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ABSTRACT 

This study concludes that direct use technologies, especially 
desalinated water production, can contribute significantly to the value 
added process and the overall economic viability in developing a 
geopressured resource. A1 though agriculture and aquaculture appl ications 
are marginal projects when they are the only use of a geopressured well, 
the small margin of profitability can contribute to improving the overall 
economics of the direct use development. 
technical and management aspect may add to the overall risk and 
unpredictability of the project. 

The added complexity from a 

Six combinations of direct uses received economic evaluation that 
resulted in 15% discounted payback periods ranging from 4 to over 10 
years. 
possible depending on the resource and market variables. Selection o f  
appropriate technologies and sizes of applications will be established by 
the developer that engages in geopressured resource utilization. 

These are listed .in Table 4. Many other combinations are 

Currently, many areas of the country where geopressured resources are 
located a1 so have surplus electrical capacity and generation, thus power 
utilities have been selling power for less than 2 cents per kWH, well 
bel ow a reasonable breakeven Val ue for geopressured produced electricity. 
However, when the energy demand o f  the integrated geopressured facility 

arge enough to instal 1 power generation equipment, operating expenses 
be reduced by not paying the 10 to 12 cents per kWH utility rate. 

i s  
can 

The study includes an analysis of a geothermal turbine unit installed 
with a desal ination and an agriculture/aquaculture facility, taking 
advantage o f  the cascading energy values. 
scenario becomes profitable only where the market price for electricity 
exceeds five cents per kWH. 

Results suggest that this 
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THE FEASIBILITY OF APPLYING GEOPRESSURED- 
GEQTHEWMAL RESOURCES TO DIRECT USES 

INTRODUCTION 

Natural gas and the high temperatures and pressures found in 
geopressured-geothermal (geopressured) resources create the opportunity 
for many new applications. The objectives of this feasibility study are 
to provide a brief overview of the various direct uses that are under 
consideration to utilize the relatively clean and environmentally benign 
energy that is available in the geopressured resource, to identify the 
areas o f  greatest industry interest, and to identify those applications 
that appear to have the greatest potential for utilization and impact. 
Information regarding the various direct uses was obtained from industry, 
academic, government, and other organizations through personal contact, 
publications, and documentation. Based on the information obtained, 
thermally enhanced oil recovery, supercri tical fluid processing for waste 
remediation, desalination, and agriculture/aquaculture applications 
appear to have the greatest potential for significant near-term 
development. This study addresses the various uses that were identified, 
with economic emphasis on desalination and agriculture/aquaculture 
applications. Thermally enhanced oil recovery and supercritical fluid 
processing for waste remediation are subjects o f  separate feasibility 
studies, also being prepared by the INEL. 
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As one of the prime contractors for the U.S. Department of Energy 
(DOE) at The Idaho National Engineering Laboratory (INEL), EG&G Idaho, 
Inc. is presently evaluating potential direct uses for geopressured 
resources, as are a number of industries, firms, organizations, and 
educational institutions. In addition, EG&G Idaho, Inc. (hereafter 
referred to as INEL) is spearheading the formation of an industrial 
consortium that would use the avail able energy in geopressured resources 
for multiple uses. 
desalination, agriculture/aquaculture, sulfur frasching, the use of 
supercritical processes for detoxification of pollutants, brine 
production, power generation using natural gas driven engine generators 
or binary cycle power plants, food and other types of processing, 
chemical extraction, thermally enhanced oil recovery, and others. 

Some of the uses under consideration include 

A broad based infrastructure of designers and developers are 
available to apply their expertise toward the application of hydrothermal 
direct use projects for geopressured resources as a result of the 
development of hydrothermal energy. The use of hydrothermal resources in 
the United States (U.S.) for direct use projects was mostly limited to 
pool/heal th spa applications and for space and district heating before 
about 1973. With the oil price increases of the 1970s, the DOE initiated 
numerous incentive and technical programs that caused significant growth 
of the hydrothermal direct use industry. These activities resulted in 
numerous appl ications in agriculture, aquaculture, space conditioning, 
industrial uses, and various types of processing (Lunis and Lineau, 
1988). 

In recent years, DOE has been sponsoring the Geopressured-Geothermal 
Research Program, which includes the operation of three test wells in the 
Gulf Coast area. On behalf of DOE, the INEL provides technical support 
for the assessment and evaluation of the technical and production 
characteristics of this undeveloped resource. 
activities was the initiation of an industrial consortium at Rice 

One result of these 
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University, January 10, 1990 with 65 participants from industry, 
educational institutions, the federal government, and state and 
development organizations. 
11th at the University o f  Texas in Austin, heralds the transition to 
commercialization for this undeveloped resource (Negus-de Wys, 1990). 

A following consortium meeting held September 



APPROACH 

Interest is being expressed for a variety of applications that could 
utilize the thermal and hydraulic energy that is available in 
geopressured resources. As a result of that interest (and the continuing 
development of DOE’S geopressured program), various organizations, 
institutions, firms, and individuals were contacted to aid in the 
identification of potential uses that would be of interest to industry. 
A literature search was conducted to determine what development has 
occurred in using geopressured resources and the types of applications 
uti1 ized. 
identify numerous potential uses and their approximate process 
temperature requirements. 

From this preliminary investigation, Figure 1 was developed to 

Additionally, a brief overview of the areas of interest and 
devel opment concerns were ident i f i ed in i ntegrated geopressured 
appl i cat i ons. 

Four areas of interest were selected to receive further evaluation. 

1. direct uses application 
2. supercritical fluid processing 
3. hydraul ic and thermal energy 
4. thermally enhanced o i l  recovery. 

These areas are: 

Thi s report addresses the feasi bi 1 i ty of applying geopressured 
resources to direct uses; 
feasibility studies. 
number of direct use applications that would receive economic analysis. 
These criteria are: 

the three remaining subjects are separate 
Selection criteria were established to limit the 

0 Industry interest 
0 The greatest near-term impact 
0 Technical feasibllity of the application. 

Economic analyses were performed for two direct uses that best fit 
the selection criteria. 
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Figure 1. Potential geopressured applications and their temperature 
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FINDINGS AND CONCLUSIONS 

Applying geopressured-geothermal resources to direct use is feasible. 
Of the various applications that were considered, desal ination and 
agricul ture/aquacul ture appear to have high potential for near-term 
economic utilization. 
geopressured fluid will probably be accomplished irrespective of the 
applications selected to use the energy contained in the geopressured 
fluid. 
generation, which was effectively proven at the DOE geopressure test 
facility at Pleasant Bayou, located about 50 mi south of Houston, TX. 

The sale of methane gas contained in the 

Additionally, commercialization would also include electric power 

Evaluation of the various applications indicates that multiple uses 
incorporated at a common location increases the odds of profitability. 
For example, a complex served by a 20,000 barrels per day geopressured 
well that provides for the sale of the contained methane gas, the sale of 
potable water produced by desalination, bottled water, and the brines 
resulting from desalination will have a 15% discounted payback period of 
- 4.3 years (Figure 2). The addition of an agriculture/aquaculture 
complex producing roses and catfish that is made up of a 4 acre 
greenhouse structure, service building, three 20-ft diameter aquaculture 
tanks in an enclosure, and an 8 x 45 ft outdoor raceway would reduce the 
payback period to -4 years (Figure 3). However, when electricity 
production is added to the gas/potable water/bottled water/brine complex, 
the expected discounted payback period increased to more than 10 years 
when the electricity is sold for 6 cents/kWh. If the complex is selling 
gas at market price, electricity at 6 cents/kWh, and includes an 
agriculture/aquaculture facility, the discounted payback is >10 years 
because of the high front end costs for the electric generation equipment 
and the relatively small return for the agriculture/aquaculture facility. 

Practically, the actual installation will be determined by the 
specific geopressured resource. 
requirements have typically 1 imited these developments because of the 
complexity o f  operation and management. 

Uti1 ity restrictions and financial 
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Figure 3. Feasible desalination/agriculture/aquaculture complex. 
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HYDROTHERMAL-GEOTHERMAL DEVELOPMENTS 

Various developments have been accompl i shed using hydrothermal 
resources for power production, industrial applications, processing, 
aquacul ture/agri cul ture , heating and cool i ng , resort, and spa use. 
Direct use technologies have been proven to be technically and 
economically sound, with 45 states having experienced significant 
geothermal direct use development in the last 10 years. 
installed direct use capacity is 7.2 billion Btu/h (2100 MWt), with an 
annual energy use of over 18,000 billion Btu/y (5 million bbl of oil 
energy equivalent). The significant increase in the use of hydrothermal 
energy for direct uses, especially since 1970, is displayed graphically 
in Figure 4 (Lienau, 1990). 
caused by the oil price shocks of the 1970s and resultant Department Of 
Energy development assistance programs. 
resulted in technical expertise being available to apply the technologies 
developed for hydrothermal energy toward the energy found in geopressured 
resources. The principal sources of technical expertise are available at 
the Oregon Institute of Technology Geo-Heat Center in Klamath Falls, 
Oregon, the Idaho National Engineering Laboratory in Idaho Fa1 1 s, Idaho, 
State energy offices, and from an infrastructure of developers, 
designers, and builders located throughout the United States. 

The total 

The rapid growth after 1970 is primarily 

These same programs have 

Cascading of geothermal energy for numerous applications is more 
For example, a commonly practiced in nations other than in the U.S. 

geothermal power plant operated by Ente Nazionale per 1 ‘Energia Elettrica 
(ENEL), near Piancastagnaio, Italy, uti1 izes the waste heat industrially 
to provide additional employment in the region. A greenhouse complex 
that employs up to 500 people and a drying facility that employs up to 
160 persons is being developed. Neither the greenhouse nor the drying 
facility would be profitable using fossil fuel for energy (Lund, 1987). 

Another direct use application is located north of Tianjin, China, 
where 97°C fluids are effectively being used in cascaded farm operations 
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for an extensive chicken hatching/rearing /processing facility, fish 
rearing , greenhousi ng , and a geothermal equipment research faci 1 i ty 
(Lienau, 1990). 

Near Kawerau, New Zeal and, geothermal steam generated by separate 
flash plants located in the geothermal field, is used in a variety of 
cascading operations that is probably the largest known industrial 
development. The steam is used to operate equipment, dry timber, process 
paper, and produce electric power in the Tasman pulp and paper company 
facility (Lienau, 1989). 

In the Mostovsky Krasnodersky region of Russia, a village uses 
cascading applications from a geothermal well cluster that includes space 
heating, a livestock rearing facility, an industrial complex of 
furniture, feed, concrete, and hide reprocessing production heated 
irrigation fields, and fish culture ponds (Tikhonov, 1986). 
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Figure 4 .  Growth in hydrothermal -geothermal applications (Lienau, 1990-1 ) .  
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THE GEOPRESSURED RESOURCE 

Geopressured resources vary considerably from hydrothermal resources. 
The contained gases, and higher we1 1 pressures contained in geopressured 
resources can significantly increase the opportunities and methods of 
application that can be developed. This section provides information 
about what the geopressured resource is, where it may be found, and 
applicable salient features and considerations. 

Figure 5 displays the distribution of known hydrothermal resources in 
the United States. 
knowledge of geothermal resources of all types is very limited. It is 
known with reasonable certainty, that there are many more low-temperature 
195°F (90OC) hydrothermal -geothermal occurrences than there are 
high-temperature 300°F (15OOC) areas (Wright and Culver, 1989). 

It should be noted that the present state of 

Geopressured-geothermal resources are a normal phase of basin 
evolution and are found in many locations throughout the U.S. (Figure 6) 
and the world. Geopressured resources have three energy forms: thermal , 
hydraulic, and methane gas. 
to higher value forms of energy using the available technologies. 
thermal energy can be converted to electricity using an organic Rankine 
cycl e generator. 
with a hydraulic turbine. 
sold, burned, compressed, liquefied, or converted to methanol or to 
electricity by fueling a turbine (Negus-de Wys, 1989). 

These three forms of energy can be converted 
The 

The hydraul i c energy can be converted to electricity 
Dissolved methane gas can be separated and 

Geopressured resources normally exist between 12,000 to 20,000 ft 
Flow rates can vary between 10,000 to 40,000 bpd. below the surface. 

Temperatures will range from 273 to 500°F. 
from 12,000 to 18,500 lb/in.2 absolute (psia). 
in the amount of 20,000 to 200,000 mg/L. Gas content will vary between 23 
to 100 standard cubic feet (scf) per barrel of fluid (Negus-de Wys, 
1989). 

Bottom hole pressures vary 
Salinity will be present 
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Resource potent i a1 s are significant for hydrothermal resources, but 
are even higher for geopressured resources. According to Muffler (1978) 
of the United States Geological Survey (USGS), hydrothermal resources 
have energy potentials equal to 23,000 megawatts electric (Mwe), f 3400 
MWe, for 30 years. On the other hand, geopressured resources are 
estimated to contain from 23,000 to 240,000 MWe for 30 years in the Gulf 
region of the United States; Louisiana alone has the potential for 4100 
to 43,000 MWe for 30 years. 
other sedimentary basins of the U.S. ,  such as the central valley of 
California. 
those areas because of limited knowledge at the time of preparation of 
Circular 790 (Muffler, 1978). 

Geopressured resources are known to exist in 

However, the USGS made no thermal potential estimate of 

The current development of geopressured resources for direct uses is 
limited to the workover of existing geopressured wells, which are the 
result o f  oil and gas field exploration and development. In 1981, 
between 2000 and 3000 geopressured wells would Rave been available each 
year in the Texas and Louisiana areas, respectively. Since that time, 
drilling activity has been significantly reduced, and it is estimated 
that -200 to 300 geopressured wells are currently available each year. 
(It should be noted that not all of these wells would be available for 
devel opment . ) 
sufficient oil and gas resources are not found. Increased oil field 
activity will obviously increase the number of wells drilled to 
geopressured zones. 

Typi call y , these we1 1 s are pl ugged and abandoned i f 

Limited geopressured data is available. The University of Texas at 
Austin is performing a collocation study for Texas, and Louisiana State 
University i s  doing the same for Louisiana. Data are presented in the 
thermal enhanced oil recovery feasi bil ity report from INEL. 

Even more limited is the development of geopressured resources. 
Western Resource Techno1 ogy, Inc. , i s actively developing geopressured 
wells; they have drilled one well to date and have 12 geopressured 
projects in various stages of development. British American Gas 
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Production Co. has leased 4000 acres around the DOE Hulin Well s i t e  south 
of Lafayette, LA, and has options for another 10,000 acres. Their 
primary purpose i s  t o  obtain the gas contained in geopressured resources. 
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Figure 6. Hydrothermal resources in the United States 
(Wright and Culver, 1989). 
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GEOPRESSURED DEVELOPMENTS 

This section provides a summary of the current development status of 
using the energy found in geopressured resources. 
directed toward direct uses, current information about power production 
is included. 
greatest potential for economic viability when an integrated operation is 
installed. 

Although this study is 

The use of geopressured resources will probably have the 

The hypothesized facility in Figure 7 identifies the various 
1 probably appl i cat 

be a mix 
ons under consideration. The actual installation wi 
of the applications discussed on the following pages 

POWER GENERATION 

Power can be generated utilizing the thermal, hydraulic and methane 
energy contained in geopressured resources. About 1 MW generated at the 
DOE Pleasant Bayou test facility located -50 miles south of Houston, TX. 
This facility incorporated a binary power plant and two gas fired 
generators to produce power, proving the commerci a1 vi abi 1 i ty of this 
type of application. The sale of power between 5 and 6 cents/kWh appears 
to be the revenue needed for a profitable installation when properly 
coupled with other applications. The use of a modified Pelton turbine to 
capture the hydraulic energy has the potential to result in a decrease in 
the breakeven cost of electricity of between 2 and 2-1/2 cents/kWh. This 
assumes a flow rate o f  24,500 bpd that can sustain the operation o f  a 500 
kW generator. 

