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INTRODUCTION 

This report  i s  intended t o  document the Conceptual Design of the 
Kelley Hot Spring Agricultural Center. 
Development, Trade Studies and Conceptual Design and the preliminary Economic 
Analysis a t  the Conceptual Design level.  For completeness, the Reservoir 
Assessment and Environmental Considerations are  summarized. The Conceptual 
Design i n  t h i s  report i s  documented i n  accordance with the configuration 
reported a t  the Midpoint Review on March 31, 1980. For completeness, those 
considerations being investigated d u r i n g  the Preliminary Design e f f o r t  are  
summarized a t  the end of  t h i s  report .  

This e f f o r t  encompasses the Cri ter ia  

The Kelley Hot S p r i n g  Agricultural Center was conceived in 1977 as 
a d i rec t  use application of the geothermal resources under lease t o  Geothermal 
Power Corporation in southern Modoc County, California.  Between t h a t  time a n d  
the time of contracting in September, 1979, the concept evolved and incorporated 
the resu l t s  of the Mountain Home Geothermal Project - I t  should be noted t h a t  
the Project i s  a phased program and tha t  the Phase I e f f o r t  encompasses only 
the design and analysis a c t i v i t i e s .  

65 

The proposed core a c t i v i t i y  in the KHSAC i s  a nominal 1,200 sow swine 
The swine raising i s  t o  be a t o t a l ly  confined operation fo r  raising complex. 

producing premium pork in controlled environment f a c i l i t i e s  t h a t  u t i l i z e  
geothermal energy. 
various feed formulae required fo r  the animals from breeding through gestation, 
farrowing, nursery, growing and  f inishing.  The market animals are  shipped l i ve  
by truck t o  slaughter in Modesto, California. 
f a c i l i t y  will include manure collection from a l l  raising areas,  transport  via a 
water flush system t o  methane (biogas) generators, manure separation, s e t t l i n g  
ponds and disposit ion of the surplus agricultural  quali ty water. The design 
i s  based upon the best commercial practices in confined swine rais ing in the 

The complex will include a feedmill for  producing the 

A complete waste management 
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U.S. today. 
geothermal ho t  water heat for space heating and process energy t h r o u g h o u t  
the complex. 
selected as the s i t e  for the swine ra i s ing  complex. In t h a t  an Archeological 
Survey was underway a t  the time the s i t e  se lec t ion  had t o  be made, the f i n a l  
s i t e  se lec t ion  wil l  have t o  be made a f t e r  archeological clearance i s  given 
fo r  one or more o f  the candidate s i t e s .  

The most unique f ea tu re  of the f a c i l i t y  i s  the u t i l i z a t i o n  of 
@ 

For the Conceptual Design e f f o r t ,  S i t e  1 (Figure2-1) was 

This repor t  has been compiled from contr ibut ions as submitted by the 
Team Members. The Geothermal Power Corporation's Kelley Hot S p r i n g  Project  
Team Members a re :  

Geothermal Power Corporation 
Frank G. Metcalfe, President and Program 
Ken Kazmerski , Geologist 
J .  Richard Cannon, Project  Administrator 

Lahontan, Inc. 
A. B. Longyear, Project  Pr incipal  Invest  
P. Klaussen, Construction Manager 

Manager 

ga tor  

James A .  Nei 1 son, Envi ronmental Reporti nq/Assessment 

Aqricultural  Growth Indus t r ies ,  Inc. 

Richard H. Matherson, Agriscience and Desian 

Internat ional  Enqi  neeri nq Co. 
Sam F. Fogleman, IECo Program Manager 
Leonard A. Fisher ,  LAFCO, IECo Principal Inves t iga tor  

Carson Development Co. 
Johan Otto,  President ,  Construction P 

Coopers & Lybrand 
William R. B r i n k ,  Market and Economic 

an 

Assessment 
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CHAPTER 1 -- PROJECT OVERVIEW Q 

Summary 

The technical e f f o r t  i n  Phase I e f fec t ive ly  commenced on the 
f i rs t  of Decemberr 1979. In December, i t  was discovered tha t  additional 
environmental work would be required i n  addition t o  the normal invest i - , -  
gations associated w i t h  the environmental assessment a c t i v i t i e s .  This 
deferred the formal select ion of a f a c i l i t y  s i t e  and was a major factor  
in preventing fur ther  well clean-out work tha t  had been s ta r ted  i n  the 
GRI-1 well near Kelley Hot Spr ing .  The ear ly  well clean-out ac t iv i ty  
was t o  provide engineering data t o  a s s i s t  focusing the design effort .  

Through proper design of the f a c i l i t y ,  potential environmental 
impacts have been avoided. An i n i t i a l  concern was t h a t  a large f a c i l i t y ,  
w i t h  a major i n f l u x  o f  new employees from outside o f  the area,  could r e s u l t  
in crowding in the Kindergarten through Ninth Grade in the southern Modoc 
County school system. 

- - - - - -. 
However, with the proj-ected 17- Derson employment 

level o f  the 1,200 sow complex, t h i s  i s  not expected t o  be a problem. 

and Jus t i f i ca t ion  Report5'. In summary, extensive pr ior  exploration da ta  
have included: reconnaissance level geologic mapping and gravity surveys, 
an aeromagnetic survey, a t  l e a s t  30 square miles of e l ec t r i ca l  r e s i s t i v i t y  
surveys, a reconnaissance-type t e l l u r i c  survey, a ground noise and micro- 
earthquake survey, geochemical analyses, and extensive temperature gradient 
surveys over a 15 square mile area.  
t o  depths in the range of 3,200 f e e t  w i t h  s imilar  bottom hole temperatures 

The resources a re  described in de ta i l  i n  the Dril l  S i t e  Selection 

Two-exploration wells have been d r i l l e d  

and l i thology. 
ear ly  in Phase I with the in ten t  t o  clean-out, reaffirm bottom hole tempera- 
ture, make chemical analyses, and,  i f  possible,  achieve flow in the well. 
After i n i t i a l  clean-out, a probe lowered in the hole encountered a bridging 

obstruction. I t  was determined a t  t h i s  point,  due t o  the required environ- 
mental s tudies ,  t o  defer further f i e l d  a c t i v i t y  until  Phase 11. 

The GRI-1 well, o r ig ina l ly  d r i l l e d  i n  1969, was re-entered 

e 
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The engineering e f f o r ,  was divided i n t o  three overlapping and i n t e r -  
connecting a c t i v i t i e s :  
Design. An extensive f i e l d  survey was made t o  review commercial swine 
ra i s ing  en terpr i ses  in the United S ta tes :  
discussions with swine ra i s ing  equipment suppl ie rs ,  methane production 
f a c i l i t i e s  and feedmill operations.  
published l i t e r a t u r e ,  fundamental design c r i t e r i a  were es tab l i shed ,  evaluated 
and appl icat ions c r i t e r i a  developed. Final se lec t ion  of  c r i t e r i a  was made in 
conjunction with the Trade Studies.  
Trade Studies ,  w i t h  f i n a l  se lec t ions  decided on the basis of the economic 
c r i t e r i a  f o r  the Project .  
aforementioned c r i t e r i a  and the r e s u l t s  of the Trade Studies.  

Cr i t e r i a  Development, Trade Studies,  and Conceptual 

review of research f a c i l i t i e s  and  

From t h i s  survey and a review of 

Engineering options were evaluated th rouah  

Conceptual Design was conducted u t i  1 iz ing the 

Based upon the emerging Conceptual Design, construction planning was 
i n i t i a t e d .  Costs were o b t a i n e d  t h r o u g h  quotes, catalogs and au tho r i t a t ive  
estimating sources. Cost estimating was conducted t o  a grea te r  depth t h a n  
would normally be required fo r  a Conceptual Design in order t o  prepare a 
de ta i led  backup for the Phase I1  proposal. Usinq d a t a  excerpted from the 
Engineering and Construction Plan Studies,  an economic assessment of the 
faci  1 i t y  was prepared. 

These studies were a l l  completed a t  the end of March. I n  t h a t  the 
economic assessment could not be made unt i l  the other s tud ies  were completed, 
very l i t t l e  time remained t o  make an overall  assessment o f  the r e s u l t s .  There- 
fo re ,  i t  became evident j u s t  p r i o r  t o  the Midpoint Review t h a t  cap i ta l  costs  
of the f a c i l i t y  were deemed excessive. Consequently, some s i g n i f i c a n t  changes 
in approach t o  capi ta l  faci  1 i t y  design were i n i t i a t e d  through the Conceptual 
Design e f f o r t .  Concurrently, evaluation was made of the overall  level of 
pork production, methods of producing animal feeds and the concept of power 
cogeneration through the s a l e  of methane t o  the local u t i l i t y ,  along with 
consideration of a l t e r n a t i v e  means of applying geothermal energy. 
though these a c t i v i t i e s  occurred a f t e r  the completion of Conceptual Design 
and Midpoint Review, the improvements i n  the economics of the overall  
concept a r e  s i g n i f i c a n t  and therefore  included in summary form as Chapter 7 
in t h i s  report. 
the Preliminary Design . 

Even 

These concepts are t o  be considered in the de f in i t i on  of 
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n 

Findings and Conclusions 

1 .  - 
1,200 sow complex s i z e ,  can e f f i c i e n t l y  u t i l i z e  a hydrothermal, direct-energy 
geothermal resource. 
u t i l i z e  the output of a commercial feedmill ,  which i s  essent ia l  t o  the 
economics o f  swine ra i s ing  i n  other than the mid-west. 
methane generation f a c i l i t i e s  require a f a c i l i t y  of a t  l e a s t  500-600 sow 
operation . 

Modern confined swine ra i s ing  techniques, a t  a nominal 

The 1,200 sow s i z e  was chosen t o  be large enough t o  

Further, economic 

9 

2. The waste management system, u t i l i z i n g  methane generation, 
has been a focal point f o r  in-depth engineering analysis  and design, economic 
analysis  and a major consideration f o r  operational permitt ing.  I n  t h i s  
pro jec t ,  consideration of a form of  cogeneration w i t h  the local  u t i l i t y .  

developed from the waste management studies. 
i n  the ongoing Preliminary Design. 
heat was found essent ia l  t o  the economic generation of methane. 
found t h a t  sa les  of the methane’to the u t i l i t y ,  rather t h a n  generating power 
in-plant would r e s u l t  i n  more p r o f i t a b i l i t y ,  l e s s  technical risk and l e s s  
operational compl exi tz- These a re  prel i m i  nary f i ndi ngs ( see  Chapter 7 ) .  

This i s  being explored fu r the r  
The use of moderate temperature geothermal 

I t  was 

3. The purifying action of t h i s  methane jenerat ion grea t  
simplyfies permitt ing.  

Y 

4. I t  has been found t h a t  a f i e l d  experiment w i t h  phased 
programming and a descrete  des ign  e f f o r t  precludes consideration o f  some 
novel low-cost family-constructed and operated f a c i l i t i e s .  However, the 
t o t a l l y  confined 
trends i n  swine ra i s ing  i n  the U.S. and r e f l e c t  technology developed and 
u t i l i z e d  extensively i n  the Scandinavian countries, Western and Eastern 
Europe and Canada. T h i s  type of f a c i l i t y  is  uti’lized t o  produce premium 
fresh pork w i t h  a maximum i n  qua l i t y ,  productivity and  animal heal th .  

(capi ta l  - in tens ive)  concepts considered herein represent  the 
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5 .  The o p e r a t i o n a l  ph i l osophy  u t i l i z e d  g r e a t l y  a f f e c t s  and i n  

many cases c o n t r o l s  f i n a l  des ign  d i r e c t i o n .  The o p e r a t i o n a l  methodology 

upon which t h i s  des ign  i s  based encompasses these major  f e a t u r e s :  

- T o t a l  conf inement  

- Maximum automat ion  and minimum l a b o r  f o r  u n i f o r m  

p r o d u c t i v i t y ,  q u a l i t y  and animal h e a l t h  

p r e v e n t i v e  h e a l t h  p r a c t i c e s ,  and feed p r o d u c t i o n  

e f f i c i e n c i e s  

- Concen t ra t i on  o f  l a b o r  i n  t h e  areas o f  p r o d u c t i v i t y ,  

- Breed ing  and weaning c y c l e  t i m i n g  and g e n e t i c s  management 

- Max im iza t i on  o f  f eed  convers ion  e f f i c i e n c i e s  th rough 

env i ronmenta l  c o n t r o l  

- Cost -e f fec t i ve  feed-product ion p r a c t i c e s .  

- M i n i m i z i n g  animal s t r e s s  th rough optimum animal  

management p r a c t i c e s .  
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C H A P T E R  2 -- ENVIRONMENTAL CONSIDERATIONS 

I .  SUMMARY OF ENVIRONMENTAL ASSESSMENT . 

An environmental assessment of the general area of Kel ley Hot S p r i n g  
fo r  the location and operation of an ag r i cu l tu ra l  complex based upon confined 
raising of hogs was undertaken d u r i n g  the winter of 1979 - 1980. I n i t i a l  s i t e  
reconnaissance establ ished s i x  areas acceptable for  development, (Figure 2 - 1 ) .  

These s i t e s  were carefu l ly  examined by Mr. Frank Metcalfe f o r  possible 
purchase. 
real  e s t a t e  appraiser .  Negotiations were begun with the land owner. In 
addition negotiations have begun w i t h  the land owner on s i t e  6 .  Careful 
examination of t e r r a i n ,  access,  water a v a i l a b i l i t y  and land acquis i t ions  
have establ ished a potent ia l  project  s i t e  on which s i t e  6 would support 
the geothermal supply well (most favorable from the standpoint of heat 
probes) and a pipel ine access route t h a t  crosses t o  a plant  s i t e  on s i t e  
3, ( f i gu re  2 - 3 ) .  

The most promising s i t e  ( s i t e  3)  was appraised by a professional 

The one most c r i t i c a l  cons t ra in t  environmental ly  encountered was 

water qua l i ty  control in  the production of  offensive odors a r i s i n g  from the 
large concentration of hogs. 
inclusion of three important fea tures  i n  the des ign  of  the complex: 
waste co l lec t ion  and t ranspor t  system; ( 2 )  methane generation; and ( 3 )  water 
rec 1 ama t i on. 

These problems a r e  e f f ec t ive ly  mitigated by the 
( 1 )  a 

All animal pens are cleaned several times each day by f lushing water 
i n t o  gu t te rs  and i n t o  a sewer p i p e  system leading d i r e c t l y  i n t o  the methane 
generation plant .  This geothermally heated, anaerobic digestion continuous 
flow system i s  dependent on thermophilic bacter ia  t h a t  e f f ec t ive ly  reduce a l l  
organic wastes t o  methane, carbon d i o x i d e ,  water and minor amounts of other 
odorless and  nontoxic compounds. Ine r t  solids a r e  reclaimed from the ponding 
system i n t o  which digestive materials flow. A system of ponds pu r i f i e s  the 
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@ 
water so t h a t  i t  can be recycled t h r o u g h  a portion of the waste removal system. 

Methane generated i s  piped t o  the boundary of the property and  delivered 
t o  the local u t i l i t y  for  the i r  use in an engine generator s e t  t o  produce elec- 
t r i c i t y  t h a t  would be p u t  into the e l e c t r i c  dis t r ibut ion system. This d i s t r i -  
bution system would furnish the power t o  the f a c i l i t y .  
generation have been in i t i a t ed  with the Surprise Valley Rural Electrical  
Cooperative. 

Discussions of co- 

Geothermal f lu ids ,  a f t e r  heat extraction, will be used in the makeup 
water for  the methane generation system a n d  for  flushing of the farrowing and 

nursery buildings. The purity of the water permits release of any surplus 
eff luents  into the existing overland water drainage systems. Excess water 
collected i n  the waste management system will be spray-irrigated onto  lands 
controlled by the operator so t h a t  no discharges of eff luent  waste waters 
will occur. 

A separate system for  potable water will provide clean, pure water 
for  domestic purposes, as well as a drinking water supply for  the hogs. 

Geothermal water i s  suf f ic ien t ly  low in dissolved sol ids  a n d  environ- 

Elements such as boron and f lo r ine  will be removed in the 
mentally sensi t ive substances t h a t  i t  can be used as the water source for 
waste management. 
sediments of the ponds o r  the methane generators. 

The methane digestor completely removes objectionable odors o f  hog 

waste in the anaerobic process which i s  en t i re ly  a closed system. 
waters a re  f ree  o f  odors. The methane process i s  so effect ive t h a t  i n i t i a l  
ponds have no odor charac te r i s t ic  of the common aerated t e r t i a r y  treatment 
systems of similar non-geothermal operations. 

Discharge 

The t h i r d  area of environmental concern, while minor in impact in the 
1,200 sow complex, i s  the potential influx of new people and t he i r  demands on 
the school system. 
complex ( 1 7 )  are  from the indigenous population or l ive  mostly outside the 
Canby area,  l i t t l e  impact will be f e l t .  I t  i s  the in ten t  o f  t h i s  Project t o  

If the majority o f  persons required t o  operate the 
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t h e  immediate area i n  southern 

employed from ou ts ide  the  area 

crowding w i l l  occur i n  the  K-9 
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ble,  i n c l u d i n g  t r a i n i n g  o f  such personnel, f rom 

Modoc County. I f  a d d i t i o n a l  personnel must be 

and they a re  housed i n  the  p l a n t  v i c i n i t y ,  some 
grade schools which a re  a t  capac i t y  now. 

Other areas i n v e s t i g a t e d  i n  the  course o f  t h i s  assessment were: 

geology and s e i s m i c i t y ,  hydrology, s o i l s ,  f l o r a  and fauna, a i r  q u a l i t y ,  

aes the t ics ,  h e a l t h  and sa fe ty ,  l a n d  use c o n f l i c t s ,  socio-economics and s p i l l  

p revent ion .  No adverse impact o r  impact o f  cumula t ive  p r o p o r t i o n  l ead ing  t o  
an adverse impact were detected. 
expected through increased j o b  o p p o r t u n i t i e s ,  l o c a l  cash f l ow ,  and increased 

t a x  revenues a t  l i t t l e  o r  moderate c o s t  t o  the  County. 

