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iahe venue for Sacramento s first professmnal : calculatrons -- along with burldmg and clrmate data -- to

S basketball games was the “old Arco Arena," built * srmulate a representatrve section of the gfound loop and
T m,; in 1985 just north of the downtown arewand design the bore—freld system, ' Mr. Ewbank said. |
converted tor ofﬁces after a larger, permanent atenawas . R , L L

constructed In 1994, the * old arena” was acqu1red by
Buzz Oates, erham Cummtngs, and Fred =
_Anderson in a California general partnershlp ,
. called Del Paso Venture. To heat and
‘ cool the 3- “story, 211 OOO -square foot
structute, Del Pa_so has installed 2

.-

drrlled 480 feet deep They are in rows thropgh

utility lines, The boreholes are'3 1/2 -
inches in diameter and about 15- to 20-
| feet apart. °A ‘precut length of l-inch
- diameter un1c01l polypipe is folded -
at a U-bend joint and: hand- pushed
' down each borehole to a depth Of
450 feet IR

The prOJect is 51gn1f1cant for’ the
ground -source heat pump indus--
~try. The 1nstaller, Garen Ewbank
. of Ewbank and.Associates |
‘.(Falr\new, Ol;lahoma) said, “This

is the first ground-source heat

4

“'I hese are the smallest b‘orehole
and- pipe diameters for any .
ground-source heat pump system
| in the United States,” said Mr.’
Ewbank. ““The small sizes maxi-
mize heat exchange in »the,bore—
-*hol’es.” -

- pump. site ever desrgned speclﬁ’
cally for the energy load of the

* building it will segve. Other-

prOJects ‘have been calculated by

rule—of‘thumb o \' : -
) “The' top 50 feet of each borehole is -
cemented o prevent surface contamlna»
tion. The rest is filled with a bentonite- -

"‘First— we measured the therrnal conduc- N
tivity of earth around the burldrng -- how
~ fast the soil takes heat - to detenmne heat- -

field size and borehole number and depth.. The L R catton ] : L
Davis Energy Group Inc., (Davrs, Callforma) used our . Boreholes dn]led inrthe parkmg Ior

£ . — ‘_ . ~Drilling rigs are jn tIre back_ground

— by Susan'F. Hodgson
N7 RN i
HESOURCES AGENCY - STATE OF CALIFCRNIA” } DEPARTMENT OF CONSERVATION
DouglasP Wheeler, Secretarrfor Hasoufces < + Pete Wllson, Governor -~ -~ . T F - . Elin.D. Miller, Director -

e = s

-~ ) ’ . . . -

" . According to Mr Ewbank the systerﬁ has 265 ‘boreholes ,

" the parkmg lot amid trees, hght poles, and" -

water mlxture, forestalhng aqulfer communi-
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. The first issue of the Geotherimal Hot Lme appeared in ]anuary 1971 and.the '

last in 1992 Then, time constraints halted publication, whlch has resumed

~ with this i issue. We hope you find the new focuson Cahforma stones useful

and mterestmg - and the Brref Geotherma] chtzonary helpful as well

- As always, Linyite you to call with comments, suggestrons, and story. rdeas

Let us hear from you. -

‘ “In memmy
[ Shtrley] Valme, secretary for the geothermal umt, passed away on March
3,'1995, Her metrculous work on 1ssues of the Geothermal Hort Line and

_her frrendshlp were apprecrated by everyone. Shrrley is survived by her

: ",]r and Preston Rames PR

“husband William F. Valme and her sons ]ohn P. Russell erham F. Valme .

In Thls Issue .'

| R - -

N Lo

| Pipel_ine;pfejéét} page12. -

Heber Freld elevanon stud1ed page 15
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The World Wrde Web page 28. . L
(Includmg dec1s10ns by the Calrforma Pubhc -
Utrlmes,Commrssron on free-market purchase' .

" of electncal power) ' : -

b o et

a chrropractor someone ‘told me about a hot spring in-

50 YEARS IN CALISTOGA AN INTER VIEW WITH
DR WILKINSON f :

K

;@ Wllkmson s Hot Sprmgs and Mud Baths “I’ve :
always had an interest in natural health. After I became

Cahstoga called Pacheteau s, now Indian Sprlngs T

R leased it for five years and left in 1952 to establish this
: place nearpy. I've been here ever since. Combmmg the - ,
g chlropractlc and the" hot sprmg busmess just surted me

exactly

“ Through the years my chentele has changed " he o

. articular aches-and pains. But today, many people tse

contmued “In 1946, most were born in Europe, peOple B

with a tradrtron of going to hot s sprmgs “They came here f :

.in the summertrme, usually from the outlyrr_rg Bay Area

‘The winters were dead. :Most’ people were about 60 years
old and took- mud baths Around 1980 an mterest began |
in. hatural health in preventwe health care. Today the e

average chent is maybe 35 years old. It's the younger
people who come ﬁrst, who return later w1th\the1r
parents, a B

- “B‘asrcall our main busmess is almost the same mud
) Y

baths and the mmeral and steam, blanket wraps and
. [ j‘ . - - | .

r

,lbYSusanEdegson - R S R

"~ the years, though I have added swimming pools and hot

- ,“I’m a believer in na_tural health,’_’ he said. "‘l'y_e visited™
* spas around California and New Mexico and talked'

" ask about the natural resourees about the water and
“mud.. In Europe thereiis a greater emphasrs on water 2

" “Mud baths’, of course, have been taken worldwide, - -

Tasked Dr. Wﬂklnson about wells at the s spa. "He told me,

‘ 'several wells.' One well 200 feet deep has water tempera-

massage The regular routine hasn t changed through
pools, and in very late ‘years 2 fac1al salon

about spas with people from all over the world. 1 ask .
- what their basrc concept is, just what they are doing, I

analysls, and the drfferent spas spec1ahze Lo

probably for thousands of years.” A lightweight, volcanic.
. deposit close by is the basis of our mud baths. Tradition-
_ally mud baths are. used for rheumatic, arthiitic, and

mud baths and treatments to relieve stress and tension.” - 1 H

“Caltstoga has a true natural resoufce for a hot spring oo
town. I pump a comblnatlon of watér ancl steam from

tures of 250° Fat the bottom and. 212°Fat the top We

have tanks where 3 we cool the water; and we ean I’Ell._S_g_ s L
temperatures a brt by addmg a litcle borlmg water. I have: - &
~not had problems with-the wells,. and the water has - '
stayed the same. The wells don’t seem to clog up. The

prpes and other plumbmg wear out faster v

“From 1860 to 1924 ” he satd ‘millions of people came '
to this country, mostly from Europe I 1900 there were
50 to 75 hot spring resorts in California, whlch is very '
rrch in geothermal water. These resorts- did‘well until -
World War IL, Then they fell apart. By 1980, almost all -
were: gone The water was.still there but it wasn't used to

any degree Cahstoga wals oné of thie few spots that was A

/ ST b v




+

kept going _On a 'c':o_ntinuous basis.

4

; s
2

‘1 won't speculate about the future. Today itis expenswe
 to build‘a brand new place and more expensiveto ,© .
_ operate it'and meet regulatrons. My son Mark manages
the spa today, and this picture on the wall i is one he-drew
of spa guests when he was eight years old.” '
PR have stuck to the trad1t1onal treatments. 1 made an - )
excellent choicée. Twould probably do the same thmg
o agam I found my contrrbutlon to being alive. We’ te.
‘ verysatlsﬂed w1thbe1ng able toprov1de th1s type of o . S L T L ,
N L0 servrce, heconcluded I S _ B , . B S D

- : . . N - RS RS
=2 =

The “old Arco Arena -near downtown \Sacramento, Cal)forma . _
! Pbotos by S. Hodgson. Y - ) _ .

. : Calrstoga mmeral spas were extolled 125 years ago, 75 years ' blmg coprously up, warm from its mystertous subterranean‘ | . )
. before Dr. erkmson amved..... . " source, medicated by the hand ‘of Dame. Nature, and flows out. - .
1 - - \ : R ‘. - on theé other, thus ever renewing itself in crystal purity. Add |
T I , ‘Jﬁe ’.Swirmnin‘q' Bath . " . to this, pyramids of towels fresh from the natural boiling laun- " | o ' -
) ' o ' o -  dry close at hand, and large light and airy, buildings, with'an DR B
" Itis 1ustly’ claimed that a warm bath isa luxury, ifitis only in. . atmosphere softened and tempered by the unceasing evapora- S PN IR
y _a tub; but fancy bathing- tanks forty feet long and wide, and tion, and one may almost picture himself i in some scenie-of .
five feer deép; with nice boards for a bottom and steps lead- + magical dehghts, or Elysium of Orrental story, ’
. ing down intd them from all sides; every appliance for swim- N ] g :
. | ming; room to drve/and splash about in sparkling waves of - From the 1871 Handbook of Calrstoga Sprrngs or, err]e Gey— Ny » -
\ “dehghtfully tepid water, whose every drop as it putls around . sers, its Mmeral Waters, Climate, Amusements, - Baths, Drives, SR " Each length of unicoil polypipe fol ds at a U-bend mstalle d at the
you, beats comfort and heahng It énters on one side, bub- - Scenery, S TE R e L : facmry Sl < _ G R

e ;L . ’ _— ' o ‘ . Headers in long trenches collect water from loops of polyplpe in

: ' ; ‘ - s ' each borehole. The headers carty water to and from the bulldmg . ‘

RO Two tube ends extending from each borehole are fastened 1,560 gallons ‘r . Y . \f ver'is pumped atan. ¢ -
P o - . , R allons per minute of water is pumped at an’ o

. '\ totwo wider tubes, called headers. ‘One header carries R perminute of pumped 2 . .