Potential Industrial Applications 
Various industrial applications are being considered that uti1 ize the 

thermal and hydraul i c energy avai 1 ab1 e in geopressured resources. 
Information about potential and current developments are contained in 
this section. The developer, location, development and any available 
cost information are provided in the following discussions. 



Desal i nat  i on 
Desal ination is a proven technology using conventional energy forms. 

As the relative cost of water increases, desalination will become a more 
viable option - -  not only to extract the potable water from geopressured 
resources in inland areas, but also from the ocean for near-coastal and 
other demands. 

Fresh water can potentially be removed from geopressured fluids to 
meet critical freshwater needs in the water scarce regions of California, 
the lower Rio Grande Valley of Texas, and other areas, both nationally 
and internationally. 

G. S. Nitschke (Boeing, WA) and J. A .  Harris (Wichita State 
University) proposed a system that will use the pressure gradient of the 
reservoir to produce electricity by way o f  a pressure reduction turbine 
and generator combination. The natural gas would be separated for sale or 
on-site use, and the thermal energy would be used to produce potable 
water through a multi-effect distillation unit. In turn, the remaining 
saturated brines could be sold. The brine is ideal for solar ponds that 
uti1 ize binary power generators, a method effectively proven in Israel. 
Solar pond power could be used for further water production in a 
conventional reverse osmosis desalination scheme fed with seawater. It 
is suggested that such a scheme could produce as much as 40% of the total 
water load in California (Nitschke and Harris, 1990). 

F.  J. Spencer (International Management Services) has identified six 
areas of use that he is encouraging for utilization of geopressured 
resources, particularly in the entire lower Rio Grande Valley, south TX, 
in the coming decade. The proposed areas are: 

1. Recover dissolved methane and sell it as pipeline gas 
2. Use the geopressured fluid or gas pressure or both to drive 

turbines for power product ion 
3. Use the steam content of the geopressured fluid to drive 

conventional turbines for power production 
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4. Use the heat in the fluid for many industrial processes 
5. Use the fluid directly depending on salinity, for both 

aquaculture and industry 
6. Desalinate the fluid and use the salts contained in the fluid as 

starting points for chemicals (Spencer, 1990). 
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The feasibility of utilizing geopressured resources to produce 
potable water by desalination appears to have high near-term probability 
of successful application, especially in areas of limited water supplies 
such as the lower Rio Grande Valley region of south Texas, and the 
central valley of California. 

Studies made by Dorfman and others during the early program years of 
the geopressured program indicate the Hidalgo county geopressured 
reservoir could sustain a brine flow of 16,830,000 bpd without undue 
depletion over a 20 year life, and a brine flow of 45,600,000 bpd is 
estimated for Cameron and Hidalgo Counties (Dorfman and Morton, 1985). 
After salt removal, -1.15 billion gal/d of desalinated water could be 
recovered in a region that is characteristically low in water supplies 
(Spencer, 1990). 

Both of these areas have geopressured basins that have the potential 
to be utilized for desalination. 
location of the Sacramento Valley, San Joaquin Valley, and Los Angeles 
Basins in California, and the Northern Gulf of Mexico Basin in Texas. As 
reported by the Department of Water Resources, State of California, in 
their drought Contingency Planning Guide1 ines for 1989, California 
realized a $2.4 billion loss in the drought of 1976 to 1977, and the 
current drought is worse. 
are all conventional (more surface reservoirs, water purchases from 
surrounding states, etc.) Also, grandiose schemes such as digging a 
canal to the Columbia River and moving icebergs from Antarctica are being 
suggested by the City o f  Los Angeles. 
notes that under a scheme called the North American Water and Power 
Alliance, the Ralph Parsons Co., Pasadena, CA has developed a gigantic 
water-transfer plan that includes waterways snaking down the continent 
from Alaska, through Canada and the Northwest, to serve the freshwater 
needs of southern California. The estimated cost is $200 billion. By 
contrast, Nitschke and Harris’(l990) proposed system would provide -40% 
of California’s water demand at a cost of 4 2 4  billion (Table 1). This 
approach would include using geopressured resources found in the 

See Figure 6 for the approximate 

The suggestions for dealing with the drought 

The Seattle Times, May 27, 1990, 
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Sacramento Valley and San Joaquin Valley geopressured basins. The system 
would involve electricity production using pressure reduction turbine and 
generator combinations, gas use and sal es, and freshwater production from 
the geopressured brines. The brine would be used in solar ponds for 
binary power production. 
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Table 1. Proposed freshwater s u p p l i e s  from geopressured f l u i d s  for 
Cal i f o r n i a  

FACTOR UNIT 

No. o f  wells i n  Geop-Geo. f i e l d  1000 
(1 we1 1/30 mi2) 

We1 1 product ion 1 i fe  10 Y 

Tax r a t e  t o  ref lect  
f e d e r a l  a s s i s t a n c e  

U t i l i t i e s  p r i c e s  

Lease c o s t s  

Plug & abandon c o s t s  
( f u t u r e  use o f  well f o r  
l i q u i d  waste  d i s p o s a l )  

2nd Law e f f i c i e n c y  
on Rankine c y c l e  

( s o l  a r  pond power prod. ) 

Desal i n a t i o n  power 
( r e v e r s e  osmosis;  
range:  3 t o  80 Wh/gal) 

I n i t i a l  wel l /system elec 

f o r  b r i n e  t r a n s p o r t )  
(power added t o  g a s - l i f t  

2 5% 

g a s  : $Z.OO/Mcf 
elec: $.045/kWh 
water :  $l/lOOO g a l  

1/8 on g a s  rev. 
on ly  

none 

80% 

30 Wh/gal 

14.4 MWh/d 

Total  s o l a r  pond a r e a  

Dai ly  we1 1 - g r i d  water  . 530 E06 gal /d  

S o l a r  pond wa te r  I 1.1 E10 ga l /d  

% o f  t o t a l  CA water. 

850 mi2 

( a t  h e i g h t  o f  prod.)  

( a t  fu l l  p roduc t ion )  

( s o l a r  pond a t  fu l l  prod. ,  
40% 

based on 1985 consum.) 

NOTE: The cost of the pipelines and the solar ponds power generation/ desalination facilities are 
estimated at $10 billion each for a total capital investment o f  $24 billion (including the 
$ 4  billion for the 1000 well/system grid @ $4 million each). 
allowance is made for either using wells for waste disposal or earthquake control 
possibilities. 

Note that no benefit 
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Gas Use and Sales  

or sold to a pipeline company, or all three. This was effectively 
accomplished at the DOE Pleasant Bayou facility. 
two gas engine generators. The gas could also be used for refrigeration and to 
drive pumps. 

Gas contained in the geopressured fluid can be separated, used directly, 

The gas was used to drive 

The methane gas contained in geopressured fluids increases the 
profitability of utilizing a geopressured resource and increases the options 
that are available for direct uses. The contained gases can vary between 23 
and 120 scf/bbl of fluid. The Pleasant Bayou facility produced 23 scf/bbl, 
which was effectively used to drive two 325 kW gas engine generators. 
integrated facility, the selection of applications will determine the extent 
to which the contained gas will be used to produce electricity, power 
equipment, or be sold directly to a gas pipeline company. 
consideration is whether or not the sales price for electricity is lower or 
higher than gas prices. 

For an 

Another 

Electricity purchased from HL&P costs between 10 and 12 cents/kWh. 
Accordingly, if the power needs of an integrated facility are large enough, it 
could be economically feasible to install a gas engine, a binary cycle power 
plant, or a hydraulic turbine to meet facility needs. 

Pol 1 utant Removal 

Remedial Actions Program, and the Los Alamos National Laboratory are 
invest i gat i ng the use of supercri t i cal water (above 705" F and 3208 psi a) 
processes for the destruction of hazardous wastes (Rofer, 1990). Processing 
methods appear suitable but require additional development. The feasibility of 
the utilization of the energy contained in geopressured resources for 
supercritical water processes is under investigation at the INEL. 

The Air Force Engineering and Services Center, the DOE Hazardous Waste 

Groundwater Services, Inc. Houston, TX, is performing a pilot study for 
the recovery of non-aqueous phase liquids at a Superfund site, and the 
evaluation o f  geopressured-geothermal brine as a potential remediation 
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evaluation of geopressured-geothermal brine as a potential remediation 
technology. 
groundwater remediation because the heavy DNAPL will sense and follow 
topographic lows within an aquifer system, and because DNAPL is difficult to 
extract using conventional pumping methods. These problems are now being 
observed at the Motco Superfund Site near Houston, TX, where DNAPL is present 
in a shallow surficial aquifer. 
waterflooding and we1 1 -bore vacuum enhanced recovery increased recovery rates 
(Conner, 1990). 

Dense non-aqueous phase 1 iquids (DNAPL) greatly complicate 

As observed in pilot test activities, 

The use of geopressured fluids for the remediation or removal of hazardous 
wastes, or both, appears to have significant potential for development, 
especially considering the increasing emphasis on control1 ing hazardous 
wastes. 
INEL. 

Accordingly, a separate feasibility study is being prepared by the 

Thermal Enhanced O i  1 Recovery 

can provide hot brines under pressure to flood reservoirs containing medium or 
heavy oils to enhance recovery. 
thermal enhanced recovery of heavy oil from the Alworth Field in the "Mirando" 
trend o f  south Texas. It i s  not possible to consider a hot water steam type 
flood in this part o f  Texas because of the lack of steam quality fresh water; 
however, geopressured brines can be considered. In the San Joaqu n Basin of 
California, cyclic steam injection has been used successfully but is now under 
scrutiny because of the poilution generated by the equipment used in producing 
the steam; in contrast, using geopressured brines offers an environmentally 
clean process (Negus-de Wys, 1989). 

Geopressured resources, often encountered whi 1 e dri 1 1  i ng for oi 1 and gas, 

The INEL is proposing a program for the 

The potential impacts and feasibility appear very high. Industry is 
Accordingly, the INEL is preparing a proposing a demonstration project. 

feasibility study. 
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Sulfur Frasching 

Dr. Herman Frasch. This process was perfected commercially in 1903. The 
technique melts the sulfur while still underground in porous limestone and 
calcite deposits. 
200 psi is injected into the sulfur deposits. As the sulfur melts, it is 

Sulfur can be recovered from salt dome deposits using a process devised by 

Superheated water (320 to 33OoF) with pressures of 125 to 

forced to the surface where it can be transported in liquid form, solidified, 
or made into flakes or pellets (Carlson, 1976). 

Adequate pressure and temperature are avail able in geopressured fluid to 
perform sulfur frasching with geopressured fluid. 
1 imi ted to three producers in the U. S. ; Freeport -McMoran, Inc. , New Or1 eans, 
LA, Pennzoil Sulphur Company, Houston, TX, and Texas Gulf Chemical, Houston, 
who is phasing down its sulfur operation. 
mostly for their phosphate fertilizer production. 
on-shore near New Orleans, LA, and one offshore. Freeport-McMoran recently 
announced the first sulfur discovery since about 1970 at Main Pass, offshore 
Louisiana. 

The production of sulfur is 

Freeport-McMoran needs sulfur 
They have two mines 

The production of sulfur is very capital intensive, precluding small 
operations. 
deposit, located in 220 ft of water, will be -$554 million. Transportation is 
about one-half the cost of production. In the 1950s, Freeport-McMoran 
obtained a patent for the use of salt water in the Frasch process at one of 
its locations. In theory, there are no basic physical, chemical, or biological 
restrictions to this process, and although there will be a slight entrapment 
of salt into the final well-side product, the advantage of not having to pipe 
or ship quantities of freshwater to the rig makes this a minor price to pay. 
Despite the fact that the patent expired almost 10 years ago, Freeport-McMoran 
is the only company currently using this technology (Darling, 1989). 
Accordingly, the potential exists to use geopressured fluids directly in the 
Frasching process. 

For example, the cost of developing the newly found Main Pass 

Sulphur deposits appear to be very limited; however, they are located in 
regions that may contain geopressured resources. The potential for 
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contribution to the sulphur industry appears very high with the Frasch process 
if a constant supply of superheated water (320 to 330°F) under pressure (125 
to 200 psia) can be met by a geopressured resource. 

Frasch mining takes place in five countries: Poland, United States, 
Canada, USSR, and Iraq. Poland is the largest producer and has the largest 
reserve base. The non-U.S. Frasch producers are state controlled, volume 
oriented, and do not have the same motives as privately owned organizations in 
the U.S. The result is a concentration of market pressure on U.S. producers 
during periods of market weakness (Eckert, 1987). If geopressured fluids 
could be effectively used for Frasching, the market position of the U.S. could 
be sign i f i cant1 y improved . 

A feasibility analysis would be in order to establish the extent of the 
impact of using geopressured resources for frasching. 
i ncl ude col ocat i on of geopressured resources to known sulphur deposits, and 
investigating the feasibility of using geopressured brines directly in the 
process, using heat exchangers where fresh water would be available or 
produced by desal ination from geopressured brines. 

This effort could 

Petroleum and Natural Gas Pipel ining 
Petroleum and natural gas pipelining require large quantities of energy to 

operate the systems. Pipel ine companies operate throughout geopressured areas 
and could benefit from technology developments using the energy available in 
geopressured resources (Carl son, 1976). 

Geopressured resources could be used as an energy source for the transport 
of petroleum and natural gas because oil and gas wells are often located near 
geopressured resources; however, this investigation did not evaluate the 
potential or investigate the feasibility in-depth. No industry interest has 
been noted from contacts, through current program activities, or the 
geopressured industrial consortium. It is recommended that additional effort 
be expended to determine potential impacts and feasibility. 
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Coal Desulfurization and Preparation 

fuel from high-sulfur, high ash coal. 
Texas Gulf Coast region is either high sulfur, high ash, or both. These types 
of processes require 1 arge quanti ties of process heat, pumpi ng , and conveying ; 
geopressured energy could be applicable to all or part of these energy needs 
(Carl son, 1976) . 

There are a number of processes that are used to process solid or liquid 
Much of the lignite found along the 

Processes used for coal desulfurization and preparation have heat 
requirements that can be met with geopressured resources. 
these needs can be fulfilled using geopressured fluids remains to be 
investigated. No industry interest has been expressed to date, but pending 
geopressured industrial consortium activities may result in stated industry 
interests. The colocation of geopressured resources to this industry, areas 
of applications, and potential uses could be investigated to ascertain 
potential impacts and feasibility. 

The extent to which 

Lumber and Concrete Products Ki 1 ni ng 

steam or heated air. 
heat in geopressured resources (Carlson, 1976). 

Typical kilns for lumber drying and concrete products require low-qual ity 
These facilities could easily operate with the available 

Lumber and concrete products kilning require low-quality steam or heated 
Geopressured resources contain temperatures adequate to air for processing. 

meet the needs of this industry. To date, industry has expressed no specific 
interest, and the extent of the potential utilization and impact remains to be 
investigated. 

Paper and Cane Sugar Industries 

pulp and paper mills are located in Texas and Louisiana. Eleven mills in 
these two states are located in potential geopressured regions and have a 
gross energy consumption of about 78 trillion Btu/year. 
about 43 raw sugar mills and six sugar refineries that consume over 12 
trillion Btu/year (Hornburg, 1975). Although these data were assembled in 
1975, they provide a relative value for current considerations. 

