 4 illustrates the duration of the
average daily outdoor temperature. The indoo
temperature is +20°C. The ordinates are propo:-
tional to the heating load. The full capacity of the
well can be used if the minimum heating load is
equal to the heat capacity of the well. in this case.
additional oil or gas-fired boilers are necessary.

Since, at the beginning of hot water production
the district may be small, the first peak load i
carried by the well. Later with the development of
the district the number of apartments increases and
either a new well will be dritled or a boiter instatfted.
In most cases, the boiler plant will carry the peak
load during 700-800 hours.

The daily variation of the outdoor temperature is
equalized by hot water storage in concrete tanks. In
any special case the proper solution is selected alter
economic considerations among various alter
natives.

Fig. 5 shows the first district heating installation
in Hungary. The weit produced in 1962, 1500
liters/min hot water of 90°C temperature. This wel!
nowadays supplies a district heating unit of 1800
apartments, several municipal buildings (schools.
shops, and kindergartens). The off-flow gives warin

water to the district and to the municipal swimming
poot.
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The peak load is carried by a gas-fired boiler from
ihe nearby gas field discovered by our geothermal
exploration. Figure 5 shows the district heating
vefore peak boiler installation as of 6 years ago. The
t.room apartment unit needs 5000 kcal/hours peak
»eat supply, and the yearly total heat required is 7
aillion kcal.

In Fig. 6 the use of a gaseous geothermal well is
shown supplying a cooperative farm, swimming pool
tnd village houses with methane separated from the
not water and with hot water. Methane is used in
uichens for cooking, hot water for heating and the
$3-50°C hot water leaving the plant for warm water
tupply.

In Budapest, a thermal well supplies 5000 apart-
ments in the central part of the town, with warm
sdlgr. 600-700 m3  thermal water of 69°C tempera-
e is daily needed for discontinuous warm water
*pply of balneological quality.

Scaling takes place in the upper 30-80 m portion of
¢ well and in the main line to the concrete tank,

there CQ, is separated and CaCO; deposits.
«almg can be prevented by using wellhead

“'essures more than 2.5 atmospheres.

This is being made by throttling. This procedure is

‘Mple and in the well no scaling takes place.

'"onlmg diminishes hot water flow and this

“ethod can only be used with wells of high-shut-up

“Ssures (more than 7-8 kg/ cm* ) The average
'”‘”‘9 welihead pressure is generally between 4-6

' cm? and by throttling the quantity at hot water
""0! enough in most cases. Moreover, throttling

*Minishes outflGw temperature.

,Z‘C((;Ilng is removed generally by drilling out of
s with roller-bits of the rotary drilling system,
“by acid treatment. It is important, that by using
"4 rcatment, a thin protecting stratum of 3-4 mm

SWIMMING POOL
coor SCHOOL

i e e
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Fig. 6. Heating and gas supply of an agricultural
village from a gaseous geothermal well.

thickness should remain to prevent acid corrosion.

Both drilling and acid treatment is used in regular
intervals. depending on the amount of production.
There are wells, where scaling must be removed
weekly, and at some wells twice or once a month; at
most of the wells a yearly treatment is enough, and
in more than 50% of our wells requires no treatment
at ali. Generally, wells with the highest temperatures
and higher dissolved solid present scaling problems.
Hot water originated from mesozoic limestone and
dolomite bottom rock causes more scaling diffi-
culties than pliocene porous water.
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CONVERTING STEAM
HEAT TO HOT WATER
PAYS OFF

O Long before the energy crunch, one Pittsburgh
plumbing and heating contractor was proving energy
could be saved — and a good business developed —
by converting old-fashioned steam heating systems
in apartment buildings and homes to hot water. Ad-
vantages: Better temperature control, more even
heating-and greater tenant comfort, silent operation,
less maintenance and — most important — lower
fuel consumption.

In thousands of steam-heated structures — mainly
pre-dating World War Il — rising fuel and mainte-
nance costs are eating into profits. Tenants are usu-
ally either too hot or too cold. When they're hot,
they open windows and waste energy. When they're
cold, they compilain.