. : B . NS average velocity of 2 to 5 feet per second through the
o water from boreholes to the building, and one returns it. & i P &
R : : o « e ' B : system, whrch is operated at 32 pounds per square inch of
' . R L e ressure , - -
Temperatires -- as watet leaves the borehole and enters - p : S

' - . - - . .
. : - . N '

~the header. -- range from 57° to 99° Fahrenheit. About’ )

,To balance’heat flowin a bore field, all water must spend
equal time within it. _Thus a reverse—return system was
designed, which ‘means that the first water retirned to -
the bore field from the building is the last water ‘taken to
the huildi’ng from the bore field.

There are no underground valves or fittings on the -~
pipelines, and all ;unctrons are heat fused The system,
once tested and ]udged ready/ is expected to last 50 years.’

-

How does it all work? In hot weathe‘r, héat in the b“i;ldf
ing is transferred ftom air to freon gas in a heat ex-

changer, from freon gas to water in a tube-and-shell

- : . - - - \

N E . Lo - . - g . - . . . . . - ’

“ - B . B N s . . . N -




coiled mechanlsm, and from water to earth surroundmg
the boreholes in the well field. In cold weather, the
process is reversed. Warmed to the constant tempera-
ture of the earth; water is pumped from boreholes to the
building. Here the heat is transferred to freon gas and

. then to inside air. Building temperatures are controlled
by compressrng and decompressmg the freon,

Sr)rsteln operating costs - mainly pumping costs -- are

alrnos't'constant year round. Operations are most
-economical in the coldest and hottest times when the
system is needed the most; when the most heat is
_transferred to or from the buildirig. Most savings come -

from heating du’rin'g the colder months. Most, midsum—, :

mer savings come from hrgher COmpressor efﬁcrenctes
and less parasrtlc energy-use by blowers.

"‘Starting from scratch this ground-source heat pump
system would cost $500, 000'to $600,000 more to install
“than a conventronal unit,’ sard Kyle Venolia of KC -
AEnglneermg (Sacramento), who designed the interior

building system for the project. Davis Energy Group Inc, _

‘has pro;ected annual energy cost savings of more than
$158 000, about 81 percent from reduced energ\y con-
sumptlon “and 19 percent from reduced demand. An-
nual electrical use reductions of about 40" percent and
peak load reductrons of about 37 percent are expected.
The Sacramento Mumcipal Utility DlStI‘lCt (SMUD) is
“studying ground-source heat pump systems. “SMUD has
_reached no final decrsron about them, but research is
underway, sald Bruce Vrncent, seruor demand srde

specialist. '

Seeing a potentiaL commercial demonstration project in
the Arco retroﬁt, SMUD contrrbuted $400,000 toward .
the project. “Although many buildings have water-
source heat pump systems with cooling towers and -
boilers, SMUD wanted to study a ground-loop sy__s_tem in’
a large commercialbuilding,” Mr. -Vincent said.

‘./‘ o : i % ,
SMUD will monitor the Arco project. ;' Nobody we
kno\r' of has monitoted geothermal heat-pump perfor-
mance in derail, certainly never in California with our

i

- manufacturers, contractors, designers, utilities, consult-
R

RERREER R . i lr ‘Georjr‘remnallhl@tfjne' 7
; aam ;

F ﬁ%ﬁ%ﬁ% TR :
climate and soil,” he concluded L

‘operatlon e

f L s

Each year about 40 000’ ground-source heat pump
 systems are 1nstalled in the United States. The Geother—
mal Heat. Pump Consortium hopes toraise thisto =~
© 400,000 by thé year 2000 Cahforma is seen as.a ma]or
market

L)

- Are boreholes in ground-source hea)t pump projects - T _ )
geothermal wells? “We are lookmg into this,” said Dick
'Thomas geothermal ofﬁcer, whose unit regulates ge6-

. thermal wells in Calrforma for the Department of Con—
servation, Division of Oil; Gas, and Geothermal Re-
sources. The division is one of nine state agencres that -
have formed a task force to write legrslatron and stan- ;o
dards for the technology. “We believe the boreholes,

- which are-shallow and uncased; resemble geophyslcal _

o boreholes or water wells; Tt may be appropriate to modrfy

' California water well standards currently in place,” Mr

-The newness of ground—sourc;e heat ypumpt proj_ecls raises
questions of resource protection and regulation. To, .
answer these in a timely way, the California Energy
Commlssron {formed the Ground~source Heat Pump
Collaborative in July 1994. The 62 members include

-Thomas concluded

\ : - . . - -
i

. As Phrlhp Ewbank, also of Ewbank and Assocrates,
-~ walked around-the heat ﬁeld he sald “I’s more eff1c1ent
to 1nstall a ground-source heat system 1n1t1ally tha“n to
- retrofit: Some day people will own heat freids and sell *
energy. 1It’s only a matter of time.” .

ing groups, research ¢ organizations, federal and state
agenc1es, supplrers, and distributors. Linda Joy DeBoard
‘is collaborative facilitator and Jay Guettler assistant
 facilitaror. They seek a streamlined regulatory frame-
wotk that encourages development, protects resources, -
and ensures proper and sdfe project installation and

© GEOTHERMAL RESOURCES DATABASE

A new database of Califorfia’s low= and moderate- database management software. Computer—generated
- ‘temperature geothermal resoutces updates a’ 1980 survey. maps of selected data can be made from plot ﬁles usrng
The database contarns 989 entries for thermal sprmgs latltude and longrtude coordlnates. L

and wells, 354 more than m 1980 o T R ST T i
. S ST Mr. Youngs 1dent1f1ed 56 California communities- AR

.The pro;ect was undertaken by Les Youngs at the Cahfor‘ elght kllometers ofa known geothermal resource of at T
nia Department ofrConservatlon, Dlvrsron of Mines and - least 50° C (see map) In Southern Cahfornla, most are in
Geology. The database, desrgned for p_ersonal computers, sedrmentary basms and desert valleys assocrated with.
is described in Caj]r'fornia LowfremperatureGeotb_ermal o ' : '

_ Resources Updare 2= 1993. Work on the project was.
performed under sponsorship of the US Department of -
Energy - Geothermal Division, ‘The Oregon Institute of -
Technology Geo-Heat Center and the University of Utah
Research Insntute establlshed subcontracts and coordi-

" nated efforts.. ' ‘

Data were collected on low- and moderate- temperature
geothermal resources and entered in, 35 fields on 4 -
LOTUS 1-2-3 spreadsheet Data groups can be com-

pared by usmg 7 search and sort pararneters on standard

. v
£

e
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\ Georherrrwl Hot Line

Southeast
Regional
Treatment 7
_Plant -

‘ince 1987, steam production * Gartae |
% totals at The Geysers Geothier- -
mal field have fallen and water

injection totals have remained quite

Water lma‘l(e '

. ‘Effluent .
"¢ Flow- .

stable, except for the unusually dry,
winter months of 1994 when Jn]ecuon
~ fellbya record amount (see table).

r * .The heavy rainfall in the first half of

? ; 1995 altered the long-term producf

/ ‘ tion and injection patterns and»

. Geysers 1n]ecrron increases reservon' pressure and ° . -
avarlable stea‘m T, -

_  pate The Pipeline_ Projéct‘ _
*underscored the neeéd to increase- B R R ) i
: o~ Most water injected at The Geysers is pqwer_—piant_ _ 1. _
' - condensate. The reainder is plant-site runoff and . N
water exﬁracted from Blg Sulphur Creek, which runs
SR R through the ﬁeld However, a new pro;ect is underway

<

injection in the field..

_ From January toJune 1995, steam
. productlon atThe Geysers was - ) Dedicating the So_utheast Geysers Effluent Pipeline Project. Photo by W. Guerar_c{.
. reduced by 37 percent from the = - s LA LT