A very  p o s i t i v e  socio-economic impact can be 

11. FACTORS AFFECTING DESIGN, OPERATIONS AND ECONOMICS 

The f a c t o r s  a f f e c t i n g  design, opera t ions  and economics, f rom an 

I t was found t h a t  convent ional  anaerobic ponds would be ex tens i ve  i n  

environmental s tandpo in t ,  are p r i n c i p a l l y  assoc ia ted  w i t h  the  waste management 

system. 

l and  coverage, and ae rob ic  ponds would r e q u i r e  l e s s  area b u t  s t i l l  more than 
t h a t  r e q u i r e d  f o r  t h e  methane system. These convent iona l  pond systems would 

n o t  s t e r i l i z e  t h e  e f f l u e n t  water and hence cou ld  spread desease i f  t h e  water 
i s  r e c y c l e d  through t h e  b u i l d i n g s .  

requ i red .  
t h a t  a convent iona l  ponding system o f  t h e  proposed s i z e  cou ld  be permi t ted .  

I n  any case, t he re  a re  ins tances  i n  Europe, and t h e  U.S. where convent iona l  

ponding systems have been shut  down. 

o f  t he  methane system. Though the  methane system tends t o  be s l i g h t l y  more 

c o s t l y ,  ($100,000. inc rease over convent iona l  ponds) i t  can be permi t ted ,  i s  
more hea l thy ,  reduces odors t o  a minimum, reduces f r e s h  water requirements 

and may recover  the  c a p i t a l  d i f f e r e n c e  i n  one year  i f  the  methane i s  s o l d  
a t  c u r r e n t  n a t u r a l  gas p r i c e s .  Also, t h e r e  i s  a p o s s i b i l i t y  t h a t  i t  cou ld  

o f f e r  cogenerat ion t a x  advantages. 

Hence, a d d i t i o n a l  f r e s h  water would be 
The cogn izant  Regional Water Q u a l i t y  Contro l  Board expressed doubt 

These f a c t o r s  caused t h e  c o n s i d e r a t i o n  

Though n o t  d i r e c t l y  considered, the l i m i t a t i o n s  i n  school space i s  
i n  consor t  w i t h  the  design ph i losophy of m in im iz ing  t h e  number o f  f u l l - t i m e  

Kel 1 ey Hot Springs Agr i  c u l  t u r a l  Center empl oyees . 
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F i g u r e  2-1. K e l l e y  Hot S p r i n g  A g r i c u l t u r a l  Center  - Candidate F a c i l i t y  S i t e s .  
S i t e  1 was u t i l i z e d  f o r  Conceptual Design, and S i t e s  6 and 3 a r e  be ing  cons idered d u r i n g  

P r e l i m i n a r y  Design. 
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F igu re  2-3. Approach t o  use o f  S i t e  3 w i th  w e l l  l o c a t e d  on S i t e  6. 
Th is  i s  be ing  eva lua ted  d u r i n g  P r e l i m i n a r y  Design. 
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CHAPTER 3 -- GEOTHERMAL R E S E R V O I R  ASSESSMENT 

The following information i s  excerpted from the Drill S i t e  Selection 
58 

and Just i f icat ion Report - 
Resource Description and Prior Exploration 

The Warm Springs Valley of the P i t  River, a part  of the Modoc Plateau 
province, i s  highlighted by Kelley Hot S p r i n g ,  flowing a t  96OC (205°F) a t  
320 gpm from a single or i f ice .  
(4,360 f e e t ) .  The P i t  River Valley contains a thin veneer of stream-channel 
alluvium, flanked by terrace deposits and older and younger fan deposits. 
Beneath are  sedimentary and tuffacious beds of the Alturas Formation, while 
overlying on higher h i l l s  are  basalt  flows of Pliocene and Pleistocene age. 
The principal f au l t  of the region i s  the northwest-trending Likely Fault ,  
passing about one mile west o f  Kelley Hot  S p r i n g ,  w h i c h  appears t o  be  a 

s ignif icant  regional boundary. 

The flow i s  a t  boiling for  the elevation 

Extensive exploration data include: Reconnaissance-level geologic 
mapping and -gravity surveys, an aeromagnetic survey, a t  l ea s t  30 square miles 
of e lec t r ica l  r e s i s t i v i t y  surveys, a reconnaissance-type t e l l u r i c  survey, a 
ground-noise and micro-earthquake survey, geochemical analyses, and extensive 
temperature gradient surveys over a 15 square mile area with 2.5 - 3 HFU 
across the area and a high of over 20 HFU in cer ta in  holes. 

Two exploration wells have been d r i l l ed .  In 1969, Geothermal Resources 
International d r i l l ed  the GRI-1 well t o  3,200 f e e t ,  1/4 mile south of the 
spring, with a maximum temperature of l l O ° C  (230°F) a t  bottom. 
Geothermal Power Corporation d r i l l ed  the Kelley Hot Spring #1 well t o  3,396 
f ee t  approxinately 1-1/2 miles due eas t  of the GRI-1 well. The maximum 
bottom hole temperature of 115eC (239'F) was measured in 1977 in KHS-1. 
The lithology of the two wells i s  similar.  See Figure 2-1 fo r  the well 
1 ocati ons. 

In 1974, 

Reservoir Field Activity 

In November of 1979, Geothermal Power Corporation began rework 
operations on t h i s  well , which was t o  be the supply well fo r  the f a c i l i t y .  
The operations performed are  summarized in the California Division of Oil @ 
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and Gas Well History and Summary Report contained in the appendix of Refer- 
ence 58. After rework operations were complete, a flow t e s t  was performed. 
The resul tant  flow ra te  proved t o  be inadequate fo r  the f a c i l i t y .  We feel 
t h a t  the main reason for  n o t  obtaining the expected flow ra te  i s  due t o  the 
sealing off of the producing zones during the i n i t i a l  d r i l l i n g  of the well. 
From the l i thologoic l o g  of the i n i t i a l  well, zones of l o s t  c i rculat ion 
were encountered below 1,600 f e e t .  Lost c i rculat ion material was added t o  
the d r i l l i n g  f lu ids  in an attempt t o  seal o f f  these zones. 
t h i s  material , together with the mud cake formed on the well-bore wall during 
d r i l l i n g ,  has effect ively blocked the producing zones of the reservoir.  
t h a n  incur the additional expense of fur ther  rework involving a well stimulation 
program which may n o t  y ield the expected flow rates  a f t e r  completion, i t  was 
decided t o  use the proposed standby well as the supply well. 
well has been allocated in the original proposal and  which i s  planned t o  be 
d r i l l ed  i n  Phase I 1  of the program. 

0 

We believe t h a t  

Rather 

Funding f o r  t h i s  

Another mitigating circumstance for  n o t  continuing with fur ther  rework 
of GRI-1 well i s  t h a t  t h i s  s i t e  i s  in an archeologically sens i t ive  area.  
During rework operation, i t  was discovered t h a t  one of the la rges t  Indian 
middens in North America encompasses the area surrounding the GRI-1 well and 
extends n o r t h  across Highway 299 for  abou t  200 meters and south for  a b o u t  
800 meters. 

Resource Assessment 

The proven reserve described i s  a body o f  h o t  water a t  over 240°F i n  

a porous reservoir between a b o u t  1,600 t o  3,400 f ee t  depth covering an  area 
of several square miles. A conservative estimate of the resource assuming 
an areal extent of four square miles, thickness of 2,000 f e e t ,  a reservoir  
temperature of 240°F, a disbursement temperature ( o f  waste f l u i d )  of 80DF, and  
volumetric specif ic  heat of 0 .6 Calories/cm /"C i s  3.37 X 1017 Calories of gross 
heat reserve i n  the reservoir.  Log analysis d a t a  from KHS-1 indicate an average 
porosity o f  the order of 20 percent in the reservoir .  This gives a minimum 
estimate of the heat in the f lu id  only of 6.73 X 10 l6 Calories. 
more heat will be available by conduction from the rock matrix and  recharge 
from a deeper heat source by peripheral recharge in to  the reservoir .  

3 

However, 
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@ The expected u t i l i za t ion  ra te  of the h o t  water a t  208OF i s  less  than 
325 gallons per minute. 
gross energy production r a t e  will be 8.1 X 10l1 B t u  per year. 
year plant l i f e ,  the to ta l  resource required i s  6.12 X 1014 Calories, which 

Assuming a disbursement temperature of 95'F, the 
Over a 30 

i s  less  than 1.0 percent of the heat reserved i n  the f lu id  alone, as described 
before. 
t o  supply a plant many times the size of the proposed demonstration plant.  

T h u s ,  the reservoir within the dr i l led  depth has suf f ic ien t  reserve 

Chemically, the f lu id  i s  believed t o  be mildly sal ine.  Measurements 
of specif ic  conductivity made i n  KHS-1 a t  three depths were remarkably 
similar t o  tha t  made in the boiling pool of Kelley Hot S p r i n g .  
the chemistry of Kelley Hot S p r i n g  i s  a reasonable model for  deeper f lu ids ;  
to ta l  dissolved sol ids  of perhaps 1,000 ppm or s l igh t ly  higher, w i t h  Na the 
principal cation, and with SO4 followed in abundance by C 1  and HC03 amongst 
the anions. 
pH i s  mildly alkaline.  From t h i s ,  no 

severe scaling or corrosion problems are  anticipated,  and no problems of 
toxici ty  are expected. 

Therefore, 

F and B concentrations are  about 2 and 4 ppm respectively. 
Si02 concentration i s  about 100 ppm. 

The 

Supply We1 1 Development P1 an 

Proposed Location of Supply Well 

The supply well for Kelley Hot Spring Agricultural Center i s  
proposed for  S i t e  Location No. 6 (see Map 1).  
location are as follows: 

t o  the areal extent of the modeled reservoir.  

thereby reducing the distance of pipeline required. 

The bases for selecting t h i s  

1. S i t e  No 6. i s  favorably positioned w i t h  respect 

2.  S i t e  No. 6 has proximity t o  f a c i l i t y  buildings, 

3. S i t e  No. 6 has already been cleared archeologically. 

We1 1 Characteristics 

The c r i t e r i a  for  the design of the supply well included the 
geologic information used t o  formulate the interpretation of the geothermal 
regime together w i t h  the engineering design requirements fo r  the agricultural  
center. The expected well character is t ics  are  shown i n  Table 3-1. These 
include d r i l l i ng  t o  3,400 f ee t ,  where a flow of 325 gallons per minute i s  Q 
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expected a t  a temperature of 115OC (240'F). 
diameters ranging from 20 inches near the surface t o  9-5/8 inches from 500 
f e e t  t o  1,800 f ee t  d e p t h .  

The casing program c a l l s  for  

Test Plan 

A seven day flow t e s t  is programmed to  determine the sustained 
yield and temperature of the thermal f luids  from the supply well. As the 
factors  which govern the yield of any well are  the properties of the natural 
system and character is t ics  of the well i t s e l f ,  i t  i s  proposed t o  measure them 
by using established techniques from ground water hydrology. 
properties of the natural system including mean hydraulic conductivity, 
s to ra t iv i  t y ,  and boundaries, a 10,000-minute constant-rate pumping t e s t  
w i t h  observation wells i s  proposed. 
a short (2-1/2 hour) f ive  increment, s tep- tes t  i s  proposed. The s tep- tes t  

w i l l  be made f i r s t  t o  determine the optimum ra t e  fo r  t h e  constant-rate test. 

To t e s t  the 

To t e s t  the charac te r i s t ics  of the wells,  

n 
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CHAPTER 4 -- ENGINEERING 

I .  C R I T E R I A  

A.  Resource and S i t e  C r i t e r i a  - The conceptual design descr ibed 

h e r e i n  i s  based on S i t e  1 as i d e n t i f i e d  i n  Top ica l  Report GT-27041-2. 

The conceptual design has been based on an assumed geothermal supply 

w e l l  f l o w  o f  325 ga l l ons  pe r  minute (gpm) a t  208OF a t  t h e  wellhead. 
chemis t ry  has been assumed t o  n o t  p resent  any major problems i n  ope ra t i on  
o f  t h e  K e l l e y  Hot Spr ings A g r i c u l t u r a l  Center (KHSAC) a l though i t  i s  

assumed n o t  s u i t a b l e  f o r  domestic use. The PH i s  assumed t o  be between 

7 .4  and 8.6, ( K e l l e y  Hot Spr ing  measurements). 

Water 

C l i m a t i c  design c o n d i t i o n s  a r e  based on recommendations o f  t h e  
American Soc ie ty  o f  Heating, R e f r i g e r a t i n g ,  and A i r  Cond i t i on ing  Engineers 

(ASHRAE) f o r  A l t u r a s ,  t he  neares t  l i s t e d  town. A l t u r a s '  e l e v a t i o n  i s  

4365 f e e t  above sea l e v e l ,  nomina l l y  t h e  same as t h a t  o f  t he  KHSAC. The 

c l i m a t i c  design c o n d i t i o n s  used a re  the  s o - c a l l e d  2!i% l i m i t s  and are :  

-2OF Dry Bulb (DB) f o r  hea t ing  (occurs 24% o r  l e s s  o f  t h e  t ime  d u r i n g  

December, January, and February);  and 93OF DB and 64OF Wet Bulb (IJB) f o r  

c o o l i n g  (occurs &% o r  l e s s  o f  t he  t ime d u r i n g  June through September). 
(Reference 4 ) .  

The s i t e  i s  r e l a t i v e l y  l e v e l  and exposed t o  s t r o n g  winds. The 

A l t u r a s  P u b l i c  Works Department (PWD) recommends a wind l o a d i n g  c r i t e r i o n  o f  

15 pounds/square f o o t  ( p s f )  and advises use o f  20 psf .  

Based on Na t iona l  Oceanographic and Atmospheric Agency (NOAA) da ta  

The A l t u r a s  PWD recommends a snow l o a d i n g  c r i t e r i o n  o f  30 p s f .  

f o r  A l tu ras ,  annual t o t a l  p r e c i p i t a t i o n  i s  13.0 inches and annual snowfa l l  i s  

40.1 inches. 

The f o o t i n g  depth c r i t e r i o n  o f  18 inches below grade i s  a l s o  based 

on A1 tu ras  PWD in fo rma t ion .  
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B. Agr isc ience C r i t e r i a  

1. Swine Produc t ion  - Swine p roduc t i on  c r i t e r i a  r e s u l t  
from the  management p l a n  summarized i n  Table 4-1 below. 

TABLE 4-1 
SWINE PRODUCTION MANAGEMENT 

I tem P1 an 

Average l i v e  and weaned 

Farrowings per  sow per  year  

b i r t h s  pe r  f a r r o w i  ng 9.0 

2.4 
Number o f  breeding sows 1,200 

Average market we igh t  per  hog 
To ta l  market we igh t  o f  hogs 

Marketable hogs per year 25,920 

228 pounds 

per  yea r  5,909,760 pounds 

Na t iona l  averages f o r  c u r r e n t  p r a c t i c e s  range f rom 8.5 

t o  9.4 average l i v e  and weaned b i r t h s  pe r  f a r r o w i n g  (References 94, 51*, 

64* 87*); average fa r row ings  per  sow per  yea r  range f rom 2.0 t o  2.56 

(References 15, 19, 23, 33, 94, 51*, 64*, 87*). 

2. B u i l d i n g  S ize  and Shape - The s i z e s  and shapes o f  

swine b u i l d i n g s  f o r  t h i s  1200 breeding sow complex a r e  c h i e f l y  based on 

the  f o l l o w i n g  c r i t e r i a .  

Breeding should be designed t o :  maximize boar/sow p r o x i m i t y  

t o  maximize heat  c y c l e  de tec t i on ,  inseminat ion,  and conception; maximize 

opera tor  v i s u a l  con tac t  w i t h  animals; and minimize animal movement. 

Gesta t ion  b u i l d i n g s  r e q u i r e :  maximized animal d e n s i t y  

a l l o w i n g  sow loung ing  c a p a b i l i t y ;  and feed ing  t o  e l i m i n a t e  boss sow type 

pecking o rde r .  

@ Farrowing b u i l d i n g  l a y o u t  must a l l o w  f o r :  s tandard ized pen 

equipment; pen schedul ing f l e x i b i l i t y ;  p i g l e t  h e a t i n g  and separate sow heat inq .  
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disease control,  sani ta t ion,  and isolat ion capabi l i t i es ;  
a i r  movement considerations. 

and specialized 
@ 

Nursery buildings should be designed t o :  
pen equipment; provide f loor  heating; provide ease of sani ta t ion;  and 
maximize operator v i  sua1 contact with the animals. 

u t i l i z e  standard 

Growing and finishing building layouts require: automated 
drop feeding; minimization of operating personnel; maximum operator 
observational capabi l i ty ,  par t icular ly  d u r i n g  feeding; maximum animal 

zed 

density in standardized pens; and design fo r  d u n g i n g  capabi l i ty  t o  maximize 
cleanliness.  

Table 4-2 following summarizes current national design 
c r i t e r i a  on a square foot per animal basis:  (References 33, 94, 95, 51*, 64*). 

TABLE 4-2 
CURRENT ANIMAL SPACE CRITERIA 

Bui 1 di ng Square Feet/Animal 

Breeding 11.5 - 13.0 
Gestation 25 - 30 

Farrowing (per sow & 
1 i t t e r )  35 

Nursery 2.25 - 3.25 
Growing 4.25 - 4 .5  
F i  n i  shi ng 7 . 2  - 8.0 

3 .  Feed Distribution - Feed d is t r ibu t ion  i s  t o  be auto-  
mated w i t h i n  the buildings i n  order t o :  
social  s t r e s s ;  maximize animal observation w i t h  m i n i m u m  labor; minimize 
waste; promote even animal weights; and optimize health and sani ta t ion 
practices.  

maximize production w i t h  minimum 

C.  C i v i l  , Electrical  , and Mecha.nica1 Engineering Cr i te r ia  

1 .  Heating and Cooling - A key consideration i n  KHSAC design 
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i s  the range of design temperatures for  the buildings i n  heating and 
cooling modes. Table 4-3 summarizes these temperatures, a r e su l t  of 
combining agri science and engi neeri ng c r i  t e r i  a .  
36, 65*, 91) .  