A. ). Buerkle Plumbing and Heating Company in
Pittsburgh has been successfully converting two-pipe
steam systems to hot water for years. Buerkle’s first
conversion was done in 1936 to a building he owned
himself. As a plumbing and heating contractor,
Buerkle knows the shortcomings of old-fashioned
steam heating — uneven heat, noise, and excessive
maintenance due to the corrosiveness of steam con-
densate. He reasoned that hot water could be
pumped through the existing radiatiors as readily as
steam, and with greater efficiency.

His concept proved correct and in the intervening
years his company has completed more than 50 such

44

conversions of steam heated buildings — most of
them originally constructed in the 1920's and 1930's.
Buerkle claims callbacks because of problems are
rare. What about economics?

Buerkle says cost is low enough so that a reasona-
ble payback period can be expected. Average cost of
systems he has converted is about $2,500, which
varies with the number of radiators to be serviced
and the need to replace any of the existing conden-
sate piping. He says fuel bills are reduced by at least
10 per cent, a figure others consider conservative.
But even with this saving, with an annual fuel bill of
$5,000, the conversion cost would be paid back in
five years. And this doesn’t include reduced mainte-
nance costs.

INSTALLATION SUMMARY

« Very little structural change is normally needed.
Existing boilers, piping, and radiators are used if
sound. Only minor modification is needed on radia-
tors: A hot water valve and a key air vent to allow
bleeding of air from the system are installed. The
steam trap and, in some instances, steam vents are
eliminated from each radiator. In some buildings,
zone control valves are installed for thermostatically
controlled heat in each apartment.

» Modification of the boiler is not extensive.
Return piping is simplified so return water from the
radiators flows directly into the boiler header. If the
system is equipped with a boiler return trap and vent,
these and associated piping including check valves
must be removed up to the end of the return main.
The opening at the boiler supply piping must be
plugged. If the boiler is equipped with a condensa-
tion return pump, it must be removed.

« The steam boiler is converted to a hot water
boiler simply by changing the trim. The safety valve,
pressure gauge, water column and gauge glass are
removed and replaced by a pressure gauge, ther-
mometer, and an ASME relief valve properly sized for
the gross output of the boiler.

» On the output side of the boiler an air separator
should be installed to remove any air bubbles formed
in the boiler, and a compression tank provided for
expansion of the heated water in the closed system.
A Bell & Gossett booster pump circulates hot water
through the radiators in the system. In some build-
ings additional booster pumps can be added at critj-

cal points to enable the hot water to reach the

farthest apartment.

o Circuit returns should be joined in a header at
the boiler, which is connected to the return opening
in the back section of the boiler. Each return line
should be equipped with a balance valve,

e On a steam installation, radiation is sized at 240
BTU per square foot which is 215° average water
temperature or 225° boiler temperature with a 20°
temperature drop. (This 225° boiler temperature is
only required when outdoor temperature is at the
design condition.} Multiply the square feet of radia-




tion by 240 to arrive-at the BTUH load for circuits and:

mains. Using the standard 20° temperature drop,
divide total BTUH load by 10,000 (o arrive at the GPM
for the pump. Often in older systems, Buerkle over-
sizes the booster to compensate for buildup, particu-
larly in return lines.

The circulating hot water provides a better heating
medium than steam for two reasons. Water retains its
heat and stays in the radiatot when the boiler and
pump shut down. This provides more even heating
and greater overall comfort. When it starts up again,
a steam boiler must raise the temperature over the
boiling point, requiring more fuel than a hot water
boiler which must raise the water temperature only a
relatively few degrees. Also, when the hot water

boiler starts up, warmed water immediately is force
circulated through the radiators bringing instant heat,
One final advantage: Hot water preserves the life .

of the boiler. Buerkle has a number of boilers now
operating as hot water boilers which are over 50 years
old. He says they never would have lasted this long
had they been producing steam. High temperatures
and corrosion would have finished them long ago.
Buerkle began using bell .and Gossett Company
products for his conversions and has since been in-
stalling B&G pumps, valves and air control equip-
ment supplied by Thermoflo Equipment Co., Inc,,
Pittsburgh, the Bell & Gossett representative in
western Pennsylvania. In the early 1920's, Bell &
Gossett, now a part of the ITT-Fluid Handling Divi-
sion, did pioneering work in the science of hydronics
and developed equipment for hot water systems.
Bell & Gossett engineers have prepared instruction
manuals for plumbing and heating contractors to use
in making conversions of both two-pipe and single-
pipe systems. Manuals showing typical examples are
also available. B&G representatives nationwide will
help in the selection and sizing of proper equipment.
For more information, Circle No. 71. 0o 0O