ainount produced dyring the same. ~ .~ * . - N — RS R T ¢t earlv 1997 m]ecrron watér w1ll come to the field from
period in 1994 -- because therain - = | nﬁ%ﬁ:?;ggf : G%?::o%féeeg R I R ;.{’;F&ia e | .. the Southeast Geysers Effluent Pipeline Project, which -
) : ilograms injection - | - kilograms ercen o D
mcreased avarlabrlrty of hydroelectrrc © Year Praeiis | f(thougands) : 3’&115 | (thougands) injected 5 was dedicated on October 6, 1995. The burred pipeline
power. (Hydro is eheaper toproduce T o T Geothermar fieras | -~ . | o o will be 29 tmles long and 20 inches in diameter. About
than geothermal power, and’ Pacrﬁc | e ’ 3 B 306,189 o 8 R 0 o 0 7.8 million gallons a day of treated wastewater effluent - ’ )
Gas & Electric Company curtailed 1362 | RN e EP o o >~ and lake make-up water will flow from Lake County =~ MlddletOWn
~ Ea ' * ' . 1 : i : -
electrical output from several power 13 R K5+ 1 3. . S 3 Sanitation District treatment plants at Clearlake and 'l"repaltanr'iﬂe nt
. plants at The Geysers in favor ofits . | %gg—g : é : %ég% gz-é : ' § § : § ‘ R Middletown: to leases at The Geysers operated by Unocal
1 o o - - N . , . 5
~hydro facilities for the first few Co 1 2 | Gz ) S g%g Zgg 80 . . Corporatron, .Calpme Corporation, and the Northéern -
‘ 1971 (- 30 | 7,813,783 ' 2 1,224;59 157 . - ‘
: _ months of the year ) At the same . i B e | : 2500530 T r California Power Agency (NCPA). Secondary plpelmes
trme, Wa%er injection in the ﬁeld fose. e - 72 |0 36120l25s o 5. ?:363 :\%gg '%’E‘Ig \ . constructed and operated by the compames will carry’, -
bY 25 percent because more rainwater | | 176 | 9 . ' 31995 %gg e 3135;53})2 . 241 -  effluent to geothermal injection wells. Produced steam
. b, 1978 o5 | 27.622/835 - 6 6,522, 400 2506 . ST : T — s
. was avarlable ‘for ln]eg:tron_ ' .. f - 1g1s 4. .. 123 ] 36,138,118 . ] . 8,723,633 24.1 . will ¢ go'to power plants operated by NCPA and Pacxﬁc Pipeline route, courtesy of Lake County Sanitation District
. R TR B o B IR Gos & Blcrrc Company- el ey coniasy o Lake Gty -
A . . - 5 ;864,353 : ., 595, M . : :
i b otsez i -~ 172 | 18)174,327 11 ©13,5495916 | 28.1 - pany: .
o Consequently, both reservoir pressure 1 - 1983 | -225 | es.893ii08 |- 15 o 13.0815541 | 29.0 . - : : 1 :
7 aadavailbl Tl mEy o mmEne ) @ | s | B ‘ " |
and available steam reserves grew, Cies | Asa | aoeiseriaes |0 vz EHEIR TR e 4 1 © Construction costs are estlmated at about $42 rmllron for . .Geysers w1ll also spend another $7 rmlhon on secondary
- — - 1987 -390 111‘,821.997 ’ 23 ' © 31,495,280 - 28.2 N - i B
and most power plants that returned 1998 “a2s | 1081523041 2 %g’ 328,113 | 2601 ot - ‘the éffluent pipeline and associated 1mprovements o the drstrlbutr_on and rn;ectron fac111t1es in the flClCl
I i o ) A . , ‘ i . . ) L ) 3. \
on line in the second half of the year 1590 ' 4421 o566, 626 25 | 27,318,499 .28.8 Southeast Regional Wastewater Treatment Planr Morr R . - R
: -1 199 : .89, 680, - : , 747,804 T ) '
X 1 oo1se2 444 - | '88,513,17 -2 |- . 27,344, - .30 :
produced more megawatts with less -3 NG T I O 132 I 1L SR R+ 0E-r ¢35 1 3+ SURN R ies for the pubhc—pnvate ﬁnancmg plan mclude county . The. Lake County Samtatlon District willownand" -+ -
i . . Th f' dﬁ d ﬁ. i394 .1~ 447 78,442,435 28 - ' 24,581,237 31.3 _ ' N " - .
. . steam.” This confirmed fin ings from | e v b : I N wastewater funds (ZO%) federal and state ﬁnancral  °".operate the main effluent prpelme upto a delrvery point
‘* Data for federal leases included. _ - Lo - r o :
‘several injection stuches at The . | + Contains corrected data. S e _ R 7  assistance (energy résource conservatlon funds, 20% and . near Highway 175.. Unocal, Calpine, and NCPA, will -
. —= = P . 0, -0
by Kermcth F. Seclling - - T Reprinted fromthe Ei iehtieth Anuual Report of the State ol and Gas Supervisr, Cahforma ) B - economic development funds, 20%); andTundrng from. - ownand opetate the final stretch of p1pe11ne to The
. . . s . ' - .
DistictEngineer B Departmient of Conservation, Division of Oil; Gas, and Geothermal Resources. "~ | . - operators at The Geysers (40%). Operatorsat The - Geysers Geothermal ﬁeld mcludmg the ltft—pump
l‘ . ’ - i : T L oo . . _\‘» “-,'~‘,'“‘ o : - S " -‘ 7 -7 o L ) o ’ b < . Lo - ;/ . . .'\ o
l \ ’ ; ~ - - - ) - : : e
. " ) . g
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o unresolved legal 1ssues leave no clear trtle’to the wells. - IR

- - }

- Commission; US Departments of Energy,:the Interior,

stations. . NCPA will use the effluent-based steam in‘its : ‘
Cown power plants: PG&E will purchase steam from and Commerce; the US Environmental Protection
Unocal and Calpme for its power, plants, \ Ageney;‘land the State Water Resources Control Board. . %

i . . -~
- . . - ' - -

Part1c1pants in the publrc»prrvate partnershrp are the - For more lnformation, call Mark Dellinger, Lake County

Northern California Power Agency; Calprne Corpora— Specral Drstncts, Lakeport Calrfornla, at (707) 263 2273
tion; Unocal Corporatron, Pacific Gas & Electric Com- S @,% - , S
pany, Lake County San1tatlon D1str1ct, Calrfornra Energy - o -

WELLS DEGRADING AT UNIT 15

~Unit 15 a 62—megawatt power plant owned by Pacrﬁc Gas &Electmc

. Company, went on l1ne at The. Geysers Geothermal fieldin, ]une 1979
Steam to operate the power plant was’ produced from wells operated’ by
,Geo Ooerator Corpora“tio_n -(GEQ) ¥ which has since ,ﬁ,ledvforl baril_(ruoti:y, :

)'

t

Umt 15 and the wells have ot been operategl smce 1989 Recent ‘
corrosron meéasurements by Department of Conservatron engineers show
some. wells degradmg and some leak‘ing hydrogen sulﬁdea

N ! i "
On ]une 10, 1994 ‘the State OrLand Gas Supervrsor 1ssued a Formal
Order to plug and abandon the 23 production and m]ectron wells (in-

t cluding wells drilled ‘as such but not operatedl However complex, ;

S

" The cost 't plug and abandon the wells is estrmated between $2 and $3 :
rrullron, which will be partrally offset by GEO s well mdemnrty bond of -
$1ooooo AR

_ Well near Unit 15, The Geysers Geothermal *
B freld Photos by W Guerar?:l

.-Ken Stelling, division engineer, shows a Unit 15 well to:B.B. Blevins, Chief Deputy -
Drrector, and Pat Meehan Deputy. Dtrecto,r, for. the Department of Conservatron

Ay . . P }

T o

Geotherinsd Hor Line

 NCPA CONSIDERS BOND REFINANCING
- Northern Calrfomla Power Agency (NCPA) may reﬁ—

“nance and restructure a portion of its outstanding
Geothermal Pr_ojeet Nuf'nber' 3 revenue bonds. =

2

“ A

“NCPA hopes to realrze srgrufrcant annual debt servrce

_ savings as a result of sucl transactions. This is an
-impottant step in the process,of enhancing NCPA ]

competitive position as a‘wholeSale supplier of electric-

) 1ty, sard Mrchael McDonald general manager for NCPA

' SUBSIDENCE AND UPLIFT
. AT HEBER GEOTHERMAL FIELD e
- CALIFORNIA

Heber Geothermal ﬁeld is in the Imperral Valley near thé

__ Crty of Heber, California, about 31 /2 miles north of the

Mexrcan border (Fig. 1). The field is at the southern end

- of a network of 1rr1gated agrreultural fields extendmg

across the. valley ﬂoor

The Heber geothermal system is circular, producrng water
of moderate temperature (360° ) and low—salmrty

(13 000—14 000 ppm TDS) In cross section, the- geother-

~ mal system resembles 4 lopsrded mushroom The system

has’ three major permeablhty units: - capprng clays from

+500to 1,800 feet; a hlgh—matrrx—permeabrhty, deltaic-
~ sangdstone- outflow reservoir from 1,800 to 5,500 feet; and /.

feeder faults and fractures in mdurated sed1ments below
5,500 feet (Fig. 2). The deltaic sandstones were depos-

, ited: by the ancestral Colorado River. The structure of

the hydrothermal system is descubed by ]ames, Hoang,
and Epperson (1987) (Frgs 3.4, &5) S

In the early 19605 CheVron U S. A Inc drseovered a
positive Bouguer gravity feature south iof the Crty of
Heber while explorrng for oil and gas in. the Imperral

Valley In 1964 Chevron drrlled a 500- foot temperature N

By TxmorhyS Boardman a
,Drsmct Engmeer o T

NCPA formed in 1968 isa nonproﬁt Cahforma ]omt
exercise of powers agency Members are the Cmes of -

: Alameda, Biggs, Gridley, Healdsburg, Lodi, Lompoc, Palo B

Alto, Reddrng, Roséville, Santa Clara, and Ukiah, and

‘ the Port of Qakland, the Plumas—Srerra Rural Electnc :
Cooperatrve, the Truckeé-Donner Publrc Utility Drstrrct,
and the Turlock Imgatron D1strrct <\?<> Co

-

gradient well on the anomaly Although a srgnrflcant
geothermal fesource was drscovered it was not developed -
for many years.

