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I. INTRODUCTION 

The Economic Study of Low Temperature Geothermal Energy i n  Lassen and Modoc 
Counties, California presented herein was authorized by the Department of 
Conservation, Division of O i l  and Gas under Economic Development Administration 
Technical Assistance Grant No. 07-06-01522. Project Management has been per- 
formed by Mr. David N, Anderson, and Ms. Syd Willard of the California Energy 
Resources Conservation and Development Commission, A1 ternatives Implementation 
Division. 
Division of Oil and Gas, during the formulation o f  this study contract. 

The purpose of this study was t o  investigate the feasibil i ty of using low cost, 
low temperature geothermal energy i n  job-producing industries t o  increase emc 
ployment and encourage economic development, The study, encompassing a l l  of 
Lassen and Modoc Counties, was t o  be si te-specific, referencing candidate geo- 
thermal .applications t o  known hot  wells and springs as previously determined, 
or  t o  new wells w i t h  specific characteristics as defined i n  the Scope of Work. 
The emphasis was t o  be placed on economically practical and readily achievable 
applications from known resources, thus complimenting the recently completed 
ERDA-Susanvi 1 l e  Study where a designated comuni ty  was used as a "1 aboratory" 
i n .  whi ch 1 and-use planning, ins ti tutional aspects , geol ogi cal assessments , tech- 
nical modeling and socioeconomic impacts were a l l  examined i n  overview. 

During the course of the study, monthly progress reports were prepared and re- 
viewed w i t h  the Commission so that emphasis on particular features of study 
could be changed as necessary t o  reflect  updated f ind ings  and t o  redirect 
efforts into additional areas of potential promise as they became apparent. 
In t h i s  manner, a degree of f lexibi l i ty  was maintained which allowed a more com- 
prehensive study than would have been otherwise possible. 

Although the report generates bo positive and negative f ind ings  in  specific 
areas of investigation, i t  is  felt  that  the overall long term prognosis for  
geothermal energy stimulus t o  i n d  t ry  i n  the area is excellent. 

f ie ld  o f  low temperature geothermal energy, additional thanks are due t o  Dr. 
E. Barmettler f o r  his consulting assistance i n  the economics of agriculture 
and aquacultural applications; t o  several specialists a t  U.C. Davis who gave 
freely of their time, Dr. Allen Knight, Dr. Verne Mendel, Dr. Ralph Ernst, Dr. 
Hubert Heitman and John Dunbar; t o  Mr. Jim Aslette, Ray Newton and Dr. H. 
Adams for helping i n  the investigation of potato applications; t o  kles Davis 
and Merritt Thompson for  suggestions on greenhouses; t o  William Main and Lyle 
Carter for providing dry k i l n  information; to  Roy Conners for well d r i l l i n g  

. cost data; t o  Fred Wieterson for information on food processing equipment'; t o  
John Robison and Kenneth Rose for background on agricultural applications i n  
Surprise Valley; t o  Bill Johnson a t  O.I.T. for his guidance on prawn aqua- 
culture; and especially t o  Judy Hannah for her work on the location and pro- 
perties of geothermal springs and wells. 

Mr. Anderson was previously assigned as State Geothermal Officer, 

ddition t o  acknowledging indebtedness t o  the many investigators i n  the 

/ 
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FINDINGS 

@ Greenhouse operations en and Modoc Counties using geothermal 
energy can be quite cmpettttve wfth conventional Installations located 
tn more favorable c l t m t t c  and marketing areas. This  i s  the most labor- 
and-energy-intensive of a l l  appl icatfons s tudied.  The dependability 
o f  geothermal energy, as compared t o  the interruptible nature of gas 
supplies for this indu 
application. 

Wood k i l n s  involved i n  
geothermal hot water a t  approximately 50% of the energy cost of 
fossil fuel systems. However, while bark and chips are o f  commercial 
value, more than ample low value sawdust normally i s  generated t o '  
fuel the k i lns .  The economic feasibil i ty of employing geothermal water 
I n  k i l n  drying depends on 
for other applications. 

Converting an onion drying faci l i ty  from o i l  t o  a l l  geothermal can 
save over one half the cost 8f heat energy. 
system requires water a t  240 F.) 
Geothermally heat can furnish an assis t  t o  the econom- 
k a l  ly depressed ry i n  the area, 

The connnercial e othermal applications t o  aquaculture are 
not favorable under current limitations i n  consumer tastes, crop yield 
rates and growing techn 

, further enhances the importance o f  this 

e r  mill operations can be ope 

e successful development 

(The a l l  geothermal 

ace heating of commercial, residential and public bui ld ings  can be an 
onomic and fossil 
tions. 

wing adjunct t o  these process appli- 

a While the use of 1 geothermal energy c 
the prof i tabi 1 4 ty and competitiveness of many opera 
component of product costs i n  the areas of study is low. The feas- 
ib i l i ty  of ar\y given geothermal application i s  particularly sensitive 
to  scale o f  operation, i n  addition t o  many business factors not re- 
lated t o  the geothermal resource. 

B RECOMMENDATIONS AND CONCLUSI 

The prospect o f  using low tempera ure geothermal water for some appl ications 
i s  q u i t e  prmising a t  present and 11 certainly continue t o  grow as conven- 
tional sources of energy become m 
commercial options. T h i s  would appear t o  be particularly true for forest 
products and aquaculture. These subjects are discussed i n  some detail i n  the 
technical sections of this study. 

costly and scarce, and research opens new 
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I 

t n  order t o  expand the nonelectrtcal, geothermal applfcatfons for the Lassen- 
Modoc County area, f t  t s  f e l t  that addfttonal study is warranted f n  several areasf 

0 T6e scope o f  thts study was specifically limited t o  temperatures of 
212OP or below. Since the study area, particularly i n  the Wendel-Amedee 
and Surprise Valley areas, contains demonstrated resources a t  much 
higher temperatures wfiich sttll  may [le unsuttable for producing 
electrical power, t&e deffnttlon of V.ow Temperature" should be ex- 
tended t o  about 350 P. Many processes excluded from this study, such 
as canning, sugar beet and potato processing, and refrigeration could 
have then been constdered. 8 .  

0 Establish a demonstration project encompassing a geothermally heated 
feedlot t o  obtain empirical data and participation o f  local ranchers. 
Several ranchers intervfewed expressed interest i n  this concept. The ~ 

possthtlitfes of a cooperative should be evaluated. I 

0 'Gtabltsh a demonstration project for geothermal energy t o  be used i n  
conjunctfan w i t h  exciting new advances i n  hydroponically grown ca t t le  
feeds and other agricultural products. The geotherma) energy would 
control both the atmosphere i n  the greenhouse and the temperature o f  
the nutritive 1 iquids. 

0 Establish demonstration projects for geothenal dehydration of onions, 
and garlic. A trade organization presently extsts and their cooper- 
atfon should be solicited. 

0 Investigate the possibil i ty  of establishing a high density multi-use 
geothermal industrial park, t h u s  minimizing shared cost o f  capitalized 
assets such as wells and d is t r ibu t ion  systems and incorporating eff i -  
ciencies o f  cascaded and clustered construction. Survey and identify 
specific companies who would be interested i n  participating. An ideal 
1 ist o f  participants would include users wi th  approximately equal 
thermal loads, each o f  which would extract i ts  heat over a different 
temperature range. Such a l is t  might include cascaded use by a 
refrigeration p lan t ,  a food processing plast, a greengouse and a 
heated geed l o t  extracting heat a t  270-300 F, 240-270 F, 210-2409 and 
140-210 F respectively. 

3 



111, PROSECT APPROACH AND BACKGROUND DATA4 

Th i s  section describes the scope of work covered t n  the report and the methods 
of analysls used t o  collect and interpret data. A brief description of the 
Lassen and Modoc County study area is prwfded and several factors which in-  
fluehce the application o f  geothermal energy are dtscussed. 

A sumnary of the Scope of Work as defined by the Dtrislon o f  Otl and Gas and 
presented i n  t h  

1. Purpose 

The purpose o f  the study is 
of geothermal resources i n  specific job-producing tndustries which could be used 
t o  increase employment and encourage economic development. I t s  atm i s  t o  show 
whether'use of low-cost geothermal energy can reduce the cost of producing goods 
and i f  factual information on how and where this can be done is provided to  
potential producers, developers, and tnvestors, t o  see tf new business can be 
attracted and new jobs created. 

The study's purpose is t o  analyze 
temperature geothermal energy t o  reduce product cost, t o  estimate the magnitude 
of potential competitive advantages t o  the industries, and t o  publ i sh  those 
analyses and .backwup data. State and local agencies w f l l  subsequently distri- 
bute the published information. I n  addttfon, the State wl'll provide a s i x  month 

ial  users tnto direct contact w t t h  geothermal 

able data on the p ti  a1 u t i  1 i zat i on 

era1 specific tndustries that can ut i l ize  low 

n be explored, drilled and tested 
tes whtch wtll allow c m e r c t a l  

r than 212Of or  6otling a t  the 
be considered. Taperatures 

be found dartng the explorqtton 
gs complexes and dwtng exploratton 

frs for  power generatton. 

divldual , "back-yard" user, Ee the temperature above bot l tng ,  
tomake Tt easter for the t n n  
t o  6e taken I@ the 

f'ollowplng chracterfs t ics  dl1 be 
. a  

Well: 300-feet deep, productton 260 gpm C1,OOO l i t e r s  
per mi,nute) or  greater, 6" castng. 

4 



Pump: Capacity of 260 gpm (1,000,liters per minute) 
Discharge pressure of 25 psi or greater. 

e. Used geothermal waters shall be reinjected in to  the ground via 
a well. 

3. Work Plan 

a. Review published and unpublished data provided by the Division 
of O i l  and Gas and other sources#and rank the thermal springs 
and wells i n  Lassen, and Modoc counties by temperature., 

b. Develop a candidate l ist  o f  ten products or processes from the 
following four categories. The candidate processes should be 
chosen for their potential direct use o f  hot water energy w i t h i n  
the specified temperature ranges. 

- Control l&i~enviromnental (greenhouse) gruwing o f  

- Livestock production. 

- Food processing and storage. 

agricultural products. 

- Manufacturing. 

c. The Division of O i l  and Gas, i n  consultation wi th  the contractor, 
will a t  the end of the first month of operation select five of 
these products or processes for intensive study. 

d. For each product or process, an analysis shall be prepared 
showing production costs us ing  conventional energy (fuel o i l  , 
electricity or other appropriate fuel ), and production costs 
u t i l i z i n g  geothermal energy t o  a maximum. Process flow dia- 
grams shall be developed and complete ready-for-market costs 
shall be determined for both conventional production and 
production uti1 izing geothermal energy. Current wholesale 
prices for similar goods shall be determined for nearby market 
areas. 

Each analysis should consider the variation of the product price 
t o  the various water temperature ranges. Additional heat may be 
necessary from conventional fuels i n  order t o  achieve tempera- 
ture for certain processes or t o  meet seasonal or peaking 
requirements. 

. 

Changes i n  temperature ranges would affect these requirements and 
production costs. 

Each analysis .should consider the following factors p lus  other 
items where appropriate. Each factor should be discussed as t o  
its economic influence on to ta l  production cost: 

5 



e Quality of Geothermal Fluids 

areas in Northe tern California: the 
Susanvi 1 1 e ,  Wendel -Amedee and B ley areas i n  Lassen Collnty and the Surprise 



Valley and P i t  River areas i n  Modoc County. These areas are on the east 
slopes of the junction of the Sierra and Cascade Mountains. The areas 
are typified by forested mountatns t n  the west and htgh (4,000-feet eleva- 
tion), semi-artd range land and tntervening mountains of the basin and range 
province. 

The econgy of both counties is heavily dependent on forest products, agri- 
culture and ranching. Lassen County also supports a large segment of its 
population through government employment a t  the Sterra A r n w  Ordnance Depot 
and a t  the California Conservatton Center, a State Prtson. 

The areas have been classified by the U.S. Department of C 
nomically depressed. In some areas employment t s  highly seasonal w i t h  
unemployment figures as h i g h  as 25 percent. Appendtx A provides a demographic 
and economic profile of the counties, including data on population. population 
trends , unemployment history, work ski1 Is, agricultural and manufacturing pro- 
duction and assessed property valuations . 

1 : General Overview 

Lassen County, population about 18,000, and Modoc County, population about 
6,000, are characterized by small , scattered communities. Susanville, w i t h  
a population of about 7,000, and Alturas, wt th  a population of approximately 
3;000, are the only incorporated c i t ies  and major population centers i n  Lassen 
and Modoc Counties, respectively. 

Geothermal springs and wells are also scattered throughout the counties. The 
flow rates depths and temperatures are reproduced from reference 2 i n  Table 
111-1 and their locations are shown on .the map i n  Figure 111-1. 

Geothermally heated greenhouses are located a t  Susanville and a t  Wendel Hot 
Springs. Lumber is the major industry o f  the area. Coin Lumber and Eagle 

ompanies are located i n  Susanville and heat their  k i l n s  by burn- 
e products. Main Industries located near Bieber heats i ts  k i l n ,  
ber 2 fuel oi l .  

. Figure 111-2 i l lustrates  the locations of the greenhouses and lumber companies. 

Federal Route 395, the major north-south road, services Reno, Susanville and 
Alturas. See Figure 111-3. Adequate secondary roads are available over the 
mountains t o  the west and northwest. Southern Pacific Railroad service is 
also available from Reno to  SusanviJle and Alturas, and a branch line extends 
east from A1 turas through Homestead Siding where i t  crosses the Burl ington 
Northern line. 

Further south, the Burl ington Northern 1 ine intersects the Western Pacific 
tracks so that  transshipment is available t o  a l l  major west coast cities: 
Another branch of Southern Pacific track, between Susanville and Westwood 
where i t  meets Western Pacific, is currently inoperative so that  ra 
from Susanville to  the west must detour north through Alturas or SO 

.Reno.. e 

Reno is the only major.market area less than 100 miles from the geothermal 
areas. The relative distances between these areas and other major markets i n  

ia ,  Oregon, Nevada and Idaho are illustrated i n  F i  

7 
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' TABLEIII-1 
+ -- -- - 

HOT SPRINGS AND HOT-WATER WELLS 
IN 

NORTHERN CALIFORNIA 

Temp Flow 
No. Name of Spring or Well Location (OC) (OF) ( I h i n )  
(A) Surprise Valley 

(1) Peterson's Ranch SEl/4,NW1/4,Sec. 8,T.46N.,R.I6E. 36-42 97-108 400 
(2) Bucher's well SWl/4,SE1/4,Sec. 8,T.46N.,R.I6E. 36 97 8,300. 
(3) Ft. Bidwell well NW 1 /4,NE1 /4 ,Sec. 1 7,T.46N.,R. I 6E. 37 99 600 
(4) Lake City mud volcano 48-97 118-207 400 

and hot springs 
(5) Wells (to 1,368 m) near Lake City 160 320 N.A. 
(6) Hutchen's well (1 24 m) SW 1 /4,NE1 I4,Sec. 20,T.43N.,R.I 6E. 48 1 18 9,460 
(7) Well (194 m) SW 114,NWI /4.Sec. 20,T.43N.,R.I 6E. 69 1 56 570. 
(8) Robison's well (77 m) NE~/~,SWI/~,S~C.~O,T.~~N.,R.I~E. 50 122 , 605 
(9) Seyferth Hot Springs NW1/4,NW1/4,Sec. 12,T.43N.,R.I6E. 85 185 5 00 
(10) Leonard Hot Springs (west) NWl/4,NE1/4,Sec. 13,T.43N.,R.I7E. 65 149 200 
(1 1) Leonard Hot Springs (east) NEI/4,NE1/4,Sec. 13,T.43N.,R.l7E. 62 144 150 
(12) Hoc Spring NWl/4,SE1/4,Scc. 6,T.42N.,R.I7E. 95 203 N.A. 
(13) Hot Springs Hotel wells NE1/4,SW1/4,Sec. 6,T.42N.,R.I7E. 84-98 183-208 300 
(14) Hot Springs Hotel springs SE1/4,SW1/4,Sec. 6,T.42N.,R.I7E. 50-54 122-129 1,800 
(15) Benmac Hot Springs SH'l/4,SW/4,Scc. 6,T.42N.,R.17Ea 96-97 205-207 750 
(16) Menlo Hot Springs NEII4,NE1/4,Sec. 7,T.39N.,R.l7E. 57 135 1,000 
(17) Squaw Bath NE1/4,NW1/4,Scc. 29,T.38N.,R.I 7E. 49 120 450 

~ (B) Alturas Area . 

(18) Hot Creek Ranch SEI /4,Sec.9,T.42N.,R.11 E. 33 91 500 
(19) Kelly Hot Spring NEl/4,Scc. 29,T.42N.,R.IOE. 1,200 
(20) Well** '(977 m) Sec. 2PqT.42N.,R.1 OE. N.A. 
(21) New William's Ranch well (62m) SE1/4,SW1/4,Sec. 30,T.40N.,R.13 150 
(22) Old William's Ranch well SW1/4,NW1/4,Sec. 3 1 ,T.40N.,R.I I so 
(23) West Valley Res. Hog Spring 1 

(C), Big Valley and Little Hot S 

(24) Bassett Hot Spring ,Sec.l2,T.38N.,R.7E. 200 
(25) Kellog Hot Spring ,Sec.lS,T.38N..R.8E. I5 

4,Sec. 9,T.39N.,R.SE. 75-77 167-171 300 

(27) Roosevelt Swimming Pool w N.A. 

SW1/4,NW1/4,Sec. S,T.29N..R.l2E. 49 120 N.A. 
om Work well NE1/4,NW1/4,Sec. S,T.29N..R.l2E. 48 118 N.A. 

(E) Wendel-Amedee 

SW I 14 $E 1 I4 Set. 23 ,T.29N.,R. 1 5 E. 1,200 
(31) Well (189 m) Sec. 23,T.29N.,R.I5E. N.A. 

NW1/4,NE1/4,Sec. 8,T.28N.,R.1 6E. 5 00 
Sec. 4 and Sec. 8, T.28N.,R.16&. 107 225 N.A. 

(32) Amedee Hot Springs 
(33) Wells (-334'm) 
(34) Doyle Hot Spring** SEI/4,NW1/4,Sec. 24,T.24N.,R.l2E. 42 108 500 - 

Temperature and flow measured during pump test. 
**Not located on maps. 
N.A.-Nol available. 

Reference: Report No. TR 13 Division of Oil & Gas - 
GEOTHERMAL UNJT 8 
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SOURCE: STATE OF CALIFORNIA, DIVISION OF OIL AND GAS 
TECHNICAL REPORT 15 
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2. ,Influence Factors and Other 

Of the 14 tnfluence factors, sweral can he dtscussed a s  generalfrations covering 
al l  the  applications, wtifle others are qutte spectftc t o  each. Thts section 
provides a general dtscussfon for the area tn relation t o  the fnf’luence factors 
shown on page 31, 

. 

a,  Climate 

Cltmatic sumnaries for t h e  prtnctpal, geothermal areas t n  Modoc and Lassen 
Counties are provided t n  the a pendix, All three areas 6ave stmilar cltmates, 

are short, indicative of the severe climate of the region, Length of the mean 
growing season between the las t  sprtng occurrence of 3 2 V  and the f i r s t  f a l l  
Occurrence o f  32’F ranges €&tween 82 and 131 days for Alturas and Cedarville, 
respectively. Freezing temperatures have occurred t n  a l l  months of record for 
each station. Rainfall I s  moderate t o  low, averagfng between 12 and 15 inches 
for these stations. 

wt th  Alturas slightly colder t i an Cedarvflle and Susanville. Growtng seasons 

b. Fresh Water Supply 

Presented below i s  an evaluation o f  the avatlnbillty of water supplies i n  the 
seyeral geothermal areas of Modoc and Lassen Counties for tndustrtal uses. 
Potable groundwater occurs t n  Surprtse Valley, P P t  Rhrer Valley {near Alturas), 
Bfg Valley and Honey Lake Valley. Por a l l  ractical purposes fndustrfal water 

cornunity systems, This section provtdes a brtef evaluation o 
abl’lity of groundwater i n  the study area. 

supplies will elther be developed from loca 5 groundwater or purchased from 

S_URPRlSE VALLEY 

Surprise Valley is a closed elongated valley,-50 miles long by about 12 miles 
wide; Stnce the valley has no surface outlet, saline tntemfttent lakes have 
formed throughout most of i ts  length t n  the central, lower elevation areas of 
the basin. Groundwater occurs along the alluvial Gajada o f  hrner Mountains 
to  the west, and appears near the surface i n  many lower elevation areasI In 
many places along thts western f l a n k ,  the ptezometric surface o f  confined 
aquifers i s  above the surface. Near most of the comnuntties good areas exist 
for groundwater development, although there are certatn areas w i t h  poor water 
qual ity-many created by mixing and pol lut ton by thermal springs. 