‘Typical room installation in the Lake County T8

VALENCE AIR CONDITIONING PROVIDES
COMFORT AND LOW COST IN
HEALTHCARE FACILITY
O Administrators of the Lake County T.B..
Sanatorium in Waukegan, ill., wanted to add air con-
ditioning to their 40-year old facility as part of a
general interior remodeling and modernization. They
had problems: Patients could be moved from the
premises only with the greatest difficulty, setting
limits on the amount of remodeling work. The facility
is monolithic concrete and ductwork would incur
extra construction time, and labor costs. Concealing
ducts would require mechanical- ceilings in each
room. Fan-coil units would require cutting through
the concrete walls, greater expense for equipment,

and continuing maintenance.

Mechanical engineers recommended the use of a
valance cooling system manufactured by Edwards
Engineering Corp., employed in many healthcare

facilities. The system requires no ducts because it
cools by natural convection, with no blowers. The
only modification needed to the concrete: Two small
holes drilled through the wall in each room to allow
the entrance of supply and return copper water pip-
ing. The system is designed to be exposed.

Sanatorium. Unit, mounted across the wall above window,
does not need to be concealed or disguised.

The Valance System is a hydronic finned coil,
housed in an enclosure that looks like a decorative
valance, mounted on the wall where it intersects
with the ceiling. The finned coil encloses copper
tubing for supply and return cool water lines. The
system is installed by the placement of two end
brackets mounted at each end of the room. The
brackets are placed in the corner formed by the wall
and ceiling with no measuring for positioning re-
quired. They are usually 3"-6'" from the ceiling. A
condensate drain is snapped in place.

Chilled water mains were brought into the struc-
ture through the corridor areas and connected in
each room. The entire installation took ten weeks. In
operation, chilled water circulates through the
valance coils; cooling the room air next to the fins.
The heavier cool air falls to the floor, spreading out-
ward through the room by convection. Moisture in
the air condenses out on the coil and is drained
away. Cool water is provided by a packaged chiller.
For more information on the Edwards system, Circle
No. 74. :
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How steam is produéed and
handled at The Geysers

lllustrated tour of the only commercial
U.S. geothermal development shows typical
field operations from geology to

electrical output

Robert E. Snyder, Engineering Editor

10-second summary

Unique properties of superheated steam dictate field
development by well clusters around a plant site. Here's
how operators plan such developments, how they deliver
steam to the utility for power generation and how they
get paid for their production.

EXPLORATION AND DEVELOPMENT is continuing in the
world’s largest geothermal project—California’s Geysers
area, 90 miles north of San Francisco. Five rigs are active
for several operators and clusters of new wells are being
completed to serve as sites for additional power plants.
However, only Union Oil Co. of California, the company
most responsible for modern development at The Geysers,
has commercial production.

Including active locations and abandoned sites, over 150
wells have been drilled in a roughly rectangular, 4-mile-
wide, 7-mile-long area extending southeastward to include
the latest Castle Rock Springs development. There are
perhaps some 100 wells in this area capable of commercial
production.

Eleven generating units presently in operation are pro-
ducing a total net output of 502 megawatts (mw). In
perspective, this would be enough electrical power, at a
rule-of-thumb of one kw per person, to supply the needs
of a city of 500,000. In terms of fossil fuel to produce the
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same output, it is equivalent to about 19,000 barrels of oil
per day.

Plants 12, 13, 14 and 15, tentatively scheduled pending
application approval by the regulatory agency, will bring
total net output to 897 miv.

The most common figure mentioned for future potential
of The Geysers is 1,500-2,000 mw,-and theoretical studies
place possible capacity of the 100-square-mile surrounding
Geysers KGRA (Known Geothermal Resource Area) even
higher. But all operators emphasize that the short produc-
tion history of wells and the early state of the art in geo-
thermal reservoir analysis make practical “reserve” estima-
tions nearly impossible. )

Well production is measured in pounds per hour (pph)
of dry, superheated steam. Operators look for 150,000-

Power plant in The -Geysers -field contains two 55-megawatt
turbine generator units. Note two steam lines entering from
right. Huge cooling tower system cools turbine exhaust con-
densate and auxiliary systems to 80°F. Nearly 80% of the con-
densate is evaporated. (Courtesy PG&E)
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_Under]ying heat source for The Geysers field and surrounding 100-square mile geothermal area.is likely a deeply buried magma
intrusion, with local geothermal cells, illustrated schematically at left. Negative gravity anomaly, right, shows probable center of
main magma body, some 10 miles northeast of The Geysers. (After Austin et al.f)

200,000 pph from a new completion. Rates of 380,000 pph
have been tested.