Numerous pulp and paper mills exist in geopressured regions. About 38 

Louisiana also has 
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The overall conclusion of a study made by DSS Engineers, Inc., Ft. 
Lauderdale, FL, (Hornburg, 1975) is that utilization of thermal energy from 
geopressured fluid in pulp and paper mills and new sugar refineries is 
technically sound and economically feasible, providing that the natural gas 
and the pressure contained in the fluid is recovered concurrently. 
specific sites and facilities are needed to refine and verify the information 
devel oped. 

Studies on 

Chemical Processing 

1975) of the processes used in the industrial organic chemicals group showed 
that acetic acid, acetic anhydride, ethyl alcohol, and isopropyl alcohol can 
be produced with almost all the energy needed being supplied by geothermal 
fluids. A similar analysis of the industrial inorganic chemicals group 
revealed that sulfur, bromine, aluminum sulfate, and alums could be produced 
with energy supplied by geothermal fluids. Additionally, it was found that 
large quantities of low-level heat are used to concentrate sodium hydroxide, 
which is produced concurrently with chlorine (Hornburg, 1975). 

An analysis made by DDS Engineers, Inc., Ft. Lauderdale, FL, (Hornburg, 

The energy contained in geopressured fluids can meet the needs of numerous 
chemical processes that occur in geopressured regions. Industrial organic 
chemical processing could amount to -30.5 trillion Btu for production in Texas 
and Louisiana (1980 basis). 
could be utilized (Hornburg, 1975). It is recommended that this potential 
area of use receive investigation. 

For inorganics, an estimated 60 trillion Btu/y 

Chemical s in Geopressured F1 u i  ds 
Table 2 

identifies the contents and their amounts found in an analysis of the Pleasant 
Bayou, TX,  geopressured well. Certain of these chemicals may be extracted to 

Geopressured fluids contain varying amounts of various chemicals. 

add to the overall economics of a geopressured facility. 

Wherever the geopressured fluid shows bromine concentrations of at least 
60 to 70 ppm, a proven recovery process (Figure 8) may be utilized to release 
the bromine i n  pure form. Bromine is a vital ingredient in photographic 
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films. Today, n e a r l y  h a l f  of the bromine supply i s  de r ived  from seawater ,  and 
the o t h e r  h a l f  comes from deep underground b r i n e s  i n  C a l i f o r n i a ,  Utah, and 
Arkansas.  In a t y p i c a l  c a s e ,  a s i n g l e  well f lowing a t  a r a t e  o f  20,000 bpd, 
and a bromine con ten t  o f  65 ppm could y i e l d  -450 l b  (100% e x t r a c t i o n )  o f  
bromine, w i t h  a market value o f  -$250/day. The concen t r a t ed  b r i n e s  from 
d e s a l i n a t i o n  effluent are rich sources  of various chemicals  (F igu re  9)  whose 
economic extraction may be best accomplished by way of accumulation i n  s o l a r  
ponds from which h a r v e s t i n g  and process ing  of the va r ious  s a l t s  could be 
undertaken as a t  the  Great  S a l t  Lake i n  Utah. 
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TABLE 2.  PLEASANT BAYOU B R I N E  ANALYSIS.  

DESCRIPTION 

Spec Gravity 
@ 6OoF 
Total Dissolved Sol ids 
A1 kal ini ty (mg C,COJL) 

Ammon i a 
Arsenic 
Bar i urn 
Boron 
Bromide 
Cadmi urn 
Cal ci urn 

Chloride 
Chromi urn 
Copper 
F1 uoride 
Iodide 
Iron 
Lead 

Li thi urn 
Manganese 
Magnesi um 
Mercury 
Nickel 
Potassium 
Silica (SiO,) 
Sod i urn 
Stronti urn 
Sulfate 
Tin 
Zinc 

CONTENT 
(MG/L) a 

1.080 
133,900 

301 

86 
t0.5 

767 
25 
75 
t O . l  

7,960 

72,000 
to. 1 
t O . l  

1.6 
23 
45 
<I 

32 
16 

604 
to. 005 
to. 25 

56 1 
108 

36,700 
850 

6 
to. 25 

0.56 

a *  All results are in milligrams per liter unless otherwise 
specified. 
Sampled after choke (Negus-de Wys, 1990). 
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Raw 
brine 
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--. Chlorine 

Chlorine .1.9~ 

- 
Heat exchanger Residue Bromine 

0.8056 

Figure 8. Extraction of bromine from seawater or selected brines (DOW 
process, modified) . 
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i t  

POTENTIAL AGRICULTUR~AQUACULTURE APPLICATIONS 

Various agricul ture/aquacul ture appl ications are under consideration that 
One or more could use the fluids and energy found in geopressured resources. 

of these applications can be installed in cascaded uses where the hot fluids 
that have been used for one process are then used in another application. 

Current commercial production of both aquatic and agriculture products is 
commercially limited by cold winter weather when growth rates can be severely 
hampered by lowered and fluctuating temperatures. This in turn disrupts 
established markets, often making it necessary to create new markets when the 
products are once again available. For example, alligators grown in 
Louisiana achieve a marketable length of -4 ft in 3 years with ambient 
temperatures. 
9O'F, alligators will grow to 7 ft in the same 3 year period, doubling the 
potential income (Ray, 1990). Fish growth rates can be increased 50 to 100% 
with constant temperatures. Thus, utilizing the heat and fluid available in 
geopressured resources for agricul ture/aquacul ture appl i cations can 
significantly improve growth rates, marketability, and profits. A brief 
summary follows of some agricul ture/aquacul ture appl ications under 
consideration for use at geopressured resources. 

If the surrounding air and water temperature is maintained near 

Greenhousing 

grown in geothermally heated greenhouses; this has been proven using 
A large variety of fruits, vegetables, flowers, and ornamentals can be 

hydrothermal resources. 
geopressured site will depend on the market. 

The type of product selected for growth at a 
Heat from a geopressured 

resource would be uti 1 i zed i n greenhouses by separating actual heating 
equipment from the geopressured fluid. For operation purposes, a heat 
exchanger is placed between two circulating loops, the geopressured loop and 
the clean loop. Heating equipment could be finned pipe, unit heaters, finned 
coils or soil heating, depending on growers choice and resource temperature. 

The potential for greenhousing with geopressured resources is very 
promising in Southern Louisiana and Southern Texas. It i s  recommended that 
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DOE make a well available to a developer for demonstration of the validity of 
using geopressured resources for this type of use. 

The negative impacts of cold weather on the citrus industry and disruption 
of the marketing o f  agricultural crops continues to result in the considerable 
interest by industry, universities, and market development organizations, 
especially in Louisiana and Texas. Agro-Flex, a broad-based 13 parish 
nonprofit rural economic development program for Southwestern Louisiana, is 
continuing to conduct numerous market studies to select appropriate crops and 
to align the interested organizations and industry to aid in development in 
their geographic region. Victor Bendel Co., Hindale, IL, is a frozen food 
brokerage that is seeking ways to curtail frost damage to citrus trees and has 
expressed interest in using geopressured resources for this application. 
Riviana Foods, Houston, TX, is principally involved in rice processing and has 
expressed interest in using the geopressured energy for their plant needs. 
Although their demand for heat occurs over a relatively short period of time, 
in the summer when rice is harvested; 
the future and would consider using geopressured energy. 
Opelousas, LA, has expressed interest in verifying the use of geopressured 
energy for greenhousing of various crops. 

they may have different operations in 
Lou Ana Foods, Inc., 

Production P1 ot Warming and Frost Protection 

different agricultural products can be extended by applying heated water to 
warm the soil through underground piping or above ground sprinkler systems and 
distribution systems, or both. Hydrothermal fluids (depending upon their 
chemical content) can be applied directly to agricultural plots; this was 
effectively proven in the Raft River Valley of southeastern Idaho where DOE 
operated a geothermal test facility in the late 1970s and early 1980s. 

The effects of frost can be mitigated, and the growing season for 

The potential to reduce the impact of frost upon agricultural crops, 
especially citrus trees, and to extend growing seasons for various crops in 
order to improve marketability appears very high in southern Texas and 
southern Louisiana where geopressured resources are potentially available. 
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The University of Southwestern Louisiana proposes to use geothermal heat 
from a geopressured facility to protect and extend the production of citrus 
crops. An open field unit would be developed with several experimental plots. 
One field would have much higher densities than those used in conventional 
citrus orchards to reduce heat loss from air movement among the trees; another 
would be heated by installing a subsurface system of hot water piping using 
geothermal fluids, and a third would be heated using a warm water sprinkler 
system (Huner and others, 1990). 

Greenhouse production of citrus has been practiced on an extremely 1 imited 
scale with enough success to warrant its investigation. Because some thermal 
protection of citrus is provided by greenhouses alone, only a minimal amount 
of supplemental heat would be necessary. 
production and the util ization of geothermal heat commands further study. 

The combination of greenhouse citrus 

The University o f  Southwestern Louisiana proposes to util ize four 
greenhouses, each planted with a single cultivar of citrus at high density 
population to compare and evaluate geothermal heat as a practical means of 
providing greenhouse heat. 
subsurface network of hot water piping to provide soil warming and radiant 
heating, (b) a hot water mist sprinkler system geared primarily toward 
protection, and (c) hot air to be supplied in a duct system that can be 
supplemented by solar radiation (a solar system is presently under 
construction in association with the university’s Center for Greenhouse 
Research) (Huner and others, 1990). 

Three methods of heating would be used; (a) a 

Rearing o f  Fish, Crustaceans, Exotics, Turtles, and Alligators 

controlled environment to enhance production rates. The principal species 
being raised are catfish, bass, tilapia, sturgeon, shrimp, and tropical fish. 
Redfish and striped bass are also being reared. Aquaculture is one of the 
fastest growing applications for using low-temperature geothermal energy 
(Lienau, 1989). 
fish products, especially in Japan and other Asiatic countries. 
rearing temperatures increase growth rates by 50 to 100%; thus, increasing the 

Aquaculture involves the raising of freshwater or marine organisms in a 

This growth is in response to an ever increasing demand for 
Controlled 
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number of harvests per year. In addition, the use of geothermal fluids in 
controlled rearing has been proven to reduce the incidence of disease. 

The use of geopressured fluids to maintain optimum growth temperatures for 
fish, crustaceans, exotics, turtles, and alligators has a very high potential 
for appl i cat ion in Southern Texas, Southern Loui si ana, and other areas where 
geopressured fluids are potentially available. 
emerging and lucrative industry. As previously noted, maintaining growth 
temperatures at -90°F can cause an alligator to grow to -7 ft in 3 years, 
whereas those grown under ambient conditions only reach a length of 4 ft in 
the same time period. 
90°F hydrothermal resource to evaluate the rearing of a small quantity of 
alligators (Ray, 1990). The University of Southwestern Louisiana is proposing 
to determine the cost effectiveness of using waste heat from a geopressured 
facility to warm alligator cultivation units, to evaluate the use of 
biofilters to control waste levels in culture water, and to observe the 
benefits of eliminating cold shocks from periodic water changes (Huner and 
others, 1990). 

Alligator culture is an 

Fish Breeders of Idaho is planning to utilize their 

Grant Emery, Sun City, CA, is seeking a site of 600 to 1000 acres to rear 
8 to 9 million tilapia/a year for sale in the east coast market. He is 
interested in using a combination of solar and geopressured energies to 
maintain 85°F temperatures for the tilapia rearing. 

Considerable interest has been expressed by various members of the Texas 
Aquaculture Association in the use of "thermal refuges" to she1 ter pond-reared 
fish during extreme w nter conditions. One approach involves placing a cover 
over suspended cables on a corner of a pond forming a triangular shelter area. 
The cover is spread 1 to 2 ft above the surface of the pond, and on the side 
facing the pond. The cover is extended underwater and weighted in order to 
form a wall between the reiuge and the open pond. A space is left for fish 
passage. 
providing a warmed water refuge for'the pond fish (Rafferty, 1990). 
Geopressured heated water can be utilized for this type of application. 

Warm water is introduced to 'provide heat in the sheltered area, 
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Snapping t u r t l e s  a re  impor tant  components o f  t h e  aquat ic  fauna throughout 
t h e  south. However, e x p l o i t a t i o n  o f  snapping t u r t l e  resources has made them 
scarce and i n  g r e a t  demand. Research has i n d i c a t e d  t h a t  i t  may be f e a s i b l e  t o  
c u l t i v a t e  them i n  t h e  same way a l l i g a t o r s  are cu l tu red .  The U n i v e r s i t y  o f  
Southwestern Louis iana i s  proposing t o  use a r e p t i l i a n  u n i t  t o  i n v e s t i g a t e  
snapping t u r t l e  growth i n  c u l t u r e  u n i t s  (Huner and others,  1990). 

The s o f t - s h e l l  crustacean i n d u s t r y  i n  Louis iana i s  becoming an impor tant  

p a r t  o f  t h e  aquacul ture i n d u s t r y .  One o f  t h e  p r i n c i p a l  problems i s  t h e  h i g h  
cos t  o f  heat ing  t o  ma in ta in  optimum growth temperatures (75 t o  81°F) d u r i n g  
t h e  w i n t e r  months. The U n i v e r s i t y  o f  Southwestern Louis iana i s  proposing t o  
use p a r t  o f  an i n t e n s i v e  aquacul ture u n i t  t o  examine the  cos t  e f f e c t i v e n e s s  o f  
us ing  geothermal heat t o  heat s o f t - s h e l l  crustacean u n i t s  and t o  assess t h e  
f e a s i b i l i t y  o f  c u l t i v a t i n g  h i g h  va lue ornamental f i s h e s  i n  such systems (Huner 
and others,  1990). 

F i n g e r l i n g  food f i s h e s  i n c l u d i n g  t i l a p i a ,  c a t f i s h ,  and s t r i p e d  bass are 
t y p i c a l l y  c u l t i v a t e d  i n  open earthen ponds. 
r i s k  t o  predat ion,  e s p e c i a l l y  by b i r d s .  Winter water temperatures a l s o  
c u r t a i l  t h e i r  growth, o r  i n  t h e  case o f  t i l a p i a ,  cause death when temperatures 
drop below 50°F. I n t e n s i v e  c u l t u r e  i n  enclosed u n i t s  o f f e r s  t h e  p o t e n t i a l  f o r  
p r o t e c t i o n  f rom predators,  and an enhanced growth r a t e ,  by c o n t r o l 1  i n g  water 

temperatures. 
t h e  c o s t  e f f e c t i v e n e s s  o f  us ing  geothermal heat t o  heat a f i n f i s h  f i n g e r l i n g  
u n i t ,  and t o  assess t h e  f e a s i b i l i t y  o f  "head s t a r t i n g "  f i n g e r l i n g  food f i s h  by 
c u l t i v a t i n g  them i n t e n s i v e l y  d u r i n g  t h e  c o l d  months. 
ornamental f i s h  i n t o  t h e  system d u r i n g  warm months would be i n v e s t i g a t e d  
(Huner and others,  1990). 

Th is  places them a t  cons iderable 

The U n i v e r s i t y  o f  Southwestern Louis iana proposes t o  examine 

I n t e g r a t i o n  o f  

The c a p a b i l i t y  o f  growing e x o t i c  t r o p i c a l  species such as f reshwater  
prawns and t i l a p i a  i n  heated nursery systems has been proven. 
o f t e n  use f l o a t i n g  water hyac inths t o  p rov ide  subs t ra te  f o r  t h e  animals and 
remove waste products  from t h e  water. 
economical because o f  t h e  c o s t  o f  heat ing  t h e  system, as w e l l  as t h e  l a c k  o f  
use o f  water hyac inths.  