The princfpal water-bearing formations are the near-shore deposits , which 
occur as highly permeable terraces, beaches, spits and deltas formed i n  ancient 
Surprise Lake. Recent valley sediments include a1 luvtal fans, intermediate 
alluvium and basin deposits. Alluvial fans may reach thicknesses of greater 
than 1000 feet i n  the western flanks of the valley. These fans are the 
principal aquifers of the region. 

Water quality .Is highly variable, ranging from potable quality waters t o  
l’nferior quality water satisfactory for  industrial use only. The la t ter  waters 
are associated w i t h  areas of thermal artesian waters. Water t n  the study region 
is far supertor i n  dissolved solids and potentially trou esme constf tuents 
than geothermal water f n  the Imperial Valley. 
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Evaluation of groundwater ayatlabflt ty and qualtty t s  sfte dependent t n  the 
Val 1 ey, Consequently, further determtnatton of arallabl e water supp? tes 
can be made only after s t t t n g  of the fndustrtal lent tsmade. benerally, 

ple, good qualfty 9 er t s  avat B able t b q u g h o u t  most of the 

The Alturas Groundwater Basfn, nekr Alturas and wlfthlfn t6e P f t  RPver Yalley, 
has a complex geologtc 6Estory. Prfor t o  the 1ateMbcene u p l i f t  which pro- 
duced the hrner Mountains, the area was occupted by i t  Woad valley, w t t h  a 
large Interior lake, ThDs va l l  received sediments from the adjacent 
mountains, now composing a port of the lower memtier of the Alturas Formation. 
During the P1 iocene and early Pleistocene periods, volcanic eruptions deposited 
a variety of materials i n  the basin, Subsequent quiescent periods were followed 
by formation of a second large lake. Contemporaneous ubsequent faulting, 
foldqng and erosion form Alturas Basin. 

Principal groundwater zo omPleistocene and Pleistocene Lava 
Flows, and (2) Alturas Formation. Other zones where groundwater occurs i n -  
clude near-shore deposits of the ancient lakes and Recent, although t h i n ,  
valley sediments. The Alturas Formation is the major zone o f  groundwater 
development. The formation consists of moderately consolidated, flat-lying 
beds of tuff, ashy sandstone, diatomite and basalt. Buried lava flows i n  
the Alturas Formation may account for  a large proportion of water yielded 
t o  wells. Substantial volumes of groundwater have been estimated t o  exist  
i n  storage i n  this basin. Hater quality I s  generally good and suitable for  
more benef Ecial uses. Howeve i n  the ‘Warm Springs. Valley 
subbasin, groundwaters have ex 
hazardous for irrigation use. 

. 

bsorption ratios and are considered 

BIG VALLEY 

Big Valley is situated i n  the southwestern corner of Modoc County, extending 
into the northwestern corner of Lassen County. PrIncipal water bearing for- 
mattons i n  the region are Pliocene t o  Pleistocene Lava Flows, the Bieber For- 
mation [lake deposits,  sands, silts and clays) and recent valley sediments. 
Lavas i n  the basin consist of jointed and fractured basalt,  and are generally 
moderately t o  highly permeable. These lavas exis t  i n  irregular patterns, , 

and are l imi t ing  from g ndwater development except as  they are encountered 
i n  the Bieber Formation Tfie Bieber Formation i s  estimated t o  reach thick- 
nesses of a t  least  1000 et ,  and i n  areas may be as great as 2000 feet. 
Principal aquifers i n  the formation are beds o f  white pumiceo 

sand. 

ediments inc posits and alluvium. 
are low i n  permeabi 1 i t y  and much water t o  wells. Alluvial fans 
occur only i n  a few areas. eposits are unimportant from a water 
supply standpoint i n  the basin; however, local areas may yield moderate 
supplies of water. The intermediate alluvium consists of deposits of about 
200 feet  i n  thickness. Where found i n  sufficient thickness, these materials 
may yield large quantities of water t o  wells, Most wells developed i n  the 
Big Valley Basin yielded between 190 and 900 gpm, w t t h  stgnificant drawdawn, 
indicating a specific capacity and low permeabil tty. Competing uses include 
present irrigation demands. Groundwater i n  this basin is generally excellent 
i n  quality and suitable for  most uses. 
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SUSANV I LLE ‘AND WENDEL-AMEDEE 

The sediments which comprise the Honey Lake Valley Basin are relatively deep 
and contain a substantial volume o f  groundwater. Sedfments hare been de- 
rived from erosional products of the surroundfng mountains and volcanic i n -  
trusions of basalt and other matertals, Deposttton o f  coarser materials has 
occurred near the po in t  o f  departure o f  streams from the mountains w i t h  grad- 
ation of finer materials down-gradtent f tnally assocfatfng w i t h -  the clays and 
fine silts and salts of lake environments. Over the 500 squaremile extent of 
the Honey Lake Valley groundwater bash  saturated sediments are 10-750 feet  
thick containing an estimated storage o f  16,000,000 acre feet. Recharge occurs 
from channel percolation, Eiank overflow and dtrect prectpttation tnfil tration 
i n  the higher  elevations, especially on hl’gfily fractured and jotnted basaltic 
rocks i n  theyupper &Susan River system. 

Apparently, under normal conditfons the Susan Rtver t n  the valley area east of 
Susanville is an effluent stream, L e . ,  the rhrer recefves its 6ase flow from 
groundwater. The basin generally acts as a free water table, bu t  i n  places 
some confining zones exist. Plowfng wells located along the southwestern 
flanks of the Diamond Mountatns tap conftned aquifers f n  the lower portions of 
alluvial fans and adjoining shore depostts. Sprfngs i n  Honey Lake Valley are 
davi-ded into three groups: those whtch issue from jotnted or fractured rock 
@eneraIly volcalsics) , thermal springs tsiutng from deeper origins along or near 
faults,  and those whfch issue a t  the intersection of gboundwater w i t h  thii 
ground surface. - 

Groundwater quality vartes throughout the area, generally becmtng poorer i n  
the lower portions of the bash ,  especfally near Honey Lake. Near. Hot Springs, 
groundwater is generally more htghly  mfneral fzed. 
f 1 uoride , arsenic , and boron are sometimes present. 

rn  tfiese areas excessive 

c .  Markets and Shtppimg 

Most applications for geothermal energy, t o  be commercially economical , require 
relatively large scale operation and sizeable markets. The reasons for  this are 
tied both t o  the normal business activftles and to  tncorporation o f  geothermal 
energy. Business activit ies tend t o  optimize for  large operatfons because labor 
can be used more efficiently, more mechanization i s  affordable, overhead can 
be spread more effectively, and marketing and sh ipping  can take advantage of 
reduced costs. Geothermal energy is also more effectively used by a large 
enterprise because the cost of dr i l l ing  and distributing the water is h i g h  and 
the quantity of energy available even from a stngle well fs normally f a r  i n  
excess of that which a small business can efftciently absorb. 

Distances from Susanville and Alturas t o  some selected major markets are listed 
below (See Figure 111-4 page 12): 

MARKET DISTANCES 

Market Susanvi 1 1 e (mi  1 es ) 

Reno, Nevada 80 188 
Sacramento, California 229 337 
San Francisco, California 318 426 
Eugene , Oregon 435 290 

Distance From Distance From 
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Truck d kept op r. Costs 
of transportation by truck i n  California, including -loading and unloading, run 
i n  the range 0.15 to  0.45 cents per p und per 100 miles for a wide range of 

equates t o  about 0.1 cent per pound per 100 miles, When a13 other factors are 
essentially equal, Le., capital , labor costs, taxes, etc,,,-location of a*bosineSs 
enterprise near a geothermal area becomes economica1"when the savings i n  energy 
exceeds the added cost for transportation of suppljes and produce. As will be 
seen i n  the text, the savings i n  cost of energy does fact , seed - traaspsr- 
tation costs for several. of the selected products. 

products. Costs for shipment by rail  7 average 2.1 cents per ton mjfe. This 

d. Labor Supply 

The major source! of labor t n  Lassen County i s  Susanville, which has an 2- 

unemployment rate greater than 20 percent peak and 17 percent annual average. 
Unemployment is highly seasonal, w i t h  wide swings between high  summer and low 
winter employment. Over 50 percent of the employment is through government 
jobs and perefamily income is about 75 percent o f  the state average. w -  

Modoc County unemployment also fluctuates widely, from 17.3. percent i n  January 
t o  8.8 percent i n  May 1976. 

Appendix A provides descripti and Tables which define specific skills 

e . Environmental 

The development of a geothermal energy supported industry t n  Madoc and Lassen 
Counties would lead t o  certain environmental impacts. These impacts can be 
divided i n t o  those which would be caused by the geothermal energy system and 

emaining elements of the industrial 
aye been considered i n  this study are 
eothermal waters through closed heat 

transfer systems . The geothe posed is a -one-pass system- 
extraction, energy conversion 
nature, impacts of importance 

which.wduld be caused by 
Industrial applications. t 
ha t  .would uti l ize energy 

Under operations of t h i s  
o geophyslcal *and hydrological 

tions. Air quality impacts would not be a con 
stems proposed would be t o  the atmosphe 
t ia l  geothermal nvironmental imp 

ental impacts f r  a1 sys tem 
d r i l l i n g ,  s i t e  development and ,utilization stages. 
drilling and s i t e  development can 
graphic and ecologic distirbances) 
important i n  Modoc and Lassen Coun 
archaeologic d i s  not wisely located 

the land surface (erosion 
i t e  devefopment w i l  

Initial impacts from 
e from land surface dist.uybances (hydro- 
ite-related impacts that m a y  be most 
are possible critical habitat and 

grounds, (2) antelope kidding grounds, (3) deer and antelope wintering areas, 
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and (4) habitats for critlcal rake and endangered species including marten, 
woJverine and ffsher, Careful planning programs-can help t o  fiitigate. most ' 

potent-ial impacts of this nature." :. d .. 

Geothermal energy uti l  ization systems proposed are one-pass closed systems 
(extraction, heat transfer and re-injection). Impacts of possible concern 
are those associated from f l u i d  extraction and re-injection processes t o  the 
reservoir, and t ransi t  through potable groundwater aquifers. The possible 
causes of these types o f  tmpacts are related to  the following: 

- .  - ?,$ 

0 

0 Rock/Sedtment Internal Stress Changes 

Pressure Changes i n  the Hydrothermal System 

0 Tectonic Readjustments 

0 Eroslon/Abrasion of Producing Components 

0 

0 Precipitation o f  Solutes 

0 

Dissolution of Conforming Rocks and Sediments 

Water Quality and Balance Alterations 

Impacts that are often addressed to  withdrawal and injection of eothermal 
fluids are: .(1) induced seismicity, (2) land deformation, and (3 7. shallow 
groundwater qual t ty  degradation. 

The methods proposed for u t i l  ization of geothermal energy are non-consumptive, 
meaning that-depletion of the f l u i d  would not occur. - Therefore, .what is extracted 
from a po in t  "A" is re-Injected a t  some oint"B", theoretically located such . 
that the tnjected water does not adverse ! y affect the hydrothermal reservoir 
system. If th t s  closed system bas draulic continuity, land deformation 

antictpated. However, l'f the location of points A and B are not directly 
1 inked hydraulically, and differential hydrostatic pressure responses occur, 
localized deformation may occur a t  the zone of extraction ( 5  .e. , recharge to 
the zone of extraction is less 'than the withdrawal rate). 
must take place a t  htgh pressures, sefsmfc considerations become very impor- 
tan t ,  A dfscussion on subsidence is provided i n  the following section. 
-However, since low temperature geothermal wells are generally shallow (less than 
? ,500 feet)  , and i n  unconsolidated basins, 'seismic considerations would normally 
be minimal. 

would not occur, and i n  a l l  practica Y i ty ,  seismic effects also would not be 

If re-injection 

INDUSTRIAL APPLICATIONS 

Development of new industry i n  Modoc and Lassen Counties will create a variety 
of effects. Most will be beneficial, such as providing new jobs and income 
i n  economically depressed areas; however, w i t h  every action of man there are 
some adkerse environmental effects. The purpose of this brief section is t o  
address the various types of adverse environmental impacts that  may occur 
w i t h  new industrial activit ies as studied i n  this report. Mitigation of 
principal impacts has also been addressed. 
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Greenhouses : 

Environmental impacts that m 
same as any agricultural activity. Land is required, fertilizers and 
pesticides are applied, crop wastes must be disposed of, water for irrigation 
is necessary, and materials for construction are required,  
may differ from another. Crops may be planted i n  native s 
hydrbponic furrows w i t h  gravel, or other sub-base material 
infi l tration into the ground may occur, and i n  the other, 
f i l t ra t ion would result. These typ 
emerge u n t i l  many years after, i n  t 
gradation--true of most agricultura 

Plant residue wastes a f te r  c 
Secondary recovery of these wastes can be possible through composting and/or 
pyrol i ti c conversion. 

Aquaculture 

The controlled growth of aquati 
cause certain localized environmental impacts. 
stantial  water is necessary, occasional odors m a y  resul 
water pol l u t ion  m a y  occur. 

ociated wi th  greenh 
. 

o f  impacts are localized, and do not 
form of 1 oca1 ized groundwater de- 
reas of the world. 

e disposed of i n  con 
I 

mals i n  geotherma heated ponds will 
Land is required,  sub- 

Cattle Feeding 

Cattle feedlots may cause substantial adverse impacts i f  improperly constructed 
and maintained. 
qual i ty (hydrocarbons 1 degradation may occur, and water pol 1 u t i  on m a y  be 
severe, due t o  the  concentration o f  several thousand animals. Maste cotiversion 
and/or disposal of manure is also a significant*consideration. 

In this case, considerable land is required, odors and a i r  

Adverse impacts that may be as 
land requirements, possible odor problems, and necessary waste disposal. 

onion dehydration plants ihcl ude 

rying un i t s  would ed t o  ut i l ize  geothe 1 energy. No new 
impacts would occur outsi de of minor cons tructi on-re1 ated cans i derations . 

the lowering he ace, can be caused by sub-surface 
extractions of water acco ied by a pressure decline. Saturated sediments, 
and some rocks, are supported i n  part by the water matrix. When this f l u i d  
support is removed, the over-burden sediment weight m a y  be sufficient t o  cause 
compression of the formation voided o f  f l u i d .  Whether compression occurs o r  
not, and t o  w h a t  extent, is. dependent upon (1) the compressive s t  

There have been many subsidence o 
water, oi 1 and geothermal production fields. 

ion, and. (2) absolute pressure head decline t h a t  occurs. 
nces of significant extent i n  ground- 

In groundwater and geothermal 

18 



fields (bfairakei, New Zealand), subsidence has been associated w i t h  lowering 
of  the water-table and compaction of  unconsolidated sediments after removal 
of l a rge  volumes of water. Lateral deformation m a y  a l s o  result due t o  induced 
s t e e p  hydraul ic  grad ien ts  (Lofgren, 1974). 

Subsidence i n  groundwater basins where s u b s t a n t i a l  f l u i d  has been withdrawn, 
such as  the San Joaquin Valley, have reached dec l ines  o f  29 feet. In Wairakei, 
New Zealand, where l a rge  amounts of geothermal flutds have been withdrawn 
without re - in jec t ion  of the waste stream t o  the re se rvo i r ,  up t o  30 feet o f  
subsidence has occurred, e f f e c t i n g  more than 25 square miles, w i t h  the maximum 
subsidence occurr ing beyond the production fields. 

Uhen the water- table  is not lcwered and the producing formation is competent, 
Le. ,  i t  will resist compression f r o m  the weight of overlying formations a f t e r  
pore water  is removed, subsidence will not occur. 

I t  appears t h a t  i n  Laderello, I t a l y  and The Geysers, the hos t  steam formation 
is competent, since no o r  only very s l i g h t  subsidence has occurred during 
more than 60 years  of  operat ion a t  the former, and more than 16 years  of  op- 
e r a t i o n  a t  the l a t t e r .  

In.  the Susanvi 1 le-Honey Lake Val ley region, the producing geothermal reservoi  r 
proposed f o r  development is s i t u a t e d  above bedrook i n  andes i te ,  a zone of 
hypothesized h igh  poros i ty  and permeabi l i ty  roughly 3,000 feet of andes i t e  
a r e  over la in  by confining l acus t r ine  depos i t s  cons i s t ing  of  clay zones and 
unconsolidated alluvium deposi ts .  

Extract ion of f l u i d s  from the lower por t ions  o f  the a n d e s i t i c  formation might 
no t  cause subsidence even w i t h  deplet ion o f  the water  source and lowering o f  

The hypothesis t h a t  subsidence will not  occur is based upon the competency o f  
the andes i te  t o  withstand s t r a i n  deformation under actual  overburden loads.  
Operations f o r  geothermal energy conversion systems inves t iga t ed  i n  this p r o j e c t  
would involve ex t r ac t ion  and r e in j ec t ion  t o  the hos t  formati on, b u t  sufficiently 
d i s t a n t  from the producing r e se rvo i r  so as  not  t o  cool (degrade) the re se rvo i r ,  
yet c lose  enough t o  provide for recharge cont inui ty  t o  the area  of  the reservoi r .  

the producing zone pressure  head (Zebal, 1976). . r 

Another considerat ion when monitoring o f  subsidence is t o  be undertaken, is the 
r e l a t i v e  effect of  o the r  groundwater pumping i n  the l o c a l i t y  ( f o r  i r r i g a t i o n ,  
etc. ). 

Sfnce loca l  groundwater production i n  the region has been increasing,  i t  i s  
probable t h a t  w i t h  further removal o f  groundwater and lowering of  water  t a b l e s ,  
some subsidence will occur i n  severa l  a reas  i f  i t  has not  alreatjy. 

Subsidence assoc ia ted  w i t h  valley-wide shallow groundwater pumping and deep geo- 
thermal f l u i d  ex t r ac t ion  may be ind i s t ingu i shab le  from one another  without 
e l abora t e  monitoring systems. How the two subsiding zones would i n t e r a c t  is 
comparison t o  shallow groundwater vol umes ext rac ted .  The re1 a t ionsh ip  between 
the relative amounts of ex t r ac t ed  volumes from the re se rvo i r s  and subsidence 
is not  knmn. Assuming t h a t  subsidence occurs i n  direct  proporation t o  the 
volume of f l u i d s  ex t rac ted ,  the subsidence r e s u l t i n g  from geothermal fluids; i f  
such should occur, would probably be small i n  r e l a t ionsh ip  t o  t h a t  which may 
occur from groundwater pumping f o r  i r r i g a t i o n .  
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Surfqce changes may also result from deep-seated 
triggered by stress changes (Lofgren, 1974). 

oni c re-ad j ustments 

GROUNDMATER DEGRADATION 

Improperly specified materials i n  othermal wells may lead to  casing leaks, 
and degradation of surrounding potable groundwater supplies 
ation would be related t o  temperature gain, increase i n  t o t  
and the trace elements-boron, fluorfde and arsenic. Prope 
materials and proper construction methods would normally minimize this type 
of tmpact. Areas of concern are those where potable groundwater reservoirs 
over1 te deep bdrothermal systems 

Qual iliy deterior- 
dissolved sol ids  , 

f ,  Quality of Geothermal Flu id  

The chemical constituents typical of geothermal water i n  the areas are..shown 
i n  Table 111-2. 

In some wells (samples 1 and 4 i n  Honey Lake Valley) the water is of high  
quality and appears t o  meet the Interim Primary Drinking Water Standards of 
the U.S. Public Health Service, part of which require dissolved sol ids  t o  be 
less than 1000 mg per l i t e r ,  boron less than 1 mg per l i te  
than 1.4 mg per liter. Most samp however, do not meet quirmnts for  

I 

and fluorine less 
human consumption, ! 