Turbine units now being installed require about 1 mil-
lion pph. New plants with two such units would require
14-16 typical wells.

Because of energy losses in gathering lines, it is desirable
to have wells as close as possible, generally within 1% mile,
to the plant site. This requirement is the basis for the
cluster system under which plants and wells are developed.

Operating conditions do not involve particularly high
pressures or extreme temperatures, as might be expected.

R N . ) A 1 | ; - S, )

BOP stack of Geysers well drilling in mud phase above steam
zone shows 133%-inch wellhead and wing valves, master valve,
steam gate, BOP, banjo box, top BOP, bell nipple and flowline.
Bell nipple is replaced by rotating head for steam drilling and
banjo box is connected to blooey line and muffier.
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Reservoir pressures of 450-500 psig are reduced to 125 psig
at the wellhead by expansion and cooling of the flowing
steam. Reservoir temperatures are generally less than
500°F. Corresponding wellhead temperatures would be
about 370°F, considering a typical super heat condition of
less than 20°F. And turbines are designed to handle dry,
355°F, 114 psia steam at the inlet.

However, operators and equipment handlers must be
constantly aware of the tremendous energy inherent in the
nonconventional product they produce and delivér.

Between reservoir and generating plant, erosion by en-
trained particles and dust in the dry vapor is more signifi-
cant than corrosion. After condensation within plants, or
at any venting spot, associated gases and liquids may re-
lease small amounts of corrosive and noxious elements.
Most noticeable is the minor concentration of H.S in the
atmosphere, which accelerates corrosion. of bare steel such
as racked drill pipe and, of course, any exposed copper
cables and clectrical contacts.

Development histary. After The Geysers was discovered
in 1847 and its hot mineral water first used irr a resort and
spa for adventurous Californians making the long, tor-
tuous journey into the rugged area, shallow wells were
drilled in the 1920s to power a small steamn engine driven
generator.

Magma Power Co. obtained several leases in 1955 and
Magma and Thermal Power Co. then drilled six success-
ful wells. Pacific Gas and Electric Co. (PG&E) installed
the first 12-mw plant in 1960. Earth Energy Co., a Pure
Qil Co. subsidiary, obtained adjacent leases in 1963 in the
course of the Pure-Union Oil Co. merger. In 1967, Union-
Magma and Thermal formed a joint venture which now
controls some 13,000 acres in The Geysers with Union as
operator.

Union will supply steam to all but two of the existing
and proposed plants. Pacific Energy Corp. will supply
55-mw Plant 15 from a well cluster being developed just
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The predominant heat
source for geothermal
activity is believed to

be a large magmatic body
buried 10-40 miles

below the surface

" southwest of the main field complex. Burmah Oil & Gas
(formerly Signal) will support PG&E's $17V%-million,
135-mw Plant 13 from 15-20 wells located in the Castle
Rock area, 5 miles to the southeast.

Geology. The reservoir consists of highly fractured,
slightly metamorphosed sedimentary and igneous rocks of
Cretaceous and upper Jurassic age, known locally as the
Franciscan graywake.

The predominant heat source for geothermal activity is
believed to be a large magmatic body buried perhaps
10 miles or more below the surface. A closed negative
gravity anomaly centered 10-15 miles northeast of The
Geysers may generally define this large, relatively less-
dense magma intrusion.>®

The government now has designated this general area as
a Known Geothermal Resource Area, and under provi-
sions of the Geothermal Act of 1970, leasing within such
areas must be done by competitive bidding.

Smaller intrusions from the main chamber result in
characteristic elliptical patterns on the surface which can
be identified in aerial photographs. Extinct volcano cones
are visible from high points in the field.

Conditions for producing dry steam that can be used
directly are fairly rare. Besides the underlying heat source,
the steam zone must have a high fracturc permeability
that is, or once was, connected to a surface water source.
At The Geyscrs, these surface connections have long been
nearly sealed by secondary mineral deposits.