In1984 a Company subsuhary, Chevron Geothermal

Company hegan developmg the freld Antrcrpatmg S

d8alton -

P
Sea Calipatria

- ~

"/ @ Westmoreland

Vo SO -

B - - BRAWLEY @ :
UNITED - o "
STATES ACE -
» : N i .Fmperlal o
= : @ ' ELCENTFlO PROJECT
T~ L AREA
- rMexIcallQ‘
MEXiCcoO
T TR

Mnes"

F1gure 1. Locatron map, Hebet Geothermal ﬁeld Courtesy of San
Drego Gas and ‘Electric Company, 1 979
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6,000 —— <
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"' CEMENTATION
/8,000" s -
- TEMPERATURE
- ANOMALY
10000 — .
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: S . FRACTURE—"|
. SYSTEM. -

e 'MOVEMENT OF -

CAPPING CLAYS'

sHALLOW - . -
.~ SEDIMENTARY -
- RESERVOR -

=3

INDURATED |
'SEDIMENTS- " i

THEHMAL FLUIDS

7o

HIGHLY - IR R

E momtormg network.

Figure 2. Heber'geothermal‘an'omaly[a fault conduit-barrier mo'del; Courtesy of E. D ]ames et al., November 1987. .
. o ' o ' T -

sub51dence, the company establlslred a subSIdence

RN

. Productlorr wells were drilled dlrectionally l)yetween ]une
. 1984 and December. 1986 from drrllrng islands at the -

power-plant sites. Injection Wellqslands were srted away
from the power plants

i

By 1987 the geothermal ﬁeld spanned more than 4, OOO o
acres of mostly private land-and two power plants were

operating: a 52-megawatt dual-flash plant operated by o

Heber Geotlrermal Company (HGC) and a 67—megawatt e

- bmary plant operated by San Dlego Gas and Electric
. (SDG&E): Both power-plant operators purthased

- geothermal ﬂurds from Chevron o

!

Frgure 3. Well locatlons structure, and temperature contours at 6 OOO f.eet, Heber Geothermal field. Courtesy of ]ames et al 1987. l

. From 1985 to 1987 the HGC dual- ﬂash power plant and - ( 1987) J Currently, the SDG&E bmary plant owner does

" neously i in the field and severe well mterference occurred

S
‘ 320°-
'0631, Jack,sori‘ o .

]

o ey
' ' NP1 s Parinership® 1./,
*HGU" 171 T Holt O 346, ; ershlp QB

e - N ;
. E R e

<, ! i

o P’fe-developmentwall : SDG&E = San'D'l'egl) Gas aqd Electric Company " R ‘ }

L Dev‘elopmem wgll.l
. N

- - . ‘

the SDG&E binary ; power plant were operated simulta- not have rights to the geothermal resource and the plant

‘awaits decommrssmmng or salvage

¢

- L .
2 ; ! ' a = v

The S'DG&E .binary poafer'plaht was not economically‘ . Rééeﬁt' Deve]opmen,t's '. %

fea51ble on a commercial scale In the sprmg of i987

fluid productlon peakecl at 3.5 billion kllograms per

month, but the reservoir could not supply the volume of
fluid needed to operate both power plants fully. In -

periods of high_ productron, flulds in some pumped wells .
ﬁ clroppecﬂ:)elow pump settmgs

With‘ poor 'operating results, the SDG&E blnary power

~ plant was shut down in July 1987. [The entire SDG&E
4 l)mary pro;ect at Heber is descrlbed in detarl by Nelson

“In 1991 Chevron Geothermal Company solcl Heber
¢ Geothermal fleld to Heber Field Company, a partnership
of Ogden and Centenmal e also partners in Heber

dual-flash power plant. Today, Ogden Geothermal
Operatrons Inc. operates the" fleld for Heber Field Com-
_pany. . L g o

'

Geothermal Company, lessor of the HGC 52- megawatt E .

~ .In"1993, Second Imperial Geothermal Company _(SIGC) o
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| ™ | |GE®THERMAL DICTIONARY | | |
b | |DICCI®®ONARIO GEOTERMICO
o - - N o IR - 8,000 - - S
NE lw\ 1 . | - |DIZI®NARIO GEOTERMICO | | . | =
NN e L CHINETSU Y®GOSHU ] e
, , - e ) . ) o . . R .
(~/'r ‘ o . - ’ S o ‘ P “ - 3 . o l" l' -i o - . o " By Italian by ’ : ORI S
: 0 - 2000 4000~ ~ . oL T e o . : ok Susan F. Hodgson Raffaele Cataldi e
. — S T e S S R ; California Department of Conservation ENEL International : RO B
. FEyET R _ oo Y . T T : : Division of Gil, Gas, and Geothermal Resources :
Fxgure4 ~Temperatu1e cross section A-A", “courtesy of James et al, 1987. “The contours iflustrate the deflection of the rising plume ffom south - S l Spanish by ﬁ?:i?r%s%&l{oka . S :
- to north by groundwater movement. It is also clear from this section that the source of the therial waters is south of current development ' ] Mario César Sudrez Arriaga Department of Geostience = I E
tieat well “GTW” 6. The shallow matrix reservoir currently. under production is at the nerthern end of the plume. The collapse of the G Comisién Federal de Electricidad Nallonal Defense Academ R S T
~isotherms at thé. top of the plume is the result of the capping clays sealing in the thermal waters. The strong control of the fracture . & Academy

permeabxlrty in the indurated sediments below 5,500 is seen in temperature cross sect1on B-B. The plume is quite narrow. east to west and
most lrkely controlled bv a natrow structure of hlgh permeabrllty

S R T I o The Languages: The English, Spanish, ltalian, and Japanese languages were pvirorental,

- “The range of Kh (permeablllty,thlckness) values calculated from well test data is indicative of the different sources of permeabrhty inthe . ' chosen for this dictionary because they are spoken in countries producing the
Heber reservoir. Values in Zone I (2,000' to 4,000} range from 40-80,000 md-ft in the strike slip fault to over 200,000 md-ff in-the normal ; most megawatts of electricity from geothermal resources. The Philippines, which

_ lfault Th}e values in Zone 11 (4 000" to 6,0007) are generally lower, reflecting the increasing induration of the sedlmentary section. , : o o is among this group, uses English for scientific and technical matters; thus, no

separate entry was created.

L three m]ectron
rthe HGC .
power plant
mizg futute

o the Impenal

" “The soutrces of permeabilify are also clearly seen in spinner surveys taken whrle the wells are producrng The production from the matrix
permeability of the seditmentary section is evenly distributed over.the entire open interval. Production fromi fractures comes in vety short

—

)

mtervals Thc 1nterplay betwpen matrlx and fracture permeabrllty explams tlreqwrdye range of Kh 5 seen 1nrtlre well testmg 7 ‘ . ENGLISH Spanie_h alian Japanese Dn{awl.Use Perm.lt S
, o o _ f o o . . : - Inglés ESPANOL. taliano Japonés R A
developed a new 337megawatt binary power plant owned- -and the start of the SIGC binary power' plant 10 wells - : Inglese Spagnolo |TAL_|ANO Giapponese B
. by the United States Trust Coinpany, the pi‘O]'ICC‘flleﬂder were used for production.and 9 for injection by the HGC Eigo Supeingo ltariago NIHONGO R o
. The new power plan, north of the defunct SDG&E -/ dual ﬂash power plant (Flg 6) GEOLOGY GEOLOGIA GEOLOGIA CHISHITSUGAKU ' :
- binary power plant is Operated by Ogden Geothermal : : L el - alluvium aluvion alluvioni chusekiso
Operatrons I Productron wells for the SIGC planr penetrate the 7 andesite andesita andesite anzangan RN
Cy N P : , basalt basalto hasalto gembugan Valley from
C . o LT reservoir in an area,north and west of the original o ! basement basamento basamento kiban alley tom -
% Heber Geothermal field has 22 active production wells, ‘ producuon area. The nearly vertical- production wells bed lecho/capa fetto chiso dence and
73 active injection wells, and 13 observatior wells Nine' were completed at depths betweén 2,500 feet and 6, 000" ‘ Cim rock Cap.?[ sello COlt.Irle di ricoprimento boggn veys estab— e
: Cld arclita argiia nendo g
‘1dle production wells were once part of the defunct’ feet, about 1, 200 feet apdrt, By drilling new producuon corlsolidated Cl)crlSOIidad 0 co%solidato sekika %Jnd moye‘ d ‘
SDG&E binary project. From July 1987 to June 1993, ~ wellsoverd large area, the Sperator hopes to avo1d well- deep profundo profondo fukai §tract10n an
= between the closure of the SDG&E bmary power plant interference problems noted in earlier projects. The deposit depdsito deposito faisekibutu lOf ground ..
. : ’. : e T T displace desplazar -dlslocare ido e
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| S ENGLISH Spanish I;’telllian Japanese . ENGLISH Spanish |’I['ta}liem Japaneése -
H - Inglés N aliano Japonés Inglés ANOL aliano Japonés Rt :
- 0% inglose - || rraLiano Giapponese Inglese S reanolo ITALIANO Giapponese - 6o
. Eigo Supeingo Itariago NIHONGO Eigo Supeingo ltariago NIHONGO . feo
“8,000° fault falla faglia danso steam vapor ‘vapore suijoki - ao00: -
i fracture fractura fratiura hasat, wareme sulphur azufre zolfo iwo R
! : , granite granito granito ‘kakogan temperature ‘temperatura temperatura ondo A
: 10,000 gravel grava ciottolo reki vapor vapor vapore joki L
) o greywacke grauvaca grovacca gureiwakke warm caliente - caldo atatakai - 10,000
i lava lava lava yogan water agua acqua - mizu R
3 limestone caliza calcare sekkaigan L '
v overlie sobreyacer sovrastare ~no ueni yokotawaru TEST PRUEBA PROVA SHIKEN
B - reservoir reservorio/yacimiento serbatoio choryuso flow test prueba de flujo prova di erogazione funkishiken o
o sandstone arenisca arenaria sagan geochemical geoquimico geochimico chikagakutansa L
7 o shale lutita scisto argiltoso ketsugan geophysical geofisico geofisico -butsuritansa -
! Figure 4. Tempe siltstone limolita arenaria a grana fine  shirutogan . logging registro registrazione kenso p
i to north by grou slate pizarra ardesia nembangan ; ﬂ pressure test prugba e presién prova di pressione atsuryoku sokutei '
near well “GTW strata estratos strato chiso 1
L “isotherms at the tuff toba tufo gyokaigan ﬂ WELL POZO P0ZZ0 - KOSEI
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1n]ected after use. Water for the cooling towers is- l1shed base hne data agamst whrch all ground move-
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: Frgure 6. ‘Well_ locations in Heber Geothetmal field: .D,owﬁ-hole tracks ‘\are shown for the directional -Weils;;

by the young, unconsohdated character of the sedrments

’ _'Based oh measurements from the 1970s, estimatéd

natural subsidence in Heber Geothermal field, caused by

. tectonic abtlvrtv assocmted with the Salton Trough,is .