(References 3, 23, 73, 4, 

TABLE 4-3 

HEATING AND COOLING TEMPERATURES 

B u i  1 d i  ng 

Breeding 
Gestation 
Farrow! ng 
Nursery 

Growing 
Finishing 
Feed Act ivi t ies  
S u p p o r t  Faci 1 i t i e s  

Temperatures, O F  DB 
Heating Cool i ng 

1 

65+5 - 75+5 - 
65+5 - 75+5 - 
65+5 - 
73+3 - 77+3 - 

6 5 t 5  - 80+5 - 

65+5 - 80+5 - 

65+5 - 80+5 - 

65+5 - 80+5 - 

80+5 - 

2. Building Classification and Codes - Buildings are  
c lass i f ied  as agricultural  under Uniform Building Code ( U B C )  rules .  
Cal i fornia 's  Energy Conservation Code ( T i t l e  24) does not apply t o  agr i -  
cul tural  bui 1 dings. 

3. Building Access - Reasonable access t o  a l l  buildings 
fo r  f i r e  fighting and maintenance dictated t h a t  the s t ructures  be spaced 
20 f e e t  a p a r t  in directions perpendicular t o  product flow and 3 0  f ee t  apart  
in directions parallel  t o  product flow. The 20 foot separation minimum 
also precludes fan interferences between buildings, an important health 
consideration. 

4. Building Construction Features - Design of the build- 
ings will be normal commercial practice for 20-year l i f e  as a minimum. 



- 22  - 

I n t e r i o r  sur faces  of animal enclosures a r e  t o  be smooth- 
@ 

f i n i s h e d  w i t h  no d e s t r u c t i b l e  p ro t rus ions  below 6 f e e t  f rom the  f l o o r  

(where animals would have a tendency t o  des t roy  o b j e c t s ) .  

I n s i d e  sur faces  o f  the  f a r r o w i n g  b u i l d i n g  s h a l l  be impervious 
t o  water . 

A l l  b u i l d i n g  plywood, i f  used, i s  t o  be marine t ype  t o  w i t h -  

stand washdowns. 

F l y t r a p s  and screens on exhaust openings a r e  n o t  r e q u i r e d  i f  

nega t i ve  pressure  system i s  used. Screens a re  r e q u i r e d  on a i r  i n l e t s .  

F l e x i b l e  e l e c t r i c a l  cab le  use i n s i d e  t h e  b u i l d i n g s  i s  
acceptable.  

Each b u i l d i n g  w i l l  r e q u i r e  480 v o l t ,  3-phase power and 

110 v o l t  AC power. 

5 .  L i g h t i n g  - L i g h t i n g  l e v e l s  f o r  t he  p r o j e c t  a re :  30 

foo t -cand les  (F.C.) i n  the  g e s t a t i o n  b u i l d i n g ,  20 F.C. i n  a l l  o t h e r  

b u i l d i n g s ,  and 1/10 F.C. f o r  o u t s i d e  areas. 

6. Power Supply - Power genera t i on j supp ly  modes w i l l  be 

t r a n s f e r r e d  manual ly - automat ic s w i t c h i n g  i s  n o t  requ i red .  

7 .  Employee F a c i l i t i e s  - T o t a l  employees a t  s i t e  w i l l  be 
17 ope ra t i ng  on 2 s h i f t s  pe r  day, w i t h  o n l y  one o r  two persons on t h e  t h i r a  
s h i f t .  Showers and t o i l e t s  f o r  bo th  sexes w i l l  be provided. 

Human waste d isposa l  w i l l  be by s e p t i c  tank  w i t h  leach f i e l d  

per l o c a l  codes. 

8. Swine Waste Management - Swine manure i s  t o  be used i n  

the  p roduc t i on  o f  methane gas and sa leab le  f e r t i l i z e r  us ing  a biogas 

genera t ion  subsystem. 

9. Emergency Backup - An engine-generator s e t  w i l l  be 

used as standby power i n  case of main power supply f a i l u r e .  Th is  standby 

power w i l l  be manually switched t o  p rov ide  power f o r  c r i t i c a l  f u n c t i o n s .  
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10. Si te  Fac i l i t i es  - Si t e  will  u t i l i z e s e c u r i t y  wire mesh 
fencing 6 f e e t  h i g h  w i t h  top strands of barbed wire. 

Visitors f a c i l i t i e s  a r e  not required. KHSAC i s  t o  be closed 
t o  the general public f o r  sani ta t ion and disease control.  

Walkways between buildings f o r  swine t r a f f i c  will u t i l i z e  
deicing . 

D. Economi c Cri t e r i  a 
The design should be i n  accord w i t h  normal commercial practice.  

The economic analyses (Chapter 6)  should consider: r a t e  of return 
on owner’s internal cash flow; r a t e  of return on asse ts  and equity a f t e r  
depreciation, s a l a r i e s ,  and a l l  expenses and costs;  and land valuation 
of $750 per acre f o r  acquisit ion.  

11. CRITERIA APPLICATIONS 

A .  Agriscience 
Table 4-4 following summarizes the design parameters 

(applications) resul t ing from the agriscience c r i t e r i a  and published data 
on swine production. These parameters a re  f o r  a 1200 breeding sow complex. 

TABLE 4-4 

AGRISCIENCE CRITERIA APPLICATIONS 

Bui  1 d i  ng 

Breeding 
Ges t a  t i on 

Farrowing 

Nursery 
Growing 
F i n i s h i n g  

Number o f  
Bui  1 d i n g s  

2 
2 

1 

1 
3 

3 

Total Population Weeks i n  
Desian ODerational B u i  1 d i  na 

Average 
Weight, 
Pounds 

400 400 6 

944 944 11 
2344 2016 piglets 4 
252 244 sows 4 

4224 4032 5 
4092 4032 7 
4080 4032 7 

350 
325 

9 
360 

30 

85 
175* 

* average market weight i s  228 pounds. 
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B. C i v i l  E l e c t r i c a l  and Mechanical Eng ineer ing  

1. Heat ing and C o o l i n g  - The a p p l i c a t i o n  o f  design d r y  
b u l b  temperatures r e s u l t s  i n  t h e  f o l l o w i n g  minimum a i r  change requirements 

t o  p rec lude b u i l d i n g  i n s i d e  mois tu re  b u i l d u p  exceeding 75 pe rcen t  r e l a t i v e  

humid i ty :  

- hea t ing  - 8 minutes pe r  b u i l d i n g  a i r  change 
- c o o l i n g  - 1% minutes pe r  b u i  

feed and suppor t  b u i l d i n g s  

v e n t i  1 ated. 

The a i r  change requirements a r e  1 

ments f o r  f i n a l  design values t o  p rec lude excess 

hea t ing  mode and t o  match t o t a l  b u i l d i n g  heat  ga 

d i n g  a i r  change except f o r  

which w i l l  be g r a v i t y  

k e l y  t o  r e q u i r e  a d j u s t -  

humidi t y  b u i  l dup  i n  t h e  

ns i n  the  c o o l i n g  mode. 

A i r  f l o w  w i l l  be down f rom l o n g i t u d i n a l  plenums i n  the  
c e i l i n g s  and w i l l  be c o n t r o l l e d  f o r  temperature and volume. 

F l o o r  hea t ing  w i l l  be p rov ided f o r  p i g l e t s  i n  f a r r o w i n g  and 

nursery  b u i  1 d ings  . 
2. 

t i o n s  o f  c r i t e r i a  

3. 

B u i l d i n g  Features - The f o l l o w i n g  a r e  d i r e c t  app l i ca -  
regard ing  animal b u i l d i n g  c o n s t r u c t i o n  fea tu res :  

s t r u c t u r a l  r o o f  and w a l l s  - based on t r a d e  s tudy  

f l o o r s  - brush f i n i s h  concre te  throughout t o  p reven t  
r e s u l t s  i n  s e c t i o n  I11 B 2. 

s l i p p i n g  except smooth t rowe l  f i n i s h  concre te  i n  

f a r r o w i n g  creep area t o  p reven t  p i g l e t  abras ion  

he igh t ;  washable w a l l s  i n  f a r r o w i n g  and nursery  

w a l l s  - smooth f i n i s h  w i t h  no p r o t r u s i o n s  below 6 - f o o t  

pens - t o  be based on t r a d e  s tudy  r e s u l t s  
manure c o l l e c t i o n  - s l o t t e d  f l o o r s  over  g u t t e r s  

g u t t e r s  - f l a t  across w i t h  gradual  s lope  lengthwise  f o r  

drainage and w i t h  r a d i i  a t  v e r t i c a l  i n t e r s e c t i o n s .  

S i t e  F a c i l i t i e s  - E x t e r i o r  walkways a r e  t o  be rough 

f i n i s h  concre te  w i t h  de i c ing .  
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111. TRADE STUDIES 

A .  Agri science 

1 .  Introduction - The reader should note tha t ,  besides 

The scopes and methodoligies of agriscience trades are  

The selected options a re  underlined for  

cost ,  operational practices are  the main determinant of agriscience trade 
study outcomes. 
discussed as applicable in the following I I I .A. l .  subsections; resu l t s  a re  
discussed i n  subsection 1II.C. 
reference. 

# 

2. Gutter Type - Three types of gut ter  systems were com- 
p i t  under s l a t s ;  open flush gut ter ;  and f lush gut ter  under s l a t s .  pared: 

The p i t  under s l a t s  system i s  subject t o  manure buildup 
b e t w e e n  l a b o r  i n t e n s i v e  c l e a n i n g s  t h a t  results i n  g a s  b u i l d u p  a n d  t h r e a t s  

t o  health and sani ta t ion.  
other a1 ternat ives .  

This method requires more gut ter  space than the 

The open flush gut ter  system, while the l e a s t  expensive 
a l te rna t ive ,  i s  the worst case fo r  animal health as there i s  excess animal 
exposure t o  manure t h r o u g h  wallowing, w i t h  consequent exposure t o  herd 
cross-contamination. 

The flush gut ter  under s l a t s  system i s  best from health,  
sani ta t ion,  and  operational efficiency standpoints. 
t ives ,  the flush gut ter  under s l a t s ,  resu l t s  i n  the smallest sized and 
1 owes t gas and humi d i  ty  bui  1 dups  . 

Of the gut ter  a l terna-  

3 .  Sla t  Material - Materials considered were polyvinyl 
chloride ( P V C ) ,  concrete, aligned f ibe r  composites, and s ta in less  s t e e l .  
PVC s l a t s  have no commercial record of las t ing performance. 

Concrete s l a t s  are re la t ive ly  d i f f i c u l t  t o  i n s t a l l  and 
main ta in  and are  eas i ly  eroded i n  practice.  

Aligned f ibe r  composites have a proven commercial record, are  
easi ly  sanit ized and replaced, are  sold w i t h  a 5-year warranty, and maintain 
surface finish such tha t  animal defecation in the dunging area i s  maximized. Q 
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S t a i n l e s s  s t e e l  s l a t s ,  w h i l e  s t r o n g  pe r  u n i t  weight,  a r e  

expensive, have poor sur face  f i n i s h ,  and f e e l  c o l d  t o  hogs. T y p i c a l l y ,  
they a re  o n l y  used i n  f a r r o w i n g  when used a t  a l l .  

4. Aquacul ture - The d e c i s i o n  t o  n o t  i n c l u d e  t h i s  o p t i o n  

was excluded by d i r e c t i o n .  

5. Feed Source - The c o s t  o f  m i l l i n g  feed on s i t e  f rom 

purchased i n g r e d i e n t s  was compared t o  purchase o f  commercial ly fo rmula ted  

feed. M i l l i n g  on s i t e  i n d i c a t e d  a 17-22% c o s t  sav ing  over feed purchase. 

The a c t u a l  sav ing  i s  a f u n c t i o n  o f  raw m a t e r i a l  a v a i l a b i l i t y  and cos t ,  

t r a n s p o r t a t i o n  cos t ,  equipment s i z i n g ,  and opera t i ona l  techniques. 

(References 24, 91A, 92, 94, 95, 8*, 12*). 

6 .  Growth and Feed Sprouts - This o p t i o n  was e l i m i n a t e d  

by the  P r o j e c t  O f f i c e  on a programmatic bas i s  a t  t h e  conceptual design 

l e v e l ;  i t  has been re in t roduced  f o r  t h e  p r e l i m i n a r y  design as i s  

descr ibed i n  Chapter 7. 

7. Feed Contents - E x i s t i n g  non-p rop r ie ta ry  fo rmu la t i ons  

were compared. (References 6 , 32) .  

8. Alcohol  Produc t ion  Byproduct Use - Gra in  a l coho l  by- 

Alcohol  p roduc t i on  design was n o t  i n  t h e  scope 
A power ethanol  p roduc t i on  f a c i l i t y  s i zed  f o r  about 

products cou ld  be u t i l i z e d  i n  feed fo rmu la t i ons  i f  such a f a c i l i t y  were 

b u i l t  o n - s i t e  o r  nearby. 
o f  KHSAC e f f o r t .  
800,000 ga l / yea r  cou ld  f u r n i s h  s t i l l a g e  f o r  t h e  f e e d m i l l  o f  a 1200 sow 
compl ex. 

9. P r o t e i n  E x t r a c t i o n  - The p r a c t i c e  o f  manure s o l i d s  

separa t i on  and r e u t i l i z a t i o n  has-been p r a c t i c e d  i n  t h e  beef i n d u s t r y ,  

b u t  has - n o t  y e t  been commercial ly demonstrated f o r  swine. 

48, 16*, 45*). 

(References 9, 

10. F i n i s h  Hoq Weight - F i n i s h  l i v e w e i g h t  hogs o f  220 t o  

240 pounds were considered i n  terms o f  p roduc t i on  e f f i c i e n c y ,  commercial 

p r a c t i c e ,  and e x i s t i n g  s laugh te r  f a c i l i t i e s .  A nominal l i v e  we igh t  o f  

228 l b s ,  has been used f o r  t h e  conceptual design. 

@ 
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11. Water Disposal - Flushing water disposal methods con- 
sidered were: injection; disposal t o  waterways; evaporation and f i e l d  
i rri gation. 

B. Civi l ,  Electr ical ,  and Mechanical Engineering 

1 .  Introduction - Subject t o  c r i t e r i a  and c r i t e r i a  
applications previously discussed, a l te rna t ive  design arrangements were 
evaluated for  the c i v i l ,  e l e c t r i c a l ,  and mechanical engineering features 
of the project buildings, u t i l i t i e s ,  and energy systems. 
practice,  1 ow cost ,  technical merit,  and practical  constructabi 1 i ty  were 
major factors  considered i n  selecting the most appropriate a1 ternat ive 
i n  each trade study case. 

Commercial 

Scopes and methodologies of the trade studies a re  
discussed as  appl icable  i n  t h e  f o l l o w i n g  B. subsections; results o f  t h e  
trade studies a re  discussed under C following. 

The reader should note tha t  many of the trade s tudies  a re  
performed i n  an i t e r a t i v e  manner with conceptual design and preliminary 
design developments. 
studies performed w i t h o u t  respect t o  the ongoing overall design process. 

Hence resu l t s  a re  n o t  always the same as  trade 

2. Building Type - A comparative cost  study was made fo r  
s ix  types of building materials and  construction methods for the project 
bui 1 d i n g :  

- reinforced concrete poured-in-place 
- precast concrete t i l t e d  up  
- concrete blocks 
- wood framed walls w i t h  exter ior  stucco 
- metal s t u d  walls w i t h  aluminum s i d i n g  
- metal s t u d  walls w i t h  galvanized i r o n  s i d i n g  

The cost  study determined labor cost ,  material costs ,  and the 
to ta l  cost  fo r  each item required t o  construct the walls with each type of 
building material and method of construction. 
were required, comparisons were made only of re la t ive  costs fo r  constructing 

Since only comparative costs 
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the exter ior  walls of each building using the most economical and sui table  
roof and cei l ing systems fo r  each type of construction. 
studies r e f l ec t  the re la t ive  costs per square foot of usable building space 
t o  construct the exter ior  walls of each building. 
Construction Systems Costs Calculation Method incorporates a correction 
factor  t o  account for  the d i f fe ren t  shape and s ize  of each building. 

0 
Therefore, these 

The 1978 Dodge 

Although the comparative costs per square foot of building 
varied with building s ize  and shape, metal stud walls with galvanized iron 
siding were consistently the l ea s t  expensive option with exter ior  wall 
costs per square foot ranging from $0.69 ( l e a s t  expensive building) t o  
$ 2 . 1 7  (most expensive building).  Corresponding per-square-foot wall costs 
for  l ea s t  and  most expensive buildings are:  
place concrete; $2.00 - $6.33 fo r  precast concrete; $1.12 - $3.54 for  
concrete blocks; 
for  metal stud with aluminum siding (References 28, 9 9 ) .  

$1.65 - $5.23 for  pour-in- 

$0.84 - $2.64 for  wood with stucco; and $0.82 - $2.59 

3. Insulation Type - Comparative cost  studies on a per 
square foot basis were performed for  four types o f  insulation a t  various 
insulation ( " R " )  values. The materials considered were: 

- cel lulose,  fireproof (borate t rea ted)  
- sprayed on urethane 
- f iberglass  b a t t  
- r i g i d  polyurethane 

Compatibility w i t h  building type was a factor  t ha t  a lso 
impacted select ion.  

4. Insulation Thickness - Insulation thickness selection 
was based on a R value of 23 i n  accordance with the usable wall thickness. 