Of the five applications for geothermal energy analyzed i n  this report, four 
include products for human consumption. Existing public rules governing use 
o f  water for thts purpose deal mostly wi th  water re-use and disinfection and 
Were not designed for geothermal wate For lack o f  spectfic directives, and 
based on warnings of the potential da 

. i n  various plants and organisms by agricultural experts, application of geo- 
thermal i n  this report covers only indirect use for heat i n  closed piping 
systems. Heat is extracted from e water through pipe walls w i t h o u t  direct 
contact w i t h  the end use product In one case, t h i s  imposes a considerable 
economic penal ty--aquacul ture of prawns. Currently , data is being coi lected 
through experiments w i t h  prawns grown directly i n  geothermal water5 a t  Oregon 
Institute of Technology, bu t  the quallty of the water there is very good. (230 ppm). 

Another concern i n  use of geothermal water i s  corrosiori and deposition of 
solids. For most chemicals (calcium sulfate being a notable exception) the 
solubility increases w i t h  temperature. The geothermal waters tend t o  saturate 
a t  the higher temperatures and t o  precipitate the excess sa l t  as they 
cool through the process equipment. Calcium is well below its saturation level , 

. and other constituents are i n  sufficiently low concentrations, t h a t  deposition 
does not appear t o  be a major concern. O f  11 samples tested i n  Honey Lake 
and Surprise Valley, the pH was above 7.0 (neutral) i n  a l l  cases and averaged 
8.1 (mildly alkaline). The pH range is ideally suited for  low cost materials 
of construction, i .e. , steel asbestos (pipe) w i t h  minimum corrosion. That c o p  
roston and scaling are not insuperable tmpediments t o  direct geothermal f l u i d  
use can be proven by current.usagti o f  geothermal water t o  heat a swimning-pool 
and a greenhouse i n  Susanville, a seco.nd greenhouse near Wendel-Amedee, and t o  
space heat several buildings on the Oregon Institute o f  Technology (OIT) Campus. 

of concentration of toxic compounds 



TABLE 111-2 

. -  , Sample 
Number Location Li No K Rb F CI HCOa co3 SO, Si02 

I NUNESec. 6 <O. co.1 2.0 120 I I I  53 
- 1  1.2 64 68 I I 9 0  62  

4.1 190 50 1 360 120 
4 NUSW Sec. 30 0. 0.2 17 112 I 32 42 
3 

5 NWMEScc. 8 0. 4 4  160 44 2 300 9s 

Chemical Constituents of Thermal Waters, Surprlre Valley (In mg/l) 

Sample 
Number Location Li N8 K Rb Mg C8 Ma Zs F CI HCOJ COj SO, Si02 

I N W M E  Sec. 17 0.03 110 9.5 0.01 0.1 4.2 ~ 0 . 0 1  <0.005 2.2 31 131 I 86 82 
2 SWINE Sec. 24 0.24 320 15 0.08 <0.1 7.7 <0.01 ~ 0 . 0 0 5  7.6 220 I 1 2  0 320 200 
3 N W M W  Sec. 12 0.15 300 9.0 0.04 cO.1  28 0.01 <0.005 5.4 220 63 0 370 110 
4 * NUNE SCC. 13 0.13 330 8.5 0.03 0.6 26 0.09 CO.005 5.2 220 82 I 390 I IO 
5 NUSW Sec. 6 0.10 280 5.5 0.03 cO.1 I 6  qO.01 0.014 5.1 200 57 2 320 100 
6 NYNE Sec. 7 c0.02 100 1.4 c 0 . O I  <0.1 5.1 <0.01 ~ 0 . 0 5  3.8 25 27 34 120 53 

- .  --.--- - -  - .- - . - . 

clrv-’ 
lnssdrcd 

B SolMs 

C0.02 233 
1.4 558 
5.5 1,040 
0.22 279 
4.0 a79 

Calculated 
Dissolved 

6 Solids 

0.61 458 
6.3 1.210 
7.6 1.110 
7.6 1.180 
5.7 991 
0.93 370 

Chankal Canrtltwatr of W a l  Wetus, lkkc pW..r (b, -/I) 

Calcutated 
Samplc Dixwolvcd 
Nombw Location Li Na I C  Rb Mg Ca Mn F CI HCOJ C0.t YO, Si02 B Solids 

I NElNW Scc. 2Y 0.1s 250 6.5 0.02 c0.I 20 <0.0l 2.1 160 45 I 300 110 3.1 K Y b  
2 SWMW Scc. 31 < O B I  49 3.4 <0.01 c0.I 4.2 ~0 .01  0.4 I I  KO 3 2K 52 0.22 231 
3 NWISW Scc. 9 0.17 230 5.2 0.02 0.2 44 0.01 1.9 I 2 0  49 0 400 87 3.Y 941 
4 N W M E  Scc. 2Y 0.40 330 I I  0.06 c0.I I Y  0.012 4.0 IS0 63 0 SI0 130 4.5 1.220 
S NWBE Sec. I2 0.10 220 3.2 0.01 <0.I 30 <0.0I 2.0 Y3 30 I 370 68 2.5 I 2 0  
6 SWiSE Sec. IS 0.12 240 5.9 0.02 C0.I 30 <0.0I 2.6 110 31 2 370 ns 3.2 nno 
7 NWISW Scc. 2 S  0.12 300 4.3 0.02 <0.I S2 <0.0I 3.6 140 49 6 S20 47 12.8 1.130 

Constitucnts E c b w  Detection: 

cr < 0.1 
Fc < 0.06 
c-lJ < 0.01 
ca < 0.05 
cu < 0.02 
Ni < 0.04 
Pb < 0.1 
Zn < 0.00s 

I Chcniicul analyses by L.,M. Willey. 7. S. Presser. 1. B. Rupp. und M. 1. Reed. 
I .  

- . - - ~  

Data from DOG Report No. TRlS, Chemistry o f  Thermal Water in Selected Geothermal Areas of Callfornia. 
by Marshal1 J. Reed 

. 
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OIT2? is currently running corrosive tests on varfous specimens located above 
a t  the waterline and fmmersed fn geothermal well water. 

Generally, water under 100°C wtl1 not deposig8stlicates, and higd chloride con- 
tent will enhance corrosion of carbon steels , rt t s  dtfficult t o  predict 
corrosivity, howeverc based on simple chemtcal analyses. Work a t  ReykJavjk, 
tceland, bdtcated t h a t  cprroston rates o f  geotheml waters wt th  stmllar 
chemical analyses could vbry wtdely. Reasons for tEie rarfatfsn are not under- 
stood. Pending spectftc corroston data for ttie study areas, f t  has been assumed 
t h a t  common matertals of constructton f n  current use wt11 sufftce. 

g. Multt-Use 

Multi-use can be made practical where several users are clustered together i n  
an industrial park. Restdual energy i n  the water discharge from a high temperature 
system can be consumed 6y downstream low temperature users. A food processing 
plant could discharge tts water t o  a greenhouse whfchmtght t n  turn dtscharge t o  
a space heattng system, t o  a feed l o t  heattng system or t o  a ftsh pond. 

Multbuse requires fewer wells and provides the most effictent use o f  the geo- 
thermal resource but a penalty must be paid i n  the cost o f  user equipment. Be- 
cause it  places the users i n  series, designs must Include by-passes, cold water 
mixing controls and/or automatic t h r o t t l i n g  controls t o  prevent upstream process 
fluctuations from causing temperature changes t n  water fed t o  downstream users 
Also because the thermal d r iv tng  force i s  less, ttie heat exchangers i n  the down- 
stream applications must be larger. Multt-use i s  economical when the savings i n  
wells and distribution systems exceed the added user equipment costs. 

h. Other Sources of Energy 

The four principal sources of energy which are available w i t h i n  the study area 
are electrical power, LPG, fuel oil and wood. There is no natural gas available, 
and accordingly, the cost o f  energy is high, 

Electrical power for Lassen and Modoc counties appears t o  be ample for the pre- 
sent bu t  it is subJect t o  periodic wtnter blakkouts, t h e  transmission and switch- 
ing problems occur. Neither county generates its own power, Lassen County is 
supplied by R.E.A. and Pacific Gas dnd Electric Compally. I t  is distribbted.by Cali- 
fornia Pacific Utility and by the Plumas Sierra Rural Electric Company. Since 
Plumas Sierra is a cooperatlve bhartered under the R.ErA. , . i t s  customers enj.gy 
a significant rate advantage of the'private u t i l i t y  customers. T h i s  is due to  
the fact that C.P.U. must purchase bulk  power from P.G. and E., while Plumas 
Sierra uses Bureau o f  Reclamation, feather River or Bonneville power, "wheeled" 
over P.G. and E. transmission lines a t  a modest cost, Modoc County i s  served 
by Paciftc Power and Ltght  and Surprise Valley Electrification Corporation. 

Fuel o i l  is a second source of energy, and is consumed In boilers i n  large 
faci l i t ies  such as the Conservation Center near Susanvllle and for general 
space heating. LPG is also used for space k a t f n g  prhnartly i n  rural areas. 

Due t o  the htgh cost o f  other energy murces, a consfderahle amount of' wood i s  
consumed for residentfal and tndustrtal purposes, Bot6 &$le L a b  Lwber Cmpany 
and Coin Lumber Company produce a l l  o f  thew process stem frm saHdust and 
Planing chips. r n  addttton, the Eagle Lake LwGer Cmpav fiils m e  ~,QOQ 
electrical generating capacity. 

' 

of 
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IY. SELECTION OF APPLICATIONS 

In evaluating j o b  potenti s- appl ications this study analyzed several 
energy intensive Industries that could utilize bg ensrTe?geothkmal ener y 

advantages. Selection of the candidate applications was achieved i n  conjunction 
w i t h  field trips to  the geothermal areas, Interviews w f t h  local entrepreneurs 
and owners o f  wells, and dtscussion of details of business operations w i t h  
experts i n  the field--both a t  universities and i n  business operations. Because 
the major employment businesses endemic t o  Lassen and Modoc counties are catt le 
ranching, agriculture and lumbering, the field o f  applications was init ially 
narrowed t o  ten which appeared t o  f i t  these categories. 

- 
t o  reduce product costs, and estimated the magnitud E of potenttal competitfve 

They were: 

I 0 Solid vegetables i n  greenhouses 
Medicinal Plants t i n  greenhouses 

0 Ornamental PlaRts ( i n  greenhouses) 
0 Fish  Ponds 
0 Algae Ponds 
0 Cattle feeding 
0 Potato Processin 
0 Onion Dehydration 
e Garlic Dehydration 
o Timber { k i l n  

detailed analysi 

. 0 

cessing it was determined that while 
substantial savings would accrue by use of high temperature geothermal water up 
t o  350" F, only insignificant savings (0,110.2 cents per pound) could be attained 
through use of water a t  less than  212' F. 

As a consequence, potato processing was de'leted and onion d 

were considered 
and rejected as being less practical than those selected, Table I V - 1  lists 
these reasons for discontinuing study. 
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TABLE 1V-1 

REJECTED APPLICATION STUD I ES 

Application Reason for Rejection 

1. Medicinal Plants &reenhouse) ' Lack of Economical Data 

2. Poultry Fuel costs per bf rd  are not a 
stgniftcant cost factor, i .e. , 
0.43 cents per pound. 

Industry concentrated i n  east * . 

where grain, molasses and hominy 
are available. Young need environ- 
mental control bu t  problems w i t h  
adults are associated w i t h  too much 
heat rather than too l i t t le .  

U.S.A. Failure ra te  is 75 percent 
among new businesses. 

5.. Carp Easy t o  grow a t  h i g h  densities but  
considered an inferior food f i s h  
by the American public. 

6. Singe1 Celled Protein Most concentrated protein source 
and great future potential potential 
b u t  development of market too uncertain 
for purposes of this report. 

3. Swine 

4. Catfish Lack of proven market i n  western 

One application of low temperature geothermal energy which has received 
insufficient attention and which needs more study i n  future geothermal energy 
studies is space heating. Where shallow wells or springs are available 
immediately ddjacent to  a home, installing a siaplc economical piping system 
can be made to  supplement or replace the normal home heating systems. One 
rancher i n  the Surprise Valley area is i n  the process of doing just this. 
Also i n  this same locale, the Mineral Springs Motel (currently old and i n  
disrepair) a t  one time heated its bui ld ings  and i ts  large swimming pool using 
an adjacent spr ing.  I t s  new owner is considering renovating and rebu i ld ing  
the geothermal heating systems. The Susanville Geothermal Energy Project 
Study analyzed geothermal uti1 jties. for  d i s t r i b u t i n g  hot water over long 
distances to  agricultural and industrial users. The economics of the system 
were sensitive t o  the spacing of the users and the use quantities. With 
current fossil  fuel prices, use of such a u t i l i t y  to  heat individual homes 
i n  smal 1 towns would be uneconomical. Larger bui ld ings  spaced reasonably 
close to  each other appear t o  be more practical. In Kjamath Falls, more than 
1,000,000 square feet of bui ldings spread over the campus of Oregon Institute 
of Technology are geothermally heated. The Presbyterian Intercomnunity 
Hospital (96,000 square feet)  has added geothermal space heating to  assure 
an uninterruptable energy supply, and space heating for several churches is 
under consideration. I t  is also of interest that geothermal water can be 
feasibly transported ong distances w i t h  only moderate 1 osses i n  temperature. 
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The economics o f  space heat ing using geothermal water and long distance' trans- 
portation are two subjects that should be h v e s t i  ated more thoroughly. 
due to  the lack of Job -intensity and &$ esjsn o ! potential users, spa 
was dfscasded as-being unpromising for t g is paPticrrlar study. 

The  final selection of applications and the reasons for their selection are as 
follows: 

o Cattle Feeding 
0 Timber Drying 
0 
0 Onion Dehydration 

Greenhouses-sol i d  vegetables , ornamentals 

Aquacul ture-Shrimp (Hacrobrachi um rosenbergi i ) 

Greenhousing is an obvious selection. The sciences of greenhouse design, heat- 
ing requirements, control of crop pests, crop nourishment and marketing are 
a l l  well known factors. The cost of heating is very similar for wide varieties 
of crops. T h i s  enables comparison of many agricultural applications w i t h  a 
minimum of analysis. In addition, moderate scale geothermal heating of green- 
houses has been practiced i n  Lassen County for several years. 

Cattle feeding was selected because catt le ranching is endemlc t o  -%he 
two counties. In Modoc County, where surplus alfalfa 4s avaflable, catt le are 
sometimes wintered; but  i n  Lassen County they are shipped out for winter t o  
warmer areas. Because of weak market conditions, catt le ranching is currently 
i n  a recession. If geothermal energy could promote wintering i n  the counties 
and add t o  the normal weight gain of the animals, i t  might contribute to  the 
ability of the ranchers t o  ride out the recession. 

The timber industry is also endemic to  both counties and is the only major i n -  
dustry located there. 

Timber drying was selected because it is practiced by the major lumbering cor- 
orations and by the smaller sawnills, and because it can be accomplished using ! ow temperature geothermal energy. 

Like greenhouses, aquaculture ponds can be used for a wide variety of products, 
and pond heating analyses can be applied t o  a wide variety of marine and fresh- 
water organisms. The major obstacle i n  this study area is the palate of the 
American public, unaccustomed t o  consumption. of warm water fish such as Talapia 
and Carp. A large well developed market does exist for shrimp and prawns, how- 
ever. Market prices are an order of magnitude higher than for the warm water 
fish. Of the species of this delicacy food available, the Asian fresh water 
prawn, Macrobracium rosenbergii , is generally conceded t o  be the'most adaptable 
for controlled breeding, and a large reservoir of research and practical ex- 
perience is available from Hawaii, Japail, U.C. Davis and t& Marine Resources : 
Research Institute i n  Charleston, S.C. 

Onion dehyration was selected because of the large quantities of low tempera- 
ture energy consumed i n  the process and the existence o f  a major onion pro- 
ducing area i n  northwest Modoc County and the Tule Lake area. 

I t  is highly energy intensive and is a major employer. 
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V I  

This section discusses general factors which apply t o  a l l  the applications 
and provides an analysis of each application, 

A. GENERAL 
! 

1 Business Considerations 

To appreciate the use of geothermal energy, its costs relat 
forms of energy, its effect on profit and its impact relative t o  other business 
considerations should be understood. 

Costs o f  geothennal energy are low canpared t o  most other energy sources. The 
low temperature aquifers l i e  relatively near the surface so that weJl d r i l l i n g  
expenses are nominal . Energy required for pumping the geothermal water will 
normally consume only one t o  two percent of the total ene-rgy available i n  it. 
Depending on the degree of utilization, the cost of low temperature geothermal 
energy can range anywhere from $.30 per mill ion 'BTU t o  $2 kr million B N .  TMS 
com6ares t o  alternate energy sources such as electricity, 6 t o  $12, oil  about ' 
$3.50, natural gas, $1.50 and propane about $5.00 per mill ion BTU. 

In maw cases the savings i n  energy after allowing for added transportation 
costs is only a small percentage o f  the per u n i t  market selling price. Despite 
this, one should not infer that energy savings i n  such a situation could not 
contribute substantially t o  profit. Consider as an example a product which 
after a l l  expenses yields a normal profit of 15 percent. Figure V-1 illustrates 
the increase i n  percent of profit from energy savings. I t  will be noted that 
i n  a case where the energy savings for a 50 cent product is only 2 cents, i t  
can effect a 27 percent increase i n  prof 

o a1 ternative 

YC 

B 

(see dashed line). 
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Energy savings through use of geothermal energy can increase the overall effici- 
ency of a process. More important considerations i n  starting a new business, 
howevfr, are market price of the product, market stabil i ty and capital require- 
ments f'lnanctng and management skills. When d l  the -C~sfc-elements for a-busf- 
ness &e favorable, then the secondary impact consuerations which boost effic- 
iency can be considered. The mere presence of-geothermal energy does not justify 
an adventure in to  business. -Rather the. combination o f  B f'a~orttblc~buslness 
climate, bo1 stered by thWpotentfally capripettttve energy source;-can provide 
an advantageous ccmpetl'tive edge,. 

1' 

2. Constraints 

The constraints imposed on preparation of this report include a requirement t o  
limit applications t o  temperatures below the normal bo.iling point o f  the geo- 
thermal waters a t  the location i n  whlch it  is found, about 204OF for most loca- 
t ions i n  Modoc and Lassen Counties. This temperature limit adds a requirement 
for additional high temperature energy sources for onion drying and for some 
species of wood i n  k t l n  dryfng. rt must not be overlooked, howeyer, that water 
is available in the area a t  temperatures to  320OF. Use o f  this htgher tempera- 
ture could provide a l l  the needs o f  these processes and open- up a host 'of new 
potential applications, including potato and sugar beet processing, fruit de- 
hydration, refrigeration plants, freeze *ytng plantsk mar. d b  8n plmts  
and others. ,, 

3, Cost of $eotheml Uqter Systems 

T h i s  report deals w i t h  a wide variety of products. Similar geothermal water 
supply and disposal systems will be required by a1 the appltcations. Th i s  
section describes the systems and establishes their costs. 

From the criteria outlined i n  Section 11, each well produces 260 gpm through 
a six-inch casing. To provide the same kind of consistent treatment t o  the 
supply and disposal systems, it was assumed that each well would be located 
500 feet from the process equipment and that each reinjection well would be 
located 1000 feet away. Costs were based on casing the entire length of both 
the supply and reinjection wells. I t  was also assumed that a l l  systems would 
require 100 psi pump pressure t o  meet system pressure drop needs. Real re- 
quirements would of course vary; bu t  since pumping power costs were small com- 
pared t o  total costs, the error introduced by the assumption is minor. 

Mater analyses i n  the areas showed I t  t o  be alkaline and t o  contain only dilute 
concentrations of salts. As a consequence, i t  appeared that estimates based 
on carbon steel construction of pumps and asbestos cement for pipes would be 
practical. 

A well dr i l ler  i n  the study area described well and pump cgsts as follom: 
WELL DRILLING COSTS 

Dr i l l i ng  Cost 

Casing Cost 
Perforation Cost $1.50/foot 
Pump,motor w/starter,260 gpm 20 h.p. 

$1 per inch of diameter/foot of depth 
(double for rock) 
$7 per foot  for 6-inch pipe 

$4,000 
Surface Sanitary Seal $200 
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Cost of asbestos cement pipe grade runs about five 
dollars per foot. To be conservative, it has been assumed that half the well 
passes through rock, that the perforated length is 50 feet and that the rein- 
jection well is identical t o  the source well. Based on these considerations 
and assuming interest of nine percent, 10-year straight line depreciation, and 
30 pill per l(kI power a t  a mean usage o f  25 percent of peak power; capital costs 
and annual operating costs for a 260 gpm supply and reinjection well system were 
calculated j as follows: 

lled four feet  . 