about one centrmeter (0.39 inch) per year, tlltmg dovvn-
to the"no_rth,(U‘S Department,of Energy, 1980).

J - . c \,l,':

- The Cahforma Department of Conservatron, D1v1slon of
' Orl Gas, and GeOthermal Resources regulates the

drilling, operat1om mamtenance, and pluggmg and -
abandonment of geothermal wells; 1nclud1ng injection
wells It holds prrmary responsrbrhty for subsidence.
detectron and.abatement in geothermal areas, and
m]ectron’well permit condrtlons specrfv how often
levehng surveys are’ made. - ’

‘

At Heber Geothermal ﬁeld Imperral County requrred

- leveling surveys every six months for the period of raprd

field development from 1986 te 1990. (Eventually, it was
determined that the Heber area affected by uplift ex-
'tended beyond the surveyed portion.” In. 1989, bench-.

" marks were added to fully dehnea’te the uphfted drea.in
“the eastern part of the fleld ).

s ’ .
‘

Smce 1990 yearlv levelmg surveys have been accepted

must have 2ud order accuraCy and Class I closu,re, Wlth a

vertrcal accuracy of 4 Z mrlhmeters per krlometer (0.31

\mch per mlle) ~ T T

Geothermal coinpanies in the field maintain about 150
elevation benchmarks that are: replaCed if they ate.
damaged by constructron or agrlculturai actwtttes Al

. benchmark elevatlons in the levelmg grid are, measured.
relative to benchmark A1225 in Calexico, California, -

-The benchmark is thought far enough away from Heber

" Geothermal field to remam unaffected by field actrvrtres,r

v
I»" -

Several observation weﬂs in the ﬁeld are used to momtor
reservorr pressure. The wells are fitted with caprllary
tubmg ta depth of about 1,000 feet, After the tubing i 1s

o purged with nitrogen gas, the' fluid level m51de the
~ wellbore is calculated by readmg surface pressure, in the

L ~

tubmg

- . (-

movements. The nature of the movements is mﬂuenced :

e

&4

s }

inches 8-
+ 1981 1982 1983 1934 1985 'fasﬁ 1987 1938 1”9 1@ 1991 1992 19”
yoar )

Elgure 7. Benchmark 1A03 is in the ceriter of the productxon area. j ¢

Note- the rapid loss of elevation 1mmedrateiy after the start-up. of the

Heber Binary Project and-the 52-megawatt ‘dual-flash power plant.

. After the Heber Binary Projéct was ‘shut down, elevation stabilized.

450
-, "Nowlin Parlnershlp:i ’
o] S " .
350
X -
d = -' -
3004
4
botk om-hols 2501 '
pressureat
1,000 fast ) : -
(psi) 200 T~ v T iy T - 1
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yoar ¥ . ) - )

Fxgure 8. Observatlon weli "Nowlm Partnership” 1 is at the northern

. edge of the main production area. Thedown-hole pressure on the

‘ repalrs

« 7yand the highest loss in reservoir pressure (Fig. 8). -

~well dropped dramatically after-the start-up of the Heber Bmary

PrOJect and the 52-megawatt dual-flash power plant. The pressure

‘ recovered after the Heber Binary Project was shut déwn. Pressute

spikes’ are due to.power plant shut—downs for normal operatlons ‘and -
’

- P T .
Fluid produced

o AR
Fliid injected . -
Rounds, 14
bittions/ r
month. 0+ 4

NS TR
yoar :

%67 1988 1969 - 1980 1991 1982 1983 .

Figure 9. Monthly fluid production, Heber Geothermal field. The’
- -graph is in billions of pounds per'month. Production peaked when

« both the Heber Binary Project and the 52-megawatt dual-flash power
plant were running; a time with the highest rate of,subs‘ldence‘ (Fig:

w
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Subsrdence and Performance
’Elevation changes were detected immediately when the
HGC dual-flash-and the SDG&E binary power. plants at
" Heber Geothermal field were operated srmultaneously
from 1985 to 1987 ‘Leveling surveys showed that a

2 subsrdence bowl was developmg above the productronf

" area, and the rate of subsidence was measured at 1.4
- inches per year. When the SDG&E plant was shut down; ,

- total sub51dence equaled 5.96 1nches re/lat1ve tothe

* Calexrco benchmark (Frgs. 7.8 &9) -

N ~e

From ]uly 1987 to ]une 1993 only the HGC dual-flash

“power plant was operated in the field. An average of 5 5
billion pounds of ﬂu1d was produced each month, except
- for periods with repairs of outages. Since July 1987, the:

S subs1dence rate in the field has been relatively stable (Frg

DA resrdual elevanon contour map showing activity

~ from March 1981 to December 1992 includes the entire -

subsrdence area (Frg 10). The land surface above the

main productron area continues. to subsrde ata reduced

rate (Fig. 7) '

“Nowlm Partnershrp 1isan observatlon well near the

~ middle of the.main productron area at the center of the
subsidence bowl. A préssure plot of the well shows rap1d‘
pressure - drawdown, especrally from 1986 to 1987 when
both the SDG&E binary project and the HGC dual-flash
power plant recewed fluid from the center of the main
production area.. The rap1d fluid wrthdrawal rate during
this period cotresponds with the high subsidence fate-at
~ benchmark’ 1A03." After the SDG&E binary. project was
shut in, reservoir pressure mcreased -- as measured at
“well “Nowhn Partnersh1p 1. indicating significant

- ~ hydrauhc connectivity in the reservoir (Fig. 8)..

"Uplr'ft fn _Injectg"on Areas

- Northeast of the production_area,'"two well islands are :
used as injection areas for the HGC dualflash power

- ‘plant.” Maxirnu‘rn field wplift aceurs- east of the main
‘injection rsland Aftér upllft was. detected here in 1989,'
more benchmarks were added startmg from CHSO No
earher levehng data exist for the area.

- . T
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_ Figure 11 Benchmark C10 in the lnjection atea of the Heber Binary -

Project.” The ben¢hmark uplifts tapidly during injection, and subsides

~as the miain subsidéence bow} e;{pands (Figs. 10 and 10a). - - ; N

Benchmark U1224 in the mlectlon area for the 52-
megawatt dual-flash power plant. Note the rapid uplift since the
power plant, start-up ‘The recent decline in uphft rate is

encouragrng - . L

1]
3,

dapm {in teel)

Figure 13 Injection profile for well “HGU" 57, an_m]ectmn well- for'
the 52-megawatt, dual-flash power plant. The profile shows that, - -
over time; less water reaches the deeper portions of the reservoir and

: the upper portion of the reservoir accepts more of the total injected,

inass. Injection profile surveys are required by the Division of O1l
Gas, and Geothermal Resources. ‘Before 1991, these surveys were -
ow they are required br—annually

,850 4,515 soao 5545 6210-6775 7340 7905 BA?O 903‘5 9600\ .
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" Geothermal Hot Line - 25 '

Surveys mad,e from 1981 to 1987 show a small amourit of
uphft near the m;ectron area for the SDG&E blnary '
plant northwest of the main ptoductron area (F1g 10a)r

Smce the SDG&E plant was shut down-in 1987, upliftin

i

' 'the aréa has- reversed although by December 1992, the
.~ subsiderice bowl assocrated with production liad encom-
passed the area completely, elumnatmg uphft (Fig. 11).,

w“ N

Uplift continues in the area centered around the 1nain -

injection island for the HGC dual-flash power plant.

5

_ From March 1990 to December 1992 vertrcal movement ’
: - exceeded oné inch between benchmarks CHOZ and

CHSI RN
A plot at benchmark U1224 indicates uplift near the
‘\' injection area of the HGC dual-flash power plant (Fig. -
12). Uphft was noted here until the December 1991
survey. ‘Then the uplift trend reversed at benchmark
- U1224, as 1ndleate_d. by the December 1992 survey.