To generate dry stcam in situ, the fractured rock must
not be completely flooded and an excess ratio of heat to
water must be maintained.

Steam plants are also operational in Italy, New Zealand,
northwestern Mexico, Japan and Russia. In the United
States, geothermal exploration continues at a strong pace
in many areas, including The Geysers, but no other type
of system—hot water, dry rock, etc.—is operational. The
next largest area of interest is in the Imperial Valley,
where experiments are under way with heat exchange or
“binary” systems to utilize the hot, corrosive underground
brines found in one area, and other lower temperature
fluids.

Steam production does decline in Geysers wells, con-
trary to early belicfs that the supply is inexhaustible. But
well life is dependent on many variables such as spacing,
depth, natural permeability and completion design. One
example well on 5-acre spacing declined to 70,000 pph
from 140,000 pph in five years.® Pressure buildup tests
indicated that a major factor was reservoir pressure de-
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High velocity dry steam and entrained particles can damage
drilling equipment. Top photo shows severely eroded tool joint
shoulders. Lower photo shows typical hard band protection
used to minimize erosion. Softer band is used on box OD to
prevent casing wear. Harder material on shoulder takes direct
force of flowing steam. Note that racked pipe is coated with
a protective material to minimize atmospheric corrosion.

pletion, not well bore plugging. Wider spacings, of course,
cut this decline significantly.

Some recharging may be possible with controlled injec-
tion but no quantitative evaluations of this effect are
available. Presently, the remaining 209 of the condensed
liquid from generating plants is reinjected. Too much
water injected on close spacings may also flood-out nearby
wells by temporarily altering the in situ super heat en-
vironment.

Pressure increases with depth but drilling costs also in-
crease rapidly and rate of flow decreases due to the longer
steam conduit to surface. A well at 10,000 feet, for ex-
ample, may deliver 209 less than a comparable comple-
tion at 5,000 feet. These are major factors in designing
completion systems.

Well and plant siting. Commercial operation generally
follows exploratory and confirmation drilling by five ycars
due to plant application lead times, delays for pipe line

45



. T . ’ =
R R i IR 7

Two types of banjo boxes. One style, utilizing a heavy BOP
body, top, has double flanges for blooey line. When one side
wears, the other flange can be used, to doubie life. Another
style BOP body, bottom, is modified with addition of extra
heavy welded box to serve as a vortex chamber for steam flow.

- .
4 -

Wellhead on new completion not yet tied to gathering system
has two ANSI 300 series, 500 psi 12-inch gate valves. As per
common ga$ well practice,; the lower valve is never opened or
closed under differential pressure, to protect its sealing capa-
bility. Inner thread in wing valve outlet, inset, and hardened

protector allow plug to be installed through a lubricator as-,

sembly for changing bad valves under pressure.
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construction and operator evaluation after discovery.®

Plants can be sited after a discovery well and con-
firmation wells prove a significant “block of power.” This
has been done with as few as two wells. Then the required
number of wells are completed to guarantee adequate
steam supply, and the utility proceeds with plant design
and construction. As output declines, additional wells are
drilled.

Operator planning centers around plant capacity and
its expected life. Sufficient acreage must be set aside within
the “block” to accommodate additional wells.

With four new plants proposed and much exploratory
area to be investigated, this general operational procedure
indicates that significant drilling and completion activity
will likely continue for several years.

How wells are drilled. Basic problems facing drillers are
the steep terrain, hard abrasive formations from surface to
TD and erosional effects of near sonic fluid velocities.

In narrow, grass-covered canyons between 2,500-3,000-
foot mountain ridges, hillsides are very steep with 1,000-
foot elevation changes per one-half mile, in some places.
Often surface site economics dictate well locations and the
hole may have to be deviated to reach a desired target.

A typical well may be 6,000-7,000 feet deep. Such a
well may have 20-inch conductor to.150-200 feet, 1334-
inch to 2,000-2,500 feet, and a 954-inch liner to 6,000 feet
{or higher), overlapping the 1334-inch by 200-250 feet.
The steam zone is completed open hole using compressed
air as the bit cooling medium.