5. Floor Type - Floor type, concrete, was the d i r ec t  
resu l t  of agriscience c r i t e r i a  applications.  

6 .  Gutters - Open gut ter  dra ins  were designed t o  be f l a t  
i n  cross section fo r  economy of construction, having a curved radius a t  
the intersect ion with ver t ical  walls fo r  ease of washdown and low 
maintenance, and of depths and  slope suf f ic ien t  t o  permit e f f i c i e n t ,  @ 
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8 
sanitary flushing. 
from the trade s tudies .  
(References 26, 52) .  

These gut ters  will be covered w i t h  s l a t s  as selected 
This trade was resolved through design process. 

7. Swine Effluent Ponding - Normal matched cut and f i l l  
methodology was used for  ponds. 
groundwater pollution, costs per square foot f o r  bentonite and sheet type 

As ponds are  to  be lined t o  prevent 

f i l m  1 i ners. were compared. 

8. Swine Waste Solids Separation - Three types of swine 
waste sol ids  separation were studied: 

- gravity se t t l i ng  
- screening 
- mechanical separation 

Gravity sol ids  s e t t l i n g  i n  ponds requires redundant ponds 
t o  a l low for  isolat ion from the inflow, a period fo r  dewatering of each 
pond, and then the periodic removal, transport ,  and disposal of the 
remaining sludge. This method requires a b o u t  10 acres of additional land. 

Screens for  separation of residues require duplex or contin- 
uous operating s t ra iners  w i t h  a m i n i m u m  of one operator i n  attendance. 
Maintenance work on the s t ra iners  would be extensive. 

The mechanical separator i s  more or  less  a hybrid method 

Solids s e t t l i n g  
of the other two al ternat ives .  
the bottom and sloping sides of a small s e t t l i n g  pond. 
to  the bottom are  then removed by running the conveyors. 

I t  consists o f  a conveyor be l t  located on 

I t  should be noted tha t  t h i s  option would be used i f  
manure separation is  retained . i n  f i n a l  design. 

9. Manure Transport - Agriscience c r i t e r i a  applications 
directed use of f lush gut ters .  
investigated for a1 1 buildings except farrowing and nursery (where disease 
control requires fresh flush water). 

The use of recycled water fo r  flush was 

10. Human Wastes Disposal - Costs were compared fo r  a 
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s e p t i c  tank and leach f i e l d  system versus a 1000 g a l l o n  p e r  day sewage 

t rea tment  p l a n t .  

0 

11. P i g  Carcass Disposal  - Good "housekeeping" p r a c t i c e  
r e q u i r e s  t h a t  t he  carcasses of occasional  p i g  m o r t a l i t i e s  be disposed o f  

as f a s t  as p o s s i b l e .  A l t e r n a t i v e s  s tud ied  inc luded:  a sodium hydrox ide  

tank o f  p recas t  concre te  l i n e d  w i t h  coa l  t a r ;  a qas f i r e d  i n c i n e r a t o r ;  

and use of a render ing  t r u c k  se rv i ce .  
i t s  l i k e l i h o o d  of i n t r o d u c i n g  disease t o  the  KHSAC complex. 

The t r u c k  was r u l e d  o u t  because o f  

12. F l o o r  Hea t ing  - The nursery  and f a r r o w i n g  areas a r e  

t o  have h o t  water f l o o r  hea t ing  f o r  p i g l e t s .  

b u i l d i n g s  was found t o  n o t  be c o s t  compe t i t i ve  w i t h  space hea t ing .  

F l o o r  hea t ing  f o r  t h e  o t h e r  

13. Space Heat ing - Costs were compared f o r  space, w a l l ,  

and f l o o r  heat ing .  Space h e a t i n g  modes i n v e s t i g a t e d  i nc luded  f a n  c o i l  

u n i t s ,  bare p ipe  i n  the  supply a i r  plenum, and f i n  tube p i p e  i n  t h e  sup- 
p ly  plenum. 

14. Wall Heat ing  - Wall  hea t ing  systems eva lua ted  were: 

p ipe  i n  w a l l ;  exposed pipe, p i p e  w i t h  metal  guards, and exposed f i n  tube 

p ipe .  None of these op t i ons  were se lec ted  because o f  h igh  c o s t .  

15. Exhaust A i r  Heat Recovery - The cos ts  o f  energy 

recovery  u t i l i z i n g  a i r - t o - a i r  hear exchange methods f o r  p rehea t ing  b u i l d i n g  

supply a i r  were determined. However, t h e  exhaust a i r  i s  n o t  discharged 
i n t o  a common duc t  i n  any o f  t h e  b u i l d i n g s  and ex tens i ve  a d d i t i o n a l  duc t -  
work would be r e q u i r e d  t o  employ a waste heat  recovery  system. 

n o t  se lec ted .  
Th is  was 

16. Cascade Heat ing  System - Th is  system i s  e f f e c t i v e  i n  

us ing  geothermal hea t  f o r  t h e  t h r e e  ranges o f  temperatures needed by the  

t h r e e  subsystems. Systems a r e  p iped  i n  s e r i e s  as a p p l i c a b l e  t o  u t i l i z e  

the  p r o g r e s s i v e l y  d e c l i n i n g  f l u i d  temperatures. Consequently, t h e  

geothermal f l u i d  f l o w  i s  reduced, conserv ing  t h e  pumping energy r e q u i r e d  and 

the  f l o w  demand f rom t h e  r e s e r v o i r .  Geothermal f l u i d  w i l l  be pumped i n t o  a 

p r imary  heat  exchanger and then i n t o  t h e  r e i n j e c t i o n  w e l l  t o  min imize  

p o s s i b l e  s c a l i n g  o r  c o r r o s i o n  r e s u l t i n g  f rom geothermal f l u i d .  A c losed 
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loop  hea t ing  system w i l l  be used t o  f l o w  c lean  heated water f o r  a l l  sub- 
system heat  a p p l i c a t i o n s :  i n t o  t h e  swine house space hea t ing  subsystems 

i n  p a r a l l e l  w i t h  t h e  methanat ion subsystem, then t o  f l o o r  heat ing ,  and 

then back t o  the  heat  exchanger as i s  schemat i ca l l y  shown i n  a l a t e r  

sec t i on .  

17. Type o f  Bu r ied  Geothermal P i p i n g  - Four types o f  

asbestos cement ($7.15); welded Schedule 40 b lack  s t e e l  

p i p i n g  were compared f o r  p e r - l i n e a l - f o o t  cos ts  o f  6 i n c h  nominal d i a -  

meter p ipe:  
($27.00) ; grooved Schedule 40 b l  ack s tee1 ( 19.50) ; and "Temp-Ti tel l ,  a 
p r e i n s u l a t e d  asbestos cement type  ($11.40). (References 70, 71, 99). 

It should be noted t h a t  i n s u l a t i o n  on b u r i e d  p i p i n g  i s  

i m p r a c t i c a l  f o r  s h o r t  runs o f  p i p e  where t h e  heat  source i s  e f f e c t i v e l y  
u n l i m i t e d .  The maximum heat  l o s s  f o r  6 i n c h  diameter " T r a n s i t e "  
(asbestos cement) p i p e  b u r i e d  3 f e e t  deep i n  s o i l  o f  h i g h  thermal 

c o n d u c t i v i t y  i s  o n l y  2 O F  per  1000 l i n e a r  f e e t  f o r  18OoF 
water f l o w i n g  a t  325 gpm w i t h  the  s o i l  su r face  a t  35OF 

(Reference 99) .  

18. Thermal Storage - Costs o f  thermal s to rage t o  l e v e l i z e  

loads were i n v e s t i g a t e d .  Thermal s to rage would r e q u i r e  a 50,000 g a l l o n  

i n s u l a t e d  tank and appurtenances; these cos ts  were compared t o  cos ts  f o r  

standby geothermal pumping c a p a b i l i t y .  Th is  was n o t  se lec ted .  

19. Pr imary Geothermal t o  Heat ing Water Heat Exchanger - 
Three types o f  heat  exchangers were economical ly evaluated: s h e l l  and 

tube type; s p i r a l  type; and f l a t  p l a t e  t ype  heat  exchanger. 

f l u i d  temperature changes o f  6OoF on both p r imary  and secondary s ides  o f  

t he  exchanger. 
Type 316 s t a i n l e s s  s t e e l  i n  c o n t a c t  w i t h  geothermal f l u i d s  was se lec ted  t o  

minimize co r ros ion .  

The design f l o w  f o r  t he  heat  exchangers i s  325 gpm w i t h  

Maximum geothermal design water temperature i s  208OF. 

The q u a l i t y  o f  t he  geothermal f l u i d s  has n o t  been v e r i f i e d .  

I n  the  event t h a t  t he  f l u i d s  have minimum s c a l i n g  a f f i n i t y  and c o r r o s i v e  

chemicals a r e  n o t  p resent  i n  de t r imen ta l  q u a n t i t i e s ,  then t h e  heat  
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exchanger could be eliminated from the project a t  a l a t e r  date with 
resul tant  cost  savings. 

63 

20. Deicing of Sidewalks - The al ternat ives  considered 
were: 
cneters in the concrete; and use of rock s a l t .  PVC embedded pipe was 
excluded due t o  lack of s t ructural  in tegr i ty  in cases of concrete 
cracki ng .  

embedding l-inch diameter black iron h o t  water pipe on 12-inch 

2 1 .  Geothermal Supply Pump - Engineering experience 
d ic ta tes  t h a t  the supply geothermal water pumps shall  be ver t ical  turbines 
with o i l  lubricated drive l ines .  Each pump shall  be capable of deliv- 
erying 325 gpm of 208OF water a t  250-foot to ta l  head. 
have a minimum 5-year l i f e ,  depending upon corrosive e f fec ts  of the 
f lu ids .  

This pump should 

2 2 .  Geothermal Reinjection Pump - The pressure fo r  
reinjection a t  the disposal wells has n o t  been determined. 
t h a t  t h i s  pressure i s  low, no reinjection pump would be required. Nor- 
mally, the geothermal well pumps supply f luids  a t  a pressure t o  overcome 
system f r i c t ion  losses,  plus a n  overpressure which i s  maintained t o  
reduce flashing of off-gases from the f lu ids .  
the depositing of carbonate scale .  
under normal design conditions, preclude need fo r  a booster pump fo r  
well re inject ion.  However, because o f  the unknown reinject ion s t r a t a ,  
the conceptual design includes a re inject ion well pump until  i t  i s  veri-  
f i e l d  as n o t  required. 

In  the event 

Off-gases could promote 
This maintained overpressure should, 

A s p l i t  case horizontal pump was chosen to  f a c i l i t a t e  
This pump should have a minimum repairs  or  replacements of the pump. 

5-year design l i f e  and i s  sized a t  325 gpm a t  50-foot to ta l  head. 

23. Methanation Tank - Thermophilic methane production 
was selected over mesophyllic production based on: 
geothermal heat; smaller major equipment s i ze ;  and higher yields .  

intensive use of 

Costs of t a n k  construction were compared. The roof s t ructure  
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and cover of each methanation (or  fermentation) tank will be of coated 
construction for  minimum weight. The tank cylindrical side walls will 
reinforced concrete or  of coated metal construction. The construction 

metal 
be o f  
b i d  

documents will allow these two competing bid al ternat ives  t o  be received 
t o  determine which has the lowest total  cost .  The tank bottoms will be 
concrete sloped towards the f lu id  out le ts .  
122-131'F inside design temperature and will have roof and wall 
insulation. (References 7 ,  47, 62, 63, 72 ,  88). 

The tanks will be operated a t  

24. Methanation Heating - Alternatives fo r  methane 
heating were: hot water coil  i n  tank; h o t  water coil  i n  tank wall; and 
heat exchange in the fermentation s lur ry  l ine .  (References 5*, 47, 63). 

The selection of agitation method was a major impact i n  
heating mode selection, as was e x i s t i n g  practice. 

25. Methane Slurry Agitation - The s lur ry  must be 
agitated in order t o  promote the bacterial action tha t  generates biogas. 
Methods considered were: recirculation by pump; mechnical s t i r r i n g  i n  the 
tank; and percolation of biogas up  through the methanation tank from 
submerged piping headers which are  supplied by a gas compressor u n i t .  
(References 7 ,  62, 63). 

26. Methane Storage - Use of methane on s i t e  will require 
A compressor will be u t i l i zed  t o  reduce storage tank storage f a c i l i t i e s .  

s ize  and cost .  

27. Methane Water Usage - Alternatives considered were: 
Agriscience c r i t e r i a  applications dictated recycling or not recycling. 

excluding recycled water from the farrowing and nursery buildings. 

28. Methane Gas Cleaning - Commercially available systems 
for  removing hydrogen sulf ide and carbon dioxide from the biogas were 
evaluated vis  a vis  end use of the methane. 

29. Methane Use - The use of methane fo r  e lec t r ica l  gener- 
ation on s i t e  has been a programmatic goal fo r  conceptual design. 

30. Methane Backup System - The primary or continuous 
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e lec t r ica l  power will be supplied by the methane powered generator uni ts ,  
which are  limited by the quantity of available methane. Additional 
project power supply al ternat ives  considered were: propane based on-site 
generation and purchase of e l e c t r i c i t y  from the local u t i l i t y .  

Only the c r i  t i ca l  ly needed pumping uni t s  wi 11 be operated during 
emergencies o r  power shortages. 
remain in operation in the farrowing and nursery buildings.)  Two 
geothermal pumps are  provided. One pump will be shut down during short- 
ages. 

63 

(For example, the heating systems must 

31. Air Handling - Experience with swine houses indicates 
t h a t  a l l  a i r  should enter a t  the cei l ings,  have uniform dis t r ibu t ion  
t h r o u g h o u t  the house, and  use wall exhaust fans (negative pressure systems) 

A primary a i r  handling (posi t ive pressure system) was 
considered as an a l te rna t ive  design. This system would have pressurized 
the pig houses and  eliminated the wall exhaust fans,  b u t  was rejected due 
t o  the f o l l o w i n g :  

- Balancing of the a i r  flows t o  the various rooms 
and t he i r  result ing temperatures would be 
d i f f i c u l t .  

Air system redundancy could n o t  be achieved 
( i  . e .  , primary equipment f a i l u r e  could create  
an emergency). 

migration o f  moisture in to  the cracks of the 
s t ructure .  

Pressurization o f  the b u i l d i n g  would cause 

A -  JL. Humidity Control - Humidity control i s  required on 
th i s  project only to  the extent tha t  water vapor i s  n o t  t o  be condensed 
on the in t e r io r  surfaces of the pig houses. 
applications previously discussed. 

33. 

Design was based on c r i t e r i a  

Cooling Method - Alternatives considered fo r  swine 
house summer cooling were: 
absorption refr igerat ion;  and domestic well water c i rculat ion.  

evaporative cooling; spray cooling; geothermal 
A key 
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f a c t o r  i n  s e l e c t i o n  was t h a t  t h i s  area near A l t u r a s  has i d e a l  c l i m a t o l o -  

g i c a l  c o n d i t i o n s  f o r  evapora t ive  c o o l i n g  systems due t o  t h e  low ambient 

wet b u l b  temperatures t h a t  p r e v a i l .  

34. Geothermal Backup System - P r o j e c t  programmatic dec i -  

s ions  d i c t a t e d  t h a t  t he  geothermal hea t ing  system s h a l l  be supp l i ed  by 
two geothermal we1 1s w i t h  e i t h e r  having the  c a p a c i t y  f o r  t h e  emergency 

heat  requirements o f  t h e  complex. F a i l u r e  o f  e l e c t r i c a l  power t o  c r i t i c a l  

areas o r  l a c k  o f  f l o w  f rom a geothermal w e l l  s h a l l  a c t i v a t e  an alarm 

system. Manual c o n t r o l s  s h a l l  be used t o  d i s t r i b u t e  t h e  power t o  t h e  

c r i t i c a l  areas o f  t h e  hea t ing  systems i n  the  event o f  an emergency. 

35. S i t e  Work - Conceptual design f o l l o w e d  e s t a b l i s h e d  

eng ineer ing  p r a c t i c e  f o r  s i t e  p repara t i on  w i t h  al lowances f o r  normal 

a g r i c u l t u r a l  p r a c t i c e  i n  c u r r e n t l y  e x i s t i n g  swine f a c i l i t i e s .  

36. L i g h t i n g  - F lourescent  and incandescent l i g h t i n g  

were compared on c a p i t a l  and opera t i ng  c o s t  bases. 

w i l l  be b a t t e r y  powered. 

Emergency l i g h t i n g  

37. 

pared t o  w i r i n g  i n  r i g i d  condu i t .  

W i r i ng  - F l e x i b l e  m e t a l l i c  sheathed cab le  was com- 

38. Power System - Power system requirements were based 

on: t o t a l  load; l a r g e s t  loads; i n d u s t r i a l  systems standards, and u t i l i t y  

preference. A l l  requirements d i c t a t e d  480 v o l t s ,  3-phase, 60 Hz f o r  

d i s t r i b u t i o n .  

39. Engine Generators - Methane powered i n t e r n a l  combustion 

generators were se lec ted  based on e x i s t i n g  p r a c t i c e s .  

40. Transformers - Costs  were compared f o r  purchased 

versus u t i l i t y  p rov ided t rans formers .  

41. Hazardous E l e c t r i c a l  Areas - Hazardous area equipment 

w i l l  be r e q u i r e d  f o r  t h e  methane and g r a i n  hand l i ng  areas. 

42. Outside Wi r ing  - Overhead w i r i n g  was compared t o  b u r i e d  

cab le  f o r  480 v o l t  power on t h e  bas i s  of c o s t  and ease o f  opera t ion .  
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C .  Conceutual Desian Outions Selected 

Tables 4-5 and 4-6, f o l l o w i n g ,  summarize the  conceptual design 

op t i ons  se lec ted  based on t h e  discussed t rade  study areas, methodologies, 
and op t i ons .  