Capital Cost ($) = 32 D t 14700 4 

Annual Operating Cost ($) = 4,87IJ+ 2870 

Where D i s  the depth of the supply well i n  feet. 

By combining this data w i t h  estimated d 
Figure V-3ia curve of annual cost vs. 
pared as indicated i n  Figure V m 2 .  A shaded area is shown to.prwide for un- /' 
certainties i n  local prices o f  equipment, labor and power. The mean c s t s  from 
this curve are used i n  the cost analyses o f  the various applications for the low 
temperature geothermal energy. 

hs vs. temperature of wells shown i n  , 

1 depth and temperature may be j r e -  L/ 

W.P 
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In deteming the value t o  be used for the depth, D, a review o f  literature des- 
cribing the actual resources indicated t h a t  the  figure o$ 300 feet provided i n  
the scope should be modified. When well data from TR-15 was rearranged i n  order 
of decreasing temperatures, the following 1 ist was obtained. 

Tern erature 
, 'F 

Depth 
P t  . Location and Name of Spring or Well - 

1. Well near Lake City *(S.V.) 
2. Well (Alturas) 
3. Well [W.A.) 
4. Well (S.V. 
5. Well (W.A. 
6. Robinson's Well [S.V.) 
7. L.D.S. Church Well (Sus) 
8. Hutchen's Well 
9. Roosevel t Swimning Pool (A1 turas 
10. New Williams Ranch Well [Altura? 

1 
4890 
3205 
1096 
636 
620 
252 
594 
407 
121 
203 

320 
230 
225 
156 
1 47 
122 
120 
118 
97 
04 

.5 a:, /- *S.V. - Surprise Valley, W.A. - Wendel Amedee, Sus - Susanvllle 

I t  may be noted that only three wells have temperatures greater than 212OF 
and have depths greatly exceeding the 300 feet. The hlghest temperature' 
was 122OF. Obviously, the guideline depth was too shallow. To arrive a t  a 
more practical guideline, a graph of log depth temperature was plotted as 
indicated i n  Figure V-3. Th i s  curve provides a weighted average of the 
available data, and i s  used.estimating the cost o f  wells for economic analyses 
i n  this report. 

4. Influence Factor Summarv 

Influence factors which are of particular importance t o  the applications are 
discussed i n  the text. A summary of each factor effect is illustrated i n  Table V-1. 
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6. TECHNICk M Y S E S  

1 . Greenhouses--Productivi tx 
Recent experiments i n  agricul tuyal techniques i n  growfii- of crops jn'greenh6uses 

conto;oll ed- environment: fcmbon-:dfbirlt 

" w i l f  E6com';e d major factor i n  alleviating world food shortages and a t  the same 
time improve our economy and environment."' As proof he cites the production 
advantages of greenhouse g own crops over field crops as illustrated i n  

times the price of field crops. Even small changes, i n  environmental control 
can greatly affect production. A change In temperature of only l0C11 could 
alter the return on crops by 1000 pounds [about 17 percent) per acre. Other 
tests indicated t h a t  control of carbon dioxide a t  three times ambient con- 
centration could increase tomato yields by 40 percent. 

/' 

may.portend immense advances i n  more e n t  food pro i uction. The use of 

densfty-prOwiBg techniques provide yields whic f f n  the words of one expert,. 

Table V-2 Another source F 1 claims ,selling prices (in England) are 10 t o  100 

4% , y ~ s i d ' : ~ ~ ) ~ ~ o t k e r . . h i g h  

TABLE Y-2 

Greenhouse Ratlo t o  Average-Pfel d Productton per Year: 

Carrots 6 t o  1 

Cucumbers 96 t o  1 

Lettuce, Bibb 30 t o  1 

Green house t o  Greenhouse field 
., Vegetables AveragenFIel d Productton Product ion 

80 tons ' 14 tons 

450 tons 3.73 tons 

17,500 cartons 583 cartons 
o f  2 Doz. Heads 

Bell Peppers 5 t o  1 

Cht 1 i Peppers 5 t o  1 

Radishes 18 t o  1 

Squash 3 t o  1 

Toma toes 15 t o  i 
Wqtemel on 4 t o  1 

c-2 
c)/ 

22.5 tons 4.5 tons 

12 tons 2.4 tons 

300,000 1 6,666 Bunches 
Bunches 

24 tons 8 tons 

196 tons 13 tons 

10 tons 2.5 tons 

October 1976 Solar Engineering 1 

In  addition t o  large increases i n  productivit , greenhouses have the 

for agriculture, and requiring an order of magnitude less of water than  field 
crops. Use of geothermal energy for heating provides yet an additional ad- 
vantage-making feasible a year-round production of a large variety o f  crops 
which could not otherwise be economically produced In the study areas. 

added advantages of being adaptable t o  land wh T ch would otherwise be unsuitable 
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. Use o f  Gcothermal Yater i n  the 6rm nhowe 

While the parts per million of solids i n  the geothermal water of the: study area 
are quite low, generally less than.1100 ppm-,’tk.presence of some heavy metals i n  
some samples, primarily boron; precludesc the: use o’f-geb’thermil water i n  direct 
contact w i t h  the plants. The water quality varies greatly, and i t  may be 
possible t o  use i t  i n  direct contact a t  some locations; but  for purposes o f  
this analysis, the geothermal waters are used exclusively for heating the a i r  
i n  the greenhouses. 

The water is pumped from supply wells, passed through closed finned tube heat 
exchange coils, and discharged t o  reinjection wells. Figure V-4 illustrates 
such a heating system for a one-acre quonset h u t  conflguration. 

TQ re-uce the nurrrber of wells required, three k a t  exchangers am used i n  

and the size and cost o f  heat exchangers b e c m s  smaller. An e f f o r t  was 
wde t o  determine the econmic optfmn Tor ne11 and heat exchanger costsl 
Values for well depth *$ teaperature were ap wxtmted fm Figure V-3 
using average values. B u t  as Illustrated i n  F lgure Y&, the lowest cost) 
was ‘only moderately dependent on well depth so long as I t  was i n  the range 
400 t o  800 feet deep. 

(Soil warming is another potential use). 

rerl edit I ~ , % s  the supply wells arc drilled deeper, the wittar becanes hotter 

The greenhouse business clearly benefits from size or  scale of operations 
A study conducted by Bamettler and others i n  1969 showed t h a t  the per square 
foot investment requirement for three different size units varied substantially. 
The three different sizes investigated were: 10,000 square feet, 43,560 square 
feet and 871,000 square feet. 

* Per telephone conversation w i t h  local well dr i l ler  (see page 28) 
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GREENHOUSE 'INVESTMENT .COSTS 

Growing Uni t-Size Investment Costs 

$3.32fsquare foot 
$2,3Vsquare foot  - 

lO,OOO square feet 0.230 acres 
43,560 square feet 1 .OOO acres 

871,200 square feet  t 20.000 acres) 

The differences i n  per square foot investment for the larger 20-acre u n i t  was 
1:2.44 for the 20-acre u n i t  over the 10,000 square foot house, and 1:143 for 
the one-acre range over t 

u n i t ,  although substantially more econmlcal (1 :1.71), i s  not so dffferent 
for the five acre un i t .  See Flgure V d .  

0,0000 square foot house. 

conomics are vant today for greenhouse operations. The 2O-acre 
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A t  1975-76 prices, and assuming comparable cos t s  r e l a t ionsh ips  between d i f -  
ferent greenhouse si zes, the fol l  w i n g  prevai 1 s (rough es t imate) .  

Growing U n i t ,  Size Investment Cost 
, 

10,000 square feet $6.98 
43,560 square feet $4.88 

871,200 square feet $2.86 

From the figures and the chart (Fig. V-6) it is est imated t h a t  a f ive-acre  u n i t  
is somewhere between $4.88 and $2.86-- a spread o f  nea r ly  two do l l a r s .  Esti- 
mates a r e  t h a t  a c o s t  of around $3.25 t o  $3.75 appears p rac t i ca l  under 1975 
pr ices .  
economics a r e  subs t an t i a l  and t h a t  t o  be competit ive a minimum five-acre  green- 
house requi r ing  a cap i t a l  investment o f  about $210,000 is  required.  

From the above est imates ,  based on 1969 data ,  i t  appears that  s c a l e  

Greenhouses a r e  p a r t i c u l a r l y  des i r ab le  businesses f o r  reducing unemployment i n  
Lassen and Modoc Counties. 
operat ion of a greenhouse. 
l aborers  per acre ,  and should reach i ts  peak during the winter season when com- 
p e t i t i o n  from field crops is lowest. W i l e  opinions vary on the minimum eco- 
nomical s i z e  f o r  a greenhouse operat ion,  a genera l ly  accepted f i g u r e  i s  about 
f i b e  t o  ten acres. Each 10-acre i n s t a l l a t i o n  would r e q u i r e  a minimum of 30 t o  
50 personnel. Ten t o  twelve such greenhouses i n  Lassen County and f i v e  i n  Modoc 
County would reduce their unemployment l eve l s  from among the highest i n  the 
na t ion  t o  among the lowest. P rac t i ca l  considerat ions must account f o r  whether 
the r e l a t i v e l y  small ava i l ab le  work forces  i n  these count ies  could supply the 
spec ia l i zed  kinds o f  l abor  required. Nevertheless, the po ten t i a l  of  green- 
houses t o  produce new job  employment oppor tuni t ies  is  apparent,  

Greenhouses a r e  normally run a t  75°F t o  85°F during the day. (Air temperatures 
are sometimes allowed t o  drop a s  low as 65°F a t  n igh t . )  Since the energy con- 
sumption is direct ly  proportional t o  the difference between the ambient outdoor 
and the greenhouse temperatures,  i t  is a direct funct ion o f  climate.  Energy 
consumption is high i n  greenhouse operations,  so  t h a t  using conventional fuels 
i t  would n o t  be as  p rac t i ca l  t o  operate  a greenhouse i n  Lassen and &doc Counties 
during l a t e  f a l l ,  winter and e a r l y  sp r ing  months, Use o f  geothermal energy, 
however, enables  12-month operat ion a t  operat ing cos t s  substantially less than 
equiva len t  greenhouses i n  f a r  warmer cl imates . 
As an example, the heat ing cos t s  o f  ane-acre  greenhouses loca ted  i n  Susanvi l le  
o r  Cedarvi l le  using geothermal water  were compared t o  greenhouses i n  Modesto, 
Fresno and Los Angeles using fuel o i l  and na tura l  gas, Listed below a r e  the 
hea t ing  degree days of  each area,  the annualized c o s t  of equipment and fuel 
f o r  the three d i f f e r e n t  heat ing modes. Except f o r  gas heat ing i n  Los Angeles, 
geothermal heat ing is the most economical system, w i t h  gas a c lose  second and 
hea t ing  o i l  a d i s t a n t  t h i r d .  
o f  gas is rap id ly  diminishing, t h a t  gas cos t s  a r e  quickly increasing,  and t h a t  
geothermal energy will soon be less cos t ly ,  even than gas heat ing i n  Los Angeles. 

Labor is the s i n g l e  l a r g e s t  production c o s t  i n  
Labor i n t e n s i t y  is f a i r l y  h i g h ,  three t o  f i v e  

I t  must be recognized, however, t h a t  a v a i l a b i l i t y  
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COST OF HEAT1 

Location Heat fng Annual Cost of  Heating Equipment $ 
Degree Capital a t  9 percent 10 years p lus  fuel 

Geo t herma 1 Days Oil (3 1 Gas(2) 
. 

Susanvi 11 e 

Cedarvi 1 1 e 

Modes t o  

Fresno 

Los Angeles 

6248 

6255 

2767 

2650 

1819 

21,900 9,300 

21,300 8,900 

15,600 6 , 230 

*7,600 

"7,600 

* Includes power cost for pumping 

(2.) Gas a t  $1.50 per million BTU 

(3) Oil .at  38.5 cents per gallon 

If a l l  other factors are assumed equal, i.e,, capital, labor, supplies, etc., 
a greenhouse located i n  Lassen or  Modoc County should have a competitive'ad- 
vantage over an equivalent one i n  a warmer climate when the savings i n  energy 
costs exceed the added costs for shipping supplies and produce t o  market. Since 
the geothermally significant areas are generally remote from major markets, 
this balance can prove cri t lcal .  Thesetvalues are compared below for green- 
houses a t  various locations shipping tomatoes t o  a market i n  San Francisco. I t  
will be seen that despite the much greater sh ipping  distance, the- geothermally 
heated greenhouse has a very large advantage over oil heated greenhouses i n  
Modesto and Fresno and i s  on 

for the uninterru 
n a more advantageous 

t e  the economic adv ng -over o i l  , consider 
a grower i n  Modesto or  Fresno t of 10 cents per pound 
where greenhouse tomatoes who 
supplier i n  this case would earn an additional 5 cents; an increase i n  prof i t  

A unique quality of greenhouses'is t h a t  they can grow a l a  
a l l  of which require nearly the same operating temperature 
as a consequence is nearly independent of the crop raised. 
savings i n  energy through use of geothermal water is known 
advantage (the energy savings t n  cents per pound of produc 
of greenhouse products can be readfly determined. Thts  mu1 ti-product capability . _  
of the capital investment b ' hpa r t an t  f o  financing the business. 'The 
ability t o  change products t o  follow market trends offers a unique protection 
and assurance of servicing of the financing, 

he Cedarville 

equal to  50 percent. 1 
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TRADE-OFF OF SHIPPING COST3 VS. ENERGY 
COSTS FOR GREENHOUSE TWTOES 

Cedarvi 11 e Presno Modesto 

M i  1 es t o  
San Francisco 321 186 93 

C/lb. 1.3 (11 0.6 ( l)  0.4 
Shipping Cost 

Fuel Cost Q/lb. (2 1 
Geothermal 3.2 

oi 1 -w-w 9.5 

pr-r  

9.5 

Gas - - IC  3.7 3.8 
\ 

\ . 
Total Cost #/lb. 

Geotherma 1 4.5 

oi 1 9.5 9.5 

Gas 4.3 4.2 

(1) Estimated 

(2) Includes capital cost of the heating system and fuel cost 

(3) Basis 120 ton/acre 

Marketing of greenhouse products requires good judgment i n  the cycllng o f  crops 
and t iming for delivery t o  the marketplace. Greenhouse products bring the 
largest price during off seasons of field crops. In some cases, market prices 
fluctuate very widely, yielding a large net loss for  operations a t  the lowerend 
of a fluctuation and a substantial. profit a t  the upper end.. Table V-3 lists several 
products which can be grown i n  greenhouses, their  ,yields, costs of growing and mar- 
ket price-ranges. On t h e  r i g h t  hand side of the Vble,  the savings i n  cost of enefgy 
achieved by growing the crop i n  a geothermally heated greenhouse fn Cedarville, 
i n  Modoc County, over an oi l  heated’one i n  Modesto is shown. The savings range 
from 7 t o  20 percent of the wholesale prices. 

Conclusions : 

Application of low temperature geothermal. energy t o  greenhouses i n  Modoc and 
Lassen Counties appears t o  be a most desirable application.. Greenhouses ‘ 

tRere.would have a major impact. on unerrp’lsynent; would have negligible deleterious 
environmental effects, and could compete a t  an advantage w t t h  greenhouses i n  
tiore temperate counttes. 
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Bedding Plants' Pony Packs m o . ~  60 23,640 25-50 6.00 210 3.90 
Philodendrons Pots 3OloM) 75 29,550 75-1 25 15.00 5.25 9.75 

75 99,550 75-1 25 15.00 5.25 9.75 
75 29,550 10-20 2.28 0.80 ' 1.48 
75 29,550 30-40 5.29 1.85 3.44 
75 29,500 75-1 25 15.00 5.25 9.75 

(3) At $60/day average over one year; 
2) Straight yellow or butterfly squash . (4) At $21 /day average owr one year. 



2. Kiln  Drying Lumber 

Lumbering has been and continues to  be the only major manufacturing activity 
i n  Lassen and Modoc Counties. Although i t  remains quite important i n  the 
area, improved technology coupled w i t h  increased competition by firms outside 
the area have reduced the number of mills and the number of associated jobs 
i n  this industry. Developing an economic edge thro gh lower cost forms of 
energy becomes crit ical  priority i n  this industry. Presently four sami 11 s 
operate i n  Lassen County: Coin Lumber and Sierra Pacific Industries i n  
Susanville, Li t t le  Valley Lumber Co. and Main Lumber Co. i n  Bieber. Total 
annual production i n  1974 was 125,646,230 board feet. There are three 
sawmills i n  Modoc County whose capacity i n  1968 was 2,000,000 board feet. 

In small saw mills where drying k i l n s  are heated by steam from conventional 
oil-fired boilers, substitution of geothermal energy for the heating energy 
source 'can achieve substantial energy cost savings. In larger, well inte- 
grated mills, a l l  energy from operations can be provided by burning sawdust 
and other wood waste products. If a market develops for the waste products 
or where the energy can be more economically applied elsewhere, the geothermal 
source may also become economical i n  integrated plants. I t  is evident that 
such a by-product market is developing. Bohemia, Inc., (Eugene, Oregon) has 
built a $4.25-million plant capable of treating 400,000 tons/year of bark t o  
provide plywood extender and vegetable wax. Secondary uses for  sawdust, 
however, are still  a problem. 
practice for most upper grade lumber i n  the western United States. The two 
basic purposes of drying are to  se t  the sap and t o  prevent warping. 

The sap sets a t  135' t o  140° F. Warping is prevented by establishing uniform 
moisture content throughout the thickness. Lumber left  t o  dry under ambient 
conditions loses its moisture from exposed surfaces a t  a faster ra te  than i n -  
ternally. This differential drying rate sets up stresses which cause the 
warping. Moisture occurs i n  wood i n  cell cavities and i n  the cell walls. 
The majority of the moisture is first lost  from the cavities. T h i s  loss is 
not accompanied by changes i n  the size of the cell or i n  warpage. When water 
is los t  from the cell walls, however, shrinkage of the wall fibers take place 
setting up the stresses which cause warping. 

In the k i l n  drying process, the evaporation rate must be carefully controlled 
.to prevent these stresses. The allowable drying rates vary from species t o  
species and decrease w i t h  thicker cut sizes. Ki ln  drying is usually carried 
out as a batch process. The k i l n  is a boxhhaped room w i t h  loading doors a t  
one end. I t  has insulated walls and ceiling and 64s fans t o  recirculate the a i r  
a t  h i g h  velocity through the lumber. The sawed lumber is spaced and stacked 
to  ass is t  the free a i r  movement and is loaded by large fork lifts or other 
specialized lumber handling trucks into the k i l n .  When fully loaded, the 
doors are closed and the heating cycle is started. Make up a i r ,  preheated to  
a temperature consistent w i t h  the drying schedule, enters the k i l n  where it 
recirculates through the stacked lumber and picks up moisture. Exhaust fans 
draw the moist a i r  from the k i l n  and discharge it  to  the atmosphere. The 
exhaust is primarily a i r  and water. The rates of flow and temperature are 
adjusted so that the temperature and the humidity i n  the k i l n  will retard the 
drying rate  sufficiently t o  prevent warping. During the drying cycle, the 
lumber loses a large portion of its weight from evaporation of water, 50 t o  
60 percent for many species. 

. 

Drying lumber i n  batch k i l n s  is standard 



Drying schedules are specifi or each species of 1 er and for size. The 
larger the size and the more 
the slower the schedule. Drying schedules range from less than 24 hours t o  

several weeks per batch, Table V-4 ows typlcal drying schedules for  ponderosa 
pine. I t  will be noted that drying oceeds slowly as evfdenced by the gradual 
decline i n  the EMC, equilibrium mol re content o f  the wood. 