Hole sizes for this program are 17l4-inch opened to

26-inch, 17V;-inch, 12¥4-inch and 83%4-inch. One operator .

has dense graywake from top to bottom, and hard forma-
tion rock bits of the non-sealed bearing type are used.
Another area contains a problem serpentine section that
is cased off. '

Mud programs generally specify fresh water and gel,
with lime viscosifier in the surface hole. The 12-inch hole
is drilled with water, gel and a gel extender, and lignite.
High temperatures may dehydrate and thicken mud,
making additional treatment necessary.*

Water loss is'no problem in the dense rock. Solids must
be kept low with screens, desanders and desilters. For lost
circulation, an inexpensive initial plug may be used fol-
lowed by cement-type plugs.

Deviated holes may be desirable for economic location
selection, as noted above. A controlled natural drift also

Geysers power plant development

Output, megawatts
Unit
Year no. Supplier | Gross Net Cum.
1 G. E 12 11 11
2 Eiliot 14 13 24
3 Eliiot 28 27 51
4 Elliot 28 27 78
5 Toshiba 55 53 131
6 Toshiba 55 53 184
7 Toshiba 55 53 237
8 Toshiba 55 53 290
9 Tosoiba 55 53 343
10 Toshiba 55 53 396
11 Toshiba 110 106 502
12 Toshiba 110 106 608
13 G. E 135 130 738
14 Toshiba 110 106 844
15 G E 55 53 897
JUNE 1975



e

Steam handling systems
must be designed to
deliver only superheated,
particle-free steam to
the turbine inlet at
350°F, 114 psi

may ‘be allowed to cause the hole to cut as many fault
planes as possible to expose maximum fracturing.

Heavy assemblies are used in the 17l/4-inch hole. In
one well, three 934 and seven 8-inch collars, and 10 joints
of heavy weight drill pipe were used. Drill pipe may be
4Y2-inch, 20 pound, or 5-inch, 19.5 pound. With less
prominent shoulders to erode, the larger diameter pipe
may be preferable. In 834-inch hole, six 6%-inch collars
and heavy weight pipe are commonly used.

Prior to drilling into steam zones, the system is con-
verted to air. Rates of 3,000-4,000 cubic feet per minute
are common, supplied from commercial compressor units.
Pressures may be 140-150 psi initially, increasing to 450-
600 psi as large volumes of steam are penetrated.

When air is connected, the BOP stack is modified by
replacing the bell nipple with a rotating head and con-
necting up the “banjo box,” a heavy walled erosion re-
sistant chamber that diverts high velocity steam and par-
ticles into the blooey line to the muffler.

Old style mufflers have been replaced with a new style,
vertical centrifugal unit of Union Oil Co. design into
which steam and drilling particles flow tangentially, par-
tially cushioned by an injected stream of water. This sys-
tem promises to greatly cut potentially harmful and
annoying noise, and extend muffler life.

The BOP stack, in the mud phase, is mounted on the
1334-inch head and 12%4-inch bore master gate valve. A
wear ring protects this valve during drilling. The stack
then consists of a steam.gate (with blank steel ram), a
12-inch, single gate BOP, the banjo box, a 12-inch double
gate BOP (with DP and collar rams) and the bell nipple.
Wing valves on the head are connected to kill and choke
lines.

The 1334-inch is cemented with 100% excess 50/50
Pozmix, 35-409% silica flour. Liner is cemented with 50/50
Pozmix, 35% silica flour, friction reducer and retarder as
needed. Neat cement is usually tailed in.

In the drill string, a metal-metal lower float valve is
used to withstand 400°-500°F temperatures. :

An average well now costs $500,000-$550,000, with
20-25% tangibles, including the wellhead. A rig may be
on the hole 40-60 days.

Well capacity is first estimated using an orifice in the
blooey line and flowing temperature. With the rig off,
isochronal back flow tests similar to those used for gas
wells give better evaluations of sustained flow rates.

Surface equipment consists of the 1334-inch wellhead
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Producing well covered with fiber glass insulation has top
access valve and centrifugal horizontal particle separator in
the flowline. Two dirt legs under separator, vent small amounts
of steam to blow out residue. All lines have expansion joints
and fiexible restraining mounts, inset, to permit movement with
temperature changes. -

During temporary plant shutdown, steam is vented through
large mufflers to keep gathering system and wells at proper
temperature. Intermittent operation is avoided as wells are
sensitive to shut in and start up. Occasional system shutdown
gives opportunities for reservoir pressure build-up tests.

with wing valves, two master valves, the tee, a top access
valve (used almost exclusively to clean out the well after
long shutdowns), and in the flowline: a centrifugal dust
and particle remover and a differential pressure meter.
All equipment is insulated with compressed 3-inch fiber
glass pad and covers dyed an'aesthetic green color.