That injection-well perforations in the deeper portions of

the wells accept evér smaller portions of the m]‘ected
fluids is conﬁrmed by regular radioactive tracer/spinner -
surveys, This indicates that proporuonately more ﬂow

- ‘enters shallower reservmr areas (F1g 13) ,‘ s

.To mamtam well 1n]ect10n capabrllty, operators m]ect ‘
from 9to 35 barrels of ac1d in the brine stream every 3 to

- 6weeks. The acid strmulates the formation and in—- - -

. creases well 1n;ectrv1ty Unfortunately, plugged perfora—~
tioris are. unaffected by the acrd and the project operator
rs seekrng ways to unplug perforatrons T e

ln 1993 ‘Heber Freld Company dnlled mJectron well
“HGU” 72 on the same well pad as ln]ectlon well “HGU”
71. The well pad is a satellite injéction’s rsland northwest
~ of the main injection 1sland Wells “HGU” 71.and 7
were  drilled drrecttonally to. the west, away | from the
center of the uphfted area. ‘A fault'i is believed to Cross’

thrs area ‘and cause an increase i permeabrhty For this .-

" reason, the area-is consrdered a superior m]ectton site.

- Asof late 1993 the two wells were injecting neatly half
of the total ﬂu1d from the HGC dual«ﬂash power plant

‘*other field areas.

| and the western area has remained stable. Maxnmzmg
use of the two wells should slow the rate of uplift for

’ A -

)Maximum uplift has occutred 3,000 feet east of the HGC
- dual-flash power plant main injection island, not d1rectly
- over the injection wells: Pefhaps a permeability barrrer
_separates the field productron and injection areas, or

strengths may differ among reserv01r matrix rﬁatenals

' (sedunents) Sediments east of the island probably have
' less cémentatron than those at or near wells. ,

RN

Eﬂ"ects of Str_bsidénc‘e _atrd UPH&/ o

T

t

' _‘The‘division shares survey- levellng data with the Impe- =
_-rial Irngatlon District (IID), the agrtcultural water-
‘ delrvery agency for the Imperial Valley. Water is trans-
rported in the valley through surface irrigation channels,

and any vertical land movement could clamage the
systemn. The channels are extensive and changes in the
surface gradrent are rnonltored carefully

’

" So far, the 119 has fou‘nd no damage to irrig‘atiori'chan?l

nels from observed subsrdence and uphft\ Apparently,/
vert1cal changes in the canal system have not exceeded -

design tolerances dr safety factors. Heber freld itself,-

shows no v1sual evrdence of movement, such as surface

,crackmg Only levehng surveys reveal the changes

wFutureoftheFleId e -

- As both power plants contmue operatmg in Hebet fleld
~the need persists to momtor sub31dence and uplift. The

field's subsidence bowl is not expected to expgnd signifi-
cantly, but some small changes are expected due to
pressufe changes caused by product(on for the SIGC .

_ binary power plant.. The three SIGC,injection wells,

located between the production areas fot the two power
plants, w1ll be’ managed for adequate reservoir pressure
support. L ' :

Uphft will be monrtored closely, especrally in the HGC
dual-flash plant 1n3ectron area. The possrhle presence of




- a permeablhty barrrer separatmg the main HGC dual-
flash plant injegtion area from the rest of the freld
suggests. the injected fluid is not provrdmg pressure
support to the produced portion of the field. Thus,’
injection for the HGC dual—ﬂash plant should not be :
affected by operatrons at the SIGC plant

L. : - \)

s Bell FG., Culshaw,MG Crtpps,]C and Lovell
M.A. 1988. anmeermg Geology of Underground

« Movements. Geological Engineering Geology Speclal \
Publication No. 5,p. 363-376. ~ ~.© ¢ . -

\

% Environmental Management Associates, 1992.
| Analysls of Potential Surface Subsrdence and Uplrft from

Heber Geothermal Field, Imperial County, Cahforma._
;o EMA Report No. 432 01, ]une 1992.
3 ]ames, E. D., Hoang, V T., and Epperson, Ll 1987
_ Structure, Petmeabthty and Productlon Characteristics of
i - the Heber, Galrforma Geothermal Field.. Proceedmgs,
Twelfth Workshop on Geothermal Reservort Engineeting,
Stanford Umversrty, Stanford Calrfornla ]anuary 20 22
- 1987 P 267- 271 R t

FEDFRAL & STATE NEWS

2

From tbe Federal Regrster' November 13, 1995 (Volumev
60, N.umber ZlS),-Proposed-Ru_les, pages 57 13 1,'57 133

~.
-~ '

.
Under proposed regulatory amendments by the Food and
. Drug Admm1strat10n (FDA), mineral water would be
. exempted from thé allowable leve] for aluminum in the
agency’s quality standard for bottled water. The FDA
= also proposes to update testing methods referenced in the
" qualrty standard for bottled water. Elsewhere in this issue
. of the Federal Regrster, the agency is. publrshmg a final '
“rule to establrsh a standard of identity for bottled water,
“The: proposal addresses two related issues: that fell outside
the scope of that rulemaking. The FDA tentatlvely

T

conclides that the proposed actions will promote hon-

ety and fair dealmg in the mterest of consimmers.

.

. MINERAL AND BOTTLED WATER
FACE NEW FDA RULES

Any vertical movement at the injection, area of the HGC

dual-flash plant will reflect cumulative efféctsof operat-

© _ing the plant since start up. In fact, long-term benefrts
. for maximizing the satellite m]eetlon island by’ operatmg
-“HGU? 72, the second 1n]ectron well, ‘may ‘halt or reduce
 the uplrft rage in the plant s main mJectron drea.

1y

Seleeted References sy S

4 Lrppman, M] and Bodvarssoﬁ G S, 1983 A Model-

“ing Study of the Heber Geothermal Field, California.

.Geothermal Resources Councrl Tran., Vol 7 p441- 448

, 5 Llppman, M} and Bodvarsson, G. S., l98;5 ‘The

Heber Geothermal Fleld California: Natural State and .

' .Explmtatton Modelmg Studies. Journal of Geophysrcal

the P,roposed Second Imperial Geothermal Project, .. .Research ]anuary 10, 1985 Vol 90, No BI; p. 745 758

'6.s I\lelson, T.T., 1987'. I'-leb‘er’Binary Projegit'.' Geother—

‘ ~mal Resources Council Trans., Vol. 11, p.‘ 459-463.

Y .
a1

7. Salveson,] O. and Cooper A M., 1979 Exploratmn

- and Development of the Heber Geothermal Field,

Impenal Valley, California. Geothermal Resources

Councrl Trans.,Vol 3, p- . 605-608.

-Dates. Written comments should be made by January
.29, 1996. The agency intends to make any final rule

“based upon this proposal effective 60 days following the
.. date of pubhcauon of the flnal tule in the Federal Regrs—

ter. . -

»

Addressesa Submit written icOmments to the Dockets
Management Branch’ (HFA 305), Food: and Drag Ad-
ministration, Rm. 1- 23, 12420 Parklawn Dr., Rockvrlle,

”rAt) 20857 ., - , S

For furt‘her information ‘ contact Shellee A, Davis,
Center for Foad Safety and Apphed Nutrrtton (HFS-
306), Food and Drug Administration, ZOO CST.,SW, -

' Washmgton, DC 20204, (202) 205-4681..

,’.7 . S . N

k3

9

“

S gn'y fdnding’ level r'naybe" requested, b’uta rnatched-‘_ \

-
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nor: GEOTHERMAL GOALS

- Karl Rabago, Deputy Asslsrant Secretary for Ut1lrty .
Technologies, US Department of Energy (DOE),, spoke at -
the 1995 Annual Meeting of the- Geothermal Resources '

" Council inlOctober'199‘5 Mr Rabago-ended‘his keynote
-address with a list of DOE performance goals for geother» E

4 Conversmn - lmprove energy conversron efﬁclency
10 percent to 20 percent by the year 2000.
; 5. Envrronment .- install more than one million
geothermal heat pumps by the year 2005. © -

" mal energy in ﬁve ma]or areas: N Mrt Rabago said by the year 2000 the ach1evements wrll

-~

e : : brmg o .
‘1 Exploration —*—'10 'new'resour'ce areas by thé'year 2000. R ’
2. Drilling -- reduce COSts: by 30 percent by the year '

2005. : o .

AN
3. Reservoir teclmology -- new technologres to

7 1. More than ‘B4 brlhon in annual fuel cost savrngs.
.2: Reduced armual carbon—equrvalent emlssmns by 7. Z

rmlhon metric tons: b . .

43«

characterize hydrothermal systems and i 1mprove 3. Total prrmary energy savmgs of 0. 6 quads. %

- - . _ . —

dependabrllty R . o L ) :

GE.THERMAL PROGRAM SUPPORTS T
-~ PRIVATEAND PUBLIC PROJECTS

S A $5 7 mtllron fundmg cycle has begun for the Geother— " 'contribution is required. Most prlva-te éntities provide at

‘mal Program, spons_ored by the California Energy Com-

mission. “The program supports geothermal research,
development demonstratron, and commerc1allzatron

2

pro;ects by prwate and publrc entities. ' “Most types of geothermal pro}'ects qualify in California; -

- RO and technical assistance is available. :
The cycle ends ]une 30 1996 Applrcants may apply ac . ' ' ‘ SR
any tithe. Approved proposals are funded in the order - . For further 1nformatron, contact The Geothermal

. that completed applrcatrons were recerved Program, California Energy Commission, 1516 9th

- _ o - Street, MS-43, Sacramento, CA 95814 5512 or call
(916) 654- 5129 ‘

least 50 pefcent.of the overall project cost and public * - -
entities at least 20 percent. L - o




28 Gemnwmal Hot'Live

R http.//www.mi.cnr,it. B

' Cahforma Department of Conservation .