These systems 

None o f  these systems have been 

I n  southeast Asia, water hyac inths are composted f o r  
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use as food supplements f o r  carp and t i l a p i a ,  suggesting t h a t  they  might  be 
use fu l  as a food supplement f o r  c rawf ish .  
Louis iana i s  proposing t o  use a symbiot ic  greenhouse aquacul ture u n i t  t o  
determine t h e  c o s t  e f fec t i veness  o f  us ing  geothermal heat  f o r  nursery 
p roduc t ion  o f  e x o t i c  t r o p i c a l  species and t o  generate water hyac in ths  f o r  
composting and use as c rawf i sh  food supplements (Huner and o thers ,  1990). 

The U n i v e r s i t y  o f  Southwestern 

Processing 

f o r  food and g r a i n  processing, and packaging. S p e c i f i c  a p p l i c a t i o n s  are  
determined by market needs, t h e  types o f  food and g r a i n s  ava i l ab le ,  and 
t r a n s p o r t a t i o n  economics. 
u n i t s  t h a t  use energy from the  ho t  geothermal f l u i d s ,  o r  from g a s - f i r e d  u n i t s  
us ing  gas t h a t  i s  a v a i l a b l e  i n  the  geopressured resource. 
u n i t s  can a l so  be d r i v e n  w i t h  e l e c t r i c i t y  from a b ina ry  c y c l e  generator  
i n s t a l l e d  a t  a geopressured f a c i l i t y .  

Temperatures avai  1 ab1 e i n  geopressured resources are  g e n e r a l l y  adequate 

Cool ing needs can be met by us ing  r e f r i g e r a t i o n  

The r e f r i g e r a t i o n  

A g r i c u l t u r a l  crops and f i s h  processing have h igh  p o t e n t i a l s  f o r  
development i n  areas where po ten t  i a1 geopressured resources are  1 ocated. 
A g r o - f l e x  i s  i n v e s t i g a t i n g  var ious  app l i ca t i ons  f o r  use i n  t h e  13 par ishes  i n  
Louis iana t h a t  t h e  o rgan iza t i on  represents .  I n s t a l l i n g  f a c i l i t i e s  t o  process 
products  r e s u l t i n g  from an in teg ra ted  geopressured f a c i l i t y  cou ld  prove t o  be 
an economical ad junct .  
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ECONOMIC CONSIDERATIONS 

This section includes a discussion of economic considerations for 
geopressured application. 
that appear to have the greatest potential for direct use, such as 
desalination, an integrated agriculture/aquaculture facility, and gas and 
brine sales. 

Specific cost information is provided for the areas 

GENERAL 

Current economics do not allow a geopressured well to be developed for the 
exploitation of only natural gas because of the high investment costs and 
marginal quantity and quality gas produced. 
the geopressured reservoir and the presence of hot fluids under high 
pressures, it is possible that a mix of applications that exploit these 
resources could prove to be economical. 
study to investigate if a cascading of energy applications such as gas sales, 
desal ination of water, and agriculture/aquaculture would be economical from a 
developers point of view. 

However, because of the size of 

It is the purpose of this economic 

Specific market needs in geopressured regions will encourage those 
applications that will produce the greatest net return and benefits. 
example, the lower R i o  Grande Valley of Texas and the central valley o f  
California have the concurrent need of potable water and presence of 
geopressured resources. 
agricul ture/aquaculture applications could result in the profitable 
development of a geopressured resource. 

For 

Site specific desal ination and 

1 .  

It is essential that all available options are evaluated and balanced to 
derive optimal scenarios in which the guiding principle is to extract the 
highest return on investment under the specific constraints that are imposed 
upon the installation. The use of-other energy feedstocks, such as common 
fossil fuels and other wastes, biomass, etc., should also be considered so 
that environmental considerations, conservation o f  energy, and careful design 
all contribute to a synergy. 
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The choice of sites can have a significant impact on the total installed 
and operating cost of a facility. Soil characteristics, climate, freshwater 
availability, waste disposal requirements, market accessibility, availability 
of goods and services, utility requirements and regional sales prices for gas 
and electricity are but a few of the considerations that affect the selection 
of a specific site. 

General ized costs have been developed for workover of geopressured we1 1 s, 
a desalination facility, and an agriculture/aquaculture installation, the 
combination of which appears to possess the greatest potential for near term 
uti1 ization. 
cost and revenue items. 
of the factors appropriate to a site specific location. It is critical that 
these generalized costs are not given "gospel" status and are presented as 
conservative analyses for an assumed installation. 

Throughout the analyses, conservative values are assigned to all 
Obviously, any one cost assumption cannot address all 

The costs associated with the development o f  any one facility are affected 
by previous experiences and the interpretation, interpol ation, and 
extrapolation of data for planned installations. Because of the numerous 
market and resource variables and because an exact duplicate of an existing 
facility is likely not available, both capital and operating costs are going 
to be hard to derive by a mere examination of past data. Any responsible 
application of technologies that exploit the available energy in a 
geopressured resource will have to be matched by the economic skills of market 
analysis and product development. 

ECONOMIC b4ETHODOLOGY AND ASSUMPTIONS 

The Present Value (PV) methodology is used to calculate the discounted 
payback and Net Present Value (NPV) of selling a selected array of products 
from a geopressured-geothermal resource. Often referred to as a Discounted 
Cash Flow Analysis (DCFA), PV analysis is an economic method or process of 
equating all past, present, and future costs and revenues to a common 
point-of-time value. Analysts generally prefer PV analysis over other 
economic techniques because cash flows are accounted on a real-time, common 
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economic techniques because cash flows are accounted on a real-time, common 
dollar basis. 
after-tax cash values to a PV cash value using a discount rate. This discount 
rate is a percentage by which future value dollars are reduced year to year to 
a present value. Because the discount process substantially reduces the PV of 
projects with economic lives >5 a year, selection of a discount rate is a very 
important consideration. 
rate in developing mineral resources while a 26% discount rate allows for a 
higher risk typically associated with gas and oil development. Because the 
cascaded or mu1 t i -use of the geopressured-geothermal brine increases the 
complexity while also diversifying the product mix, a 15% discount rate was 
assumed. 

This common dollar basis is obtained by discounting all 

A 15% discount rate is a commonly accepted discount 

Results of this study are presented in a discounted payback and NPV 
(The breakeven analysis was not used because of the array of analysis. 

combinations avail able and assigning market ratios between each product). 
Discounted payback is defined as the minimum time required for the project to 
generate enough discounted revenues to equal the initial investment of the 
project. 
assess the time to recover their investment. The shorter the payback, the 
less risky the investment because market conditions are less likely to change 
in the shorter period of time than in a longer period of time. 
method o f  analysis that determines the net value added to an investment. As 
the name implies, the initial investment is subtracted from the present value 
of operating revenues less costs. Again, investors and lending institutions 
typically use this method of analysis to assess the overall profitability of a 
project, selecting the project with the greatest NPV. 

Investors and lending institutions typically use this method to 

NPV is another 

DESALINATION ECONOMICS 

There has riot been sufficient replication under similar conditions to 
warrant extrapolation of prior economic data. 
process, there are a number of variables that will affect the cost of a 
facility: 

1. 

Regardless of the desal ination 

Quality and quantity of raw geopressured fluid 
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2. 
3 .  
4 .  
5 .  
6 .  
7 .  
8. 
9. 

10. 

Temperature o f  raw geopressured f l u i d  
Degree o f  d e s a l i n a t i o n  des i red  
By-products ( e l e c t r i c i t y ,  chemicals, gas, mixed s a l t s )  
Spent geopressured f l u i d  d isposal  
Geopressured f l u i d  u t i l i z a t i o n  c o n s t r a i n t s  
P i p i n g  fea tures  
S i  t e -  speci f i c f a c t o r s  
Suppl i e r s  o f  desal i n a t  i on equi pment 

Environmental cons iderat ions and c o n s t r a i n t s .  

Experience gained by I n t e r n a t i o n a l  Management Services has shown t h a t  t h e  
produc t ion  c o s t  o f  po tab le  water can range from $8/1000 ga l  t o  p r a c t i c a l l y  
zero, depending upon t h e  p a r t i c u l a r  mix o f  cond i t ions .  

A fundamental cons idera t ion  i n  t h e  s e l e c t i o n  o f  a d e s a l i n a t i o n  process i s  

t h e  r e q u i r e d  amount o f  energy t o  produce desa l ina ted  water, i . e . ,  pounds o f  
product  water per  pound o f  steam. 
feedstocks ( i . e .  n a t u r a l  gas, d i e s e l  o i l ,  f u e l  o i l ,  e t c . )  t h a t  could be used 
t o  d r i v e  a d e s a l i n a t i o n  f a c i l i t y  should be considered i n  t h e  s e l e c t i o n  
process. Current  a n a l y s i s  o f  these t r a d e o f f s  i n d i c a t e  t h a t  when o t h e r  
products  o r  energies can be produced and marketed from a geopressured 
resource, t h e  c o s t  o f  energy f o r  d e s a l i n a t i o n  approaches zero; i n  e f f e c t ,  the  
s a l e  o f  water has t o  recover  o n l y  t h e  cos t  o f  c a p i t a l  equipment and opera t ing  
costs .  

The r e l a t i v e  c o s t  o f  o t h e r  energy 

S i t e  s e l e c t i o n  can have a s i g n i f i c a n t  impact on t h e  i n s t a l l e d  cos t  and 
opera t ing  expense o f  a d e s a l i n a t i o n  p l a n t .  
c l imato logy ,  s o i l  bear ing c h a r a c t e r i s t i c s ,  and b r i n e  d isposal  a l l  a f f e c t  t h e  
cos t .  
impor tant  cons idera t ion .  

S i t e - s p e c i f i c  c o n s t r a i n t s ,  

Whether o r  n o t  a market i s  a v a i l a b l e  o r  cou ld  be developed i s  a very 

The s a l e  o f  o t h e r  by-product chemicals, such as bromine, cou ld  improve t h e  
v i a b i l i t y  o f  a d e s a l i n a t i o n  p l a n t .  

b r i n e s  i n  Mexico i s  h i g h  and steady and can be marketed f o r  $P/ton. 
Chemicals a l s o  quoted t h e  cos t  f o r  NaCl sa tura ted  b r i n e  i n  the  
Hutchinson-Wichi ta,  KS area as $2/ton. 

For example, t h e  demand f o r  concentrated 
Vulcan 
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Assuming a geopressured well can produce 20,000 bpd of fluid @ 300°F and 
for 10 years, desalination of geopressured brine integrated with the 
production of methane gas is an economically viable investment in a water 
starved region. 
have a NPV is $4,355,000 in 10 years. 
included, the discounted payback period is 8.2 a year with a NPV of $546,633 
(Figure 11). 
water facil ity to greatly increase revenues. 

Assuming a 15% discount, payback will occur in 4.3 years and 
If the bottled water facility is not 

This analysis shows the significant impact o f  using a bottled 

Adding a binary power generator and selling electricity at 6 cents/kWh and 
selling gas and bulk and bottled water will result in a discounted payback 
period of 6.2 a year and a NPV of over $2,862,000. 

AGRICULTURE/AQUACULTURE ECONOMICS 

Based on the data assumed for a typical geopressured well, the potential 
is marginal for development of agriculture and aquaculture in most instances 
although feasible in site specific areas primarily targeted for a high value 
added product. Economic analysis is based on the following well conditions: 

Q Flow = 580 gpm (20,000 bpd) 
0 Temperature = 290°F 

Total chlorides = 72,000 mg/L (ppm) 
0 Location = Pleasant Bayou, TX 
0 The geopressured fluid i s  cooled to -250°F  as it passes through 

a binary power generator before it is made available for the 
greenhouse facility. 

There are many possible combinations in which a facility can be developed; 
each approach will alter the project costs and profitability. Because this 
industry is in a development stage and immature financially, it is most likely 
that a facility would be installed in) phases as markets develop. Phased 
development would require a lower initial capital requirement. Accordingly, 
the analysis developed costs for the first phase of a multi-phase greenhouse 
and aquaculture facility. 
fiberglass covered greenhouses, each 42 x 348 ft. 
cooling pad house 21 x 348 ft would be attached to one side wall. 

Phase 1 of this installation would include three 
A fiberglass covered 

The cooling 
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pad house would not be heated. A 84 x 50 ft sheet metal covered service 
building is included. Following the agriculture application, an aquaculture 
facility would be an enclosed 36 x 96 ft fiberglass "greenhouse" which would 
house three 20 ft diameter aquaculture tanks. 
facility, would be an 8 x 45 ft outdoor recirculating raceway tank. Figures 
10 and 11 illustrate the heat exchanger arrangement for the Phase 1 
instal 1 at ion. 

Following the aquaculture 

Eight phases of future expansion could result in 8 acres of greenhouses, 
and 2.8 acres of recirculating aquaculture raceways or 3.2 surface acres of 
flow-through raceways. 
with one aquaculture facil i ty. 
each phase of greenhouses, if so desired. 

Figure 12 depicts a possible eight phase installation 
The aquaculture facil i ty could be repeated for 

Phase 1 cost estimates (Table 3) for installed greenhouses are from 
Campbell Glasshouses, Inc. Greenhouse structure costs will vary by location. 
The geothermal heating systems components are estimated from aquaculture 
systems costs provided by Red Ewald, Inc. (Appendix C). These costs are 
provided for rigid wall type structures and are not used for the economic 
analysis given later in this study. 
from the Comparative Performance Analysis prepared by Southwest Techno1 ogy 
Development Institute. 

Data used in the economic analysis are 
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Table 3.  Agricul ture/aquacul ture f i r s t  Phase Cost Estimate 
~ _ _ _ ~  ~~ ___ ___ ___ ~ 

Greenhouse/Pad House (51,156 ft') $352,600 
Service Building (4,200 ft') 43,300 
Mechanical Equipment (Heat exchanger, e t c . )  11,900 
Aquaculture Enclosed Faci 1 i ty  90,700 
Aquaculture Outdoor Raceway 16,300 
15% Overhead and Profit 77,000 
20% Contingency 102.700 

TOTAL $694,500 

Note: We1 1 development costs are addressed separately 
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Figure 10. Process flow diagram for phase 1 greenhouse/aquacul ture complex. 
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Figure 11. Aquaculture high density r e c i r c u l a t i o n  system. 
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Potable water for agriculture and aquaculture needs could be obtained from 
surface water sources, wells, or through desal ination using the geopressured 
fluids. 
relatively minor. 
freshwater well and 10,000 gal storage tank would cost 446,000.  

Costs related to surface water usage are normally considered 
Desalination costs are addressed in a previous section. A 

The Southwest Technology Development Institute, New Mexico State 
University at Las Cruces, New Mexico continues to be extensively involved in 
the uti 1 i zat i on of geothermal resources, especi a1 1 y for greenhouses. 
following information is from comparative performance analyses that were 
prepared by Whittier and Fischer (1990). 

The 

Profitability of a greenhouse operation varies for each site, but is 
directly attributable to one major operating factor that controls the 
industry: greenhouse space represents a fixed production area. There are few 
options within reason, to increase annual production from the greenhouse. 
Because production is fixed, annual revenue is similarly fixed. Opportunities 
for increasing profitability come from lowering operating costs (Whittier and 
Fischer, 1990, Appendix F). Using the energy available in geopressured 
resources may become a means toward this end. 

There are many factors that affect the profitability of greenhousing. 
Capital costs for an installed greenhouse complex vary by location, depending 
upon such factors as the amount o f  available sunlight, heating and cooling 
needs, etc. The amount o f  available sunlight also affects production levels, 
especially for cut flowers. State corporate franchise tax rates, variations 
in Workers' Compensation rates in different states, local labor wage rates, 
transportation rates, labor availability, property tax rates, cost of energy, 
water requirements, and market availability also impact the profit margin. A 
new firm will wish to carefully evaluate individual sites on a case-by-case 
basis before selecting a location (Whittier and Fischer, 1990, Appendix F). 