I V .  CONCEPTUAL DESIGN 

A. Ag r i  science 
The ag r i sc ience  aspects o f  the  conceptual design a r e  summarized 

i n  Table 4-7 f o l l o w i n g  w i t h  d e t a i l s  dep ic ted  i n  F igures  4-1 and 4-2, a l s o  
f o l  1 owi ng . 

B. Faci  1 i t i e s  Lavout 

F igu re  4-3 d e p i c t s  the  p l o t  p l a n  f o r  t h e  KHSAC conceptual design 
l o c a t e d  a t  S i t e  1. The a c t i v e  s i t e  dep ic ted  i s  about 16 acres.  

F a c i l i t y  arrangement i s  a r e s u l t  o f  severa l  major f a c t o r s ,  t h e  most 

impor tan t  o f  which i s  ease and e f f i c i e n c y  of t he  swine growing opera t ions .  

This ope ra t i ona l  f a c t o r  i s  combined w i t h  requirements o f  t h e  f o l l o w i n g  
systems: geothermal; po tab le  and recyc led  water; and waste, i n c l u d i n g  

methane genera t ion .  

P rev ious l y  noted c r i t e r i a  f o r  access, h e a l t h  and s a f e t y  f a c t o r s  
are also taken into consideration. 

Es tab l i shed  eng ineer ing  p r a c t i c e  f o r  s i t e  work r e q u i r e s  t h a t :  

- 
- Cu lve r t s  r e q u i r e d  f o r  su r face  water drainage w i l l  be pre- 

- A l l  b u i l d i n g  foundat ions  w i l l  be r e i n f o r c e d  concrete.  
- The access road and road around t h e  b u i l d i n g s  w i l l  be con- 

s t r u c t e d  of crushed rock  w i t h  a t op  s e a l e r  f o r  d u s t  

c o n t r o l .  

The s i t e  w i l l  be l e v e l e d  t o  a s lope  o f  n o t  more than 3 percent .  

f a b r i c a t e d  concre te  p ipe .  

- Access roads a r e  designed f o r  twenty - ton  l oad  t r u c k s  and semi- 

t r a i  l e r s .  
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Paragraph 

111. A.2. 

111. A.3. 

111. A.4. 

111. A.5. 

111. A.6. 

111. A . 7 .  

111. A.8 

111. A.9. 

111. A . l O .  

111. A . l l .  

Trade Study 

G u t t e r  Type 

S1 a t  M a t e r i a l  

Aquacu l tu re  

Feed Source 

Growth o f  Feed Sprouts  

Feed Conten ts  

A1 coho1 P r o d u c t i o n  Byproduc t  
Use 

P r o t e i n  E x t r a c t i o n  

F i n i s h  Hog Weight 

Water D isposa l  

TABLE 4-5 

A G R I S C I E N C E  CONCEPTUAL D E S I G N  OPTIONS SELECTED 

Des ign  O p t i o n  Se lec ted  

f l ush  g u t t e r  under s l a t s  

a l i gned  f i b e r  compos i tes  

not s e l e c t e d  

m i l l  on s i t e  

not s e l e c t e d  

ex i s t i ng non- p r o p r  i e t  a r y  f ormul a t  i ons 

not s e l e c t e d  

not s e l e c t e d  

228 pounds 

f i e l d  i r r i g a t i o n  

Key S e l e c t i o n  F a c t o r s  

h e a l t h ,  s a n i t a t i o n ,  c o s t  

commercial ,  s a n i t a t i o n ,  d u r a b i l i t y ,  c o s t  

programmatic 

c o s t  

programmatic 

commercial p r a c t i c e  

u n a v a i l a b l e  

no commercial demons t ra t i on  

c u r r e n t  p r a c t i c e  and f a c i l i t i e s  

env i ronmenta l ,  conse rva t i on ,  c o s t  

I 

P 
0 

I 
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TABLE 4-6 SHEET 1 OF 2 

CIVIL ,  ELECTRICAL, AND MECHANICAL CONCEPTUAL DESIGN OPTIONS SELECTED 

Paragraph 

I I I . B . 2 .  

111 .B. 3. 

I I I . B . 4 .  

I I I . B . 5 .  

I I I . B . 6 .  

I I I . B . 7 .  

111.6.8. 

I I I . B . 9 .  

1 I I . B .  10 

I I I . B . 1 1 .  

I I I . B . 1 2 .  

I I I . B . 1 3 .  

I I I . B . 1 4 .  

I I I . B . 1 5 .  

I I I . B . 1 6 .  

I I I . B . 1 7 .  

I I I . B . 1 8 .  

I I I. B. 19. 

I I I .  B. 20. 

I I 1  .B.21. 

Trade Study  

B u i l d i n g  Type 

I n s u l a t i o n  Type 

I n s u l a t i o n  Th ickness  

F l o o r  Type 

G u t t e r s  

S w i  ne  E f f 1 uen t Pond i ng 

Swine Waste Sol  i d s  Separa t i on  

Manure Trans po rt 

Human Wastes D isposa l  

P i g  Carcass D isposa l  

F l o o r  Hea t ing  

Space Hea t ing  

Ual 1 Hea t ing  

Exhaust A i r  Heat Recovery 

Cascade Hea t ing  System 

Type o f  Geothermal P i p i n g  

Thermal S torage 

Pr imary  Heat Exchanger 

D e i c i n g  o f  S idewalks  

Geothermal Supply Puiiip 

Des ign  O p t i o n  Se lec ted  

pre-eng ineered metal  w i t h  s t e e l  pane ls  

l o o s e  f i l l  c e l l u l o s e ,  f i r e p r o o f e d  

7-1/2" i n  w a l l s ,  8"  i n  c e i l i n g s  

b rush  and smooth f i n i s h  c o n c r e t e  

f l a t  c r o s s  s e c t i o n ,  s loped  

matched c u t  and f i l l ,  f i l m  sheet l i n e r s  

mechanical  s e p a r a t o r  

f l u s h  w i t h  r e c y c l e d  wa te r  

s e p t i c  tank  and leach  f i e l d  

qas f i r e d  i n c i n e r a t o r  

b l d c k  s t e e l  p i p e  i n  c o n c r e t e  

f i n  t u b e  i n  supp ly  a i r  plenum 

n o t  s e l e c t e d  

n o t  s e l e c t e d  

space hea t ing ,  f l o o r  hea t ing ,  methanat ion 

u n i n s u l a t e d  asbestos cement 

n o t  s e l e c t e d  

s t a i n l e s s  s t e e l  p l d t e  t ype  

rock  s a l t  

v e r t i c a l  t u r b i n e  

Key S e l e c t i o n  F a c t o r s  

c o s t  

cos t ,  b u i l d i n g  t y p e  

R f a c t o r ,  b u i l d i n g  type ,  i n s u l a t i o n  t y p e  

a g r i s c i e n c e  c r i t e r i a  a p p l i c a t i o n s  

e f f i c i e n c y ,  c o s t ,  ease o f  c o n s t r u c t i o n ,  s a n i t a t i o n  and 
ma i n t enanc e 

normal p r a c t i c e ,  c o s t  

cos t ,  ease o f  o p e r a t i o n  

I 

f: 
a g r i s c i e n c e  c r i t e r i a ,  c o s t ,  c o n s e r v a t i o n  I 

cos t ,  l o c a l  p r a c t i c e  

h e a l t h ,  e f f i c i e n c y  

a g r i s c i e n c e  c r i t e r i a ,  thermal  des ign  

cos t ,  c o m p a t a b i l i t y  

c o s t  

cos t ,  " e s s e n t i a l l y  u n l i m i t e d "  h e a t  supp ly  

cos t ,  t he rma l  requ i rements  

cos t ,  expe r ience  

c o s t  

cos t ,  ease o f  maintenance 

cos t  

e n q i n e e r i n g  exper ience  



Paragraph 

I I I .B.22. 

I I I . B . 2 3 .  

I I I. B. 24. 

I 1 1  .B.25. 

I 1  I .B.26. 

I I 1  .B.27. 

I I I .  B. 28. 

I I I. B. 29. 

I 1  I .B.30. 

I I I . B . 3 1 .  

I I I .B.32. 

I I I . B . 3 3 .  

111 .B.34. 

I I I . B . 3 5 .  

I I I. B. 36. 

I I I .B.37. 

I I I . B . 3 8 .  

I I I. B. 39. 

I 1  I .  B. 40. 

I I I . B . 4 1 .  

I I I. B. 42. 

TABLE 4-6 SHECT 2 OF 2 

CIVIL,  ELECTRICAL, AND MECHANICAL CONCEPTUAL D E S I G N  OPTIONS SELECTED 

Key S e l e c t i o n  F a c t o r s  - Trade Study Des ign  Op t ion  Selected 

Geothermal R e i n j e c t i o n  Pump s p l i t  case  h o r i z o n t a l  c e n t r i f u g a l  ease o f  r e p a i r  and replacement 

Methanat ion  Tank metal  r o o f ,  c o n c r e t e  base, metal o r  c o s t ,  d e s i g n  f a c t o r s  
conc re te  w a l l s  

Methanat ion  Hea t ing  r e c i r c u l a t i o n  th rough  heat exchanger 

Methane S l u r r y  A g i t a t i o n  r e c i  r c u l  a t  i o n  e x i s t i n g  p r a c t i c e ,  c o s t  

Methane Storage s t e e l  t ank  w i t h  compressor cos t ,  end use 

Methane Water Usage 

Methane Gas C lean ing  compressor a f t e r c o o l e r  condensing cos t ,  end use 

a g i t a t i o n  method, e x i s t i n g  p r a c t i c e ,  c o s t  

r e c y c l  i ng except  f a r r o w i n g  and nu rse ry  c o s t .  conse rva t i on ,  a g r i s c i e n c e  c r i t e r i a  

Methane Use 

Methane Backup system 

A i r  Hand l i ng  

Humid i t y  Con t ro l  

Cool i ng Method 

Geothermal Backup System 

S i t e  Work 

L i g h t i n g  

W i r i n g  

Power System 

Eng ine  Genera tors  

i n t e r n a l  combust ion eng ine  genera tors  

purchase o f  e l e c t r i c i t y  

c e i l i n g  en t rance,  exhaust  fans 

a i r  changes 

evaporat  i ve 

e l e c t r i c a l  w i t h  manual c o n t r o l ,  hackiip 
w e l l  and pump 

normal a g r i c u l t u r a l  p r a c t i c e  

f l u o r e s c e n t  

f l e x i b l e  m e t a l l i c  sheathed cab le  

480 v o l t ,  3 phase, 60 Hz 

i n t e r n a l  combust ion 

Transformers u t i l i t y  p rov ided  

Hazardous E l e c t r i c a l  Areas methane and g r a i n  hand l i ng  

programmatic g o a l ,  e x i s t i n g  p r a c t i c e  

cos t ,  r e l i a b i l i t y  

a g r i s c i e n c e  c r i t e r i a  a p p l i c a t i o n  

c o s t  

cos t ,  s u i t a b i l i t y ,  p r a c t i c e  

c o s t ,  s a f e t y  

c o s t ,  s u i t a b i l i t y  

c o s t .  p r a c t i c e  

c o s t .  a g r i c u l t u r a l  p r a c t i c e  

loads ,  s tandards ,  u t i l i t y  p r e f e r e n c e  

p r  a c t  i c e  

c o s t  

s a f e t y  

Outs i de 1.1 i r i ng bur ied  cos t ,  ease o f  o p e r a t i o n  

I 

P 
N 

I 



B u i l d i n g  

Breed ing  

C e S t d  t i  on 

Far rob i i  ng 

Nurse ry  

Crowing 

F i n i s h i n g  

TOTALS 

Number o f  
B u i l d i n g s  

2 

2 

1 

1 

3 

3 

12 

Bu i 1 d i n I) 
Dimensions ________ 

44' x 142 '  

64' x 220' 

36' x 240' 

52 ' -7"  x 290 ' -3"  

35 ' -3"  x 196 ' -3"  

43 ' -3"  x 282 ' -3"  

Bui  1 d i  ng 
P o p u l a t i o n  

200 

4 72 

252 sows 
(2016 p i g l e t s )  

4224 

1364 

1360 

16,008 

Pe 11 
D i w n s i  ons 

22,' x I '  

14' x 2 l i '  

5 '  x 7 '  

6 '  x 7 '  

6 '  x 16' 

8'  x 20 '  

Sqii<ire Animal 
r e e t  per  I k i g l i t  
Animal pounds 

12.8 140,000 

25 306, COO 

35 80,640 
(18,144) 

2.3-2.6 75,000 

4.4-4.8 296,480 

7.3 6 10,4OO 

- r;52T;a74 

Water Use 
g a l l o n s  pe r  day 
D r i n k  F l u s h  

1,400 3,460 

4,648 3,460 

2,061 2,070 

2,500 1,800 

4,709 7,800 

13,952 7,800 
zy,2.7~.o. 

zti-,37jb- 

Feed 

p e r  day 

2,464 

5,664 

2,128 
(956) 

5,246 

13,086 

27,952 

67,-%- 

pounds Manur: pe r  day 
pounds ga l  1 ons 

10.977 1,400 

24,053 3,063 

6,322 80 7 
(1,422) (181) 

5,880 750 

23,244 2,965 I 

P 
47,855 6,104 W 

m7?315,275 I 

-A- 75 pe rcen t  water .  
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Es tab l i shed  a g r i c u l t u r a l  p r a c t i c e  d i c t a t e d  n a t u r a l  vege ta t i on  f o r  
63 

unoccupied areas w i t h  c lea red  surfaces f o r  smal l  t r u c k s  t o  d e l i v e r  feed 

from the  f e e d m i l l  t o  the  feed tanks a t  each b u i l d i n g .  

Power w i l l  be p rov ided t o  the  p r o j e c t  f rom two sources: l o c a l  
u t i l i t y  power stepped down t o  480 V and m u l t i p l e ,  on -s i t e ,  methane powered 

engine generators producing power a t  480 V .  Both sources o f  power w i l l  be 

brought t o  a common bus which feeds a main d i s t r i b u t i o n  panel .  On-s i te  

generators l o c a t e d  a t  t h e  subs ta t i on  w i  11 be prov ided w i t h  automat ic 
synchron iz ing  equipment t o  coo rd ina te  w i t h  the  power l i n e  f requency and 

phasing. The incoming power l i n e ,  t rans formers ,  and p r o t e c t i v e  equipment 

w i l l  be p rov ided by the  u t i l i t y  except f o r  t h e  480-V p r o t e c t i v e  equipment. 

Power w i l l  be d i s t r i b u t e d  by r a d i a l  d i r e c t  b u r i e d  cables t o  each b u i l d i n g  

a t  480 V f rom where i t  w i l l  be stepped down t o  220 o r  110 V as requ i red .  

The f a c i l i t i e s  dep ic ted  i n  F igure  4-3 a r e  designed pe r  the  

conceptual design op t i ons  se lec ted  as a r e s u l t  o f  t h e  p r e v i o u s l y  descr ibed 

t r a d e  s tud ies .  

C .  Process F1 ows 

1. A g r i c u l t u r a l  M a t e r i a l s  Flow - F igure  4-3 d e p i c t s  t h e  

concre te  swine walkways a r e  surrounded by movable r a i l s  and p rov ide  f o r  

t he  f o l l o w i n g  f l o w :  

- sows c i r c u l a t e  c o n t i n u a l l y  through breed ing  t o  
g e s t a t i o n  t o  f a r r o w i n g  and t o  b reed ing  again.  

p i g l e t s  a r e  born  i n  f a r r o w i n g  and progress through 

nursery,  growing, and f i n i s h i n g  t o  p ickup f o r  
s laugh te r  a t  t h e  end o f  f i n i s h i n g .  

b reed i  ng, dependi ng on opera t i ona l  p r a c t i c e .  

t o  any b u i l d i n g  o f  t h e  n e x t  developmental stage. 

- 

- replacement g i l t s  and boars a r e  h e l d  i n  f i n i s h i n g  o r  

animals a t  any p a r t i c u l a r  stage may be moved d i r e c t l y  - 

Feed c o n s t i t u e n t s  a r e  t r a n s f e r r e d  f rom incoming t r u c k s  t o  

I n  b u l k  s to rage tanks ad jacent  t o  the  feed m i l l  by conveying equipment. 

t h e  m i l l ,  a mini-computer operated sca le  system i s  used t o  p r o p e r l y  meter 
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8 
the var ious  i n g r e d i e n t s  i n t o  severa l  r i b b o n  type blenders.  

i s  cOnveyed t o  t r u c k s  f rom which i t  i s  d i s t r i b u t e d  t o  b u i l d i n g  feed tanks 
shown i n  F igure  4-3. D i s t r i b u t i o n  o f  t h e  31.25 d a i l y  tons o f  feed t o  and 

throughout the  b u i l d i n g s  i s  by automat ic conveying equipment. 

The blended feed 

2. Geothermal System - F igure  4-4 presents a schematic 

diagram o f  t h e  S i t e  1 geothermal system mains. 

Geothermal f l u i d s  a t  a wel lhead temperature o f  208OF f l ows  

a t  325 gpm from a w e l l  o f f  s i t e  through b u r i e d  6- inch  diameter T r a n s i t e  

(asbestos cement) Class 150 p i p e  t o  a s t a i n l e s s  s t e e l  p l a t e  type  heat  

exchanger where i t  r a i s e s  t h e  temperature o f  t h e  c lean  h o t  water i n  t h e  

c i r c u l a t i n g  l oop  by 60°F. 

pumped t o  a r e i n j e c t i o n  w e l l ,  through the  same type and s i z e  p ipe.  The 
h o t  water hea t ing  l oop  a l s o  uses v a r i o u s l y  s i z e d  b u r i e d  asbestos cement 

p ipe.  

Fo l l ow ing  heat  exchange, t h e  geo f l u i d s  a re  

A l l  asbestos cement p ipe  i s  b u r i e d  a t  l e a s t  3 f e e t  below 

the  sur face ,  depending on t r a f f i c ,  and i s  surrounded by sand. 