Great care is taken to keep the dry steam particle free.
The centrifugal horizontal particle trap mentioned above
has a cone shaped nose facing the flow, with spiral vanes .
that create a high speed whirl to throw particles into the
dirt leg. Units are reportedly 999 effective in removing
10-micron or larger particles. Dirt legs and other traps
located at changes of direction are vented slightly to blow
particles out of the line.

Gathering systems must be carefully sized to assure
proper productivity at least cost. Depending on conditions,
lines may be 10-16 inches at the well, increasing to 24
inches, 30 inches and finally 36 inches at the plant entry.
Too-large lines may not be desirable, as cooling effects
may counteract increased productivity from lower pres-
sures.
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Simplified power plant schematic shows flow of dry steam
through turbine blades, condenser and cooling tower. Portion
of steam is diverted through ejectors that maintain vacuum on
condenser to draw off gases. Other systems use 2 kw of output
leaving 53 kw net. Operating voltage is primarily 115 or 230 kv.

Control valves at the plants,-regulate line pressure, vent-
ing the system at the plant during shutdown. Wells are
not normally shut in except for extended downtime as
cooling and startup introduce liquids into the system,
shock the well and loosen rock particles. Back-up rupture
discs along the line set at about 180 psi are final protection
against pressuring the system to 400-500 psi reservoir
pressures.

How plants operate. Turbines are designed to accept
350°F, 114 psia dry steam. Liquids and particulate mat-
ter may damage the system.

Steam strikes the double sided turbine and converts its
heat energy to rotational velocity which is transferred di-
rectly to the generator. The steam discharges into a
chamber kept at 4 inches of mercury absolute pressure.
Steam is condensed in this chamber, and hot water at
120°F is pumped to a large cooling tower:

From the first chamber; noncondensable gases are also
drawn off, then cooled in additional condenser units be-
fore venting. Steam generally contains less than 1% non-
condensable gases, in the following proportions:?®

Carbon dioxide 79%
Hydrogen sulfide 5%
Methane . 5%
Ammonia 4 7%
Nitrogen - 3%
Hydrogen 1%
Ethane trace

Tower water at 80°F is also used to cool lubricating ol
and the turbine blade hydrogen cooling system.

In the over-all process, some 80% of the steam con-
densate is evaporated. The remaining 20% is reinjected
into the producing reservoir. Liquids are not discharged
into streams of the area.

Some H,S is returned to the reservoir in injccted fluid;
the output to the atmosphere from a geothermal plant is
estimated to be one-fourth that of a coal plant. And total
CO; discharge from the comparable sized fossil fuel plant
is 20 times that of a geothermal plant.®

Still, released gases give the area a sulfur odor typical
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Plant sﬁpenntendent Bill Pearce, left, discusses operations of
PG&E’'s Plants 5 and 6 with World Oil’'s Robert E. Snyder dur-
ing recent visit to The Geysers.

of that around any large hot mineral spring. And pro-
tective coatings must be used on exposed steel where sur-
face corrosion would be a problem.

How operators are paid for steam. All steam is pur-
chased by PG&E according to a lengthy, negotiated form-
ula that considers PG&E’s cost of power generation by
fossil and nuclear fuels.® The price is revised each Jan. 1,
using the previous year’s data. The formula considers the
following:

1. A constant 2.11 mills/kwh
2. PG&E’s fossil fuel costs for preceding. year
3. Fossil fuel costs for 1968 (31.66 cents/million Btu)

4. Lowest operating net heat rate, Btu/kwh, of the most
efficient fossil fuel unit (8,274 Btu/kwh to date). And the
comparable value for 1968 (same)

5. Average nct cost of fuel for PG&E'’s nuclear plants
for previous year, and

6. Total output from fossil and nuclear plants in pre-
vious year.

In 1974 and 1975, PG&E’s base price, excluding 0.50
mills/kwh effluent disposal payment, was 3.23 and 6.89
mills/kwh, respectively. One independent report presented
estimates of prices more than double that amount by
1985.°
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