In heavier lumber cuts it is some he surface a t  
the end o f  the schedule (see select 12/4 ponderosa pine i n  Table V-4). Re- 
moisturizing is achieved by raising the wet bulb temperature, and is done to  

, reduce the stress differences caused by lbw surface moisture compared t o  higher 
moisture i n  the heart o f  the lumber. 

htly the mofsture 1 Id i n  the wood fiberr - 

necessary t o  remoisturiz 

J 

TYPICAL KILN DRYING SCHEDULES 

Ponderosa pi  ne Dry Bulb("F1 .- Wet'Bulb("F1 .Time - E.M.c.(x) 

4/4 A l l  Heart Common 160° Approx. 21 hrs. 5.8 
Sort  (fast on well 
sorted stock) 

4/4 .AII Heart RW 150' up t o  setting 8.0 
(Conservative) 150' 125' t o  12 hrs. 6.9 
Common 1 60° 1 30° 12 hrsbtill dry 5.8 

4/4 Half and Half 40-50 hrs. 8.0 
Common (Mostly 8") .No conditioning 

No conditi 

I 

- 
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Green wood contains high quantities of moisture. Ponderosa pine, for example, 
_runs approximately 60 percent moisture. Because the physical and chemical 
binding t o  the wood chemicals it takes from one and one half t o  three times the 
energy t o  evaporate moisture from wood as i t  does from pure water. Energy con- 
sumed i n  k i l n  drying wood varies considerably for #different species. Drying 
energy therefore, varies widely w i t h  the species and sizes processed. 

ENERGY CONSUMED IN KILN DRYING WOOD 

Energy Use ETU/Dry 
Lumber BTU/lb H20 Board Feet - .  , 

Douglas Fir 2000-3000 1560-2340 

Southern Yellow Pine 

Red Oak 

1600-2200 

300W 

4600-6300 

7850+ 

..- 
.Other- k i l n -  schedules call. fw high temperature drying at--temperatures t o  '24a'F 
[White Mr or hemlock studdtn82f hut  -tWe-qre the acepttons qnd not the yule, 

The species which predmtnate i n  the s t u d y  area tnclude Whtte fir, Ponderosa ptne, 
Jeffrey pine, Lodgepole pine, Incense-cedar and Qua-kifng aspen. 

Geothermal energy would be adapted t o  k i l n  drying by passing a i r  over finned 
heat exchanger tubes carvying the hot water. The finned tube heat exchanger 
could be placed inside existing k i l n s  so t h a t  the a i r  recirculation route would 
include a pass over the heat exchangers. For economic design, the water tem- 
perature must be a t  least 20 t o  40'F above the ambient operating temperature i n  
the kiln. T h i s  would mean digging the supply wells.deeper than for most other 
low temperature applications of geothermal energy t o  obtain temperatures i n  
the range 200 t o  240'F. Where-geothermal water of insufficient temperature is 
available (less than 180' F for most uses),energy supplies could be supple- 
mented by conventional heating systems during the final high temperature portions 
of the drying schedules. 

Geothermal heating i n  k i l n s  is thermodynamically very inefficient. The only 
part of the water heat available for drying i n  the k i l n  is its sensible heat 
between its entry temperature and a temperature 10 t o  20'F above the ambient 
k i l n  temperature. Thus if 200°F water was used t o  heat a k t l n  whose schedule 
called for 140°F a t  the start of the drying schedule and 180' F a t  the end, 
only 10 t o  15 percent of the heat i n  the water would be available for drying. 
Mtnimum geothermal water temperatures for several sizes and species of lumber 
are shown below. 
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MINIMUM GEOTHERMk WATER ERATURES : 

FOR KILN DRYING 

Minimum Geothermal Water 
Temperature -''F @ k t l n  Inlet Species 

Lumber Site 4/4 8/4 

Ponderosa Pine 175 195 

Sugar Pine 175 175 

Englemen Spru 175 -e 

Sitka Spruce 195 195 

Douglas Fir 195 195 

Incense Cedar 185 ne 

The discharged water for these applications would have temberatures rangtng from 
160 t o  180' F and would be available for other applications i n  the mill, for 
heating of office buildings, or for outside mu1 ti-use low temperature applications 
such as cat t le  feed lots and'fish farming. 

Adaptation of geothermal energy t o  k i l n  drying would not directly affect-em- 
ployment because the drying faci l i t ies  already exist, :and it is 'unlikely 

. 

creasing over the las t  several decades. The increased efficiency contribution 
by geothermal energy should help saw mills i n  these counties compete w i t h  out- 
side mills and slow or reverse 

To il lustrate the comparative 
theoretical analysis was prepared based on use o f  200' F water from a well w i t h  

f 

i s economic advantages would justify the construction of entire new saw 
i The lumber industry i n  Modoc and Lassen Counties, however, has been de- 

1 oyment trend 

es of geotheml energy for k i l n  drying,ca a 

/ 

-260 gpm for drying i n  a k i l n  w i t h  a capacity of 100,000 board feet 
he k i p  drys 4/4 Ponderosa p ine  Sap comnon to a f ina l  dry bulb 
f 150 over a 66-hour drying schedule. L -  

The drying schedule i s  as follows: 

Dry Bul b 
Temperature 

O F  

140 
150 

(1.42 pounds of water evap 

The analysis compared the annua 
conventional one, using a 
i n  Figure V-7 showing the basic quantities of air and fuel flow based on heat 

24-66 

L 
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and material balances. Desplte its low cy, the geothermal 
system had a low annual operattng cost of' $15,000. This figure was based on 
modification of .an existing k i l n  and included pump operating costs and capital 
depreciation costs of the geothermal supply and disposal system and process 
heating equipment based on nine percent interest rates and a ten-year life.- 
The conventional boiler system was assumed t o  be i n  existence, so t ha t  only 
fuel costs were charged against it. These amounted t o  $126,000 per year, a 
savings o f  $111,000 per year (1.06 cents per board foot). 

The outlook for  the lumber industry i n  Modoc and Lassen Counties is encceuraging 
i n  a 1.imited sense. I t  is probable that the worst of the decline is over. As 
the industry recovers and gains enough working capital for modernization, more 
by-product use of lumber waste products will develop and the application of 
geothermal energy for  k i l n  drying will become more attractive. Conversion of 
ood wastes, particularly sawdust, from use as a fuel t o  use as a by-product 

can lead t o  new employment opportunities. A significant portion of these 
opportunities would occur i n  the important blue collar sector of the labor force. 
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3. Food Processinsdnlon Dehydration 

Low temperature drying i n  the food processing industry is especially adaptable 
t o  geothermal energy as the heat source. Th i s  is because drying requires large 
quantities of low intensity heat. The g.eotherma1 energy source is one of the 
least expensive, and i ts  temperature is less likely t o  get out of control and 
overheat the product. Onion drying f i ts  into this category particularly well 
because the onions are dried t o  only 0.18 of their original weight. For each 
pound of product, 5.4 pounds of water must be evaporated and i n  excess of 
10,0000 BTU of heat provided. 

Onions are grown i n  the Tule Lake area along w i t h  potatoes. Surprise Valley 
also grew onions bu t ,  though the quality of the crop was good, poor market con- 
ditions discouraged further development there before the crop could become es- 
tablished. Onion drying is an intensive process. One dryer installation of 
the type described below would process the output o f  800 t o  1000 acres. Br inging .  
such large agricultural areas into production, coupled w i t h  the storage, trans- 
portation and processing of the onions, would affect the employment of several 
hundred people. , 

Onions grown for processing are of very specific varieties s u i t e d  for  dehydration. 
The dehydration industry has developed the Creole Onion, the Southport Globe Onion, 
and the hybrid Southport Globe. These onions are white i n  color and are more 
pungent and substantially higher i n  solids than the commercial household product 
purchased i n  local grocery establ ishments. The crop is harvested mechanically, 
and transported to the dehydrator i n  bulk.  

The normal handling procedures for  onions are as follows: the bulk onions are 
taken t o  the dehydrators and are loaded into large b ins  for  curing; dry a i r  is 
passed th rough  the onions t o  take off the excess surface moisture. T h i s  treat-  
ment prepares the onion for further processing. The curing treatment may con- 
tinue up t o  72 hours. 

From the curing b ins ,  the onions are moved by conveyors or other mechanical means 
to  the processing line. 
the field),  and any tops are removed; the onion is washed under a h i g h  pressure 
washer, then soaked i n  stainless steel tanks, washed again under pressure and 
resoaked i n  a chlorine bath to  reduce bacteria levels. The onions are  then 
placed into stainless steel storage tanks. The onions are fed i n t o  a s l icer  
from the storage tanks, and are t h e n  moved along the l ine to  the dryer. 

The dryer used is a machine developed by Proctor and Schwartz for  a California 
vegetable processing firm. The dehydrator is a 200-foot four-stage system. The 
system is highly automated, capable of handling 10,000 pounds of raw product per 
bur, or 240,000 pounds per 24-hour period. From the slicer, a continuous 
flow carries the onion slices t o  the dryer, a t  which po in t  the wiper spreads 
the onion slices evenly over the open feed end extension of the dryer. A t  
this point the product i s  transferred t o  the continuous dryer conveyor for  the 
first stage o f  the four-stage dryer. 

Here the product is inspected (inspections s t a r t  i n  
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The Onion Drying Process . 

Stage I: 

The Proctor and Schwartz onion dehydrator I s  camposed of a four-stage perforated 
belt conveyor system. The first stage is where the bulk  of the moisture i n  the 
product is removed. I t  is a critically important stage, since product quality 
is determined by control over the moisture removing process. Temperature and 
a i r  volume are closely measured; i n  this first stage the a i r  temperature is 
malntained a t  21OOF. The Proctor and Schwartz model is capable of exhausting 
31,500 cubic feet of moisture laden a i r  per minute i n  this first stage .of oper- 
ations. 

Stage 11: 

A t  this point,  where the bulk  of the readily remov 
hausted, the onions are transferred t o  .the second processing stage (dehydrator). 
At-the point of separation, devices are use t o  load the second stage t o  greater 
depth o f  onions on the conveyor. The pdrtt ly  drW onton slices are separated 
so’.that-air can move freely throuJh the-product t n  tkts second stage o f  dehydration. 

e tem e atu e lowered ta  180 F and the atr volume is Is0 reduced b about 

e moisture has been ex- 

islf percgng. - 1s &e product moves through t h i s  operation, t a e onions are 1 urned 
t the deeply diffused r is slowly withdrawn from the onion 

Stage three continues t o  extract the more deeply diffused water. The product 
moves from the second stage t o  the t h i r d  stage, and again the temperature is 
lowered as i s  the a i r  volume. The more deeply loaded conveyor moves-through . 
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FOUR STAGE ONION DEHYDRATION 
10,000 lbs/hr. CAPACITYaRAOJ PRODUCT (Stngle Ltne) 

Process i ng 
Stage 

Air Vol me 
Cubic FtJmin. 

At r 
Temperatures 

I 31,500 210' F 

I1 - 20,000 180' F 

111 15,000 150' F 

I V  20 ,ma 135' F 

Single Line Totals: 86,500 cubic 290,000 - 420,000 
Ft  . /mi  n . BTU/min. 

' Probable Investment Required 
(Gallon heated system) 

Land Resources (8 acres) 
Proctor & Schwartt Dryer (Twin-Line) 
Building 3OOc x 50' x $15 & Service Equip. 350 000 

83,356,000 
The air is induced and pushed by fans w i t h  over 40 million BTUs per hou 
source capacity; i t  is estimated t h a t  t o  produce about 70,000 pounds of de- 
hydrated onions per day, it will require between 35,000,000 t o  50,000,000 BTU 
per hour, depending on a wide variety of both internal and external environ- 
mental and product variables (350 t o  500 therms per hour). 

Assuming a 24-hour run and a five-month operation, the energy demand would be 
very substantial. (Where storage capacity i s  sufficient the operating season 
could be extended). 

42,500.,000 BTU/hr X 24 hr/day= 
10,200 therms/day x 150 days/season = 1,530,000 therms. 
Priced a t  29$ per therm = $443,700 for fuel o i l  

. The operations plan assumes a fuel cost of $440,000 t o  $450,000 for a t w i n  line 
dryer plant. The plant is calculated t o  cost (Capital Investment) roughly 3.25 
t o  4.00 million dollars. The recent changes i n  metal prices and labor costs have 
driven the cost o f  engineering substantially higher than just three years earlier 
when the same investment could have been achieved for roughly 2.2. million 
dol 1 ars . 
I t  is estimated, again from the above, t h a t  a wel? engineered arrangement as 
visualized above could produce about 70,000 pounds o f  dried onions per day 
or  about 10,500,000 pounds during the five-month drying season. To produce 
10,500,000 pounds of dry p r o d - u G i t  will require roughly 35,000,000 pounds of 
fresh product per line, or 70,000,000 pounds.' Assuming about 40,000 pounds o f  
usable onions per acre, i t  would require the production o f  800 t o  1,000 acres 
of good onion producing 1 and. 
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Per Season Estimates 
> 

Inpu t s  Output Acres 

70,000,000 1 bs. 10,500,000 1 bs . 875 

Per D a y  Estimates 

460,000 lbs. 69,000 lbs. 11.50 

Per Hour Estimates 

19,200 lbs.  2,875 lbs .  0.48 

ENERGY DEMAND - TWINLINE ONION DEHYDRATORS 
CAPACITY 230,000 l b .  Raw Product Per 24 Hr. Day 

Bbls. of Dollars 
o i l  

- 
Per Hr. 7.228 121 

Per 24 Hrs. 173.469 2,914 

Per 150 Day Season 153,000,000,000 26,020.407 437,143 

Per Ton of Product 29,142,860 4.9600 86.2650 

Per Pound of Product 1 14,575 0.0025 0.0416 

One Bbl refined heating oil = 58.8 Therms (42 U.S. Gallons). 

One U.S. Gallon = 140,000 BTU = 1.4 Therm. 

Per hr.  production of finished onion product 
per 1 ine. 

1.4 Therm = 404 = 1 U.S. Gallon No. 2 fuel o 

1.0 Them = 28.574 = .714 U.S. Gallons No. 2 

1,438 pounds or 0.72 tons 

1 

fuel oi l  

The fuel cost for producing 1 l b .  of finished product is calculated 
t o  be 4.1646. 
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An application of geothermal energy t o  such a rocess t s  outlined i n  the Plow 
diagram shown t n  PEgure V-8. Use of geothema 5 ene,rgy would not affect the 
qualtty of the product stnce rt would not c6ange the control temperatures. The 
onions are fed t n  on the le f t  sfde and flow through the successive stages t o  
the r i g h t ,  Atr flows countercurrent t o  the onton flow, tncreasing its temper- 
ature between stages by passfng Over geothermally lreated cotls t n  the heat 
exchanger, 

To Beet the total requfrements, deep wells are requtred because o f  the need for 
240 P water, 
thermal energy source would heat only the la t te r  three stages, and a conventional 
heater could be used t o  heat the f i r s t  [thts heat could Ee provlded by boostlng 
the temperature of the alyeady bt geothermal water wtth hydrocarbon fuels). 
The f i r s t  stage requtres tntenstve htgfi temperature heat; the quantity of heat . 
requtred ts  much greater than the otfier stages, so that tt would greatly reduce 
the fuel savtngs, 

I t  1s estimated that the cost o f  the geothermal supply and refnjection wells, 
the auxiliary equipment and the four stages o f  beat exchange In the drying process 
would cost $202,000 annually ([iased on nfne percent tnterest and 10-year deprecl- 
atton). Stnce the energy cost based on use o f  fuel OM was $437,000 for a 
150-day season , t h f s  represents potenttal annual savfngs o f  $235,000, equal t o  
2.24 cents per pound o f  dry product com ared t o  the wfiolesale prtce o f  sliced 

the manufacturer of the drytng equtpment, Proctor & Schwartz, fndtcated that a 
savtngs o f  thts magnttude would 6e o f  tnterest. 

If such htgh temperature water fs not aratlable, then the geo- 

dehydrated ontons (1/77l 04 npproxtmate P y $,W t o  $1.25/pound. A check w i t h  
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4. Feedlot Heating 

Winter feeding cat t le  i n  geothermally heated areas offers the following advantages: 
- I t  would enable the marketing of more valuable beef, f i n i s h e d  yearling steers 

(1Q50 lbs )  a t  7 t o  10 cents mare per poind, khan backgrounding calves (670 lbs] 
- The conversion of food weight t o  animal weight would be greater. 

- I t  would reduce mortality. 

T h i s  study analyzed the advantages and disadvantages for two feedlots, one i n  
which a small feedlot is operated by an individual rancher, and a second designed 
t o  handle cat t le  from large surrounding areas. 

Healthy ruminant animals such as beef cat t le  are walkfng heat soUrCe% because the 
fermentation o f  food products generates large quanti ties of heat. Nevertheless 
extreme cold can have a negative tmpact on the animals' health and weight gain. 
T h i s  factor, coupled w i t h  a shortage of feeds , causes ranchers i n  the vicinity o f .  
Susanville to  s h i p  animals south during the winter months. In the Surprise Valley 
area where feed is more plentiful some herds are held over the winter months de- 
spite the cold weather. 

Low temperature appears t o  have two important effects on the animals' weight gain. 
First, a temperature exists below which an animal must elevate i ts  heat production 
i n  order t o  maintain body temperature. T h i s  temperature varies w i t h  animal size, 
coat condition and acclimatization. The elevation i n  heat production of necessity 
means that food is diverted from productive proce ses t o  that of heat generation 
t o  replace that lost  t o  the environment. Young 15 defined the environmental temp- 
erature as the "critical temperature." He calculated the stress on an animal by 
multiplying the temperature below cr i t ical  by the number o f  days over which the 
temperature occurred, i .e. , degree-days and showed the quantity of energy and 
feed required for the animal t o  maintain weight as shown i n  Table V-5, 

TABLE V b  

ESTIMATED EXTRA RATtON ENERGY UEWIAED TO COWEWSAIT COR EILCH WIT OF COLD 

REPRESENTS THE NUMBER OF DEGREES THE DAILY EQUIVALENT STILL AIR TEMPERATURE 
OF THE ENVIRONMENT IS BELOW THE CRlTlCAL TEMPERATURE OF THE ANIMAL 

STRESS. COLD STRESS IS MEASURED IN UNITS OF DEGREE-F DAYS OR DECREE4 DAYS AND 

Extra ration required to compensate for cold stress (energy/degree day) 

For one degrre-F day. For one degree-C day. Thermal 
insulation 

ofthe Metab. Grass+ Barley,. Metab. Grass+ Barley+ 
animal energy hw win energy hay grain 

-1.rn-Z .ZW' Mat. Ib. Ib. Mal. Ib. Ib. 

5 
16 
15 
20 
25 
30 
35 
40 
45 
50 

0.111 
0.056 
0.037 
0.028 
0.022 
0.018 
0.01 6 
0.014 
0.01 2 
0.01 1 

0.148 
0.074 
0.049 
0.037 
0.029 
0.024 
0.022 
0.01 8 
0.01 6 
0.01 5 

0.092 
0.046 
0.031 
0.023 
0.01 8 
0.01 5 
0.01 3 
0.012 
0.01 0 
0.009 

0.200 
0.100 
0.067 
0.050 
0.040 
0.033 
0.029 
0.025 
0.022 
0.020 

0.266 
0.133 
0.089 
0.067 
0.053 
0.044 
0.039 
0.033 
0.029 
0.027 

0.1 66 
0.083 
(1056 
0.042 
0.033 
0.027 
0.024 
0.021 
0.01 8 
0.01 7 

*Grass hay with 0.75 M a l .  metabolizable energyllb. and barley grain with 1.21 M a l .  metabolizable energyllb. 
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lity of the animal t o  
- 54 

A second effect of low tempe 
efficiently digest  Its feed. b u n g  and Christoohgrson measured the prolonged 
cold effects on digestion and metabolism I n  mmiqants and showed decreased di-  
g e s t i b i l i t i e s  re la t ive  t o  18' C (value = 1CO) - as  sham tn Table V-6. 

e I s  t o  reduce t h  

TABLE V-6: Estimmd appMllt digntibiliw of ntion dry malte~ !DM), daily metrbolizrble etwgy (ME) for 

Mean DM ME for ME for Added ME for Total Raquirement 
. gain diract colda feed :s*jvato Month mmp. dig. mint. 

(C) 1%) ( M a l )  (MCal) weal) .. k g )  18 C 

Jen -1 5.0 47.1 15.7 - 0.6 9.52 140 
. Feb -1 0.5 48.2 15.4 . - 0.3 8.99 132 

Mar 5.6 49.3 15.1 ~ - 0.2 8.56 126 
Apr 4.0 51.6 14.5 - 0 7.71 113 
WV 11.0 53.3 14.0 - 0 7.24 106 

DRY PREGNANT COW, 500 kg; ration in.warm (18C) 55% DM dig. and 2.0 Mcal ME/kg. 