A comparative performance analysis (Whittier and Fischer, 1990, Appendix 
F). has been conducted to examine the various factors associated with 
establishing and operating a commercial rose cut-flower greenhouse in ten 
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different locations across the United States. 
net blooms produced per plant per year, is largely dependent upon local 
climatic conditions and technological improvements. Regional variations in 
productivity have been explicitly analyzed. The greenhouse operation is 
assumed to be four acres in size and the facilities utilize current 
technologies. The operation is designed as a professionally organized company 
with an owner/manager, grower, and salesperson. The primary product is a red 
hybrid tea rose for the wholesale market, generally located in large 
metropol itan areas. 
for cut-flower rose production are profitable in several areas in the 
southwest U.S., particularly in New Mexico, Arizona, and Texas. No one area 
stands out as a favored location; however, Las Cruces, N.M. ,  has the highest 
net present value and return on investment of those sites investigated 
(Whittier and Fischer, 1990, Appendix F ) .  

Plant productivity, defined as 

The analysis strongly indicates that new installations 

Based on the pro forma model results for the Las Cruces area, an area that 
may be more typical of areas in the gulf coast region where geopressured 
resources exist, a cut-flower rose operation may be established and operated 
in a southwest location at a profitable level. Because of lower real estate 
prices and the lack of high intensity discharge lighting in the southwest, 
less capital is required to start a new greenhouse business. However, this 
analysis does not factor in the cost of a developing geopressured well as the 
heat source. If the geopressured facility only sells methane and the 
agriculture/aquacul ture products, adding the well results in a 15% discounted 
payback period of slightly over 10 years. 
of this facility, an aquaculture/agriculture facility could be coupled with 
other uses such as a desalination facility to be more profitable. When the 
facility includes methane, desalinated water, bottled water, salt, and 
agricul ture/aquacul ture products, the discounted payback period is reduced to 
4 years, with a 10 years NPV of about $6 million. 
generation with a methane agricul ture/aquaculture facility significantly 
increases the discounted payback period to over 10 years, when the power is 
sold at 6 cents/kWh. 

Because of the marginal economics 

The addition of electricity 
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DESALINATION/AGWICULTURE/AQUACULTURE ECONOMIC RESULTS 

The study included one more analysis, a geothermal turbine unit was 
installed with desalination and an agriculture/aquaculture facility, taking 
advantage of the cascading energy values. 
becomes profitable only where the market price for electricity exceeds 5 
cents/kWH. 
resources a1 so have a surpl us electrical capacity and generat ion, thus power 
utilities have been offering less than 2 cents per kWH, well below the 
reasonable breakeven value of 5 cents per KWH. However, when the energy 
demand of the integrated facility is large enough to install power generation 
equipment, savings will be obtained by not having to paying the 10 to 12 cents 
per kWH utility rate. 

Results suggest that this scenario 

Currently, many areas of the country that have geopressured 

This study indicates that employment of other direct use technologies, 
specifically desalinated water production, can contribute significantly to the 
value added process and the overall economic viability in developing a 
geopressured resource. Additionally, although agriculture and aquaculture 
applications are marginal projects when they are the only application with a 
geopressure we1 1,  the small margin of prof i tabi 1 i ty can contribute to 
improving the overall economics of additional direct use developments. The 
added complexity will have to be balanced with the increased technical and 
management complexity and may add to the overall risk and unpredictability o f  
the project. 
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Table 4. 
fac i l i t i es .  

Discounted payback periods for various geopressured integrated 

Faci 1 i t v  TYDe 
15% Discounted 

Payback Period ( v l  

Methane gas/brine sal ts/bul k and 
bottled water/agricul ture/aquacul ture 4.0 

Methane gas/brine sal ts/bul k and 
bot t 1 ed water 

Electricity @ 6 cents/kWh/methane 
gas/bul k and bottled water 

4.3 

6.2 

Methane gas/brine sal ts/bul k water 8.2 

Methane gas/agricul ture/aquacul ture >10.0 

Electricity @ 6 cents/kWh/methane >lo. 0 
gas/agricul ture/aquacul ture 

10 y NPV' 
0 

5,800 

4,355,000 

2,862,600 

546,600 

(19,000) 

(1,511,400) 

Net present value. 
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CALIFORNIANS WON'T FACE WATERY TRUTH 

Mindy Cameron 
Times e d i t o r i a l  page e d i t o r  

Once upon a t ime there  was a scheme c a l l e d  the North American Water and Power A l l iance.  
grandiose p lan  f o r  rear rang ing  resources, a way t o  undo Mother Nature's design and b e t t e r  serve a booming 
popu la t ion .  

The g igan t i c  water t r a n s f e r  p lan  was born i n  the '60s a t  a Pasadena engineer ing f i r m ,  Ralph Parsons Co. It 
was the  b r a i n c h i l d  o f  engineers w i th  a can-do bravado second t o  none. 

When I f i r s t  heard about NAWAPA, I thought i t  was a joke. I t  was 1977. The young vigorous environmental 
movement was ga in ing  momentum. so much so t h a t  President Carter had dared t o  propose major reforms o f  water 
use and scrapping 19 water-development p ro jec ts .  Surely i n  t h i s  new age no one was ser ious ly  contemplating 
such a co lossa l  t r a n s f e r  o f  water? 

NAWAPA was a 

But i t  was no joke t o  the  f o l k s  a t  Parsons. Then, as now, Southern C a l i f o r n i a  was i n  the  midst  o f  a 
drought.  

Ralph Parsons Co. was t o u t i n g  NAWAPA as the answer. 
solemn voice proclaimed " i s  a cont inenta l  problem which requires a s o l u t i o n  t h a t  i s  a lso  cont inenta l . "  

This was ser ious  s t u f f .  As the  graphics unfolded on the  screen, showing waterways snaking down the  cont inent 
from Alaska, through Canada, the  Northwest, the voice described the  awesome propor t ions  o f  the  plan: la rger  
than the  Alaska p ipe l i ne ;  $200 b i l l i o n  hundreds o f  dams: huge tunnels through mountains: canals hundreds o f  
f e e t  wide. 

NAWAPA l i v e s  on i n  the  mid o f  Los Angeles County Supervisor Kenneth Hahn who t h i s  month persuaded h i s  
col leagues t o  back h i s  proposal t o  d i v e r t  water from the  Columbia and Snake Rivers t o  Southern Ca l i f o rn ia .  

Sure, i t ' s  a n u t t y  idea t o  those o f  us who are accustomed t o  having r i v e r s  do most o f  t h e i r  work w i t h i n  
t h e i r  banks. 

But water and r i v e r s  have a d i f f e r e n t  meaning t o  some Southern Ca l i f o rn ians  

L i f e  there  depends on imported water. 
water t r a n s f e r  system. The longest o f  the three watery l i f e l i n e s  i s  a 444-mile. man-made r i v e r  system. It 
even de f i es  g r a v i t y .  Fourteen pump:; l i f t  water near ly  2.000 fee t  over the  Tehachapi Mountains no r th  o f  Los 
Angeles. 

Unfortunately,  t he  grea t  e f f o r t  by which t h i s  water i s  provided has not fos te red  greater apprec ia t ion  by 
users. To the  cont ra ry .  

Ag r i cu l tu re  accounts f o r  85 percent f o r  a l l  the water used i n  C a l i f o r n i a .  Much o f  it i s  squandered by 
farms, i nc lud ing  many huge ag r i cu l tu re  conglomerates, whose water ra tes  are  kept low through f e d e r a l l y  
subsidized i r r i g a t i o n  p ro jec ts  o f  the Bureau o f  Reclamation. There i s  l i t t l e  incent ive  t o  switch from 
waste fu l  f l o o d  i r r i g a t i o n  prac t ices  t o  d r i p  o r  o ther ,  more conservat ive methods o f  crop i r r i g a t i o n .  
Domestic use i s  much the  same s to ry .  The few comnunities not t i e d  t o  the  s t a t e ' s  huge water system are 
notable except ions.  Marin County for example, has had water-conservat ion requirments i n  place f o r  years. 
The l a t e s t  d ry  cyc le  i s  f o r c i n g  water ra t i on ing  on o ther  comnunities. 

But desp i te  the  c l e a r  warning signs o f  the l a t e  ' 7 0 s .  Southern C a l i f o r n i a  has refused t o  come t o  g r i p s  w i t h  
i t s  most basic r e a l i t y .  I t  i s  a desert region o f  severely l i m i t e d  water resources. I n  d i r e c t  definance o f  
t h a t  r e a l i t y ,  lush  new suburbs, of ten,  surrounding man-made lakes, cont inue t o  crop up i n  the  a r i d  h i l l s  
f a r t h e r  and f a r t h e r  from Los Angeles. 

C a l i f o r n i a  bashing i s  a f a v o r i t e  Northwest pastime r i g h t  now. 
don ' t  deserve the  blame we have so g l e e f u l l y  l a i d  a t  t h e i r  doorstep Ca l i f o rn ians  a ren ' t  responsible f o r  our 
crowded freeways, aur s p i r a l i n g  housing costs,  our dwindl ing open spaces. 

Many experts were t r y i n g  t o  solve the  puzzle o f  the reg ion 's  perpetual  water shortage. 

A promotional f i l m  explained the  scheme. Water, a 

Los Angeles survives -and t h r i v e s  - thanks t o  the  wor ld 's  la rges t  

There's p l e n t y  o f  evidence t o  suggest they 

But now the  f o l k s  who run  Los Angeles County have f i r e d  what they c a l l  "a shot i n  the  dark." Kenneth Han's 
proposal would have the  governors o f  seven Western s ta tes  ana President Bush respond t o  the  l a t e s t  drought 
cyc le  i n  Southern C a l i f o r n i a  by order ing the U . S .  Corps o f  Engineers t o  design and b u i l d  the  aqueducts t o  
t r a n s f e r  water f rom the  Northwest t o  Southern Ca l i f o rn ia .  

It won't happen o f  course But a l l  o f  a sudden Hahn's shot i n  the  dark g ives  substance t o  what u n t i l  now has 
been a f r i v o l o u s  exercise.  

F i r e  away Bash a t  w i l l  Ca l i fo rn ians  who p e r s i s t  i n  the  no t ion  t h a t  t h e i r  playground i s  the  center o f  t he  
universe are an easy and deserving ta rge t .  Why i n  the  world should the  r e s t  o f  us serve up our precious 
resources t o  keep t h e i r  desert  blooming? 

Mindy Camerans column appears Sunday on The Times e d i t o r i a l  page. 
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*3 : 

'201.! : 

Following t h i s  y e a r ' s  Texas Aquaculture Assoc ia t ion  meeting and 
f i e l d  t r i p ,  I had t h e  opportuni ty  t o  meet with several of t h e  
commercial growers and t o u r  t h e i r  f a c i l i t i e s  ( inc luding:  Redfish 
' J n l i m i t e d ,  Southwest Mariculture and S e a l a n t i c  Inc . )  . Much of t he  
d i s c u s s i o n  on t h e  f i e l d  t r i p  and i n  subsequent meetings focused on 
t h e  i s s u e  "thermal refuges" t o  shel ter  the f i s h  dur ing  extreme 
win te r  cond i t ions .  

The des ign  f o r  a re fuge  which seemed acceptab le  f o r  most opera tors  
involves  an arrangement modeled a f t e r  t h a t  used success fu l ly  by 
Richie  F a n s  t h i s  win ter .  I n  t h i s  case a cover  w a s  suspended by 
cables over  a corner  of t h e  pond forming a t r i a n g u l a r  s h e l t e r e d  
area. T h e  cover w a s  i n s t a l l e d  approximately l e v e l  w i t h  t h e  pond 
banks (only a f o o t  o r  two o f f  t he  wa te r ) .  On t h e  side fac ing  the  
pond, t he  cover  w a s  extended underwater and weighted i n  o rde r  t o  
form a w a l l  betveen t h e  refuge and the  open pond. A space w a s  l e f t  
betveen t h e  cover  and t h e  bottom of the pond f o r  f i s h  passage. 

R i c h i e  F a m s  had t h e  advantage of using an  86'F w e l l  t o  provide 
h e a t  f o r  t h e i r  thermal s h e l t e r .  For most o t h e r  ope ra to r s ,  some 
o t h e r  source ( b o i l e r s ,  e tc . )  would be r equ i r ed  t o  provide t h e  heat 
input .  The enclosed c u n e s  were developed t o  a s s i s t  i n  h e a t e r  
s i z i n g .  

Three curves a r e  provided, one each f o r  SO', 60' and 70'7 pond 
w a t e r .  T h i s  temperature r e f e r s  t o  t h e  value which w o u l d  apDly to 
t h e  water under t h e  caver.  Three types of. l i n e s  appear on each 
graph. The  lines s loping  from'lower l e f t  t o  upper r i g h t  correspond 
t o  o u t s i d e  a i r  temperature and r ep resen t  t h e  hea t  loss through t h e  
cover  ( f rom t h e  a i r  under the  cover t o  t h e  o u t s i d e  a i r ) .  T h e  lower 
curve ,  s lop ing  from t h e  upper l e f t  t o  t h e  lower r i g h t  r ep resen t s  
the heat ga in  from t he  pond s u r f a c e  t o  the a i r  under t h e  gover .  
T h e  upper  curve s lop ing  from upper l e f t  t o  l p w e r  r i g h t  is a p l o t  
of t h e  r e q u i r e d * h e a t  input  t o  the water. To use the graphs, first 
select t h e  graph a s soc ia t ed  w i t h  t h e  minimum temperature  which you 
w i s h  t o  maintain i n  the refuge  (SO', 60' o r  70'F). Using the 
minimum o u t s i d e  temperature which you feel  appropr i a t e  t o  your 
l o c a t i o n ,  f i n d  t h e  i n t e r s e c t i o n  between the c u n e  for t h a t  
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t empera ture  and t h e  heat ga in  curve.  Proceed v e r t i c a l l y  t o  t he  
i n t e r s e c t i o n  w i t h  t h e  hea t  i npu t  curve.  From t h e  i n t e r s e c t i c n  
proceed h o r i z o n t a l l y  t o  t h e  y-axis t o  read t h e  hea t  i npu t  
requirement  i n  Btu/hr per  square foot of  s h e l t e r e d  pond su r face .  

The fol lowing example (see 60' graph) i l l u s t r a t e s  t h e  use of t he  
graphs .  A s s u m e  tha t  a grower wishes t o  C O V ~ ~  5 ,000  f t 2  of pond and 
ma in ta in  60°F i n  t h e  refuge area. The l o c a t i o n  is such tha t  20' can 
be  s a f e l y  used f o r  t h e  design o u t s i d e  temperature .  Based on these 
f a c t o r s ,  the  hea t ing  requirement for t h e  r e fuge  would amount t o  72 
Btu/hr p e r  square f o o t  of pond s u r f a c e  under t h e  cover. The t o $ a l  
requirement  f o r  5 ,000  f t  would be 5 , 0 0 0  f t 2  x 72  B t u / h r - f t  = 
3 6 0 , 0 0 0  Btu/hr. As a r e s u l t ,  t h e  h e a t e r  s e l e c t e d  f o r  t h i s  
a p p l i c a t i o n  should be capable of a mininum of 3 6 0 , 0 0 0  3 tu /h r  
ou tpu t .  