Cal'ifornia Energy Goinmission‘

- Callforma Publrc Utllll:les Commlssron - -

-. Crest Geothermal Page

F

TECHNOOGY TNSFE "

GEOTHERMAL ON THE WORLD WIDE WEB

A prellmmary lrst follows of home pages for geotherrnal

‘ destmatlons on the World \X/lde Web Patrick l\/lufﬂer,
~who helped assemble the lrst, suggests begmmng 3
‘ geothermal web search at the lnternatlonal Geothermal -
" Association site. Thrs site can lmk you to 26 more home

pages wrth geothermal 1nformatton -+ from volcanoes o
geysers, meetings, animated geothermal modelllng, access

. pomts by COUNtry tp general infor: matlon, and a ba51c

conrse on geothermal development

- -

-+ Please send the Geotbermal Hot Lrne other geotherrnal
L home pages to mclude in future issues: :

'A\NS'A-News Aigency _(English—,‘languag_e‘s_ervice‘ of the ~-

| Italian news /a'gency) for a wide variety of Europedn news
" and events, including’ earth scrences, NATO the IMF

andtheEU e

i

l300ne REMC
http //wWw al. com/bremc/

"{i‘

L

“

http //www coDsIV-ca. gov .

Access Energy, the home page - - i

- http: [rww. energy. ca gov/energy/homepage html
. Energy Quest the energy educanon page --
http:/fwww: energy ca gov/energy/educatton/

e

o

eduhomehtml S e .

“hitp:/www. cpuc. ca gov _
(For mformatlon on free-market purchase of
ele_ctneal powerin California) | ‘

R

-

http //solstlce crest. org/renewables/geothermal/grc/
\ lndex html

-
-

Geothermal Educatron Ofﬁce L

http,//www.ensemble.c01n/ge9 AR

Geothermal Energy in Iceland
http //www 0s. is/os eng/geo'dw html

Geothermal Resources Councll _
http //www demon co.uk: 80/geosc1/grcl1b html

Internatlonal Geothermal Assoc1atlon S

_ http //www demon co. uk 80/geosc1/1gahome html .

-

jﬁ .

POWER e the Umversrty of Callforma Energy Insntute A

http //wwwmcenergy eecs. berkeley edu/ucenergy

Stanford Geothermal Program
http //ekoflsk stanford edu/geotherm html

The,W_orldj Bank '
http://www.worldbank.qrg-~ o

US Department of Energy, Energy Efﬁcrency and

Renewable Energy Network (EREN) S
http //www eren. doe gov/ee renen‘geo himl

US Geologtcal Survey N I
http /. usgs. gov . "

_ I addmon, a book called Energy Gwde to the Internet is - 5
" justout. Tt wis created by TASC, Inc. to docuiment over -

350 World Wide ‘Web sites with energy 1nforrnat10n The
d1rectory pmpomts energy’related home pages, gopher -
servers, news groups, and mailing lists that the author, -

' quand\w.r Schumann, noted while doing energy research
* for TASC. His energy references include indasry, natural
~ resources, associations, and universities. [There’s some -

T

not alot - about geothermal he says

The book 1s $120 OO and a disk $50 00. Both are. avallable .

- from UDI/McGraw-Hlll at (800) 486-3660. 1f: you have

quesuons, call Mr. Schumann at (703) 834’5000

,

i
=
%

'Organized by the St_anfor_d'G_eothennal‘Programt

A postjworkshop-Short course is offered on January 25-
'26. Titled ‘fReser‘\voir En“g’ine_ering‘Technology - Tools

‘Governinent 'Conference on the \Environrnent,_Newr .
- Ditections for Government & Industry, February 13-

“social unplrcanons

'GCOE; fax (916) 927 4265.

TN

Voo o~

Y

215t Stanford Workshop on Geothermal Reservon‘
Engmeermg January 22-24, 1996, Stanford, Califernia.

4

The workshop allows engmeers, sctentrsts, and 1 managers

-of geothermal reservoir.studies and developments to

discuss locatmg, de’velopmg, and using. geothermal
Tesources.

o,

Y .
S5,

geothermal reservoir engineering. A post—workshop field -

trip to The Geysers Geothermal field is planned for
]anuary 27

;
v

For more inf.ormation,‘ contact Dr. Shaun D. Fitzgerald,

" Geothermal Program Manager Department of Petroleum -

Englneenng, Stanford Unlversrty, Stanford CA 94305—

' 2220. Phone (415) 725- 2728 fax’ (415) 725 2099 N

_ 15, 1996, Sacramento, California. _Sponso‘red by the Us.
Environmental 'ProteCtion Agency, Region 9; 12 Califot- -
nia state entities, mcludrng the Department of Conserva-

tlon, and 7 professional orgamzatlons T s

~ The conference w1ll focus on govemmental policy shifts

from mandates and regulatlons to 1ncent1ves and partner ‘
shrps ~along with the polttrcal ﬁscal techiical, and
Sy Y

* For information, contact GCOE, 1333 Howe Avenué,

Suite 202, Sactamento, CA: 95825. Phone (800) 877

: Powaa,;aes'eamh Corfference,‘ March 15, 1996,

Berkeley, California. Sponsored'by POWER -- the
University of California Enetgy Tnstitute.

* Forum participants will address issues related to hot dry

C.NFERENCES o

The conference will vriite scholars from around the

country to exchange rdeas and research results on topics .

related to restructuring the electricity mdustry, suchas
transmrssron access, stranded cOst recovery, market -

 structure, conservation, R&D and low income programs,

pe,rforrnance -based ratemakmg, market powet, the
pohttcal economy of restructurlng, 1nternat10nal com-
parisons, and the future role of regulanon in eleCtrlcrty
For 1nformat10n, contact the POWER Research Confer-

_ - ence, Umversrty of California Energy Instltute, 2539 :
: : : Channmg Way, Berl(eley, CA 94720
- for Success”, it will emphasize modern developments in . .

v

. . - 4
Internatlonal Semmar on ngh-temperature Geother—
‘mal Energy Development & Unllzatron in Tengchong,
Yunnan, China, March. 18<24 1996 (in Kunmmg, March ~
* 18-20 and in Tengchong, March 21-24), sponsored by the -
Department of Internatlonal Cooperation & Depart—

l

. ment of Industry, Chma State Science &Technology - o

Commtssron, and ESCAP

Geothermal experts and entrepreneurs are- 1nv1ted to

: help develop Tengchong 5 geothermal 1ndustry, speed
construcnon of a 10‘megawatt geothermal ‘power plant, : )
- and plan a'modern geologlcal park for geothermal

development research recreatlon, tounsm, and visca- .
tronal trammg : :

i

For mformanon, contact the seminar secretartat Sun

Lanlan, or Wang Zhonggong, Internatronal Cooperation -

Dlvrsmn, Yunnan Provincial: Commrssxbn of Science &

~Technology; #l 10 Beijing. Road Kunmlng, Yunnan, P.R.
China 65005 1. Phone 0871 3130743 fax 0086- 871—
3136444. Vo

 3rd International HDR Forum, May 13-16, 1996, Santa
Fe, New Mexico.- Sponsored-_b_y?_Los Alarnos National - .
Laboratory, Earth.and Environmental Sciences Division.

4

5\

.
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“rock heat mmmg around the world. Plans 1nclude a freld

For information on the technical program, contact David -

Duichane at (505) 667-9893. For conférence arthnge-

trip to the’ Fenton Hilt site and other geologreal, and
vcultural areas in Northern New Mexico.

ments, call LeeRoy Herrera dt (505) 665-5593. ‘A

Lo . . .
Ko - . o

+

: Fourth International Meeting: I;I'eat" Flow and the

Structure of the Lithosphere, June- 10—16 1996, loca-
tion unknown Sponsored by the Geophysrcal Instrtute '
of the Czech Academy of Sciences, under the auspices of
the International Heat Flow Commission of the IASPEI

: and the Czech Academy of Scrences '

Meeting topics inclu‘de heat?ﬂow studies with special

- attention to 2-D-and 3-D geothermal modelling,.crustal

Ny

“and lithospheric structures, deep- temperature assess: .
_ ment, correlating heat flow with other geoparameters, ‘

and climate- related borehole observatrons

 For information, contact Dr. Vladimir Cetmak, Geo- o
physical Institute, AVCR, 14131 Praha 4, Czech Repub- -

 lic. Phone (422) 67 103 385, fax (422) 76 15 79 or E-
marl cermak@lg cas.cz

P
!
B

A Gurde to Cahfomra State Pemuts, chenses, Laws and

' Regulatrons Affecting California’s Aquaculture Industry

$ ,10 00. Prepared by the Interagency Committee for
Aquaculture Development, State of Calrforma, 1994
Order from Bob Hulbrock Calrfornla Dept, of Fish and -
Game, 1416 9th Street, 12th Floor Sacramento CA

- 95814. Telephone (916) 653-9583.

Power PIays, Ptoﬁles of America’s Independent Re—
newable Electricity Developers. Executive' summary
$25; publication $195 ($55 for governmental agencies -
-and nonprofit organizationS) : .Publishefdl By and available
from the Investor Responsrbrhty Research Center, 1350
Connectrcut Ave., NW, Suite 700, Washmgton, D.C.
'20036 1701 Telephone (202) 833 0700. - .