Jun 14.5 64.2 13.8 , -  0 7.02 103 
Jul 17.5 64.9 13.6 - 0 '  6.82 100 
AUQ ' 6.0 54.5 13.7 - 0 6.93 102 

oct 5.5 52.0 14.4 - n 7.61 112 
sep 1 .o 53.3 14.0 - 0 7.24 106 

Nov 4.0 49.7 15.0 - p1.2 8.38 123 
Dec -10.8 48.1 15.4 - 0.4 9.06 133 

Average 2.8 51.4 14.6 - 0.14 7.92 116 

FEEDER STEER, 400 kg and daily gain 1 kg; ntion in warm (18C) 700k DM di6. and 2.5 Mcal MEkg. 

Jan -1 5.0 62.1 12.3 12.6 0 1 1.20 121 
Feb -1 0.5 63.2 12.0 12.6 0 t 0.90 118 

Apr 4.0 66.6 11.3 12.6 0 10.02 108 
MaV 11.0 68.3 10.9 12.6 0 9.62 104 
Jun 14.5 69.2 10.7 12.6 0 9.43 . 102 
Jul 17.5 69.9 10.5 12.6 0 9.25 100 
Aug 16.0 69.5 10.6 12.6 0 9.36 101 

Mar - 5.6 64.3 11.8 12.6 0 10.60 115 

e From Webster (1970). 

animals' coat insulat ion and has the same effect as lower temperature. Mud and 
water also decrease' the animals' a b i l i t y  t o  keep warm, and cause i t  t o  consume 
more energy f o r  locomotion. 

Fresh water requirements f o r  feed l o t s  are  dr inking  water and equipment wash- 
down. One rancher i n  Surprise-Vall'ey noted tha t  his c a t t l e  drank geothermal 
water. Of s i x  samples tested i n  the area, two were essent ia l ly  potable water 
quali ty and four were h i g h  i n  boron, so that  the animals would have t o  be provided 
w i t h  potable water. Potable water needs of c a t t l e  a re  low; one-moderate sized well 
would supply the large 18,000-animal feedlot analyzed below. 

Cattle ranching is currently i n  the deepest recession ir) i t s  history. A severely 
depressed market combined w i t h  rapidly escalating costs have created a s i tuat ion 
even more serious f o r  c a t t l e  ranching than the great depression of the 3930s. In 

. 1975 the cost t o  keep a cow'for on 
$140. per cow, a loss  o f  $79 per co 
show a moderate increase over the years 1977 and 1978, b u t  a re  not suff ic ient  t o  
provide material r e l i e f  t o  the ranchers. 

a r  was $219, while the average return was 
Price predictions, as i l lus t ra ted  below, 



Projected Cattle Prices, Western U S .  , 1976-7815 

Class and Weight 
CENTS PER POUND 

1976y 1977 1978 

Steer calves (300400 1 bs. ) 35-40 38-45 44-53 
Yearling steers (600-800 1 bs. ) 35-40 37-42 39-45 
Utility COWS (900 - 1,100 lbs.) 20-26 21 -27 23-30 . 
Choice steers (1,000 - 1,100 lbs.) 37-40 40-46 43-52 

aJ Fourth quarter of 1975. 

Introduction of geothermal energy as a component i n  the production of ca t t le  
w i l l  not materially change the basic economics of the system. Recovery of the 
market must await f i rming  of an adequate price structure. What geothermal 
energy can contribute is operation of feedlots i n  the cold climates of Lassen 
and Modoc Counties which would not otherwise be practical. If these were 
operated by large individual ranches or as  cooperatives, they wouldegain the 
advantages of high production sales and would add the profits of an additional 
major component i n  the marketing chain to  the hard pressed ranchers. 

The profit  of a feedlot i n  these areas must compensate for  the added cost of 
feed shipments, $2 to  $3 per head, and the added cost of sh ipping  heavier 
animals t o  market $3 to  $4 per head (400 pound weight gain), for a total  of 
$5 to  $7 per head. A 400 pound weight gain represents $160 t o  $200 worth of 
added animal selling price. If we assume the feedlot makes a profit of 10 
percent on the added weight, the $16 t o  $20 profit more than covers the shipping 
penal ties. 

The cost o f  adding geothermal warming t o  a feedlot is 'mly a small par t ,  about 
four percent, of annual operating costs, but it con$rtbutes importantly t o  feedlot 
efficiency. Lack of good quantftattve data makes the science of esttmuting cold 
weather effects on weight gain tnexact, but  a tiest estimate (Dr. €. Barmettler) 
is that warming ca t t le  t n  the study areas would save about $41 per head as follows: 

DOLLAR SAVINGS ACHIEVED THROUGH HEATING CATTLE 

Per Head 

Savings i n  feed $ 14. 

Savings i n  death loss . 1 

Added weight gain 32 
$ -47' 

\ 
Cost of Geothermal 
warming sys tern Ccapf ta l  
and operating costs) 

T h i s  represents the savings per head i n  a cold climate feedlot w i t h  geothermal 
heating over one w i t h o u t  heat. 
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It i s  estimated t h a t  i n  a large'feedlot 1.5 hours of labor are required annually 
per head. An 18,000-animal feedlot would require a work force o f  about 10 t o  
15 personnel. 

A winter feedlot i n  Lassen or  Modoc Counties would require a level fenced area 
w i t h  windbreaks for protection from prevailing winds and an area warmed by 
underground pipes. I n  addi t ion  t o  providing heat for the cattle; the area 
would act t o  evaporate 

Ini t ia l ly  a small feedlot was considered sized for about 60 head of cattle and 
suitable for operation by indiv idua l  mall ranchers. The arrangement was based 

protecion. The arrangement was modified t o  add wind protection and t o  provide 
water heating i n  the base concrete. But costs for such a system, $40-$50 per 
head, were prohibitive. 

A second analysis based on a 55 acre feedlot wt th  a cepacjty, OP 9000 head. and an 
18000-head per year production rate (2 rotations per year) , substantially re- 
duced costs. 
cent of the warming was done under soil and 15 percent under concrete. See 
Figures V-q,and V--10. The feedlot was designed for 650-pound feeder steers t o  
be fattened: t o  1050 'pounds over a 135-day feed period. The fac i l i ty  contains 
30.compartments w i t h  a capacity of 

A sumnary outline of the pertinent- 

er and snow and reduce mud conditions. 

on a Department of Agriculture design T 6 w i t h  a concrete floor and overhead roof 

In this analysis, the overhead protection was deleted and 85 per- 

head each. 
Y 

TABLE V-7 
COST SUMMARY 

(18,000 head per year feed lo t )  c1) Per l b .  Cost 
. 

t / l b .  gain 1B 400 lbs .  
. -  

c1) Per l b .  Cost 
. (18,000 heaa per year Teea lor;) 

t / l b .  gain 1B 400 lbs .  
. -  

Death Loss i% 
TOTAL CASH INVESTED cexcl uding geothermal costs) 

(Break-even cost) 

Wells, pumps, Service Lines, etc. 0.48 
12% interest 0.05 

Operations 
Feed Costs 16.95 
Faci 1 i ty  1.26 

0.14 
0.70 

Eq u i pmen t 
Labor 

*General Overhead - 

.67 
1.30 

0.38 
19.43 

Livestock Costs 
18,000 head, 650 lbs. @ 354 

Interest 12% (6 mo.) - 
0.22 

23.19 

42.62 

TOTAL COST 43.15 

(1) Basis 1050 lb. market weight. 
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Of the 3.27 cent per pound cost. attributed to  fac i l i ty  costs, the cold weather 
equipment, consisting of the geothermal warming system and windbreaks, contri- 
buted 1-50 cents per pound. 

ConclusIons: 

The use of geothermal energy would Increase the efficiency of feedlots located 
i n  Lassen or Modoc County. '.WAPle f t  would be moderately more costly t o  bu i ld  
and operate than a feedlot In a warm climate, t t  could, if  operated as a cooper- 
ative, provide local ranchers w t t h  tmproved control of marketing operations and 
provide them .the proftts -from feedlot fattentng. 
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5. Aquaculture 
Aquaculture ,was selected. for  malysis .  bec e .It appeared to  be ideal for _ _  
application of geothe-1 heat. Warm ponds would a1 low year.r;r?ound-grtjeh o f  
food fish,  a large variety of aquatic species would be available, and large amounts 
of low cost energy would be required.. I t  appeared that geothermal energy might 
make practtcal the introductlon of a major new industry t o  California. Closer anal- 
yses showed these presumptions, for the short-term view, t o  'be overly optimistic. 
Th6 species selected for analysis, while it brought a handsome market price, could 
notgenerate enough ydeld to  ay for the heat. Other species, which could be grown 
a t  amazingly high yields, wou P d not satisfy public tastes. Of the many varieties 
of aquatic animals suitable for  farming on an industrial basis, several grow best 
In warm water i n  the range 65-85 degrees F, Among these are many species of carp, 
buffalo f ish and paddle fish, catfish, labyrinth fishes, Tilapia, frogs, mullet, 
shrtmp Bud prawns. Several can be grown i n  brackish water and i n  very h i g h  densities. 
Bardach (see Table V-8) lists the aquacultural yields o f  several selected species. 

TABLE V-8 
I 

CTED EXAMPLES OF AQUACULTURAL YIELDS ARRANGED BY ASCENDING INTENSITY OF CULTURE 
1 METHODS 

Economic Gain . 

Transplantation Plaice (Denmark,l919-1 7) Cost: benefit of transplan- 
tation, 1:l.l-1.3 i n  best 
years (other social benefits) 
Cost: benefit , based on re- 
turn of hatchery fish i n  
commerci a1 catch , 1 : 2.3-5.1 
Cost: benefit 1 :14-20, on 

Not assessed; reputed t o  
5 ncrease i ncome of fishermen 

I 

Pacific salmon ( 

Pacific salmon (Japan) Release of reared young 
into natural environment above basis 

no feeding 

~ 
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. TABLE V-8 (continued) 

SELECTED EXAMPLES OF AQUACULTURAL YIELDS ARRANGED BY ASCENDING INTENSITY OF 
CULTURE METHODS 

Culture Method Species Yield KG/HA (year) 
or Economi c Gain 

Stocking and rearing w i t h  
fert i  1 ization and feeding 

Intensive cultivation i n  
running  water; feeding 

d Channel catfish (U.S.) 3,000 
Carp , mu1 1 e t  ( Israel ) 2,100 
Ti  1 api a (Cambodi a )  1 8,000-1 2,000 
Carp and related spp. (in 

Clarias (Thailand) 97,000 
Rainbow trout (U.S.) 
Carp (Japan) 

Shrimp (Japan) 6,000 

polycul ture--China, Hong 
Kong, Malaysia) 3,000-5,000 

170 kg/l i ter-sec)b 
about 100 kg/l i ter- 

sec) 

Intensive cultivation of 
sessile organisms, mol-. .Oysters (U.S.) 5,000 (best yields) 
lusks and algae Mussels . 300,000 

Oysters (JapanJnland Sea)a 20,000 

la 47,500 
Por h ra (Japan e( Japan) 

4 Raft-culture calculations based on an area 25% covered by rafts.  
b See text for volume of flow versus surface as basis of yield. 

7,500 

j O f  the suitable aquatic species available, Macrobrachium rosenbergii , a giant 
freshwater prawn native t o  Southeastern Asia, was selected fozOanalysis. T h i s  
prawn has been successfully cultured i n  the orient since 1969 and today i s  
being raised i n  ponds i n  Florida, Hawaii, California, Puerto Rico and Panama 
and i n  the warm water effluent from a power p l a n t  i n  New Jersey. The current 
literature199 20, 21, 22, 23, 24 is replete w i t h  descriptive studies and analy- 
t ical  research on this animal. The principal reason for  selecting i t ,  however, 
was its h i g h  degree of marketability compared t o  most other aquatic food fish. 
On today's market, shrimp are sold retail a t  prices from three dollars per pound 
for small t o  'over s ix  dollars per pound for the larger species. Macrobracfum 
rosenbergii would fa l l  i n  the latter category and be marketed a t  between three 
and six t o  the pound. 

The case against the cmon  carp, a t  least for the short-term, an other similar 
highly nutr i t ional  fishes, is stated succinctly by Bardach e t  a1 e, : 



, 

"Price and pmjudjte went hand i n  han 
America carp bring only a t h i r d  the price of such conparable 
'rough.? fish as buffalo fish. Some carp are marketed by comnercial 
fisherman, but  sales are virtually limited t o  the poorestmembers 
of society. 

so that today i n  b r t h  

'With the continued e 
dicted narrowing of the gap between protein supply and demand, 
sport and comercial fishermen, fish cul turists, and housewives 
may a l l  have t o  reconsider the carp. For the present, however, 
carp are scarcely considered edible i n  North America and their 
culture is not economically feasible." 

ophication of American waters and the pre- 

Maximum l e n g t h  for Hacrobracbium rosenbergii is about 25 an for males and 15 CAI 
for females. Both sexes bring extremely high prices relatfve to  other fish. 
In nature adult Macrobrachium rosenbergii are found i n  virtually a l l  types of 
fresh-and bra ish water. Larval development, however, requires 8 to 22 per- 

year, producing up t o  120,000 eggs each time. Incubation requires 26' C 
(78.8' F) to  28' C (82.3'F). Over a period of 35 t o  55 days, the larvae pass 
through 12 stages and metamorphose into juveniles. Juveniles adopt a benthic 
mode'of l ife and feed on benthic animals and o anic detritus. 

rly l i f e  the larvae 
naupl i i . . As they metamorphose t o  juveniles, their diets change and vitamin- 
fortified mixtures of fish flesh and egg custard, powdered dried chicken blood 
and phytoplanklon have a l l  been successfully used. The growing juveniles can 
be fed fresh fish, mollusks and earthworms cut in to  pieces according to  the size 
of the juveniles. These can be supplemented w i t h  dried animal matter, grain, peas, 

s and so f t  aquatic plants. e of prepared feeds requires that uneaten food 
fecal matter be siphoned out aily and that the water be cha 

When they reach about four cm i n  length, the young prawns are-su 
i n  fresh water ponds. "Almost any sort of pond over 200 m2 
and 50 cm ,in depth, w i t h  a water temperature of 22 to  32' C ( 
be used for growing Macrobrachium rosenbergii, b u t  larger ponds, 1000 s uare . 

cent salinity @ . In nature a single female may spawn three t o  four times each 

or more i n  area and 1 t o  1.5 .meters deep, are more economical 111 8 
may be stocked .alon!? or i n  combination w i t h  fish (see Table l9 V-9). Knight, 

however, recomnends that init ial  adventures in to  prawn aquaculture be limited t o  
single species i n  small ponds t o  prevent the spreading of comnunicable deseases. 

production w i t h i n  the ponds should.supply most of the food. S 

live insects, various grains and rot 
eight of prawns 

dung mixed w i t h  lime, animal matter, fish, mollusks, 

, I 



STOCKING RATES FOR GIANT FRESHM~ECZ P R ~ ~ F I ~  ( k c w r a h i &  rosenbergi i 1 CULTURED 
. . . . . AND WITH -FISH .IN SOUTHEAST ASIA 

-. - 

Pond Conditions Stocking Rate Stocking Rate 

Prawns Cul tured A1 one 

(Prawns/WA) o f  Fish 

. 
Rich 15,000 

Poor 6,000 

Rich 6,000 Fu l l  
12,000 Hal f  

Medi urn 4,000 Fu l l  
8,000 Hal f 
2,000 Fu l l  

Me& um 10,000 

Prawns Cultured With Fish 

. Poor 

Hal f  -.-- -_- __ ____-- 
4,000 

TWO problems generally encountered i n  prawn cu l tu re  are oxygen deplet ion and 
cannibalism. Normally, su f f i c i en t  0-xygen can be provided i f  the throughput i s  , 
high and i f  the water i s  aerated over a rough surface before i t  enters t h e  
pond. When oxygen becomes de f ic ien t  the prawns migrate t o  the edges o f  the 
ponds and t h e i r  a c t i v i t y  becomes sluggish. Prawns are cannibal ist ic,  more so 
when overcrowded. They are especial ly vulnerable when moulting. When a number 
o f  females are kept i n  a tank, a male, i f  present, w i l l  prote 

i s  also reduced by providing natural h id ing places by growing small patches o f  
Ipomoea i n  the pond (10 percent maximum pond coverage) and by placing branches 
on the bottom o f  the pond. 

Macrobrachium rosenbergii were experimentally reared through a1 1 la rve l  stages 
by Ling and Merican a t  Penang, Malaysia, and l a t e r  by Fujimura i n  Hawaii22. 
Currently prawn aquaculture research and development and p i  lot-scale a c t i v i t i e s  
i n  the U.S. are underway i n  Hawaii,.California, Florida, North Carolina and else- 
where. 

Knight25 noted tha t  ra is ing  prawns i s  complex and not f o r  the amateur. He re- 
commended tha t  an entrepreneur, before deciding t o  invest i n  prawn aquaculture, 
should be ready t o  operate without p r o f i t  during the  f i r s t  two years. During 

, t h i s  time period, he would require professional t ra in ing  and would learn the many 
nuances of t h i s  sophisticated business necessary t o  br ing a successful crop t o  
market. He also recommended tha t  geothermal water be used as an i nd i rec t  heat 
source and t h a t  only potable water be used i n  d i rec t  contact w i th  the prawns so 
tha t  dangers o f  disease and concentration o f  dangerous chemicals i n  the animals' 
organs be minimized. Goodwin and Hanson22 also warned o f  deposits o f  calcium 

a moulting 
female from attack. One male can protect f i v e  o r  s i x  females $$ . Cannibalism 

caibonate from sal 
a t  the Oregon Ins t  
thermal water. N i t k  

i ne  solut ions on the prawn carapace a t  h igh pH. However, Johnson,20 
i t u t e  o f  Technology, i s  experimenting - wi th  d i r e c t  use o f  geo- 
some success. 



22 Disease generally is not considered a major obstacle t o  prawn culture. 
Wipeouts can be reduced or eliminated by alertness of the operator i n  reporting 
diseases to  a pathologist t o  identify cures and provide preventive measures. 

Pond Production 

After accounting for the shorter growing season i n  South.Carolina it may be seen 
that  annual. production rates fo t  dtfferent. locatl'ons are similar: 

PRAWN (.Macrobrachiurn rosenbergit ]PRODUCTION RATES 

Production Rate (annual ) 
Kgl ha 1 b/Ac . Location Ref. 

South Carolina 23 (1 ) 1000-2000 890-1 790 
Hawaii 22 

Ota's Ponds (2) 3360 3000 
Kato's F i s h  Farms 3240 2890 

(1) When stocked w i t h  large juveniles of .25 gm or greater weight; five-six 
month growing season. 

cking rate of 1.5 j u  per square foot . 
I 

Mi t h  geothermal energy enabl ing  ideal temperature conditions year-round, . 
I 
I 

I 

one would anticipate greater yields than those tabulated. 

Marketing 
I Prawns would probably move ' into markets w i t h  other high value crustaceans such 

as lobsters, crabs and shrlmp Currently, they are mostly sold as whole animals 
w i t h  heads on, but for stronger competition they would probably be sold as t a i l s  
and could be marketed i n  sizes from those comparable to  G u l f  Coast shrimp t o  
larger sizes, four t o  six t o  the pound. 

Hawaiian experience indicate the t of raising prawns to  marketable size is 
about two dollars per pound.22 Feed costs were about 42 cents. Labor costs 
ran 30 t o  40 percent of grow-out costs. Approximate costs estimated from 
various data sources (1974) are l isted below. 

I 

! 
I 

~ 

i 
I 

APPROXIMATE C OF RAISING PRAWNS 

r pound of Product 

Feed 

Labor $ .60 - $ .80 

Stock CLarvae) 

uerto Rico22 56 dollars per acre based on 36 one-acre 
ponds, each on 1.5 acres of land. 



I t  was in i t ia l ly  presumed that application of geothermal energy t o  prawn aqua- 
culture would increase capital costs bu t  allow higher operating efficiency 
through ideal temperature control of the water and year-round growing season i n  
Lassen and Modoc Counties. Analysis proved this presumption false. 