I must stress t h a t  t h e  va lues  used t o  develop t h e s e  graphs are  
calculated h e a t  l o s s e s .  I have no d i r e c t  experience wi th  t h i s  type 
of  cave r  t o  use  as v e r i f i c a t i o n  of t h e  c a l c u l a t i o n s .  As a r e s u l t ,  
I have used a conse r ra t ive  approach t o  develop t h e  numbers. 

There are t w o  considerations w i t h  regard t o  t h e  use of t h i s  ty-pe 
of themal refuge  which warrant emphasis. 

1. When i n s t a l l i n g  t h e  cover,  it is most important t o  keep it 
above the water. Once t h e  cover is permi t ted  t o  r e s t  on t he  
s u r f a c e  of t h e  water, i ts  e f f e c t i v e n e s s  is s e v e r e l y  
compromised. You may wish t o  cons ide r  using " f l o a t s "  of some 
s o r t  (Styrofoam, t i r e  tubes, etc.) t o  prevent  t h e  cwer  from 
f a l l i n g  onto t h e  pond su r face .  

2. It is important t o  a n t i c i p a t e  t he  need f o r  t h e  thermal r e fuge  
and begin adding heat as f a r  i n  advance of need as poss ib l e .  
The  h e a t  l o s s  values  which appear i n  t h e  graphs assume t h a t  
t h e  water  under t he  shel ter  i s  a l r e a d y  a t  the  r equ i r ed  
temperature .  Heating inpu t  necessary t o  b r ing  the  water up 
from a lower temperature can be s i g n i f i c z n t .  Using t h e  
example pond, and assuming an average depth of 4 f t ,  a t o t a l  
of  1 5 0 , 0 0 0  g a l l o n s  would be contained under t h e  cover ( 5 , 0 0 0  
f t ' ) .  To h e a t  t h i s  water from 50' t o  60' would r e q u i r e  a t o t a l  
o f  1 2 , 5 0 0 , 0 0 0  Btu o r  35 hours of cont inuous opera t ion  a t  f u l l  
h e a t e r  capac i ty .  I f  it w i l l  be necessary  t o  b r ing  the  re fuge  
temperature  up t o  t h e  des i r ed  va lue  (from a lower 
t empera tu re ) ,  t h i s  heaing load  should be t h e  bas i s  f o r  h e a t e r  
s i z i n g  r a t h e r  than the  s teady  s ta te  approach ou t l ined  above. 
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Thermal Refuge Heating Requirements 
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Thermal Refuge Heating Requirements 
70' Pond Water 
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ANALYSIS OF WELL: Large Volume, Moderate Temp. Geopressured-Geothermal Vel 1 
MOOEL NAME: GGlO-A3 
MOEL ANALYSIS: Methane/Sai:t/Bulk & Bottled Water/Agri & Aqua Producrr 

RESULTS : 
IO-IR HPV $5,957,976 
Discounted Payback 4.0 years 

3ASE YEAR and CONTRACT OOLLMS : 199 1 

FINANCIAL SUMMARY: 
TOTAL PRE-OPERATION/OEVELOPMENT/CAPITAL COSTS . . . .  

Borrowed 2,469,390 
Owners Equity 4,391,310 
Capitalized Interest 135.816 

IHVESTHENTS/EXPENSES/REVENUES : 
TOTAL PRE-OPERATION/OEVELOPMENT/CAPITAL COSTS . 

TOTAL DEVELOPMENT COST . . . . . . . .  2.199.jSO 
Geopress-Ceotheml Yell 2,199,750 
Pipe1 ine Right-of-way 0 

Geothenn & Elec Eq 199 * so0 
Gas Separator & Trans 120,750 
3ulk Water/Salt 1.569,750 
6ottled Water 630,000 
Rose/Greenhouse 887,250 
F i sh/Aquacu 1 ture 210.000 
Working Funds J20,OOO 

TOTAL CAPITAL BUILDING/EGUIPMENT COST. 4.037.250 

CONTINGENCIES . . . . . . . .  ; . .  623.700 
CAPITALIZED INTERESi . . . . . . . . .  135.816 

IOTAL COSTS (yr-1) . . . . . . . . . .  1,565,878 
G20:S OPERATING REVENUES . . . . . . . . . . .  

Geooress-Geothenn/E lec 366.450 

Bu ik Uater/Sa It 324,975 
Bottled Water 246.750 
Rose/Greenhouse 338.363 
Fish/Aquaculture 42,000 
Contingencies 138.534 

Geoprets-Geothenn/Elec 926.676 
Methane Gas 0 
Bulk Water/Salt 1.626.003 
Bottled Water 1,844.176 
Rose/Greenhouse 1.226.400 
F ish/Aquacu lture 60,480 

Methane Gas i08.ao6 

TOTAL REVENUES (yr-1) . . . . .  5,683,735 

25-Seo-90 : dare 
08:35:39 AM : time 

FINANC I AL/TAX/ECONOHIC INPUTS : 
$6,996,516 Olscount Rate (IRR) 15.0 z 

Interest 2ate !1.0 x 
Oebt Life 3 yrs 
Depreciation Life 7 yrs 
Royalty ( X  of revenue) 15.0 x 

Federal Tax 38.0 Z 
State Tax 2.0 % 

5.0 ,z Severance Tax 
Ad Valorem Tax 7.2 Y, 

Inflation Rate 5.0 Y, 
Cost  Escalation : 

Oevelopment and Capital Cost 0.0 Y, 
Op/Post-Op Costs & Expenses 0.0 Y, 

Revenue Escalation : 
Electricity 0.0 Y, 
Bulk & Bottled Uater/Salts 0.5 X 
Methane Gas 1.0 Y, 
F ish/Aquacu 1 ture 0.0 Y, 
Roses/Greenhouse 0.0 z 

GEOPRE SSURED-GEOTHERHAL (brine) VELL CHARACTER IS1 
Well Life 10 yrs 
Brine Temp @ Surface 300 F 
Barrels per Day 20,000 BPO 
Gas Concentration / Barrel 
Gas Quality 90 x 
Bottom Hole Pressure 15,000 psi 
Flowing Uellhead Pressure 2,000 psi 

Oebt Ratio 40.0 % 

$6.996.516 Taxer : 

$4,117,857 

80 scf/B 

TOTAL POST-OPERATION COSTS . . . . . . . . . . . . .  $201.346 

s o  . . . . . . . . . .  SALVAGE (at end o f  project iifc) 
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ANALYSIS OF WELL: Large Volum. Moderate Temp. Geopressured-Geothermal Well 
MOOEL NAME: GGlO-A3 
MODEL ANALYSIS: Methane/Salts/Bulk & Bottled Water Products 

WSULTS : 
10-YR !IPV $4.355.070 
Discounted Payback 4 . 3  years 

3ASE YEAR and CONTRACT DOLLARS : 1991 

FINANCIAL SUMMARY: 
. .  

TOTAL PRE-OPERATION/DEVELOPMENT/CAPITAL COSTS 
Borrowed 1,986,600 
Owners Equity 3,667,125 
Capitalized Interest 109.263 

FINANCIAL/TAX/ECONOHIC INPUTS : 
. $5.762.988 Discount Rate ( I R R )  

Debt Ratio 
Interest Rate 
Debt Life 
Oeprec iat ion L i fe 
Royalty ( X  of revenue) 
Taxes : 

Federal Tax 

INVESTMENTS/EXPENSES/REVENUES : 
TOTAL PRE-OPERATION/DEVELOPHENT/CAPITAL COSTS . . $5.762.988 

TOTAL DEVELOPMENT COST . . . . . . . .  2 ,199 . i50  
Geooress-Geothermal We1 1 2.199.750 
P ipel ine R ight-of -Way 0 

Geothen & Elec Eq 199.500 
Gas Separator 6 Trans 120.750 
Bulk Water/Salt 1.569.750 
Bottled Water 630.000 
Rose/Greenhouse 0 
Fish/Aquaculture 0 
Working Funds 420.000 

TOTAL CAPITAL BUILOING/EQUIPME!lT COST. 2,940,000 

CONTINGENCIES . . . . . . . . . .  513,975 
CAPITALIZED INTEREST . . . . . . . . .  109,263 

GROSS OPERATING REVENUES . . . . . . . . . . . . .  $3.245.176 
TOTAL COSTS (yr-I) . . . . .  1,151,579 

Geopress-Geothen/Elec 366.450 

Bulk Water/Salt 324,975 
Bottled Water 246,750 
Rose/Greenhouse 0 
F ish/Aquacul ture 0 
Contingencies 104,698 

Geooress-Geothen/Elec 926.676 
Methane Gas 0 
Bulk Water/Salt 1,626.003 
Bottled Water 1 .a44.176 
Rose/Greenhouse 0 
Fish/Aquacu lture 0 

Methane GdS ioa.ao6 

TOTAL REVENUES (yr-1) . . . . . .  4,396,855 

TOTAL POST-OPERATION COSTS . . . . . . . . . . . . .  
SALVAGE (at end of project life) . . . . . . . . . .  

$301,346 

$0 

25-Sep-90 : date 
oa:37:24 ~n : time 

1 5 . 0  *, 
40.0 Y, 
11.0 Y, 

15.0 x 
3 8 . 0  X 

3 yrs 
7 yrs 

State Tax 2.0 x 
Severance, Tax 5.0 :: 
Ad Valorem Tax 7.2 Y, 

Inflation Rate 5 . 0  Y, 
Cost Escalation : 

Development and Capital Cost 0.0 x 
Op/Post-Oo Costs & Expenses 0.0 Y, 

Revenue Escalation : 
E 1 ec t r i c i : y 0.0 Y, 
Bulk & Bottled Water/Salts 0 . 5  Y, 
Methane Gas 1 . 0  x 
F i sh/Aquacu lture 0.0 x 
Roses/Greenhouse 0.0 Y, 

GiCPRESSUREO-GEOTHERHAL (brine) WELL CHARACTEXIST 
Well Life 10 yrs 
Brine T m p  @ Surface 300 F 
Barrels per Day 20,000 BPO 
Gas Concentration / Barrel a0 scf/B 
Gas Quality 90 x 
Bottom Hole Pressure 15.000 psi 
Flowing Wellhead Pressure 2.000 psi 
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ANALYSIS OF WELL: Large V o l w .  Moderate Temp. Geopressured-Geotheml We1 1 
MOOEL NAME: (3210-A4 
MOOEL ANALYSIS: Electricity@fO.060/Mcthane/Bulk & Bottled Water Products 

RE5ULTS : 
10-YR S?V $2.862.583 
Discounted Payback 6 . 2  years 

aASE YEAR and CONTRACT DOLLARS : 1991 

25-Sep-90 : date 
08:39:18 AH : time 

FINANCIAL SUMMARY: 
TOTAL PRE-OPERATION/OEVELOPMENT/WITAL COSTS . . . .  

Borrowed 3,201,660 

Capitalized Interest 176,091 
Owners Equity 5.489.71 5 

INVESTnEHTS/EXPENSES/REVENUES : 
TOTAL PRE-OPERATION/OEVELOP~ENT/CAPITAL COSTS . . . .  

TOTAL DEVELOPMENT COST . . . . . . . .  2,199,750 

TOTAL CAPITAL BUILOING/EOUIPMENT COST. 5.701.530 

Geopress-Geothermal Well 2,199,750 
0 

Geothenn & Elec Eq 2,961,000 
Gas Separator 6 Trans 120.750 
Bulk Water/Salt 1.S69.750 
Bottled Water 630.000 
Rose/Creenhouse 0 
Fish/Aquaculture 0 
Working Funds 420,000 

Pipe 1 i ne R ight-of -Way 

CONTINGENCIES . . . . . . . . . .  790.125 
CAPITALIZED INTEREST . . . . . . . . .  176,091 

TOTAL COSTS (yr-1) . . . . . .  1,465,262 
GROSS OPERATING REVENUES . . . . . . . . . . .  

Geopress-Geothenn/Elec 651,525 
Methane Gas 108.806 
Bulk Water/Salt 324.975 
Bottled water 246.750 
Rose/Greenhouse 0 
Fish/Aquaculture 0 
Contingencies 133,206 

Geopress-Geothenn/E lec 926, i76 
Methane Gas 571.196 
Bulk Water/Salt 1,626,003 
Bottled Water 1.844.176 
Rose/Greenhouse 0 
F itn/Aquacu 1 ture 0 

TOTAL REVENUES (yr-1) . . . . .  4,968,051 

F I NANCI AL/TAX/ECONOM I C INPUTS : 
$8,867,466 Oiscount Rate (IRR) 15.0 X 

Oebt Ratio 40.0 X 
Interest Rate 11.0 x 
Ocbt Life 3 yrs 
Oepreciation Life 7 yrs 
Royalty ( X  of revenue) 15.0 x 

Federal Tax 38.0 X 
State Tax 2.0 x 
Severance Tax 5.0 X 
Ad Valorem Tax 7 . 2  i 

Inflation Rate 5.0 X 
Cost Escalation : 

Development and Capital Cos: 0.0 :: 
Op/Post-Op Costs & Expenses 0.0 x 

Revenue Escalation : 
Electricity 0.0 x 
Bulk & Bottled Water/Salts 0.5 X 
Methane Gas 1.0 x 
FishlAquaculture 0.0 x 
Roses/Greenhouse 0.0 x 

GEOPRESSURED-GEOTHERHAL (brine) WELL CHARACTER IS7 
Well Life 10 yrs 
Brine Temp 8 Surface 300 F 
Barrels per Oay 20,000 BPO 
Gas Concentration / Barrel 
GdS auality 90 x 
Bottom Hole Pressure 15,000 psi 
Flowing Wellhead Pressure 2.000 psi 

58.a67.466 Taxes : 

$3,502,189 

a0 tcf/e 

TOTAL POST-OPERATION COSTS . . . . . . . . . . . . .  $301.346 

. . . . . . . . . .  SALVAGE ( a t  end o f  project life) so 

I 
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ANALYSIS OF WELL: large Volume, Moderate Temp. Geopressured-Geothenl We1 1 
MODEL NME: GG10-A1 
MOOEL ANALYSIS: No Electric 1 ty/Methane/Sa lts/Bu Ik Water Products 

RESULTS : 
10-YR NPV 
Discounted Payback 

3546.633 
8.2 years 

1 8ASE YEM and CONTRACT OOLLMS : 199 1 

FINANCIAL S U H W Y :  
TOTAL PRE-OPERATION/OEVELOPnEHT/CAP ITAL COSTS . . . .  

Borrowed 1.709.400 
Owners Equity 3,251,325 
Cap i til 1 ired Interest 94,017 

INVESTMEHTS/EXPENSES/REVENUES : 
TOTAL PRE-OPERATION/DEVELOPMENT/CAP ITAL COSTS . . , . 

TOTAL DEVELOPMENT COST . . . . . . . .  2.199.750 
Geopress-Geothermal Well 2.199.750 
Pipe1 ine Right-of-way 0 

TOTAL CAPITAL BUILOING/EQUIPKENT COST. 2 . 2  10. '300 
Geothen b Elec Eq 199,500 
Gas Separator b Trans 120,750 
Bulk Water/Salt 1.569,750 
Bottled Water 0 
Rose/Greenhouse 0 
F ish/Aquacu lture 0 
Working Funds 420.000 

CONTINGENCIES . . . . . . . . . . .  450.975 
CAPITALIZED INTERES? . . . . . . . . .  94,017 

GROSS OPERATING REVENUES . . . . . . . . . . . .  
TOTAL COSTS (yr-1) . . . . . . . . .  880,isi 

Geaoress-Geotherm/Elec 366.450 
iethane Gas 
Eulk Waterhlt 

108.806 
324,975 

Eott led Water 0 
Rose/Creenhouse 0 
Fish/Aquaculture 0 

Methane Gas 0 

Battled Water 0 
Rore/Greenhouse 0 
F ishlAquacu lture 0 

Contingencies 80,023 

Geopress-GeothedE lec 926,676 

Bulk Water/Salt 1,626,003 

TOTAL REVENUES (yr-1) . . . . . . .  2.552.679 

TOTAL POST-OPERATION COSTS . . . . . . . . . . . .  
SALVAGE (at end of project life) . . . . . . . . . .  