~

. Energy Use and Carbon Emissions: Non-OECD

* Order from the US Govt. Printing Office, PO Box

71996 Annual Meetmg September 29—October 2, T996
. Portland Oregon. Sponsored by the Geothermal Re-
SQUECES Councrl ' :

For 1nformatron, contact the GRC at PO Box 1350 .
-~ Davis, CA 95617- 1350 |

Terrane Dynam.lcs 97, February io. 14 1997 L
\ Chrrstchurch New Zealand. Sponsored by the Depart-
_ ment of Gedlogical Sciences, University of Canterbury;
~ Royal Society of New Zealand and Institute of Geologr— -

cal and Nuclear Sciences.

-~
~

The conferen,ce wrll hrghlrght terrane place of origin, the

dynamics of terrane drsplacement, identifying terranes in

** old orogenic belts, and developrng a general theory of
_ terranegeology v e,

.

~ For information',‘co_ntactvDr,’]'.D. Bradshaw, Dept, of
~Geological Scienices, Univ. of Canterbury, Private Bag -
4800; Christchurch, New Zealand.

®®€>

"PUBLICATIONS AND VIDEOS

%
The report focuses on 100 compames -- not utrhtles -

 spearheading renewable electrical development in the

United States. A great deal of detailed lnforrnatio_ -
essentially a company history - is included' for 15~

. geotherial companies, as are data on’ electncal power

generation issues-in the U. S. )

N 14

' Of note'is that 30.2 percent of the total electrical capac:
ity from renewables in the U.S. at ‘year-end 1994 came
'~ from geothermal Biomass was 40 percent, wind 17, -~

hydro 9.5, and solar thermal 3.8, ST

~

Countries, 061-003-00880-1. December 1994. $5.50.

~ 371954,~Pittsburgh, PA. 715250—7954’. L

Natronal energy uses are descrrbed and energy‘use
patterns compared. Ways are identified to lower fossil-

- fuel use and reduce greenhouse gas emissions. The " -
cotitent is interesting and presented clearly

Geochemrlstry of Thermal/Mineral Waters in tIre\Clear/

\' Lake Region; Calrfomra, and Implrcaaons for Hot Dry/

Rock Geothermal Developmeént, LA-12510- HDR.
$18.00. 23 p. Order from the NTIS US Department of

Commerce, 5285 Port Royal Rd Sprmgﬁeld VA 22161.
l ,

Low: and No-cost Educational Resources on Renewable =

Energy and Energy Efficient Tec:hno]ogres. Free with a

NEW ADDRESSES B

'The Geothermal Energy Assocranon (GEA) has moved
. to-the ofﬁce complex of the US Export Council for .

", Renkwable Enérgy. Ms._Perle M. Dorr is Director of
Outreach Programs for the GEA and Ms. Ann McKinney

is Director of Export Programs Activities are being
‘ developed in both areas. The new GEA acldress is:

Geothermal Energy Association'_
122C Street NV, Suite 400 . -
Washington, DC 20000 - R

Phone (202) 383-2676; fax (202) 383-2678

- geothermal.

7 Earth Scrences & Resources Instrtute _ , e
 Universityof Uah - )
' "1515 E. Mmeral Square, Room: 109 '

' Phone (801) 581-5126; fax (801) 585-3540

stamped self-addressed envelope marled to Sun Day
~ Campaign, 315 Circle Avenue #2 Takoma Park Mary‘
land 20912 4836

Eight pages of excellent -educational'resources, including

The US Geological Surveyr has many video tapes for\l’o'an,
free of charge, for a two-week period. Ask for the Special

. Collections Video Tape Library List and the separate list
- of videos for children up to 10 years old. Contact

Michael Moore, US Geological Survey Library, Audio
Visual Collectron, MS 955; 345 Middlefield Road, Menlo
Park, CA 940253501, Telephone (415) 329-5009, fax
(415) 329- 512 .

~ The Umversrty of Utah Research Instltute, now the A

Geothermal Hlot Line . 31 .-

Earth Scrences & Resources Instrtute, has moved The B

'new address iss 7 o

-

Salt Lake Crty, Ut_a_h 84112 - N

LTI L I T L

~




CALIFOIA WELLS |
y - S Dlwszon Well Data Avallable

A computer-generated file of geothermal’ productlon and injection stat15t1cs for wells and records open to pubhc
mspectlon is available from the Division of Oil, Gas, and Geothermal Resources All data are in metric units. The
file may bé purchased at cost from the division in Sacramento. , : . ‘
Dnllmg Permits for Geothermal Wells Agproved Januarv 1992 - November 1995
" by the Division of Oil, Gas, and Geothermal Resources'

(Contact the U S Department 'of the Interior, Bureau of Land Management; for information on drlllmg _permits 1ssued for wells on federal lands )

: Date Notlce o Operator e ‘ .- — e API e T ———- . . . | ‘ R
Received - - Well Name & No. Number . Sec.T.R_; Location & Ele_vation

FIRST AMERICAN GEOTI—IERMAL AND AGRICULTURAL ‘

- 09/07/93 - “TG”l 93 035 90100 15 28N 16E"  Fr SW cor 925m N,
T . . - [ 4QOm’E, el 1315t

_ BESTEXPLORATION INC o T T
09/17/93 . \“O’Neﬂl”l 20 035.90101. - " 20 38N 8E Fr NEcor 400m S,

. 18TmW,el 1275mkb

7 Mono, County
- MAMMOTH PACIFIC, L.P. ST e B
01/1092  “Casa Diablo” 28-34 .~ 05190156 = 343S28E°  FrSW cor46mN, , .
o : o : 50mE, el 2179m gr
0700302 . “MP”24E-32 . . 05190157 '323528E - FrNW cor823m$,
. ; N - K A 274mE, el 2228m gr
03/03/93 “MP” 14A-32 - 05190161 - 323S28E  FrNWcor690mS,
RN : ‘ . 100m E, el 2242m gr
03/0393  “MPI" 44B(43)-32 051-90162 - 323528 ~ FrNWcor635m$, - i
- I o - 650mE, el 2236mgr - .
-~ * MONO COUNTY ENERGY MANAGEMENT - . S -
11/1393, . “BP-TG"1 . 05190163 335N 25E  FrSW cor 280m N,
E : - " , ' 2 90mE, el 2156m gr
' " Shasta County . o
©© BESTEXPLORATIONINC. . ST
09/17/93 “Walker Trust” 1-27 . ~ 1089-90025 27-3IN 1E Fr NEcor.257m S,
* Sierra County = o

 NEW A(JE CHURCH OI*V BEING B o o
» “SHS” I 091- 90009 18 20N 15E" ., Fr SWcor 61m N,

09/15/95 7 ] \
' ' ¢ : . , o : ' S 610 mE, el 1524m gr

Date Noticé .

Received

0353
| o B I /41 8

7\ - “/ A : - a ' C . ,
o : - DISTRICT Gl ' S - S k N 08/16/93 * -
. ) ,,’ S LassenCounty : - - o R
’ : - - 111993

09/06/94.
- 02/03/95
O 02/03j95
04724095
053195
08105

- 08/10/95 -

. “Bashford”3

e MAGMA OPERATING COMPANY
;"“anclalr” 24 ‘ '
mDre
- “Sinclait” 26" 002591247 0 1 s,
" “Sinclair” 27
| FISHPARTNERS . . .
. “Rayhz . g .
I“R'r,ly’.’ 3' -

. MAGMA OPERATINGCOMPANY . -
09/18/95 . o

ST FIR ENTERTAINMENT GROUP
022057

* Imperial County .,

-HEBERFIELD COMPANY L R
) k;..“HGU” 7 : 02591229 27 16S 14E.

HGU™ 73 i 025 91230

;-REDHILI, GEOTHERMAL NG. B
SRV 02591234 " 33UISI3E . FrSEcor8l
-'OEOARBASHFORD’i T

025 91235

025- 91236 S S1S13E

02591239
A .‘- . " k = !Z?‘_'_' : . B X

025.91240 . -

SR

025912487
[ e
- - 025-91249
s o150

“Sinclair” 11 | 025-912'51 f

Los Angeles County

“Youn»APEE” A 037 90001

(a8 .

;' Locétidn & Eléirat_iou_'

27165 14E

1OS12E  FeNW

T 7877mE,el706mgr T
S12ST3E .
5128 13E. -
: 614mW,el67.Tmgr ©
C1Z1IS 4B

12 1IS14E

" S12S13E

191513

g .
.
; C

“Fr SW cOr 3522m N,

8119mE, el 18mgr -

Fr SW cor 368:1nmiN, "

828-5m E,;el 1.8m gr\ j’ o AT

FrSEcor668mN, e
C97.6m W, el 222mgr ¢ T

Fr SE cor 66.98m N,
Fr NW cor 205m S,
286m E, el 14m gr

Fr NW cor 379m S,
425m E, el 13m gr

Fr SE.cor 74@.88m N,

419.66m W, el 69.2m gr

- EeSW- cor of property
_'170 Bimini Place, Los .
* Angeles 36}1; N, 8mE

I3
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=t
+ Number

querator ‘ -
' Well Name & No. -

e i A L

' Date Notlce

Recelved “Date Notice/

) (\'-\7.. . V A:PI . ‘ E o S ) -. -7 - .
- Received

Operator y e ‘ _
7 _N_umbe;j e _SecT.R. Location & Elevation

Well Name & No
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