Figure V-11 il lustrates a flow chart for geothermally heated ponds. 
s on a one-acre by three foot deep pond, 20' F a i r  temperature-with'a wind velocity 

of five miles per hour. A windbreak is located alongside t o  prevent heat, 
losses during h i g h  wind periods. Nevertheless , preliminary design heat loss 
calculations indicate losses will be quite high, so that  dur ing  cold weather 
each acre of pond requires one.we71 supplying 260 gpm a t  200 F. 
costs would amount t o  about 10,000-15,000 dollars per year, including the cost 
of the potable water heaters and the supply and reinjection wells. Based on 
production rates i n  Hawaii, say 3000 pounds per acre, this would amount to  three 
t o  five dollars per pound of product, too high a cost t o  justify the use of 
geothermal energy. The  cost of conventional fuel would be 30 t o  40 dollars a 
pound. Use of a low cost a i r  supported cover of the ponds t o  reduce energy losses 
was considered, but  the h i g h  condensation rates l e f t  technical feasibil i ty i n  
doubt and the cost of the cover exceeded the energy savings. 

The only conclusion that can be drawn is that prawn aquaculture is not profit-  
able enough t o  support  even an inexpensive heating system i n  Lassen or Modoc 
Counties. U n t i l  the intensity of prawn production can be increased by nearly 
an order of magnitude (while m a i n t a i n i n g  market prices), geothermal energy 
cannot be economically appl ied. 

I t  is based 

Heating' 

Other aquatic species, i.e., carp have yielded 0.9 t o  3.6 million pounds per 
acre; b u t  as was shown by Bardachf9, the American market i s  not yet ready. 
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More recent evidence t h a t  t h  palate o f  Americans has not  changed i s  evidenced 
i n  an a r t i c l e  i n  The Wall Street Journal, dated September 20, 1976, and mis- 
leadingly t i t l e d  "Freshwater-Rough Fish Are Winning More Acceptabi l i ty  on U.S. 
Dinner Tables." The a r t i c l e  c i t e s  prices a t  a major Chicago f i s h  market as 
follows: Popular var ie t ies  o f  fish-Whitefish and Red Snapper, $1.25 a pound; 
f i l l e t e d  yel low perch, $3.50 a pound. Rough f i s h  var ie t ies  (i.e., warm water 
f i sh) ,  boned buffalo f ish,  45 cents a pound; sheepshead, 20 t o  25 cents a 
pound; and carp, 10 t o  12 cents a pound. The a r t i c l e  goes on t o  say tha t  a 
large cannery t h a t  so f a r  has rejected the b a i t  i s  Libby, McNei1 & Libby, Inc. 
It decided against canning carp and tuna-type products because i t  projected 
high promotional and advert ising costs. 'I 

Channel cat f ish,  considered a del icacy i n  the outheastern states, i s  another 
warm water f i s h  which has potenttal.  Bardachl8 (1972) notes that, "Present 
indicat ions are tha t  economic prognosis f o r  new c a t f i s h  farmers i s  get t ing 
poorer,t' but changing markets and more e f f i c i e n t  production through use o f  
geothermal water might a l t e r  th is .  

The case f o r  geothermally heated aquacultural products should not be closed, 
however. The marketing views presented here were based on the assumption t h a t  
geothermal water could not be used i n  d i rec t  contact wi th  aquatic animals and 
considered only food products f o r  human consumption in the United States. 
Direct  growth i n  geothermal water, i f  proven safe, would br ing about a large 
reduction i n  production costs. Changes i n  tastes f o r  species which can be inten- 
s ive ly  grown could provide a major new market. Production f o r  overseas human 
consumption o r  f o r  loca l  use as f e r t i l i z e r s  o r  animal feeds are al ternat ives which 
have potent ia l  but which were not analyzed. 

*., 

Over the long run, the a b i l i t y  o f  aquacultural systems t o  e f f i c i e n t l y  generate 
high quant i t ies  o f  high qua l i t y  low cost protein i s  cer ta in  t o  predominate over 
temporary whims o f  palate. The capab i l i t y  o f  such systems t o  consume waste i n  
symbiotic b io log ica l  group, i.e. , manure f o r  f i s h  feed generated i n  a geothermal 
multi-use arrangement w i th  a feedlot  and downstream f i s h  pond, could provide 
addi t ional  e f f i c ienc ies  and ease environmental disposal problems. 
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V I  A 

APPENDIX 

Demographic and Economic Profile 

Modoc and Lassen Counties 

Population 

Historical population levels have shown erratic trends' in both counties. Table 
shows historical population for both counttes for decadal periods, 1920-1970. 

Table A-1 
Historical Population 

Modoc and Lassen Counties 

920 1940 1950 1960 1970 1 976E 

Mddoc 5,425 8,038 8,713 9,678 8,308 7,469 8,400 
Lassen 8,507 12,589 14,479 18,474 13,597 14,960 17,000 

Total 13,932 20,627 23,192 28,152 21,905 22,429 25,400 

The significant decline in population in the 1950's is attributed to economic 
reasons. The large emtgration that occurred was in dtrect response to the 
lack of jobs In both counttes. Recent growth has been urban in nature, and 
1s generally indicative of agr 

The losses in population have red mostly in labor age groups. Tables 2 
and 3 show the relative change in djfferent population age groups for both 
counties. It is also interesting to note that the population group 20-24 in- 
creased dramatically in Lassen County between 1960 and 1970--an indication of 
the shift of young persons mainly from citfes to rural areas. 

1 

retirement age population. 
I 

, 
I 

I 

i 
i , 
I 

I 
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TABLE A- 2 

MODOC COUNTY POPULATION BY AGE GROUPINGS 
1950, 1960 and 1970 

1950 1960 1970 Percent 

Number Total Number Total Number Total % o f  t o t a l  1950-70 
% o f  % o f  % o f  Ca l i fo rn ia  change 

Under 5 years 

5 t o  9 years 

10 t o  14 

15 t o  19 

20 t o  24 

QI 25 t o  34 

35 t o  44 

45 t o  54 

55 t o  59 

60 t o  64 

65 t o  74 

75 and over 

TOTAL 

’ Q I  

1,206 

850 

673 

567 

677 . 
1,696 

1,449 

1,138 

451 

350 

41 9 

202 

9,678 

12.51 

8.82 

6.98 

5.88 

7’. 02 

17.60 

14.62 

11.81 

4.68 

3.63 

4.35 

2.10 

100.0 

848 

963 

902 

537 

352 

940 

1,210 

1,025 

428 

336 

51 1 

256 

8,308 

10.21 

11.59 

10.86 

6.46 

4.24 

11.32 

14.56 

12.34 

5.15 

4.04 

6.15 

3.08 

100.0 

495 6.62 

679 9.09 

767 10.27 

704 9.43 

397 5.32 

81 1 10.86 

833 11.15 

1,018 13.63 

475 6.36 

398 5.33 

575 7.70 

31 7 4.24 

7,469 100.0 

8.21 

9.65 

9.84 

9.17 

8.60 

13.35 

11.86 

11.64 

4.69 

3.8% 

5.55 

3.50 

100.0 

-59.0 

-20.1 

14.0 

24.2 . 
-41.4 

-52.2 

-42.5 

-10.5 

5.3 

13.7 

37.2 

56.9 

-22.8 

Source: U.S. Bureau o f  the  Census, U.S. Census o f  Population, 1950, 1960 and 1970, Ca l i fo rn ia  General Social 

and Economic Character ist ics.  
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TABLE A-3 

LASSEN COUNTY POPULATION 
BY AGE GROUPINGS 

1950, 1960 and 1970 

Under 5 years 

10 t o  14 

15 t o  19 

20 t o  24 

25 t o  34 

0 9  .u 

35 t o  44 2,685 14.6 1,925 14.2 1,825 12.2 -32.0 

45 t o  54 1,969 10.7 1,745 12.8 1,970 13.2 0.1 

55 t o  59 723 3.9 667 4.9 846 ' 5.6 17.0 

60 t o  64 629 3.4 592 4.4 688 4.6 9.4 

65 t o  74 ' 707 3.8 862 6.3 869 5.8 22.9 

75 and over 288 1.6 371 2.7 489 - 3.3 69.8 

Total  18,474 100.0 13,597 100.0 14,960 100.0 -19.0 

Source: U.S. Bureau of t h e  Census, U.S. Census o f  Populat ion 1950, 1960 and 1970, C a l i f o r n i a  General 
Social and Economic Character ist ics.  



Employment 

In 1970, the greatest area of employment i n  both Lassen and Modoc Counties 
was the service sector, w i t h  76.4 and 58.6 percent of the total  employment 
population providing service jobs, respectively. Of  significance, service 
jobs have increased most rapidly of a l l  occupations, while farming and manu- 
facturing employment has declined substantially. The gain i n  service employ- 
ment has been almost entirely governmental. Tables 4 and 5 show employment 
by occupation for Modoc and Lassen Counties, respectively, by decade since 
1950. 

Employment i n  both counties is highly seasonal, w i t h  wide variations between 
h i g h  sumner and low winter employment. The categories of employment account- 
ing  for  the major portion of this difference are related t o  seasonal demands i n  
the 1 umber and agriculture industries. Annual unemployment rates since 1960 
are shown i n  Table 6 for both counties. There has been a marked increase i n  
unemployment since 1970. In early 1975 the unemployment ra te  was a stagger- 
ing 26.4 percent. T h i s  tremendous seasonality reflects the severe degree of 
underemployment i n  the region. 

Major employment cutbacks i n  the Sierra A m y  Depot and significant lumber 
market fluctuations beginning i n  about 1973 had a major effect on the unem- 
ployment rate of Lassen County. The lower unemployment rates i n  Modoc County 
are primarily due t o  the county's larger agricultural base, and lesser depen- 
dence on the lumber industry compared t o  that of Lassen County. The increase 
i n  unemployment i n  Modoc County during 1976 was the result of market demand 
and drought effects. 

Tables 7 and 8 delineate experience information on those unemployed in 1972 
by occupation. A large percentage o f  the total unemployed are classified as 
craftsman, foremen and kindred workers. Total blue collar workers for both 
counties constitute about 60 percent of the unemployed work force. 
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TABLE A-4 

MODOC COUNTY EMPLOYMENT BY MAJOR CATEGORIES 
1950, 1960 and 1970 

(1 950) (1 960) (1970) 

% Employed % Employed 
Number o f  Total o f  Total Number ' o f  Total o f  Total Number o f  Total of Total 

Employed Employment Population Employed Employment Population Employed Employment Population 

% Employed % Employed % Employed % Employed 

1,194 32 .O% 12.3 998 31.3% 12.0% 772 26.5% 10.3%. 

Mining & 
Construction 276 7.4% 2.9 182 5.7% 2.2% 

'ui 
rD Manufacturing 739 19.8% 

Service 1,526 

Total 
Employment 3,735 

Total 

179 6.1% 2.4% 

7.6 393 12.3% 4.7% 257 8.8% 3.4% 

40.8% 38.6 1,611 50.7% 19.4% 1,709 58.6% 22.9% 

00.0% 61.4 3,184 100.0% 38.3% 2,917 100.0% 39.0% 

Popul a t  i on 9,678 8,308 7,469 



TABLE A-5 

LASSEN COUNTY EMPLOYMENT BY MAJOR CATEGORIES 
1950, 1960 and 1970 

(1 950) (1  960) (1 970) 

% Employed % Employed % Employed % Employed % Employed % Employed . 
Number o f  Total of Total Number o f  Total o f  Total Number o f  Total  o f  Total  

Employed Employment Population Employed Employment Population Employed Employment Population 

Agriculture, 
Forestry and 
Fishertes 705 10.7 

Mining and 
Construction 234 3.6 

Manufacturing 1,997 30.4 

Service 3,633 55.3 

Total 
Employment 6,569 100.0 

Total 
Population 18,474 

3.8 562 11.7 

1.3 190 4.0 

10.8 893 18.7 

19.7 3,133 65.6 

35.6 4 , 778 100.0 

13,597 

4.1 528 

3.1 226 

2.1 483 

25.9 3,995 

35.2 5,232 

14,960 

10.1 3.5 

4.3 1.5 

9.2 3.2 

76.4 26.7 

100.0 34.9 

Source: 1950, 1960 and 1970 data are from U.S. Census o f  Population. 



TABLE A-6 

HISTORICAL UNEMPLOYMENT RATES (%) 
MODOC AND LASSEN COUNTIES 

. _  _ _  - 

~ 

YEAR MODOC LASSEN CALI F. 

6.5 (Oct) 10.9 16.1 (Feb) 7.3 

1971 3.7 (Sept) 7.9 14.3 (Jan) 7.4 (Sept) 11.4 18.1 (Mar) 8.8 

1972 3.6 (Aug) 7.1 15.3 (Feb) 7.0 (Oct) 11.5 ' 18.5 (Jan) 7.6 

1973 5.9 (Aug) 9.7 14.1 (Dec) 8.7 (Sept) 16.9 25.7 (Feb) 7.0 

1974 7.3 (Ju l )  10.5 14.7 (Jan) 10.2 (Oct) 17.4 25.2 (Feb) 7.3 

1975 7.8 (Oct) 11.9 17.6 (Feb) 13.3 (Sept) 19.8 26.4 (Feb) 9.9 

1976 8.8 (May) 12E 17.3 (Jan) 11.1 (Ju l )  ..1gE 26.0 (Feb) 8.0E 

Source: State of Cal i fornia,  Employment Development Department, Employment, 
Data and Research Divis ion 

I I 
I 
1 
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TABLE A-7 

EXPERIENCED UNEMPLOYED BY OCCUPATION 
MODOC COUNTY -- 1972 

% o f  Total 
Experienced Unemployed Population Total Experienced Unemployed 

Total A l l  Occupations - Both Sexes 
White Collar Occupations - Total 

Professional Technical and 

Sales Workers 
C1 eri cal Workers 

Craftsmen, Foremen and Kindred 

Operatives inc luding  transport 
Laborers Except Farm 

Managerial Workers 

Blue Collar Occupations - Total 

Workers 

Farm Occupations 
Service Occupations - Total 
. Service Workers Except Private 

Household 
Private Household Workers 

Total All Occupations - Male 

Manageri a1 Workers 

White Collar Occupations - Total 
Professional, Technical and 

Sales Workers 
Clerical Workers 

Craftsmen, Foremen and Kindred 

Operatives inc luding  transport 
Laborers Except Farm 

Farm Occupations 
Service Occupations - Total 

Service Workers Except Private 
Household 

Private Household Workers 

Blue Collar Occupations - Total 

Workers 

Total A l l  Occupations - Female 
White Collar Occupations - Total 

Professional, Technical and 

Sales Workers 
Clerical Workers 

Craftsmen , Foremen and Kindred 

Operatives Including Transport 
Laborers Except Farm 

Manageri a1 Workers 

Blue Collar Occupations - Total 

Workers 

171 100.0' 
36 21 .o 
22 
0 

14 
103 

57 
23 
23 
11 
21 

21 
0 

121 
16 

16 
0 
0 

90 

57 
14 
19 
11 
4 

4 
0 

50 
20 

6 
0 

14 
13 

0 
9 
4 

12.9 
0 

8.2 
60.2 

33.3 
13.5 
13.5 
6.4 

12.3 

12.3 
0 

70.8 
9.4 

9.4 
0 
0 

52.6 

33.3 
8.2 

11.1 
6.4 
2.3 

2.3 
0 

29.2 
11.7 

3.5 
0 

8.2 
7.6 

0 
5.3 
2.3 
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TABLE A-8 

EXPE R I  ENCE D UNEMPLOYED BY OCCUPATION 
LASSEN COUNTY 

Total A l l  Occupations - Both Sexes 663 
White Co l l a r  Occupations - Total 117 

Professional , Technical and 
Manageri a1 Workers 44 

Sales Workers 9 
C1  e r i  ca 1 Workers 64 

424 
Craftsmen , Foremen and Kindred 

Workers 154 
Operatives Including Transport 76 
Laborers Except Farm 194 

Farm Occupations 27 
Service Occupations - Total  90 
. Service Workers Except p r i va te  

Household 76 
Pr ivate Household Workers 14 

Blue Col lar  Occupations - Total 

Total A l l  Occupations - Male 470 
34 

Professional , Technical and 
Manageri a1 Workers 18 

Sales Workers 0 
C 1 e r i czt 1 Wo r ke rs 16 

395 
Craftsmen, Foremen and Kindred 
Workers 144 

Operatives Inc lud ing Transport 71 
Laborers Except Farm 180 

Farm Occupations 22 
Service Occupations - Total  19 

Service Workers Except Pr ivate 
Household 19 

Pr ivate Household Workers 0 

White Co l la r  Occupations - Total  

Blue Col lar  Occupations - Total 

100.0 
17.6 

6.6 
1.4 
9.6 

63.9 

23.2 
11.5 
29.3 
4.1 

13.5 

11.5 
2.1 

70.9 
5.1 

2.7 
0 

2.4 
59.6 

21.7 
10.7 
27.1 

3.3 
2.7 

2.7 
0 

Total A l l  Occupations - Female 193 29.1 
White Col lar  Occupations - Total  83 12.5 

Professional, Technical and 

Sales Workers 9 1.4 
C ler ica l  Workers 48 7.2 

Craf tsmen , Foremen and Kindred 

Manageri a1 Workers . 2 6  3.9 

Blue Co l la r  Occupations - Total 29 4.4 

Workers 10 1.5 
Operatives Including Transport 5 .7 
Laborers Except Farm 14 2.1 



Income 

Family income for both counties and California for the years 1950, 1960 and 
1970 are shown t n  Tables 9 and 10. The median family income for both counties * 

i n  1950 was about the statewide average, however 'by 1970 both counties had 
fallen behind the statewide average. Tables 11 and 12 show personal income by 
major source. Wages and salaries remain the greatest source of income; however, 
transfer payments (Social Security, pensions or annulty incomes) have steadlly 
increased i n  Lassen County, but  have only remained constant i n  Modoc County. 
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Table A-9 

FAMILY INCOME: LASSEN COUNTY AND CALIFORNIA, 1950, 1960 and 1970 

Lassen County Cal ifornia 
1950 1960 1970 1950 1960 1970 

All Families 

Under $1,000 

$1,000 to $1,999 

$2,000 to $2,999 

$3,000 to $3,999 

$4,000 to $4 , 999 
5,000 to $5,999 . 