FINANCIAl/TAX/ECONOMIC INPUTS : 
$5,054,742 Discount Rate (IRR) 

Oebt Ratio 
Interest Rate 
Debt Life 
Depreciation Life 
Royalty ( X  o f  revenue) 

Federal Tax 
State Tax 
Severance Tax 
Ad Valorem Tax 

Inflation Rate 
Cost Escalation : 

Oevelopnt and Capital Cost 
Op/Post-Op Costs & Expenses 

Revenue Escalation : 
Electricity 
Bulk & Bottled Water/Salts 
Methane Gas 
Fish/Aquaculture 
Roses/Greenhouse 

$5.054.742 Taxes : 

25-Sep-90 : date 
08:59:32 An : time 

15.0 X 
40.0 % 
11.0 x 

15.0 x 
3 yrs 
7 yrs 

38 .0  X 
2.0 x 
5.0 x 
7.2 x 
5.0 : 
0.0 : 
0.0 % 

0.0 x 
0.5 *n 
1.0 x 
0.0 x 
0.0 x 

GE03RESSUREO-GEOTHERHAL (brine) WELL CtiARACTiRISi 
Well Life 10 yrs 
Brine Temp B Surface 

Gas Concentration / Sarrel 

300 F 
Barrels per Day 20.000 BPO 

80 scf/B 
Gas Quality 90 x 
Bottom Hole Pressure 15,000 psi 
Flowing Wellhead Pressure 2.000 psi 

S301,346 

so 
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ANALYSIS OF WELL: Large Volume. Moderate Temp. Geopressured-Geotheml Well 

MOEL ANALYSIS: 
WOOEL NAME: G610-A2 

No Electr ici ty/Methane/Agri & Aquau lture Products 

25-Sep-90 : date 
08:51:16 AM : time 

RESULTS : 
10-YR HPV ($18,902 1 
Discounted Payback 0.0 years 

am YEAR and CONTRACT DOLLARS : 1991 

FINANCIAL SUHMARY: F I NANC I AL/TAX/ ECONOH I C INPUTS : 
TOTAL PRE-OPERATION/OEVELOPMENT/CAPITAL COSTS . . . .  $4,523.558 Discount Rate (IRR) 15.9 x 

Owners Equity 2.939,475 Interest Rate 11.0 x 

INVESTMENTS/EXPENSES/REVENUES : Royalty ( X  of revenue) 15.0 x 

Geopress-Geothermal Well 2.199.750 State Tax 2.0 x 

8orrowed 1,501,500 Oebt Ratio 40.0 X 

Capitalized Interest 82,583 Oebt Life 3 yrs 
Depreciation Life 7 yrr 

TOTAL PRE-OPERATIOM/DEVELOPMENT/CAPITAL COSTS . . . .  $4,523,558 Taxes : 
TOTAL DEVELOPMENT COST . . . . . . . .  2.199.750 Federal Tax 38.0 X 

Pipeline Right-of-way 0 Severance Tax 5.0  X 
TOTAL CAPITAL BUILOING/EQUIPHEHT COST. 1.837,500 Ad Valorem Tax 7.2 % 

teothen & Elec Eq 199,500 Inflation Rate 5.0 X 
Gas Seoarator & Trans 120.750 
aulk Water/Salt 0 Development and Capital Cost 0.0 X 
Bottled Water 0 Op/Post-Op Costs & Exoenses 0.0 % 
Rose/Greenhouse ~a7.250 Revenue Esca lat ion : 
Fish/Aquaculture 210.000 Electricity 0.0 X 
Working Funds 420.000 Bulk I Bottled Water/Salts 0.5 X 

CONTINGENCIES . . . . . . . . . .  403.725 Methane Gas 1.0 x 
Roses/Greenhouse 0.0 x 

Cost Escalation : 

CAPITALIZEO INTEREST . . . . . . . . .  a2.583 Fish/Aquacu 1 ture 0.0 x 
GtOSS OPERATING REVENUES . . . . . . . . . . . . .  $1.293.900 

TOTAL COSTS (yr-1) . . . . . . . . .  913.656 GEOP4ESSUREO-GEOTHERMAL (brine) VELL CHARACTER IST 
Geopress-Geotherm/Eiec 366.450 Yell Life 10 yrs 
Methane Gas 108.806 Brine Temp 8 Surface 300 F 

Bottled Water 0 Gas Concentration / Barrel BO scf/B 

F ish/Aquacu 1 ture 42.000 Bottom Hole Pressure 15.000 psi 
Contingencies 79,787 Flowing Wellhead Pressure 2.000 psi 

Geo0res~-6eothenn/E1ec 926.576 
Methane Gas 0 
Bulk Yater/Salt 0 
Bottled Water 0 
Rose/Greenhouse 1,226,400 
iish/Aquacu lture 60.480 

Bulk Water/Salt 0 Barrels per Day 20.000 BPO 

Rose/Greenhouse 322.613 Gas Quality 90 x 

TOTAL REVENUES (yr-I) . . . . .  2.213.556 

TOTAL POST-OPERATION COSTS . . . . . . . . . . . . .  $301,346 

SALVAGE (at end of project life) . . . . . . . . . .  $0 
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ANALYSIS OF YELL: Large Volume. Moderate Temp. Geopressured-Geotheml Ye l l  
MOOEL NAME: GG10-A2 
MOOEL ANALYSIS: E l e c t r i c i  ty@$O. 060/Methane/Agri b Aquau l t u r e  Products 

RESULTS : 
10-YR NPV ($1,511.389) 
Oiscounted Payback G.0 years 

BASE YEAR and CONTRACT DOLLARS : 1991 

FINANCIAL SUMMARY: 
TOTAL PRE-OPERATION/OEVELOPMENT/CAPITAL COSTS . . . .  

Borrowed 2,716,560 
Owners Equi ty 4.762.065 
Capital ized In te res t  149,411 

INVESTMENTS/EXPENSES/REVENUES : 
TOTAL PRE -OPERATION/DEVELOPMENT/CAPITAL COSTS . . 

TOTAL OEVELOPHENT COST . . . . . . . .  2.199,iSO 

TOTAL CAPITAL 6UILDING/EQUIPMENT COST. 4,599.000 

Geopress-Geotheml Ye l l  2.199.750 
0 

Geothen & Elec Eq 2,961,000 
Gas Separator & Trans 120.750 
Bulk Yater/Salt 0 
Bot t led  Vater 0 
Rose/Greenhouse 867,250 
Fisn/Aquaculture 210.000 
Uork i ng Funds 420,000 

P I  pe 1 i ne R i ght -of-Way 

CONTINGENCIES . . . . . . . . . . .  679.675 
CAPITALIZED INTEREST . . . . . . . . .  149,411 

GROSS OPERATING REVENUES . . 
TOTAL COSTS (yr-1) . . .  

Geooress-GeothedE lec 
Methane Gas 
Bulk Yater/Salt 
Bo t t led  Water 
Rose/Greenhouse 
F ish/Aquacu l t u r e  
Contingencies 

TOTAL REVENUES (yt-1) . . 
Gcopress-GeothennIE lec 
Methane Gas 
Bulk Uater/Sa7t 
Bo t t l ed  Vater 
Rose/Greenhouse 
Fish/Aquacu l t u r e  

. . . . . . .  

. .  
65i. Szs  
108.806 

0 
0 

322.613 
42.000 
108.294 

926,676 
571,196 

0 
0 

1,226,400 
60.480 

. . . . . .  

. . . . .  
1.233.228 

2,784,751 

TOTAL POST-OPERATION COSTS . . . . . . . . . . . . .  
SALVAGE ( a t  end o f  p ro jec t  l i f e )  . . . . . . . . . .  

FINANCIAL/TAX/ECONOnIc INPUTS : 
$7,528,036 Discount Rate (IRR) 

Debt Rat io 
In te res t  Rate 
Debt L i f e  
Oepreciation L i f e  
Royalty ( X  o f  revenue) 

Federal Tax 
State Tax 
Severance Tax 
Ad Valorem Tax 

I n f l a t i o n  Rate 
Cost Escalation : 

Oeve lopment and Cap 1 ta  1 Cost 
Op/Post-Op Costs & Exjenses 

$7.628.036 Taxes : 

25-Sep-90 : date 
08:44:33 AA : time 

15.0 X 
40.0 X 
11.0 x 

15.0 X 

38.0 *, 
2 . 0  z 

3 yrs  
7 yrs  

_ .  . 

5.0 :: 
7.2 X 
5.0 x 
0.0 :: 
0.a  x 

Revenue Escalation : 
E l e c t r i c i t y  0.0 : 
9ulk & Bott led Water/Salts 0.5 :: 
Methane Gas 
i ish/Aquaculture 
RoaedGreenhouse 

1.0 :: 
0.0 X 
0.0 x 

$1,551.513 
;EOPRESSUREO-GEOTHERMAL ( b r  ice) VELL CHARACTE7IS; 

'Jel l  Life 10 yrs  
Brine Temp a Surface 
Barrels per Day 20,000 8PO 
Gas Concentration / Barrel 
Gas Qual i ty 90 
Bottom Hole Pressure 15,000 ps i  
Flowing Wellhead Pressure 2.000 ps i  

300 F 

80 t c f / 6  

$301.346 

$0 
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ANALYSIS OF WELL: Large Volume. Moderate Temp. Geopressured-Geothermal Well 

MOOEL ANALYSIS: ElectricityOSO.O25/Methane/Agri & Aquaulturc Products 
MOOEL NAHE: GG10-A2 

RESULTS : 
10-YR NPV (32,409.299) 
Oiscounted Payback 0.0 years 

BASE YEAR and CONTRACT DOLLARS : 1991 

FINANCIAL SUMMARY: 
TOTAL PRE-OPERATION/OEVELOPMENT/CAPITAL COSTS . . . .  f7.628.036 . . -  

Borrowed 2,716.560 
Owners Equity 4.762.065 
Capital ired Interest 149.411 

INVESTMENTS/EXPENSES/REVEHUES : 
TOTAL PREGPERATION/OEVELOPMENT/CAPITAL cos 

TOTAL OEVELOPMENT COST . . . . . . .  
Geopress-Geothermal Well 2.  i99.750 
Pipeline Right-of-Gay 0 

TOTAL CAPITAL aUILOING/EOUIPMENT COST. 
Geothenn & Elec Eq 2.961.000 
Gas Separator & Trans !20.750 
Bulk Water/Salt 0 
Bottled Water 0 
Rose/Greenhouse 887,250 
Fish/Aquaculture 210.000 
Yorkino Funds 4za.a(10 _ _  

C O N T I N G E N ~ I E S  . . . . . . . . . . .  
CAPITAL IZEO I N T E R E S ~  . . . . . . . . .  

CROSS OPERATING REVENUES . . . . . . . .  
TOTAL COSTS (yr-1) . . . . . . . . . .  

Geopress-Geothenn/Elec 551,525 
Methane Gas i08.ao6 
Bulk Water/Salt 0 
Bottled Water 0 
Rose/Greenhouse 322.613 
Fish/Aquaculture 42.000 
Contingencies 108. 294 

Geopress-Geothenn/Elec 926.676 
Methane Gas 237,998 
Bulk Water/falt 0 
Bottled Water 0 
Rose/Greenhouse 1,226.4OO 
Fish/Aquacu lture 60.480 

TOTAL REVENUES (yr-1) . . . . .  

1s . . . .  
2.199.750 

4,599.000 

$7,628,036 

679,875 
149.41 1 

. . . .  $1,218,316 
1.233.238 

2.451.554 

TOTAL POST-OPERATION COSTS . . . . . . . . . . . . .  $301,346 

$0 SALVAGE (at end o f  project life) . . . . . . . . . .  

FINANCIAL/TAX/ECONOMIC INPUTS * 

Discount Rate (IRR) 
Oebt Ratio 
Interest Rate 
Debt Life 
Oepreciation Life 
Royalty ( X  o f  revenue) 
Taxes : 

Federal Tax 
State Tax 
Severance Tax 
Ad Valorem Tax 

Inflation Rate 
Cost Escalation : 

Oevelopnent and Capital Cost 
Op/Post-Op Costs & Expenses 

Revenue Escalation : 
E lect r ic i ty 
Bulk & aottled Water/Salts 
Methane Gas 
F ish/Aquaculture 
Roses/Greenhouse 

2s-Sep-90 : date 
oa:4a:oz M : time 

15.0 x 
40.0 X 
11.0 v, 

3 yrs 
7 yrs 

15.0 X 

38.0 X 
2.0 x 
5.0 x 
7.2 X 
5 . 0  :: 
0.0 v, 
0.0 x 
0.0 x 
0.5 x 
1.0 x 
0.0 z 
0.0 x 

GEOPRESSUREO-GEOTHERHAL (brine) WELL CMRACTERIST 
Yell Life 10 yrs 
Brine Temp B Surface 
Barrels per Oay 2o.ooo apo 
Gas Concentration / Barrel 
Gas Quality 90 x 
Bottan Hole Pressure 1s.000 psi 
Flowing Wellhead Pressure 2,000 psi 

300 F 

80 scf/B 
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APPENDIX D 

PRELIMINARY FEASIBILITY FOR GREENHOUSE/AQUACULTURE 
FACILITY AT PLEASANT BAYOU, TEXAS. 

(P. J. LIENAU, OREGON INSTITUTE OF TECHNOLOGY GEO-HEAT CENTER) 
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1 

GEO-E3.T CENTEX 

FAX TRANSMlfTAL 

TELEPHONE 
708-541 -7272 

FAX NUMBER: 503-685-11?.5 
P, 0. Box 678 

UNCOLNSHIRE, ILLINOIS 60069 

XTTN: PAUL LIENAU 

I 24-HOURF;AX I 

REMARKS: Tnrze Proposals are attached as requested.  

PLeese l e t  me know how i can be of fu r the r  assistance 

a t  this tine. 

FFIOM: 
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19 July 1990 

Paul Lienzu 
Gso-Eeat Center 
OREGON INSTITUTE OF TECHNOLOGY 
3201 Campus Drive 
Klamath Falls, Oregon 97601 

Dear Hr. Lienau: 

D-4 

P. 0. Box 678, LJNCOLNSHIRE, ILUHOS - 60069 0 ~ " O H E :  708-541-7272 FM: 708-541-0217 

__ 

n e n k  you f o r  your recent inqui ry  regarding p r o p o s a l  quctacions 
f o r  your proposed f a c i l i t y  in Texas. Per yotit. request I've 
attached three separate Proposals LCor the  d i f f e ren t  phases of  
the p r o j e c t  which you described. 

Please understand that these are budget prices which will be 
confinned when the f i n a l  details and b u i l d i n g  schedule a r e  
determined. 

i'll b e  sendiag you a packer of descrigtive and technical 
literaturs f o r  your filss. Also i d i d  n o t  Facrude a conpucer 
system quotation at this time, b u t  i will be heppy to have 
an exact sgecified quotation prepared i f  that will be or' 
help t o  you now. 

Please FAX today m y  response  o r  further requests f o r  zssistance. 
I will be pleesed t o  work with you iz br ing ing  t h l s  project  t o  
a posi t ive  real i ty ,  

Encl. 