I n s i d e  b u i l d i n g  h o t  water d i s t r i b u t i o n  p i p i n g  i s  i n s u l a t e d  

(where exposed t o  human c o n t a c t )  Schedule 40 b lack  s t e e l .  

Space h e a t i n g  i s  v i a  exposed 1% i n c h  diameter s t e e l  f i n  

tube p i  p i  ng i n  each bu i  1 d ing  supply plenum, each b u i  1 d i  ng r e q u i  r i  ng 

rough ly  two lengthwise  runs o f  f i n  tube. 

1 8OoF. 

Water en te rs  t h e  runs a t  about 

The methane fe rmen ta t i on  tank i s  heated by heat  exchange 

from the  h o t  water l oop  a t  18OoF t o  r e c i r c u l a t i n g  manure s l u r r y  t o  

ma in ta in  the  tank a t  an optimum 131OF. 

tube - in -she l l  type, ( s l u r r y  i n  tubes) .  

The heat  exchanger i s  a 

f o r  

h o t  

t h e  

P i g l e t  areas i n  the  f a r r o w i n g  and nursery  areas have systems 

hea t ing  t h e  f l o o r  t o  8OoF. 

water through l - i n c h  diameter Schedule 40 b lack  s t e e l  p ipe  embedded i n  

f l o o r  concre te  on 12- inch centers .  

Th is  i s  accomplished by c i r c u l a t i n g  115OF 

8 3. Potab le  and Recycled Water System - F igu re  4-5 shows 



- 
46 - 

N
 

.
 , 

0
 

i 
L 

R 
.*

 

I
.
 

i I /-
 

:r 



G4TE 
H W .  .- 

I 0 

0 
Ill I 

1. Recycled e f f l uen t  pipe 
s h a l l  be T rans i te  Class 150 
f o r  bur ied,  f i be rg lass  
reinforced PVC f o r  exposed 
p i p i n g .  

2 .  Potable water pipe s h a l l  be 
T rans i te  Class 150 f o r  
bu r ied  4 "  diameter and 
la rge r .  Type L copper f c r  
less than 4" diameter pipe. 
Exposed pipe sha l l  be Type L 
copper pipe 2" diameter and 
Smaller, Schedule 40 black 
s tee l  f o r  2%" diameter and 
la rge r .  A l l  exposed p ip ing  
s h a l l  be insulated. 

0 LEtfND : 

Potable Water 

Recycled Water ---- 

I 

P 
4 

I 

Figure  4-5 - POTABLE AND RECYCLED WATER SCHEMATIC DIAGRAM 
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a schematic diagram o f  t h e  main e x t e r n a l - t o - b u i l d i n g  f e a t u r e s  o f  the  

po tab le  and r e c y c l e d  water systems. 

63 

Potable water i s  p rov ided through b u r i e d  p i p i n g  t o  each 
b u i l d i n g  f o r  animal consumption and washdown and, a d d i t i o n a l l y ,  t o  t h e  

fa r rowing  and nursery  b u i l d i n g s  f o r  f l u s h  a f t e r  p r e s s u r i z a t i o n  i n  a 

pneumatic tank.  

Recycled water f rom the  methane system i s  pumped from a 
h o l d i n g  pond t o  a pneumatic p r e s s u r i z a t i o n  tank f rom which i t  i s  d i s t r i -  
buted t o  a l l  b u t  t he  nursery  and f a r r o w i n s  b u i l d i n g s  f o r  g u t t e r  f l u s h i n g .  

Bu r ied  po tab le  water p i p e  4 inches i n  diameter and l a r g e r  

Bu r ied  po tab le  and b u r i e d  r e c y c l e d  e f f l u e n t  p ipe  i s  Class 150 T rans i te .  

water p ipe  l e s s  than 4 inches i n  diameter i s  Type L copper. 

Exposed p i p i n g  f o r  po tab le  water i s  Schedule 40 b l a c k  s t e e l  

f o r  d iameters o f  2% t o  4 inches and Type L copper f o r  d iameters o f  2 inches 

and sma l le r .  Exposed r e c y c l e d  water p i p e  w i l l  be f i b e r g l a s s  r e i n f o r c e d  
p o l y v i n y l  c h l o r i d e  (PVC). 

b u i l d i n g s  w i l l  be i n s u l a t e d .  

A l l  exposed p i p i n g  i n  these systems o u t s i d e  o f  

Method o f  water  p r o v i s i o n  t o  animals i s  by animal 
c o n t r o l l e d  "au tomat ic "  water bowls t o  minimize f l e s h  damage and t a i l  b i t i n g  

assoc ia ted  w i t h  water  n i p p l e  t ype  systems. 

4. Animal Waste System - F i g u r e  4-6 schemat i ca l l y  shows t h e  

animal waste water c o l l e c t i o n  and d i s t r i b u t i o n  system f r o m ' t h e  swine houses 

through t h e  biogas genera t ion  process. 

From t h e  f l u s h  g u t t e r s ,  animal sewage w i l l  f l o w  by g r a v i t y  

The tank w i l l  p rov ide  f o r  t h e r m o p h i l i c  anaerobic 

through b u r i e d  p i p e  t o  t h e  one-day surge h o l d i n g  tank  and then i n t o  t h e  

fe rmen ta t i on  tank. 
d i g e s t i o n  a t  13 loF f rom geothermal heat .  

tanks i s  s i x  days, which produces biogas and a s t e r i l e  l i q u i d  e f f l u e n t ,  t h e  

s o l i d s  o f  which may be u t i l i z e d  as a f e r t i l i z e r  o r  animal feed supplement. 

The rough ly  60 tons per  day o f  animal sewage i n f l o w  can produce a d a i l y  

methane p r o d u c t i o n  o f  105,000 cub ic  f e e t  a t  atmospheric pressure.  

The f l u i d  r e t e n t i o n  t ime  i n  the  
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1. A l l  b u r i e d  s l u r r y  p i p e  s h a l l  

2 .  A l l  exposed s l u r r y  p i p e  s h a l l  
be 316 s t a i n l e s s  o r  f i b e r -  
g l a s s  r e i n f o r c e d  p l a s t i c  
w i t h  thermal i n s u l a t i o n  
cover .  

be T r a n s i t e  Class 150. 

3.  E ioqas p i p i n g  s h a l l  be 
Schedule 40 h l a c k  s t e e l  
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' Before compression, a scrubber w i l l  remove most o f  t h e  

carbon d iox ide  and hydrogen s u l f i d e  f rom the  biogas, w i t h  the  remaining 

gas n e a r l y  a l l  methane. The compressed methane can be i n j e c t e d  as f u e l  

i n t o  i n t e r n a l  combustion engine-generator u n i t s .  

The combustion o f  gases w i l l  conver t  t he  remain ing t races  

o f  hydrogen su lph ide  and w i l l  burn o f f  most odors - e l i m i n a t i n g  the  need 

f o r  a gas t reatment  p l a n t .  An equ iva len t  cont inuous 24 hours pe r  day 

power genera t ion  o f  about 400 kW can be prov ided by t h e  methane f u e l .  Th is  
i s  a major impact on the  p r o j e c t  e l e c t r i c  power requirements as the  equiva- 

l e n t  t o t a l  p r o j e c t  cont inuous power requirements a r e  rough ly  560 kW. 

Conservat ive est imates were used f o r  t he  methane produced 

so t h a t  a f t e r  the  p l a n t  s t a r t - u p  per iod,  methane gas produc t ion  may be 
increased above the  conserva t ive  est imates used, and the  methane f u e l e d  
generators  cou ld  supply  power back i n t o  t h e  u t i l i t y ' s  l i n e s  f o r  c r e d i t .  

P ip ing  i s  as fo l l ows :  Class 150 T r a n s i t e  f o r  b u r i e d  p ipe;  

Type 316 s t a i n l e s s  s t e e l  o r  f i b e r g l a s s  r e i n f o r c e d  PVC f o r  exposed s l u r r y  
p i p i n g  ( w i t h  thermal i n s u l a t i o n  cover)  and Schedule 40 b lack  s t e e l  f o r  

b i  ogas . 

mar 

S P r  

zes the  

ngs Agr 

5. Flow Systems Summary - F igu re  4-7 schemat ica l l y  sum- 

major  f l o w  systems' f l ows  and equipment f o r  t h e  K e l l e y  Hot 

c u l t u r a l  Center conceptual design. 

6. Energy Summary - The use of geothermal energy i n  the  

KHSAC d isp laces  n e a r l y  700,000 ga l l ons  o f  f ue l  o i l  y e a r l y ;  use o f  b iogas 

d isp laces  about 300,000 ga l l ons  o f  f u e l  o i l  per  year .  To ta l  y e a r l y  

f o s s i l  f u e l  savings, then, a r e  approx imate ly  1,000,000 ga l l ons  o f  f u e l  o i l  

equ iva len t .  

D. Cost ing 
\ 

1. Cap i ta l  Costs - Cap i ta l  cos ts  were es t imated  on an 

e a r l y  1980 bas i s  w i t h o u t  any cont ingency fac to rs  o r  i n f l a t i o n a r y  mu1 ti- 

p l i e r s .  Costs were est imated by a v a r i e t y  of ways as appropr ia te :  
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- engineering estimating manuals including those of Means, 
Dodge , and Trade Service Pub1 i cations ; (References 
28, 70, 71, 90). 

- actual catalog prices;  (References 2 ,  18, 6 7 ) .  
- manufacturers' budget estimates fo r  major cost  

i tems; (References 49*, 50*, 83*, 105*, 99). 

f i rms ; 

- similar  experience of the agriscience and engineering 

and 
- recent published s imilar  experience. (References 27,  92, 

93, 94, 95, 65, 72 ,  81).  

Capital costs developed are  summarized i n  Chapter 5, 
following. 

2. Operating Costs - Operating costs a re  a l so  estimated 
on an early 1980 basis without contingency factors  o r  inf la t ionary 
mult ipl iers .  Cost estimating bases included: 

- recent experience of private operators (including 
some proprietary data used f o r  guidance); 
(References 12*, 38*, 80*, 85*, 87*). 

published feed and supply costs ;  (References 15, 24, 
53 ,  69, 91A). 

- 

- comparable labor rate c lass i f ica t ions ;  
- costs estimated by the electrical utility; and 
- agriscience and engineering experience. 

The key cost  operating areas of feed and labor merit brief 
further explanation. 
weight (cwt) w i t h  an average of $8.32/cwt f o r  the 31.25 tons of feed 
u t i l i zed  dai ly  a t  the KHSAC. 
as follows: 1 feed production foreman ($13,800) w i t h  3 ass i s tan ts  
($10,400 each); 4 swine production supervisors ($13,800 each) w i t h  4 
ass i s tan ts  ($11,400 each); 1 energy systems technician ($12,000); 
1 maintenance foreman ($14,400) w i t h  1 a s s i s t an t  ($12,000); 1 general 
business and sa les  manager ($19,000); and 1 bookkeeper ($10,800). 

Feed costs  vary from $7.75 t o  $12.15 per hundred- 

Labor s t a f f ing  ( w i t h  annual s a l a r i e s )  i s  

Operating costs  developed are  summarized i n  Chapter 6 .  



- 53 - 

CHAPTER 5 -- CONSTRUCTION PLAN 

I .  FAC I LIT1 ES CONSTRUCT ION COSTING 

Construction costing has been based upon the Conceptual Design as 
designated i n  Chapter 4.  
assumed t h a t  the f a c i l i t y  will be located south  of the reservoir in S i t e  1 
and i t  will be connected to  the supply well by a one mile pipeline.  The 
access road would r u n  south from U.5. 299 to  the s i t e  gate for  one-half mile. 

For conceptual cost  estimating, i t  has been 

A .  
used w i t h  nominal contractor mark-up without any contingency or  inf la t ionary 
multipliers.  
follows: 

Installed costs - Installed costs as of ear ly  1980 have been 

U n i t  costs were determined by a combination of  factors  a s  

- A fu l ly  contracted turnkey j o b  a t  prevailing rates  has been 
assumed . 

- Engineering costs have been based upon the experience of the 
engineering firm w i t h  backup estimates derived from estimating 
d o c ~ m e n t a t i o n ~ ~ ~  71. 

have been obtained d i rec t ly  from manufacturers. 
On large equipment i terns, quotes 

- Agricultural equipment was estimated, u t i l i z ing  quotes from equip- 
ment manufacturers, a.nd catalog d a t a .  

- Building construction and erection figures were obtained d i rec t ly  
from Melco Steel Buildings and from the experience of  john^ F. Otto, 
Inc. , General Contractor, and Carson Development Co, Sacramento, CA. 

' - Si t e  work estimates were based upon Carson Development Co.'s 
experience plus consulting w i t h  Teichert Construction, Sacramento, 
Excavating and Engineering Constractors. 

I t  should be noted i n  a l l  cases the suppliers,  subcontractors and 
construction firms were requested t o  consider the specif ic  s i t e  i n  southern 
Modoc County when making the i r  estimates. 
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The Conceptual Const ruc t ion  Costs a r e  shown i n  Table 5-1. The 

The a1 l o c a t i o n  o f  geothermal r e l a t e d  e f f o r t  has 

63 
f i r s t  sheet summarizes the  cos ts  and de l i nea tes  the  so f tware  cos ts  o f  

eng ineer ing  and management. 

been de l ineated .  The f o l l o w i n g  sheets g i v e  the  breakdown o f  t he  cos ts  and 

i d e n t i f i e s  the  u n i t s  and u n i t  cos ts  associated w i t h  the  hardware elements. 

These a r e  i n s t a l l e d  cos ts .  

r e l a t e d  have been est imated i n  these d e t a i l e d  sheets.  

sheet 1, t h e  geothermal- re la ted so f tware  has been es t imated on the  same bas is  

as the  o v e r a l l  i n s t a l l e d  c a p i t a l  cos ts  have been a l l oca ted ;  i . e .  32.4% o f  

t o t a l  sof tware.  The so f tware  has been es t imated on the  bas i s  o f  the  t o t a l  

c o n s t r u c t i o n  p l a n  and the  s p e c i f i c  elements and tasks  r e q u i r e d  f o r  t h e  
c o n s t r u c t i o n  design, c o n s t r u c t i o n  and checkout and t e s t  o f  a l l  systems. 

The percentage o f  the  elements t h a t  a r e  geothermal 

I n  the  summary, 

11. CONCEPTUAL CONSTRUCTION SCHEDULE 

The Cons t ruc t i on  Schedule has been g r e a t l y  a f f e c t e d  by two major  
c o n s t r a i n t s .  The f i r s t  i s  t he  expected requi rement  t h a t  t he  ge 

resource must be proven by thorough ly  t e s t i n g  a p roduc t i on  w e l l  
o the r  c o n s t r u c t i o n  work may proceed. Wi th a p r o j e c t e d  d r i l l i n g  

September, 1980, and an i n t e r v a l  o f  two months a l l o t t e d  f o r  d r i  

and t e s t i n g ,  i t  i s  expected t h a t  l i t t l e  i n  the  way o f  s i t e  work 

no c o n s t r u c t i o n  can be accomplished be fo re  the  s p r i n g  o f  1981. 

the  rma 1 

be fore  any 

s t a r t  date o f  

l i n g ,  cas ing  
and e s s e n t i a l l y  

The second 
constraint i s  the severe winters o f  the Canby region of southern Modoc County 
i n  no r theas te rn  C a l i f o r n i a .  
low temperatures a r e  exper ienced f rom November through March, and e a r l y  s p r i n g  

thawing r e s u l  t s  i n  muddy c o n d i t i o n s  . 

Whi le heavy snow i s  n o t  normal f o r  t he  area, q u i t e  

I f, however, resource development cou ld  commence i n  J u l y  and/or s i t e  

work be i n i t i a t e d  by September 1, i t  would be p o s s i b l e  t o  l a y  down foundat ions 

and s labs  o f  perhaps f o u r  b u i l d i n g s  ( g e s t a t i o n  and fa r row ing )  be fo re  w i n t e r  
temperatures would p rec lude f u r t h e r  concre te  work. Since the  metal  b u i l d i n g s  
can be e rec ted  a t  v i r t u a l l y  any t ime and t h e  i n t e r i o r  work then proceed under 

s h e l t e r  throughout  t h e  w i n t e r  season, a cons iderab le  head s t a r t  can be ob ta ined 

i n  the  o v e r a l l  schedule t h a t  cou ld  make s u b s t a n t i a l  complet ion p o s s i b l e  by 

l a t e  1981. Th is  cou ld  acce le ra te  the  s t a r t  o f  swine p roduc t i on  by severa l  
@ 
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TABLE 5-1. -- CONCEPTUAL CONSTRUCTION COFTS 

CONCEPTUAL COST SUMNARY 

GEOTHERMAL 
TOTAL COST RELATED 

I. . HARDWARE COST 

A. GEOTHERMAL RESOURCE 

B. SITEWORK 

C. BUILDING STRUCTURES 

D . BU I L D I  NG MECHANICAL 

E. BUILDING ELECTRICAL 

F. BUILDING AGRICULTURAL EQUIPMENT 

G. SPECIALIZED AGRICULTURAL EQUIPMENT 

H. SWINE WASTE SYSTEM 

I. S I T E  U T I L I T I E S  

TOTAL HARDWARE COSTS 

$ 551,000' 

123,400 

1,493 , 100 
540 , 300 
435,200 

967 , 400 
194,500 

601,000 

191,600 

$5,097 , 500 

$ 551,000 

0 

179,900 

240,300 

52,800 

0 

' 0  

565,000 

60.200 

$1,649,200 

11. SOFTWARE COST 

A. DESIGN AND ENGINEERING $ 408,000 $ 132,000 

B . CONSTRUCTION MANAGEMENT AND CONTROLS 377,000 122,000 

C. PROGRAM MANAGEMENT SERVICES 

TOTAL SOFTWARE COST 

I 1  I. TOTAL CONCEPTUAL COST 

250,000 81,000 

$1,035,000 $ 335,000 

$6,132,500 $1,984,200 

I 

m 
m 
I 



HARDWARE COST 

TABLE 5-1. -- CONCEPTUAL CONSTRUCTION COSTS 

CONCEPTUAL COST DETAIL 

A. Geothermal Resource Development 

1. 
2. Production Pumps, Tanks, Equipment 
3. Primary Heat Exchangers 

4. I n j e c t i o n  Well 
5. I n j e c t i o n  Pump 

6. 