$9,000 to $9,999 

$15,000 to $24,999 

$25,000 and over 

Number 

4 , 590 3,577 4,175 2,827,110 5,559,955 5,001,255 

230 105 55 260 , 650 525 , 707 111,268 

295 21 1 98 302 , 055 
740 204 184 437 , 560 

1,480 270 212 581,615 

71 0 480 209 408,545 

390 602 287 267,860 

205 159,990 

303 330 ) 
1 

329 )181,975 

569,390 116,312 

434,146 176,746 

454,351 215,158 

501,403 222 , 202 
559,411 242 , 986 
530,240 264 , 960 
441,639 293,660 

355 , 633 31 2,881 

274,836 31 1,639 

635,785 1,398,973 

199,323 1,029,394 

1 395 1,095 ) 

) 125 598 )101,845 

21 92 78,091 305 , 076 

Unrel a ted 
I duals 

..c 125,015 120 -- 

$3,602 $5,861 $9,248 $3,585 $6,726 $10,732 

$1,279 $2,037 $ 3,221 

Individuals ,712 ' $3,021 $8 , 279 
, . c - . - .  - , .  , . .  r - .  . - . -  , 

Sources: U.S. Bureau of the Census, 1950 Census of Population, Vol. 11, 
Characteristics of the Population, Part 5, California, pp. 5-71 and 
5-176. U.S. Census of Population 1960, California, General Social 
and Economic Characteristics, PC(1) 6C California, pp. 6-435. 
U.S. Bureau of the Census, 1970 Census of Population, General Social 
and Economic Characteristics, California. 
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TABLE A-10 
FAMILY INCOME: MODOC COUNTY AND CALIFORNIA 

1950, 1960 & 1970 

Modoc County Cal Ifornl'a 
1950 - 1960 -11970 % '1950 1960 1970 % 

All Families 2,170 2,238 2,072 100 2,827,110 
Under 1,000 170 70 33 2 260,650 
(1,000 to 1,999 21 0 166 64 3 302,055 

437,560 
581,615 
408,545 
267,860 
1 59,990 

$2,000 to 2,999 385 
$3,000 -to 3,999 365 
$4,000 to 4,999 295 
$5,000 to 5,999 245 
$6,000 to 6,999 130 
$7,000 to 7,999 
$8,000 to 8,999 ) 125 
$9,000 to 9,999 1 
$10,000 to 14,999 
$15,000 to 24,999 ) 40 

205 
$25,000 & over 
Unreported 

Mean Income 
Median Income 

Fami 1 i es $3,483 
Unrelated Individuals 
Fami 1 i es & Unrel ated 

Individuals 2,895 

1 97 
186 
264 
289 
251 
177 
1 28 
126 
277 
78 
23 

5,709 
1,882 

4,995 

124 
182 
178 
139 
90 
129 
205 
1 24 
508 
240 
56 

$9,322 

8,473 
2,587 

6,890 

6 
9 
9 
7 
4 
6 
10 
6 
25 
12 
3 

181,795 

101,845 

125,015 

3,585 
1,279 

3,021 

5,559,995 
525,707 
569,390 
434,146 
454,351 
501,403 
559,411 
530,240 
441,639 
355,633 
274,836 31 1 1639 
635,785 1,398,973 
199,323 1,029,394 
78,091 305,076 

5,001 ,225 
111,268 
116,312 
176,746 
215,158 
222 , 202 
242,986 
264,960 
293,660 
31 2.881 

$ 12,227 

6,726 10,732 
2,037 3,221 

5,527 8,279 

100 
2 
2 
4 
4 
4 
5 
5 

6 
6 
28 
21 
6 

Source: U.S. Bureau of the Census, Census of Population, 1950, 1960 & 1970, 
California General Social & Economic Characteristics "Selected Economic 
Data 'I lassen County, Cal ifornia, Agricultural Extension, University of 
Cal ifornia. 
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TABLE A- 11 

LASSEN COUNTY: PERSONAL INCOME BY MAJOR SOURCE 
SELECTED YEARS 1950-1 969 

/ 

cent cent cent cent cent sent 

489 1.6 5,032 16.2 2,087 6.7 2,353 7.6 

1955 655 2.0 16. 1,641 5.2 2 

1960 18,900 65.6 500 1.8 4,100 14.2 
1961 32,526 100.0 20,867 64.1 978 3.0 4 , 931 15.2 1,942 6.0 3,808 11.7 
1962 35,964 100.0 21,640 60.2 917 2.5 5 , 207 14.5 3,986 11.1 4,214 11.7 

1964 44,340 1 O O . j  24,574 55.4 1,120 2.5 7,955 17.9 5,432 12.3 5,259 11.9 

1965 40,156 100.0 25,997 64.7 658 1.6 4 ,866 12.1 3,774 9.4 4,891 12.2 
1966 44,963 100.0 30,132 67.0 733 1.7 4,954 11 .o 3,968 8.8 5,176 11.5 
1967 47,391 100.0 31,363 66.2 773 1.6 5,144 10.9 4,188 8.8 5,923 12.5 
1968 50,136 100.0 32,751 65.3 771 1.6 5,532 11 .o 4,418 8.8 6,664 13.3 

4,800 9.0 8,300 15.5 1969 53,500 100.0 34,100 63.7 800 1.5 5,500 10.3 

1963 36,868 100.0 24,675 66.9 1;070 2.9 1,970 5.4 4,209 11.4 4,944 13.4 

* Less personal contribution r social insurance. 

Source: Economic Survey Series, Cal i f o r n i a  Chamber o f  Commerce, Reserach Dept. 
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TABLE A- 12 

2 MODOC. COUNTY: PERSONAL INCOME BY MAJOR SOURCE 
SELECTED YEARS 1960 THROUGH 1968 

Total Wages i3 Other Labor Propr ietor 's Property Transfer 
Income Salaries* % Income % I ncme % Income % Payments % 

Year $1,000 $1,000 .$1,000 $1 .ooo $1 :DO0 $1 .ooo 
1960 20,588 9,704 47.1 361 1.8 6,823 33.1 1,809 8.8 1,891 9.2 

1961 20,393 10,287 50.4 428 2.1 5,730 28.1 1,878 9.2 2,070 10.2 

1962 19,116 8,128 42.5 351' 1.8 6,817 35.7 1,813 9.5 2,007 10.5 

1963 17,747 8,728 49.2 386 2.2 4,540 25.6 1,976 11.0 2,117 12.0 

1964 20,198 9,339 46.2 41 9 2.1 5,336 26.4 2,885 14.3 2,219 11.0 

1965 21,573 1 0,493 48.6 386 1 .% 5,886 27.3 2,658 12.3 2,150 10.0 

1966 22,976 10,827 47.1 397 1.7 6 , 544 28.5 2,717 11.8 2,491 10.9 

1967 25,825 12,023 46.6 479 11.9 7,340 28.4 2,953 11.4 3,030 11.7 

*Less personal conbri butions f o r  social insurance. 

Source: Cal i forn ia  State Chamber o f  Commerce, "Economic Survey Series" 
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Tables 13 through 16 show historical agricultural mlneral and lumber valuation 
data for both counties. The agricultural base i n  Modoc County is seen to  be 
substantially greater t h a n  t h a t  for Lassen County, having a five-fold dtfference 
i n  total valuation. Timber production i n  Lassen County is erratlc,  but  normally 
greater than Modoc County, Tables 17 and 18 show historical assessed Val- 
uation data f o r  both Counties, for the period 1940-1970, ki th  the assessed Val- 
uation i n  Lassen County s l ight ly  higher than Modoc County. 
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TABLE A-13 

AGRICULTURAL PRODUCTIOK-VALUE AND RAFlK 

MODOC COUNTY, CALIFORNIA 

1962. - 1966 . - 
c 

1972 - 1970 
c_ 

Beef 6,772 , 300 
A1.f a1 f a  1,128,600 

Potatoes 2,412,000 

Meadow Hay 1,492,800 

Bar1 ey 1,304,200 

Wheat 1,187,900 

Oats 107,900 

Grain Hay 115,500 

Onions 51 1,360 

Misc. Veg. Crops 50,400 

Sheep & Lambs 356,800 

Misc. Crops 82,000 
w e  57,600 
Misc. Live./Live. Prod. 301,200 

TOTAL 15,985,560 

OD 
' 0  

Wool 105,000 

42-4 1 
7.1 6 

15.1 2 

9.3 3 

8.2 4 

7.4 5 

0.7 10 

0.7 11 

3.2 7 

0.3 15 

2.2 8 

0.5 13 
0.4 14 
1.8 9 
0.7 12 

100% 

7,542,000 
1,497,000 

5,400,000 

1,605,000 

1,820,000 

299,000 

73,000 

410,000 

753,000 

170,000 

367,000 

128,000 
4,500 

183,000 
104,000 

20 , 355 s 500 

37.1 1 
7.4 5 

26.5 2 

7.9 4 

8.9 3 

1.4 9 

0.4 14 

2.0 7 

3.7 6 

0.8 11 

1.8 8 

0.6 12 
0.0 15 
1.0 10 
0.5 13 

100% 

9,610,000 
3,219,000 

5,280,000 

2,898,000 

1,260,000 

735,000 

72,000 

335,000 

1 ,000,000 

450,000 

398,000 

- - 
150,000 
67,700 

25,474,700 

% o f  %: of % o f  x o f  
PRODUCT Value Total Rank Value Total Rank Value Total Rank Value Total Yank 

----- -- --I ------ -------- 

37.7 1 
12.6 3 

20.7 2 

11.4 4 

4.9 5 

2.9 7 

0.3 12 

1.3 10 

3.9 6 

1.8 8 '  

1.6 9 

- 14 - 15 
0.7 11 
0.3 13 

100% 

18,026,200 49.7 1 
4,883,300 13.5 3 

5,600,000 15.4 2 

2,924,100 8.1 4 

1,732,000 4.8 5 

775,200 2.1 6 

198,000 0.5 11 

315,000 0.9 9 

629,900 1.7 7 

540,000 1.5 8 

316,800 0.9 10 . 
- - 15 

119,700 0.3 13 
175,000 0.5 12 
65,100 0.2 14. 

36,300,300 100% . 
Source: Modoc County Agriculture Commissioner 



TABLE A- 14 

LASSEN COUNTY 

1954 1959 1964 1969" 

Vegetables 
Field crops 
Fruits and nuts 
Li ves toc k 
Poultry 
Dairy 
Forest Products 

Total 

190 . $ 3,900 
343,180 308,621 

694 203 
2,970,862 4,131,654 

87.01 9 59,239 

$ 

167 J858 180,566 
85,230 . 52,905 

$3,655,033 $4,737,088 

250 

19 
3,785,926 

1 56,607 

430,959 $1,022,816 

34,251 6,003,263 

93,610 21 5,476 

$4,451,622 $7,241 ,555 

$ 

"1969 Figures are for Crops, Livestock Products and Forest Praducts. 

Sources: U.S. Bureau of the Census, U.S. Census o f  Agriculture, 1954, Vol . 1 , 
California, Counties. 

U.S. Bureau of the Census, U.S. Census of Agriculture, 1959, Vol. 1, 
California, Counties. 

U.S. Bureau o f  the Census, U.S. Census of Agriculture, 1964, Vol . 1 , 
Part 48, California. 

U.S. Bureau of the Census, U.S. Census o f  Agriculture, 1969. 
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TABLE A-15 

VALUE OF MINERAL PRODUCTS AND TIOllBER 
PRODUCTrON, MODOC COUNTY, 1 950~1971 

Timber 
Production 

Value o f  Mineral 
Products 

Year .$1,000 M i l l i o n  Board Ft. 

1950 

1955 

1960 

1961 

1962 

1963 

1964 

1965 

202 

250 

584 

406 

968 

646 

61 4 

470 

222.6 

46.7 

42.3 

59.6 

60.3 

54.7 

48.5 

54.6 

1966 

1967 

1968 

1969 

1970 

1971 

540 

758 

496 

91.8 

78.9 

85.2 

75.9 

99.4 

80.3 

Source: Cal i fo rn ia  State Chamber o f  Commerce ttEconOmic Survey Series" 
Cal i forn ia  S t a t i s t i c a l  Abstract 
U.S. Bureau of Mines: Mineral Yearbook 
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VALUE OF MINERAL PRODUCTS AND TIMBER PRODUCTION 
LASSEN COUNTY 9 1950-1 968 

Value o f  Mineral Timber 
Products Production 

Year * $1,000 Mi l l - ion Board F t .  

1950 31 

1955 306 

1960 368 

1961 789 

1962 293 

1963 

1964 

1965 

1966 

272 

373 

n.a. 

623 

230.0 

256.8 

98.2 

. 121.1 

126.7 

78.9 

134.3 

129.6 

111 .o 
1967 436 74.2 

1968 1,197 88.6 

Source: "Economic Survey Series", Cal i fornia State' Chamber o f  Commerce. 
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TABLE A-17 

ASSESSED VALUATION OF COUNTY-ASSESSED TANGIBLE PROPERTY BY CLASS 
OF PROPERTY FOR LASSEN COUNTY, 1940-1970 

Land Improvements 
Personal 
P r o p e r t p  Exempt ions Net Total 

1 940 6,856 3,282 

1950 6,606 3,735 

1955 6,237 4,424 

1960 6,458 
..P 00 1961 6,630 

1962 7,569 

1964 8,471 
1963 7 9628 

6,847 
6,958 
7,171 
8,149 
8,489 

$1,000 

2,141 

4,471 

4,439 

176 

421 

677 

4,217 964 
4,114 977 
3,738 1,014 
3,913 1,164 
3,980 1,218 

12,103 

14,390 

14,423 

16,558 

17,464 
16,725 

18,526 
19,722 

1965 8,751 9,021 4,105 1,221 20,656 
1966 9,378 9,563 4,652 1,225 22,368 
1967 10,758 10,739 4,884 1,171 25,210 
1968 11,507 11,939 4,547 1,323 26,670 
1969 12,979 12,542 4,419 1,179 28,761 
1970 15,914 13,110 3,433 1,187 31,270 

~ ~~ ~ ~- ~ 

* Includes money not on deposit, 1940 through 1956 only. 

Source: "Annual Report," Ca l i fo rn ia  State Board o f  Equalization. 



TABLE A-'18 

ASSESSED VALUATION OF COUNTY-ASSESSED TANGIBLE PROPERTY 

BY CLASS OF PROPERTY FOR M O D E  COUNTY, 1940 - 1970 

($1,000) 

Persona 1 Net 
Year Land Improvements Property" Exemptions Total  

1940 5,243 1,491 1,607 135 8,208 

1950 4 , 274 2,381 4,796 225 11,226 

1955 8,240 5,138 5,297 31 2 18,363 

1960 8,429 5,808 5,313 391 19,159 

1961 8,364 5,858 5,238 41 2 19,048 

1962 8,370 6,379 4,805 455 19,099 

1963 8,391 6,458 4,952 451 19,350 

1964 8,968 

1965 9,570 

1966 10,731 

1967 12,912 

1968 14,012 

1969 15,509 

1970 17,812 

6,583 4,719 

6,815 4,548 

6,960 4,821 

6.9 876 5,350 

6,907 4,668 

7,217 4,549 

7,304 2,938 

445 19,825 

420 20,513 

41 1 22,101 

402 24,726 

381 25,206 

370 26,905 

354 27,700 

* Includes money no t  on deposit, 1940-1956 only. 

Source: "Annual Report", Ca l i fo rn ia  State Board o f  Equil  i za t i on  

85 . 



VI B 

REFERENCES 

1. 

2. 

3. 

ERDA Report SAN-1077-4 
Proceedings July 1976 

The Potential of Low Temperature Geothermal Resources in California, 
Divisi-on of'Oil and Gas, Geothermal Unit, Report No. TR 13. 

Chemistry of Thermal Water in Selected Geothermal Areas o f  California, 

usanvil le Geothermal Energy Project , Workshop 

Califorda Division of Oil and Gas, Report No. TR 15. 

4. Dracup,' J. , at a1 , Waste Nutrient Recycling Using Hydrophonic Aquacultural 
University of Cal 

Utilization Cente ulletfn, July 1976, Oregon Institute 
of Tec hnol ogy . 
California Publ ic Uti1 Sties Commission, personal intervi 
conversa t i ons to 

ng 1976. 

ken Fryer Production: Management , Costs, d Returns, Division of ' 

Agricultural Sciences , U 
eptual Study for Tot 

Geothermal Resource; ANC 

7. Southern Pacific in Traffic Management Magazine, 

California, Leaflet 2648. 

on of an Intermediate Temperature 

Wartes, Lloyd, The Solar Green 
Solar Engineering , 0 

A Means to I ased Food Production , 

11. Crop Processes in Control led Environments, Proceedings of International 
Symposium held at Glasshous 
Sussex, England, July 1971. 
and R.G. Hurd. 

Cow-Cal f , Economics , Ceci 1 
Klamath, Lake, Modoc, Stoc 

Young, B.A., A practical Me 
University of A1 berta , Canada , 

Digestion and Metapolism in Ruminants, American Society of Agricultural 
Engineers, Livestock Environment Proceeding o f  the International Livestock 
Symposium, Lincoln, Nebraska, 1974, Special Publ ication SP-0174. 

Management Options for Cattle Producers, Eisgruber, L.M. , Klamath-Lake-Modoc 
Stockman's Day, September' 17, 

USDA Dwg. Ex. 5862, Prepared by Oregon State College, Corvallis, Oregon, 
for USDA. 

12. 

, 

14. Young, B.A. and Christopherson, 

15. 

16. . 

86 



17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27 

28. 

29. 

Barrette, B.R., Lucke, D.R.¶ The Forest Resources i n  the Timber Industry 
of the North Cal-Neva Resource Conservation and Development Project , 
Joint  Study, California Division o f  Forestry, U.S. Forest Service, Soil 
Conservation Service, 1975. 

K i  1 n-Dryi ng Western Softwoods , Moore Dry K i  1 n Company , North Portland, Oregon. 

Bardach, J.E. , Ryther, J.H. and McLarney, W.O. , Aquaculture, the Farming 
and Husbandry of Freshwater and Marine Organi sms , Wi 1 ey Intersci  ence 1972. 

Johnson, B., Aquaculture a t  Oregon Ins t i tu te  o f  Technology, Geo - Heat U t  i l i -  
zation Center Ouarterlv Bulletin, Oregon Ins t i tu te  of Technology, July 1976. 

Knight,  Allen, and others, Laboratory Studies on Selected Nutritional , Phy- 
s ical  and Chemical Factors Affecting the Growth Survival , Respiration and 
Biogenetics of the Giant Prawn , Macrobrachium rosenbergii , Hydrobiology 
Laboratory, Department of Water Science and Engineering , University of 
California, Davis, March 1976. 

Goodwin, H.L., and Hanson, J.A. , The Aquaculture of Freshwater Prawns 
(Macrobrachiurn species) , the Oceanic Ins t i tu te ,  Waimaualo, Hawaii , 1975. 

Sandifer, P.A. , and Smith, T.I. , Experimental Aquaculture of the Malaysian 
Prawn, Macrobrachium rosenbergii (DeMan) i n  South Carolina, U.S.A. , Food 
and Agriculture Organization of The United Nations, Rome, I ta ly ,  1976. 

Sandifer, P.A. , Smith, T.I. , Development of a Crustacean Mariculture Pro- 
gram a t  South Carolina's Marine Resources Research Ins t i tu te ,  Proceedings 
of F i f t h  Annual Workshop, World Mariculture Society, 1974. 

Knight,  Dr. W. Allen, personal interview a t  U.C. Davis. 

Wall Street Journal , Sept. 20, 1976, Commodities--"Freshwater 'Rough' F i s h  
Are Winning More Acceptability a t  U.S. Tables." 

Geothermal Related Corrosion Testing, Si lva,  J .  , Geo-Heat Util ization 
B u l l  et i  n , Oregon Ins t i tu te  of Techno1 ogy , October 1915. 

Linda1 , B. , Industrial and other Applications of Geothermal Energy, UNESCO 
1973 Geothermal Energy (Earth Sciences, 12). 

They're not ' b i t i n g '  a t  his bark, Chemical Week, December 22, 1976. 

87 


	I INTRODUCTION
	I1 SUMMARY AND CONCLUSIONS
	A Key Findings
	B Recommendations and Conclusions
	PROJECT APPROACH AND BACKGROUND DATA

	I11
	A Scope of Effort
	B Methodology Employed
	C Description of Study Area
	1 General Overview
	2 Influence Factors and other


	IV SELECTION OF APPLICATIONS
	V APPLICATIONS
	A General
	1 Business Considerations
	2 Constraints
	Cost of Geothermal Water Systems
	4 Influence Factor Summary

	B Technical Analyses
	1 l Greenhouses
	2 Kiln Drying
	3 Onion Dehydration
	4 Feedlots

	5 Aquacul ture


	VI APPENDIX
	Demographi c and Economi c Prof 5 1 e
	B References

	Location of major wells and hot springs
	Major industrial sites
	Highway and railroad map
	Distances to major western markets
	Contribution of energy savings to profit
	Annual cost of supply and reinjection systems
	We1 1 depth vs temperature
	One acre quonset hut greenhouse
	Geothermally heated greenhouses--optimum we1 1 depth
	Investment estimations for four different greenhouses
	Kiln drying lumber
	Onion dehydration plant--process flow sheet
	Single compon t feedlot unit capacity 600 head
	Combination and design feedlot for 9000 head feeder
	Geothermal he g system for 1 acre aquaculture pond
	111-1 Hot springs and hot-water wells in Lassen
	111-2 Chemical constituents of thermal waters
	Rejected application studies
	Rejected

	v-1 nce factor effects on
	v-2 Greenhouse to average field production
	Greenhouse product economics
	- v-4 Typical kiln drying
	v-5 Estimated extra ration energy required
	V-6
	v-7 Cost Summary 18000 head feedlot

	His tori cal population
	Modoc County population by age groupings
	Lassen County population by age groupings
	Modoc County employment by major categories
	Lassen County employment by major categories
	Historical unemployment rates Modoc and
	Experienced unemployed by occupation Modoc

	Experienced unemployed by occupation Lassen
	Lassen County and California
	Modoc County and California
	Lassen County: Personal income by major
	Personal income by major
	Agricultural production--value and rank
	Agricultural production--Val ue
	products and timber
	products and timber
	Assessed valuation of County--Assessed
	Assessed valuation of County--Assessed
	10 to
	15 to
	20 to
	QI 25 to

	QI
	35 to
	45 to
	55 to
	60 to
	65 to
	10 to
	15 to
	20 to
	25 to
	35 to
	45 to
	55 to
	60 to

	1964
	Beef30042-4
	A1.f a1 fa
	Potatoes
	Meadow Hay
	Bar1 ey
	Wheat
	Oats
	Grain Hay
	Onions
	Misc Veg Crops
	Sheep & Lambs
	Misc Live./Live Prod
	Wool