Sub t o t a  1 

B. Sitework 

1. Land 
2. S o i l s  Testing and Surveying 

3. Grading and S i t e  Preparation 

4. 

5. Fencing , Securi ty 

Subtotal  

Production Wells - D r i l l ,  Case, Test 

Production Pip ing - 6" Transi te t o  
S i t e  - Assume 1.0 m i .  

Roads (30' width) - U i t h i n  S i t e  
Access -- assume 0.5 m i .  

COST OF NO. OF 
UNIT  UNIT UNITS 

Ea 

Ea 

Ea 
Ea 

Ea 
LF 

AC 
LS 
AC 
SF 
SF 
LF 

$350,000 1 
$ 24,000 2 
$ 12,500 2 
$ 50,000 1 
$ 4,500 1 
$ 14 5280 

$ 750 16 

$ 2,500 16 
.33 30,000 f .33 72,200 

$ io 3,000 

C. Bui 1 ding Structures 

1. Concrete Foundation and Slabs C Y  $ 170 2,800 
2. Metal Bui ld ings - Shell  LS 

Doors and Windows LS 

TOTAL 
COST 

$350,000 
$ 48,000 
$ 25,000 
$ 50,000 
$ 4,500 
$ 73.500 

$551,000 

$ 12,000 
$ 5,000 
$ 40,000 

$ 26,400 
$ 30,000 
$123,400 

$ 10,000 

$476,000 
$597,200 
$ 35,000 

Sheet 2 o f  5 

GEOTHERMAL 
RELATED 

100% 
100% 
100% 
100% 
100% 
100% 

$551,000 

0 
0 

0 
0 
0 
0 

0 
- 

20% 
0 
0 

I 

vl or 
I 



TABLE 5-1. -- CONCEPTUAL CONSTRUCTION COSTS 

CUNCEPTUAL COST DETAIL (CONT.) 

Sheet 3 o f  5 

C. 3. Bu i ld ing  Erect ion 
4. I n t e r i o r  Walls and Epoxy 
5. I n t e r i o r  Ce i l ings  and Epoxy 

6. I nsu la t i on  - B lwnCel lu lose  

7. Walkways - 4 X 1200 LF # ,  

8. Ra i l ings  
Subtotal 

D. Bui 1 ding Mechanical 
1. Secondary Heat Exchangers 

2. Exhaust Fans 

3. Evap. Coolers and Ducting 

4. Cold Water P ip ing 
5. 
Subtotal 

Hot Water P ip ing ( I n c l .  F loor )  

E. Bu i l d ing  E l e c t r i c a l  

1. D i s t r i b u t i o n  Panels 

2. Bur ied Cable 
3. Transformers (30 KVA) 

4. F1 uorescent F ix tu res  
5. W i  r i n g  (Romex) 

6. Duplex Receptacles 
7. Motor S tar te rs  

8. Thermostats and F i t t i n g s  
Subtotal . 1 .  

U N I T  

SF 
SF 
SF 

- 

SF 
CY 

LF 

LF 
LS 
LS 

LS 
LF 

Ea 

LF 
Ea 
Ea 
LF 

Ea . 

LS 

LS 

COST OF NO. OF TOTAL GEOTHERMAL 
UNIT UNITS COST RELATED 

$ .80 141,000 $112,800 0 

$ 1.20 56,000 $ 67,000 0 

$ .75 141,000 $100,000 0 

8 .43 197,000 $ 84,700 100% 

$ 150 64 $ 9,600 0 
0 $ 4 1,200 $ 4,800 - 

$1,493,100 $179,900 

$ 12 2,400 $ 28,800 100% 
$ 60,000 
$100,000 

$140,000 
100% $ 7.50 28,200 $211,500 - 

$540,300 $240,300 

$ 5,000 29 $145,000 0 

$ 9.50 5,000 $ 47,500 0 

$ 1,500 14 $ 21,000 0 
40 770 $ 30,800 0 

$ 2.25 50,000 $112,500 0 
15 270 $ 4,100 0 

$ 21,500 0 

a $ 52,800 100% 
$435,200 $ 52,800 



TABLE 5-1. -- CONCEPTUAL CONSTRUCTION COSTS 

F. Bu i l d ing  Agr i cu l tu ra l  Equipment 

1. Pens, Gates, Waterers, etc.  
2. Slats ( P l a s t i c )  

CONCEPTUAL COST DETAIL  (CONT. ) 

COST OF NO. OF 
UNIT UNIT UNITS 

LS 
LS 

3. A u tom a t e d F e e d ' S  y s t em( I cterna 1 ) LS 

4. Feed Storage (External)  LS 

5. Special Areas (Lab, Off ice,  Rest) SF $ 15 2,000 
Sub t o  t a l  

G. Special ized Agr icu l  t u r a i  'Equipment 

1. Feed M i l l ,  Equipment and Storage LS 

3. Inc inerator  LS 
Subtota 1 

2. Maintenance Equipment (Shop, Veh.) LS 

H. Swine Waste System 

1. Methane Tanks and Foundations LS 

2. Methane Equipment (Pumps, Heat LS 
Exchange, Separation, Piping, 
Valves, Control s )  

3. Waste Flushing System 

4. Ponds and Liners 
LS 
LS 

5. Temporary Manure Storage LS 
Subtotal 

Sheet 4 of 5 

TOTAL GEOTHERMAL 
COST RELATED 

$617,100 0 

$145,300 0 

$135,000 0 

$ 40,000 0 

$ 30,000 - 
$967,400 0 

0 

$149,500 0 

$ 30,000 0 

$ 15,000 - 0 
$194,500 0 

$240,000 100% 
$100,000 100% 

$225,000 100% 
$ 31,000 0 

$ 5,000 - 0 

$601,000 $565,000 

I 

cn 
c.0 
I 



TABLE 5-1. -- CONCEPTUAL CONSTRUCTION COSTS 

COiKEPTUAL COST DETAIL (CONT. ) 

COST OF NO. OF 
UNIT  UNIT UNITS 

I .  S i t e  U t i l i t i e s  
1. Domestic Water Well 

2. Domestic Water Pump 
3. Septic System (Human Waste) 
4. Hot Water D i s t r i b u t i o n  Piping 
5. Hot Water Booster Pumps 

6. 300 KW Generator and Switch Gear 

Subtotal 

TOTAL HARDWARE COST 

LS 
Ea $ 4,000 2 

LS 
LF $ 17 2,600 
Ea $ 8,000 2 

Ea $95,000 1 

TOTAL 
COST 

$ 20,000 
$ .8,000 
$ 8,400 
$ 44,200 

$ 16,000 
$ 95,000 
$191,600 

$5 ,09 -7,500 

Sheet 5 o f  5 

GEOTHERMAL 
RE LATE D 

0 

0 
0 
100% 
100% 
0 

$ 60,200 

$1,649,200 

I 

Cn co 
I 



1980 
J A S O N D  

1. GEOTHERMAL RESOURCE 
DEVELOPMENT 

2. SITEWORK AND - 
U T I L I T I E S  

3 .  BUILDING FOUNDA- 
TIONS & ERECTION 

4. BUILDING MECHANICAL 
AND ELECTRICAL 

5. BUILDING INTERIORS, 
AGRI. EQUIPMENT 

6. SPECIAL EQUIPMENT 
AND FEED M I L L  

7. SWINE WASTE SYSTEM 

8. SWINE PRODUCTION 

1981 
F M A M J J A S O N D  

1982 

I F M A M J J A S ' O  N D 

I 

m 
0 
I 

Figure  5-1. Conceptual Const ruc t ion  Schedule 
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8 
months from the schedule projected i n  Figure 5-1. 
a re  as follows: 

H i g h l i g h t s  of the schedule 

- I t  i s  assumed tha t  a production geothermal well must be dr i l led ,  
cased and proven out by s t r ingent  testing before fur ther  construc- 
t ion work will be permitted. W i t h  a l a t e  summer, 1980, s t a r t  on 
this well , i t  is  assumed tha t  only minor s i t e  work and construc- 
t i  on improvements (mainly access and drainage) would commence 
before mid-spring of 1981. 
1 ong- 1 ead i tems may be ordered f o r  1 a t e r  del i very. 

As soon as  the resource i s  proven, 

- The building season of 1981 would be spent on s i t e  work, under- 
ground ut i1  i t i es ,  concrete foundation work and erecting the 
building she l l s ,  w i t h  these buildings closed i n  by December of 
1981. 

- Winter and s p r i n g  o f  1982 will be devoted t o  completing the buildings 
and preparing for the major equipment items, w h i c h  will  be 
ins ta l led  d u r i n g  the l a t e  winter and s p r i n g  of  1982, w i t h  s ta r tup  
of f a c i l i t i e s  planned f o r  the l a t e  spring o f  1982 -- a 20 month 
schedule from s t a r t  t o  animal operations. 

111. MANAGEMENT PLAN 

The construction project will  be managed through a Construction 
Management Agreement between the construction management firm, Lahontan, Inc. 
and Geothermal Power Corporation, the designated owner-operator. I t  i s  
proposed tha t  the well would be d r i l l ed  by a subcontractor t h a t  would be 
selected through a qual i f icat ions process and competitive b i d .  The f ina l  
contract  would be arrived a t  t h r o u g h  negotiation. 
furnished through a competitive b i d d i n g  process. 

All trades would be 

As i s  common practice i n  agr icul tural  complexes, the owner would 
reserve the r i g h t  t o  complete the in t e r io r  of b u i l d i n g s  and in s t a l l  equipment 
u s i n g  his operational personnel. Technical advice f o r  this ac t iv i ty  would be 
obtained from equipment suppliers.  Through management planning and project 
scheduling, the construction would be sequenced t o  permit the completion of @ 



t h e  g e s t a t i o n  and f a r r o w i n g  b u i l d i n g s  e a r l y  i n  the  p r o j e c t .  The nursery,  

growing and f i n i s h i n g  b u i l d i n g s  and breeding f a c i l i t i e s  would f o l l o w  i n  a 

l o g i c a l  sequence. Th is  would p e r m i t  b r i n g i n g  pregnant sows on board as e a r l y  

as p r a c t i c a l  i n  t h e  c o n s t r u c t i o n  program. D e t a i l e d  p lann ing  would have t o  be 

conducted t o  min imize s t r e s s  on the  animals and t o  m a i n t a i n  h e a l t h  c o n d i t i o n s .  

@ 

A 
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CHAPTER 6 -- ECONOMIC ANALYSIS 

I .  MARKET CONSIDERATIONS 

I n  1978, California slaughtered over 1,600,000 hogs and pigs. 
Of these, California imported 1,337,000 head13, up  37,000 from 1977. The 
proposed KHSAC output of 25,920 head is  only 2% of the 1978 import f igure 
and i s  less  than the increase from 1977 to  1978. 
impact on the import competition should be negligible.  
represents only 1.6% of the hogs slaughtered i n  California. 

Therefore, the KHSAC 
The KHSAC output 

Over 60% of the stock imported i n t o  California comes from 
Missouri and Nebraska. As transportation costs continue to r i s e  f a s t e r  
than general in f la t ion ,  these d is tan t  competitors will  experience a 
greater p ro f i t  squeeze on shipments t o  California. 

Hog market economics revolve around feed cost  conversion in to  
While KHSAC i s  close t o  a large pork market, i t  i s  a l so  revenue dol lars .  

d i s tan t  from tradi t ional  low cost feed. 
e f f i c i en t ly  convert feed t o  meat, t h u s  somewhat less  feed i s  required t o  
produce a given hog weight re la t ive  t o  most competitors. 
s t i l l  be re la t ive ly  h i g h .  
feed costs 

The f a c i l i t y  i s  designed t o  

B u t  feed may 
KHSAC i s  designed t o  counter potent ia l ly  higher 

i n  the following ways: 

a )  
(be t t e r  environment) . 

b )  Higher financial leverage through geothermally related t a x  
advantages and  DOE suppor t .  

c )  Less marketing transportation costs.  

d )  
e )  

More e f f i c i en t  conversion of feed t o  prime, qual i ty  hogs 

Reduced dependency on energy inf la t ion .  

An integrated feed production faci  1 i ty .  

From a marketing perspective, KHSAC o u t p u t  will not have a major 
impact on the market, and tradeoffs available t o  the agricul ture  complex 
indicate tha t  i t  has the potential to be a viable project.  Formal negoti- 
ations fo r  feed purchase and transportation when compared t o  formal 
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negotiations fo r  hog sales  and transportation will control the future 
economics of the project. Conceptual level information, as reflected 
in the operating economics, i s  promising. 

11. OPERATING ECONOMICS 

A. Revenue - A t  the conceptual design leve l ,  revenue was 
calculated as design pounds of liveweight animals produced times an t ic i -  
pated revenue per pound.  Chapter 4,  "Engineering" , provides the deriva- 
t ion of pounds produced. The revenue per pound projections were based on 
a long range assessment o f  histor ical  hog prices and current expectations 
for hog prices over the next couple of years.  Figure 6-1. "Hog Price 
Review", provides an overview relat ing projected hog  prices with his tor ical  
( trend l i ne )  events. 

The hog price projection used fo r  conceptual economic assess- 
ment i s  a se r ies  of prices escalating a t  8% per year,  shown in Figure 6-1. 
The f i r s t  price used in the economic projection i s  51.34 per pound i n  1982. 
Published material and conversation sourced during t h i s  phase considered 
th i s  projection conservative, especially fo r  prime qual i ty  pork 37 . 

B. Operating Costs - A t  the conceptual leve l ,  operating costs 
were projected in seven categories: 

Feed - materials and additives 
Labor - labor and management 
U t i l i t i e s  - e l e c t r i c a l ,  fuels 
Materials - production supplies 
Services - legal ,  a u d i t ,  veterinarian 
Depreciation - buildings, equipment, capitalized costs 
Interest  - 20 year loan a t  18% 

Cost Estimates provided f o r  each category were escalated t h r o u g h  
1987 t o  provide a payback analysis.  
Feed, labor, materials, and services were escalated a t  8%. U t i l i t i e s ,  
including fue ls ,  were escalated a t  15%. 
s t ra ight  l ine  10-year for  equipment a n d  30-year for  buildings. 

These are  presented i n  Table 6-1 

Depreciation was calculated a s  
In te res t  



TABLE 6-1 
OPERATING SUMMARY - FIRST SIX YEms 

Revenues 

Ma r k e t  Pound s 
P r i c e  p e r  pound 
Pork Sales 

Opera t i ng  Costs:  

Feed (Note 1 )  
Labor (Note 2) 
U t i  1 i t i e s  
M a t e r i a l s  
Se rv i ces  
D e p r e c i a t i o n  
I n t e r e s t  

Taxable Earnings 

50% Tax Al lowance 

1982 __ 

1.477.440 
.513 

$ 757,927 

454,096 
76.131 
6,480 
3,500 
7,000 

544,555 
560,021 

$7,652,583 

( 894.656) 

$ (894.656)  Earnings 

1983 __ 1904 

5,909,760 5,909,760 
554 .599 

$3,274.007 $3.539.946 

1,965,151 2,122.363 
328,886 355,196 
29.809 34,281 
15.117 16.326 
30.233 3% ,652 

544.555 544.555 
556,20! 

83,469,952 
5511694 

$ r 6 5  7 ,  0 n  

( 195.945) ( 117,121) 

1985 

5,909,760 
.647 

83,823.nT 

2,292,152 
383,612 

33,423 
17,632 
35,264 

544.555 
546,376. 

$3,059.014 

( 35,399) 

__ 1986 

5,909,760 
.698 

$4.125,012 

2,475,524 
41 4,301 

45.336 
19,042 
38,084 

544,555 
540,101 

$ q m  

48,069 
24,035 

1987 __ 

5,909,760 
. 7 5 4  

$4,455,960 

2,673,566 
447,446 

52.136 
20.567 
41,132 

544,555 
532,696 

$4.31 z;ms 

143.862 
71,931 

I 

rn rn 
I 

$ 24,034 $ 71,931 

Notes : 

82 1 .  Accord ing t o  t h e  Pork I n d u s t r y  Handbook 
m i l l  i s  designed i n t o  KHSAC. 

Standard l a b o r  requirements seem t o  be well below 1 h r / cw t  above 2,500 head produced pe r  year?’ 
ranged f rom .35 hr / cw t  96 to 1 hr / cw t  98 

, l a r g e  sca le  feed rriills have dn econotiiic breakeven between 300-600 SOWS. Such a 

2 .  . Publ ished references 
K I I S A C  h i i s  .50 h r / c w t  ( 1 5  I d l m r  people X 49 work wecks X 4 0  hr5/59,OIM c w t ) .  
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was calculated using a 20-year loan a t  18% on required borrowed funds. 

The 18% in te re s t  ra te  on the borrowed funds was used t o  peg debt 
service a t  a worst-case, high level t o  r e f l ec t  d i f f i c u l t  financing, 
financing fees ,  and cover concerns abou t  possible exceptionally high 
finance charges. 
A t  18%, debt service i s  $581,239 per year (principal and i n t e r e s t ) .  A t  
12% the annual service would be $416,527 ($164,712 less  cash needed per 
year ) .  

Actual i n t e re s t  ra tes  and fees should be well below 18%. 

Operating cost  estimates were compared t o  several published 

Costs were expected t o  be re la t ive ly  higher 
references t o  t e s t  for  major variations.  
i s  shown in Table 6-2.  
because of current high construction costs and exaggerated in t e re s t  costs .  
However, because the f a c i l i t y  has been ef f ic ien t ly  designed, uses energy- 
e f f i c i en t  practices,  and has energy supplied from geothermal, the f a c i l i t y  
operating costs are  expected t o  be increasingly competitive over time. 

A summary of the comparisons 

Increasing competitiveness i s  expected t o  be a r e su l t  of:  

- Less dependence on energy inf la t ion .  
- Higher feed conversion t h a n  other operations which will be 

Increasingly lower hog transportation costs re la t ive  t o  

- Lower construction costs re la t ive  t o  those who must build 

forced t o  conserve energy. 

midwest shippers. 

or rebuild in future years. 

t ion,  and intangible writeoffs have been taken. 

- 

- Tax advantages, especially until  business t a x  c r ed i t s ,  deple- 

C .  Sourc'es and Uses of Cash - A conceptual summary of major 
sources and  uses of cash was prepared to  determine the resul t ing payback 
period, see Table 6 -3. The typical (ongoing) sources and uses consider 
a f t e r  t a x  earnings as the major source. Depreciation and tax c red i t s  and 
allowances used are a lso sources to correct the non-cash expenses used i n  
calculating a f t e r  t a x  earnings. For the conceptual summary, uses of cash 
are principal payments and owner cash draws t o  repay owner equity. 



TABLE 6-2 
Comparison o f  Operat ing Costs 

Basic  Operat inq C o s t s  
Feed Labor Other T o t a l  F ixed To ta l  

KHSAC (1979)  22 .63  3.78 7 .28  33.69 6 . 5 6  40.25 

A. (1978)  24.15 3.97 5 .95  34.07 4 .04  38.12 

B .  (1978)  18 .42  2.76 3.84 25.02 5 . 7 8  30.81 

C.  (1979)  23.95 4.45 4.20 32.60 8 .40  41 . O O  

D. (1978)  20.08* 7.93* 1.28* 29.29* 5.83* 35.12 

* A r r i v e d  a t  by us ing  assumptions i n  t h e  t e x t  o f  t h e  m a t e r i a l .  

84 A.  M issour i  Cooperat ive Extens ion Serv ice  

B. U n i v e r s i t y  o f  Minnesota 41 ($3.50/hr. l a b o r  charge added) 
96 

C.  Government S t a t i s t i c s  

D. Iowa Coop. Ex t .  Serv ice  
34 



TABLE 6-3 
SOURCES AND USES SUMMARY - F I R S T  SEVEN YEARS 

- CASH SOURCES/USES 

Earn ings 

D e p r e c i a t i o n  Al lowance 

Tax C r e d i t s *  

Working C a p i t a l  

Assets  

D . O . E .  

Loan P r i n c i p a l  

E q u i t y  

Cash Draw 

1981 

0 
0 
0 
0 

(3,066,250) 

Y92.100 

1.037.075 

1,037,075 

0 

E q u i t y  Cash Balance 

1982 1983 1984 1985 __ _- 

$ (  894,656) $ (  195,945) 

544,555 544,555 

0 0 

( 548,004 ) 0 

(3,066,250) 0 

992.100 0 

919,323 0 

2,052,932** ( 25,038) 

0 (323,572) 

$(  117,121) 

544,555 

0 

0 

0 

0 

( 29,545) 

0 

( 397,889) 

$( 35,399) 
544,555 

0 

0 

0 

0 
[ 34,863) 

0 

(474,293) 

1986 

$ 24,034 

544,555 

24,034 

0 

0 
0 

( 41.138) 

0 

(551,485) 

1987 

$ 71,931 

544,555 

71 ,931 

0 

0 
0 

(48,543) 

0 
I 

(639,874) cn 
a 

0 
I 

0 11 0 0 0 0 

*Loss Carry forward,  I T C ,  Bus iness Tax C r e d i t s ,  e t c . ;  e f f e c t  on payback a n a l y s i s  i s  t h a t  no income t a x  w i l l  be p a i d  u n t i l  a f t e r  owner 
cash payback. 

**2,074.150 New 

( 21.218) Payment 

2,052,932 Net ____ 

Q 
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Table 6 -3 covers t h e  sources and uses through 1987. The e q u i t y  

cash balance i s  shown a t  the  bottom o f  the  t a b l e  and r e f l e c t s  an owner 

cash payback i n  1987, a payback i n  l e s s  than f i v e  o p e r a t i n g  years,  and s i x  

years  f rom s t a r t  o f  c o n s t r u c t i o n .  
cons idered an upper l i m i t  . 

A payback o f  s i x  t o  seven years was 
41 

Dur ing c o n s t r u c t i o n  and s t a r t u p ,  sources and uses o f  cash a r e  

a t y p i c a l .  
cash ( a  l o s s ) .  D .O.E .  funds a r e  shown as an i n i t i a l  source o f  cash as 

are  l o a n  p r i n c i p a l  and e q u i t y .  The major uses o f  i n i t i a l  cash are  f o r  

assets  and work ing c a p i t a l .  I n  each year ,  t h e  a l g e b r a i c  sum o f  sources 
and uses i s  always zero. 

For example, earn ings a r e  negat ive  and a r e  shown as a use o f  

D.  Conceptual Economic Assessment - The conceptual  l e v e l  revenue 

and c o s t  p r o j e c t i o n s  i n d i c a t e  t h a t  t h e  p r o j e c t  i s  v i a b l e  w i t h  an expected 

owner cash payback w i t h i n  f i v e  years opera t ion .  However, t h e  a c t u a l  o u t -  
come i s  very  s e n s i t i v e  t o  revenue per  pound, feed costs ,  and f u l l  p roduc t ion  

market ing.  

Revenue per  pound was p r o j e c t e d  c o n s e r v a t i v e l y  over  t h e  p r o j e c t e d  

p e r i o d  per  F igure  6 -1. Feed cos ts  a re  a t  expected cos ts  ( n e i t h e r  

o p t i m i s t i c  nor  p e s s i m i s t i c )  and f u l l  p r o d u c t i o n  marke t ing  i s  expected t o  be 

r e a l i z e d  i n  t h e  C a l i f o r n i a  market.  Because o p t i m i s t i c  p r o j e c t i o n s  were 

n o t  used on any o f  the  key v a r i a b l e s  and o v e r a l l  cos ts  were i n l i n e  w i t h  
a v a i l a b l e  comparisons, the conceptual  economic p r o j e c t i o n  appears reasonable.  

The conceptual  p r o j e c t i o n s  l a c k  many d e t a i l s  which w i l l  become 

a v a i l a b l e  i n  t h e  n e x t  phases o f  t h e  p r o j e c t .  Cogenerat ion revenues, 

increased throughput,  and lower  i n t e r e s t  r a t e s  are  changes which may 

s i g n i f i c a n t l y  improve o p e r a t i n g  earn ings and payback. 

equipment l i s t s  a re  complete, acce le ra ted  d e p r e c i a t i o n  schedules can a l s o  

be r u n  t o  de lay  t a x  payments even f u r t h e r  (an improvement i n  t h e  l o n g  term 

b u t  n o t  w i t h i n  t h e  owner cash payback p e r i o d ) .  F i r m  e q u i t y  s t r u c t u r e  w i l l  

a l s o  a l l o w  more d e t a i l e d  schedul ing and c o s t i n g  o f  t h e  debt  s e r v i c e  and 

may even i n t r o d u c e  f a v o r a b l e  debt  terms such as FMHA guarantees, delayed 
payments, and i n t e r e s t  coverage u n t i l  income i s  r e a l i z e d .  

Once b u i l d i n g  and 



- 71 - 

A number of l ess  material considerations w i l l  also be c l a r i f i ed  
i n  the next phases as specif ic  de ta i l s  and agreements become available.  
Some of these other enhancements t o  the economic assessment are l i s t ed  
i n  Chapter 7 ,  Section 111. 

Given the conceptual s ta tus  of the project as covered here, 
the economic assessment of the project appears favorable based on 
available information. 
t o  believe, and do n o t  believe a t  the time of preparing t h i s  conceptual 
design report ,  t h a t  any of our assumptions or information sources are  
unreasonable, unreliable,  or untrue or t h a t  there has been an omission of 
any material f ac t  important  t o  the continuation of the project in to  
preliminary design and Phase 11, where many of the costs and parameters 
will be fur ther  ident i f ied and evaluated. Some future considerations have 
been mentioned i n  t h i s  chapter, others are discussed i n  Chapter 7 ,  

"Considerations f o r  Preliminary Design." 

Coopers and Lybrand have no reasonable grounds 
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CHAPTER 7 --CONSIDERATIONS FOR P R E L I M I N A R Y  DESIGN 

OBJECTIVE FOR PRELIMINARY DESIGN A C T I V I T Y  

The P r e l i m i n a r y  Design i s  being d i r e c t e d  t o  op t im ize  t h e  economics 

o f  t he  K e l l e y  Hot Spr ings A g r i c u l t u r a l  Center. 

c o s t  o f  f i n a n c i n g  and c y c l i c a l  pork p r i c e s ,  t he  e f f o r t  i s  be ing  focused i n  

I n  l i g h t  o f  t h e  c u r r e n t  h igh  

areas o f :  

- Inc reas ing  pork p roduc t i on  i n  the  bas i c  1,200 sow con f igu red  

f a c i  1 i ty 

- Reducing t h e  feed cos ts  and improving the  e f f e c t i v i t y  o f  feed 

c o n s t i t u e n t s  

11. 

Ana 

t h e  

- Review o f  design concepts t o  reduce the  c a p i t a l  c o s t  o f  t he  

f a c i  1 i ty  

- Cons t ruc t i on  p lann ing  t o  reduce c o n s t r u c t i o n  t ime and a c c e l e r a t e  

t ime f o r  admission o f  t he  p roduc t i on  herd i n t o  the  f a c i l i t y  

- Review o f  t h e  economics and business p lann ing  t o  maximize t h e  

r a t e  o f  pay back o f  i n v e s t o r  c a p i t a l  and inc rease t a x  s h e l t e r .  

SELECTED CRITERIA AND GUIDELINES 

Based upon t h e  rev iew o f  t h e  Conceptual Design and t h e  Summary Economic 

y s i s ,  i t  was determined t h a t  i t  was d e s i r a b l e  t o  reduce the  c a p i t a l  c o s t  o f  

f a c i l i t y  and t o  i nc rease  t h e  p r o d u c t i v i t y  and t o  reduce the  c o s t  o f  feed t o  

maximum e x t e n t  p r a c t i c a l  and s t i l l  ma in ta in  an acceptable l e v e l  o f  h e a l t h  and 

q u a l i t y  f o r  t he  animals.  

areas t h a t  warranted c o n s i d e r a t i o n  of changes i n  o rde r  t o  enhance t h e  economics 

o f  t h e  o v e r a l l  concept. These cons ide ra t i ons  w i l l  be eva lua ted  through the  

P re l im ina ry  Design a c t i v i t y .  The p r i n c i p a l  changes a re  as  de f i ned  below: 

The design was reviewed f o r  t he  purpose o f  i d e n t i f y i n g  

1.  

measured t o  date, t he  pr imary  heat  exchanger has been de le ted .  

Based upon the  q u a l i t y  o f  water f rom K e l l e y  Hot Spr ing  as 

The r a d i a n t  
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heating in the f loor  i s  the only area in which a fresh water loop  and heat 
exchanger will be u t i l i zed .  

2. The reinjection well has been eliminated. The unconsumed 
geothermal f lu ids  will be released t h r o u g h  natural drainage on the surface 
or sprayed t h r o u g h  an i r r iga t ion  system. Primary use of the geothermal f lu ids  
will be for makeup water in the manure flush and in the methane generation 
system. Waste waters t h a t  have b'een purified by the methane generation 
process will be used for  manure flushing in the breeding and gestation and 
growing and finishing buildings. 
water f lush will be u t i l i zed  i n  the farrowing and nursery buildings. 

Fresh and o r  uncontaminated geothermal 

3 .  The s i t e  f o r  the f a c i l i t y  fo r  this e f f o r t  i s  S i t e  6.  
supply well and the f a c i l i t y  will be located a t  S i te  6. As an a l te rna t ive ,  
the supply well will be located on S i t e  6 ,  and t h i s  will be connected by 
buried, uninsulated t ransi  t e  pipe1 ine t o  the f a c i l i t y  t h r w g h  an existing 
culvert  under US 299. 
be located in the archeologically cleared area in S i t e  3. 

Both the 

The f a c i l i t y  fo r  this a l te rna t ive  configuration will 

4. By using the operator 's  crew for  finishing the in t e r io r  of the 
buildings and ins ta l l ing  equipment, a cer ta in  magnitude of savings in labor 
may be achieved. 

5. The l ineal  footage of f i n  tube heat exchangers in the cei l ings 
of the swine raising buildings a r e  to  be reevaluated. 

6 .  Sprouted g r a i n  growing equipment i s  t o  be added to  produce 
sprouted barley. The sprouted barley will displace a b o u t  20 percent of the 
commercial feed i n  the breeding, gestation, and farrowing Buildings. 
International research and certain commercial growing practices incorporate 
sprouts and/or green grass chop i n  t he i r  feed i n  order t o  improve breeding, 
gestation and lactat ion.  

7. The incinerator i s  t o  be deleted and a caustic t a n k  fo r  disposal 
of dead piglets  u p  through nursery s ize  i s  t o  be incorporated. 
dead carcasses will be disposed of t h r o u g h  hauling t o  a sol id  waste or 
rendering f a c i l i t y  in the county. 

Adult swine 

@ 
' 8. Gravity tanks will be used for  waste flusing in l ieu of the 
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p r e v i o u s l y  considered h i g h - f l o w  pumping system. 

9. The 300 KW e l e c t r i c  genera t ing  system i s  t o  be de le ted  and 

rep laced by a 100 KW emergency standby power supply system. The biogas 

s to rage tank i s  t o  be de le ted  and low pressure methane i s  t o  be f u r n i s h e d  

a t  t h e  f a c i l i t y  boundary t o  t h e  Surp r i se  Rural  E l e c t r i c  Cooperat ive Company 

f o r  genera t ing  e l e c t r i c i t y  w i t h  t h e i r  own motor generator s e t .  

d iscuss ions  a r e  t o  be h e l d  w i t h  t h e  u t i l i t y  t o  r e f i n e  and pursue t h i s  

cogenera t ion  concept. 

C02 and any o t h e r  harmful  m a t e r i a l s .  

and reshaping b u t  n o t  i n c r e a s i n g  the  s i z e  o f  t h i s  b u i l d i n g ,  two a d d i t i o n a l  

pens can be i n c l u d e d  i n  each o f  t he  18 rooms. Th is  w i l l  p e r m i t  impregnat ing 

a d d i t i o n a l  g i l t s  t o  inc rease the  p roduc t i on  herd  t o  1,360 pregnant and 

f a r r o w i n g  sows. Th is  increases the  pork p roduc t i on  by over 13 percent .  

A d d i t i o n a l  

i 

The methane w i l l  be scrubbed i n  o rde r  t o  remove H2S, 

10. By rea r rang ing  the  animal pen layou ts  i n  the  f a r r o w i n g  b u i l d i n g  

111. PRELIMINARY ECONOMIC IMPACTS 

With t h e  a d d i t i o n  o f  b iogas sa les  and increased throughput (up 13% 

t o  66,925 cw t / y r ) ,  owner cash payback cou ld  be brought  back f rom 1987 

(4% years)  i n t o  1986 ( 4  yea rs ) .  

back as much as another h a l f  yea r .  Minor f l u c t u a t i o n s  i n  c a p i t a l  cos ts  
would be absorbed over t h e  l i f e  o f  t h e  debt, so t h e i r  impact on cos ts  would 

be smal l  . 

B e t t e r  f i n a n c i n g  terms cou ld  reduce the  pay- 

Other s i g n i f i c a n t  f a v o r a b l e  o r  unfavorable impacts w i l l  most l i k e l y  
occur i n  formal n e g o t i a t i o n s  f o r  feed m a t e r i a l s  cos ts  ( . including t r a n s p o r t a t i o n ) ,  

formal marke t ing  arrangements ( i n c l u d i n g  p r i c e  pe r  pound, t r a n s p o r t a t i o n ,  and 

commissions o r  fees),  and o u t s i d e  se rv i ces .  The l e v e l  o f  o u t s i d e  se rv i ces  

w i l l  be i n v e r s e  t o  t h e  c a l i b e r  o f  inhouse people, t h a t  i s ,  s t r o n g  inhouse 

bookkeeping, animal husbandry, market ing,  and purchasing c a p a b i l i t i e s  w i l l  
s i g n i f i c a n t l y  reduce use o f  o u t s i d e  se rv i ces  and enhance opera t i ng  p r o f i t s .  

Inhouse weaknesses i n  these areas w i l l  reduce opera t i ng  margins and inc rease  

needed o u t s i d e  serv ices ,  a double pena l t y .  
counsel, l e g a l  counsel, a u d i t ,  and v e t e r i n a r i a n  se rv i ces .  

- 
Outside se rv i ces  i n c l u d e  t a x  
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Other de t a i l s  which will be ident i f ied d u r i n g  the next phase are:  

- Verified costs by category 

- Investment Tax Credit 

- Rusiness Tax  Credit (Energy Tax Credit) 

- Depletion qual i f icat ion 

- First-year depreciation bonuses 

- Accelerated depreciation schedules 

- Inventory, personal property, and real e s t a t e  taxes 

- Separate s t a t e  and federal t a x  calculations 

- Licensing and insurance requirements 

- Marketing agreement specif ics  

- Feed procurement specif ics  

- Hog and feed transportation costs 

- Equipment and faci  1 i ty  overhaul and replacement costs 

- More firm construction schedules 

- More firm operations s tar tup schedules 

- More def in i te  equity s t ructure  

- More c lear  financing requirements, fees ,  and ra tes  

- Appropriate working capital  levels and growth (Accounts Receivable, 
Accounts Payable, Inventory and Cash) 

- Production throughput levels 

\ 
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