7.4uI; LIE5TAU 
Geo-Heat Center 19 July 1999 
Qregon Institute o f  Technology 
3201 C ~ D U S  Drive 

CMPBELL GUSSXOUSES proposes to provide materials and Icstallation 
Labor f o r  t h e  fol lowir ,g  facility planned to b e  b u i l t  in Texas: 

STXUCTUXES : Three ( 3 )  Greenhouses, ezch 42' X 343" 
One (1) eraenhouse, 21' X 348' 
Tota l  square foo tage  - 51,156 
ilouses t o  be gutter-connected toge ther .  G u t t e r s  to be 
set 10' ebove grade. Trusses to be s e t  12' on cer.ters. 
The l z r g e  houses t o  each hzve nine (9) zi?'ils or' roof 
p r l l n s  2nd t h e  small house t o  have ZLve ( 5 )  =as. 

OPTION 1 - 5 o z .  FiSerglass Panels 
All surfaces t o  be glazed with 5 02. c lezr  corrugated 
Fiberglass  p m e l s  , 

O P T I O N  2 - 8 m  Polycarbonate  Pmels 
A l l  surfaces t o  be glazed with 8 m  clear polycarbonate 
structured pa3eI.s with an aluminum glaz ing  b z r  systern, 

VENTILATION: Each house to have two (2) continuous rum of 
ridge vents, 56" wide, to b e  operated z u t o a a t i c a l l y  
and indegendently, 

SCRZENS : 

SEATING : 

Each vent opening t o  b e - p r o v i d e d  with an insect 
scree3 in an aluminum frame. 

A t o t z l  o f  t w n t y - e i g h t  (26) hot water t?;?it he.eters 
w i t h  fourteen (U) Tact fan systems con;>lete w i t h  
30ly  d i s t r i b u t i a n  tubing to be  instzlled. 
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DESIGH 9 CONSULivW FABRICATION I r i S T ~ ~ u n o r v  
CQMPLETE GREEHHOUSE SYSTEMS 

PAUL LIEMU 
page 2 

COOLEIG : 

FREIGHT : 

TOTAL PRICE: 

TERM : 

ACCEPTANCE : 

.h evaporative pad cooling systen, 6" X 4' X 3 4 8 ' ,  
t9 be installed. The opaosite sidewall to csctain 
twenty-tvo (22)  exhaust fans, 48", 1 E.?., c m p l e t e  
with slant wall  box, blzde guard, and automatic 
shutter. 

F . O . 3 .  jobsite prepaid. 

OPTION 1 GLAZING 
OPTION 2 QAZIF?JG 

$345 ,950  

$456,000 

i<utually acceptable terns to be arrznged, 

OPTION 1: 

OREGON IXSTLTUTZ OF TECHNOLOGY DATE 

es A .  C a p b a K I ,  President 
GLASSROUSES, I N C .  

~ A T S  

OPTION 2:  

OREGON INSTITUTE OF TECHNOLOG'i DATE 

es A .  Cm.pbed1, PxesFdent 
GLASSHOUS3, INC. 

0-6 



DEsiaff CONSULTINO * FABRICATION @ INSTALLATION 
C a M P i E r E  GREENHOUSE SYSTEMS 

?.4UL LIENAU 
Geo- Xeat Center 

19 July 1990 

Oregon Institute o f  Technology 
3201 Carnpus Drive 
Klnatr? Fal ls ,  Oregon 97601 

CAi*i?SOLL GLASSHOUSES proposes to provide material aDd installation 
labor  f o r  the fo l lowing  f a c i l i t y  to be built in Texas: 

7" 
S1XUCTURXS : One (1) Greenhouse, 36' X 1 9 2 '  7; 

T o t a l  square footzge  = 6,912 
Gutters t o  be s e t  1 0 '  above grade. Trusses t o  be set 
on 12' centers. Mine (9) runs of roof purlins. 

G L A Z I N G  : 

COOLING:  

All surfaces t o  be glazed with 5 02, clear corrugated 
F ibe rg la s s  panels 

One sidewall t o  cantaia ten (10) exhaust fans, 42" ,  
1/2 H.P.,  complete w i t h  slant wall box, blade guard, 
and automatic shutter. The o t h e r  sidewell to a 
continuous run or' vent,  48" w i d e ,  to be operated 
zutornatically . 
Four ( 4 )  h o t  water unit haeters with evro (2)  Fact 
fan systems to 'be FmtalTed complete with poly 
distribution tubing. 

F'REIGiiT : F.O.B. jobsite prepaid.  

TOTAL ?RICE: $ 5 0 , 5 0 0  

TSRZS : Mutually acceptable terms to be arranged. 

ACCEPTAiCE : 

OREGON INSTITUTE OF TZCXNOLOGY 

J&es A.  C a p b d l ,  PresFder,t 
CAMPSELL GTASSGOUSES, INC. 

DATP, 
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P-NL LLENAU 
Geo-Heat Center 
Oregon i n s t i t u t e  o f  Tecko logy  
3201 CamFus Drive 
Xlaaeth Falls, Oregon 97601, 

19 July  1990 

CAAW~ELL GUSSXOUSZS, proposes to provide materials and i n s t a l l a t i o n  
following f a c i l i t y  t o  be b u i l t  in Texas: l a b o r  f o r  the 

STSUCmxES : 

. G L U I N G :  

COOLIXG ; 

SEATZXG; 

DOOX: 

FXEIGHT : 

TOTAL 31IICE: 

TEXXS : 

ACCEPT-rnCE : 

One (1) Service Suildl~g, 50' X 84 '  
T o t a l  squara f o o t a g e  = 4,200 

Gutters t o  be set 14' above grade. Trusses t o  be s e t  
on 12' centers, Eleven (11) runs of roof  purlins. 

A l l  surfaces to be gLazed with 26 ga.  c o r r q a t e d  
sc2e1 panels. 

Not included i n  quota t ior . .  

Not inclcded in quotatioz. 

One 10' X 12'  overhead door  t o  be provi lec .  

F , , O , B .  prepzid KO j o b s i t e .  

$ 42,000 

Hutua l ly  acceptable t e r n s  t o  b e  arranged. 

OREGON INSTITWTE OF TZCHNOLOGY 

J e5 A. CaapbeLf, Presi?ent 
&SELL GWSSBOUSES 

DATZ 
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SCHEMATIC DRAWING OF HIGH DENSITY 
RECTRCULATING GROWOUT SYSTEM 



10,000 GALLON RACEWAY CULTURE S Y S E M  

Quantity Desaiption 

1 RW-7 8'  x 4' x 45', 'Fiberglass Raceway Tank with four  4" 
PVC fi t t ings 

1 VRSF-16 
1 4  screens and with four 4'' PVC f i t t ings  

4' x 4' x 16', Vertical Screen Fi l ter  Tank w i t h  

- . . -1 .. Aeration-Plumbing Package, includes a 2 Hp, I phase 
regenerat ive air  blower, airstones, PVC pipe, PVC 
fit t ings,  tubing, and miscellaneous hardware .  needed 
for  system set up. 

Price for  one  (1) 10,000 gallon Raceway System .................. $15,280.00 

PVC parts may,  in some locations, be purchased for less money than through Red  
Ewald, Inc. (Approximate savings $100 to $500). 

Note: Pr ice  does not include any shipping or crat ing charges.  
, 

This Price List  effective March 10, 1986. Prices, materials ,  and/or specif icat ions 
subject to change with or  without notice. Warranty on ranks l imited to repair 
or replacement of tanks only. 

D-10 
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I 
F I S X  CULTURE TMJKS - P R I C E  LIST 

FIBERGLASS RACEWAY TANKS 
(U.S. P A T E N T  # 4 , 2 4 4 , 4 8 6 )  

1-aco-5 31 -3636 us 
1-800-242-3524 TX 
512-700-4272 FAX 
767685 TELEX 

30 3s. 
!E 2 s .  
3 9 s .  
!C 13s. 
!S !bs. 

!! Its. 
1:s. 

12 5 s .  
53 3s. 
30 lbs. 
j2 ibs. 
io 12s. 

125 2 s .  
110 13s. 
!20 Ibs. 
;90 l i s .  
!!O ibS. 
150 ibs. 
I50 Ibs. 
1 3  ibs. 
:?o 12s. 
zso lbs. 
! 9 0  2s. 
250 us. 
200 us. 
650  Qs. 

i a  I ~ S .  

I!O.OO 
1 7 E . O C  
1 2 2 . 1 0  
:!!.!I? 
110, $0 
!49 I 9 0  
! 6 C I  00 
110. la 
170.50 
!33,00 
I9J.10 
iOj.?O 
E!. OO 
263.00 
1 7 5 . 0 0  
!?f m o o  

36.20 
!9!.3C 

5I!.OO 
5 3 . 0 0  
53c * II! 
525, oc 

1 . 2 5 5 . 3 0  
i 8 2 . 0 0  

!,!l4j .OO 
: . ? 9  5.00. 

! x o o  

* :ani has  s lop ing  b o t t o i  13') ana is  rountcd OP lcos v i th  12' g:ound c learace .  

:In1 slopes i' kor sideuall :o centtrline ind bas 8 s;:cog siots.  
If  tap^ has bracing rrb t o  prevent hawing in srderalls. D - 1 1  

- VOTE:  Dimensions are based on 1.0. measurement at the top. Check vith factory if 0.D. is critical. 



.- -. -. .. . 
e .  .. -. 

i t 1  

71' 
:!' 

40 . I  

50 -. 

' I  I .  !!I 

100 !; 
20 11 52 '  
i!O !e' 
100 6i* 
140 63' 
!40 S O '  
!50 I L  

72 5 5 0  
: I :  I ?' 

6 E J  ?!' 
i5i ;;z 

a50 34'  
I050 P6' 
1090 !€' 
!69G 144' 
!IO0 ! l g I  
2150 120' 
2SQO 
2,000 i!!' 
2 9 6 0  1 4 4 '  
!300 114' 

.. ;: .. -- 

? 9 #  

.. --. 

!C'I-3 400s rrrr 3 4 00 
?Cl-lZOO rt 4200 
?E-4960 r* 4960 
?C.4700 * r t  4100 

?C7-7000 r y *  7000 
?C7=3100 rr t  9400 
?C?-i2000 12000 
?c:-!1000 r t *  11000 
?C?-lSOOO * t r  15000 
?C-!11500 20500 
?C7-i6000 * r r  25000 
!C:-31000 21000 
IC-32000 r y f  52000 
?C-!522S ++t 15225 
!C-!lS40 t t t  22840 
?R-j0450 +tt 30450 
!cT-!S06C ++t 38066 

!C'?-fB7OQ ++ 18700 
?b-23170 ++ 28110 
?CY-37550 ++ 37560 
?E46950 t t  46950 
?C-56310 H 56310 

?c:-5291 5 2 a 1  

! ~ - 4 s 6 8 0  t+t. ~ a o  

144' 
1!4' 
156 '  
2!0' 
!80' 
t!O' 
l!O' 
210' 
240'  
j 0  
30' 
!O' 
10 ' 
20 
16 ' 
16' 
36 
36 ' 
16 ' 
40 ' 
10 ' 
10 ' 
40 ' 
! O '  

.. . 7 r  

55.93 

?:.;? 
:':c, 10 
:t4. ic 
ISZ..OO 
220  * $0 
2:s. I C  

31:.10 
120.50 
180. 30 
394. s o  
11S.JO 

j4!. OC 
634.90 
i 2 ! ,  13 

I ,  O!! . o c  
!.02!.00 
i,lIj.lO 
I ,295.:0 
., - 7 5  - 9 0  
i,!6O.00 
1.433.10 
3 , 4 6 5 .  J O  
1,648.00 
1 .342 .40  
1.  ,0!2 -10 
2 , 9 7 ! . 9 0  
2,199.00 
Z,i56.90 
3.015.00 
1,214 I 3 0  
5.0!0.00 
E ,146.10 
7,2!0 .CO 
8 , 2 9 5  . o o  

1s , 5 5 5  .00 
9,332.00 

!i,O77 .OO 
12 ,132 .00  
!! , S ? . O O  
14,395.10 

7 , 8 1 9  . oo  
B.!tl.OO 

1 3 , 1 7 8 . N  
14.92C.JO 

" * ," 

- 4 . 7  . ! J . ' 3 0  

m o o  

... .. 
:$ ' .VU 

7 2  

io,a93.m 

NOTX: FOR ADDITIONAL INFORKATION ON ROUND FISH c7JLTURE TANXS, 
SEE TOP OF PAGE T H R X X .  
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* STACK TANKS FOR WATER STO-GE 
roult WJ,LOAS J!AIIIIP1P iSIGE IYITE LiDl !SIC! 

ST-1500 I500 8 7 '  76 '  . 

St' 7 2 *  I 5?5.30 
12' 195.50 S:-fOO + 500 

S?-1000 + 

ST-2000 200J 

1,395.30 
! , 2 ? 5  .OO 
I.!?: . go  

1000 74 '  

89' 0 5 '  
106'  100' st- 3 000 3000 
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PVC SULKHEAD FITTINGS (THRU-WALL ) * XAYWARD P V C B A L L  VALVZS = *  

2 . I C  
e : r .  .... ,. -. 

. , I  ..... .- .. ..... 
I8.EC 
i4.N 
5 7 . 0 0  

* A L S O  AVAILABLE - INQUIRE ON SIZE A.ND P R I C E .  

** AVAILABLE W I T H  TXT OR SXS CONNECTIONS.  

5 .  S tarnioss  Steel and !:oc Platca Salts - - Xvailablt in t o  3 / 4 '  d i a .  and a v a r i x ?  of lenachs !a stack. 

6 .  inquirt for pricos on water haul lag  tanis. transfcr parps, i i i t e r  p laccr  for qravei f i ! t c s  z id  . 
other f il :er i a t er i a 1. 

i .  ?ricer available on  x s i o ~  lade fiberc!ass iis: hauling tznbs. Ca!l for quotations.  

a. zed Zuald, Inc. c?n C E : ~  i ibricite  Ids: aav t ini  fa r  your operat:ca. Cai! for i n h a c l a n .  

THIS PRICE LIST REPLACES ALL O"'HZRS AS OF JULY 1 3 ,  
HATERRIALS AND/OR SPECIFICATIONS SUBJECT TO CIANGE WITX OR WITHOUT 
NOTICX. 

DISCOUNTS AVAILABLE ON CERTAIN ORDERS IN COXBINATION WITH " B E R  OF 
TANKS O R D E W D  AND DOLLAR VALUg INVOLVED. 

1990. P R I C E S ,  

WARRANTY ON TANKS LIMITED TO REPAIR OR'REPLACXMISNT O F  TANKS ONLY. 
SHIPPING AND CRATING SXRVICXS AM CHARGED SX'PARATELY. 

RED EWALD INC. 
P . O .  BOX519 
KARHESCITY, Tx 78118 
512-780-3304 

FAX: 5 12-780-4272 
TELEX: 767685 

D-15 



The Texas Aquaculture Associat ion is p les sed  t o  announce t h e  
a v a i l a b i l i t y  of t h e  Texas In l and  Aquaculture Handbook. T h i s  
handbook was o r i g i n a l l y  , p r e p a r e d  by t h e  Texas A g r i c u l t u r a l  
Extension Serv ice  f o r .  use by.County Extension Agents i n  ou r  
S t a t e .  S u f f i c i e n t  copies  were p r i n t e d  t o  d i s t r i b u t e  t o  t h e s e  
agen t s .  Many people have asked how t o  r ece ive  copies  of t h i s  
very  informative handbook covering a l l  a spec t s  of i n l a n d  
aquacu l tu re .  t h i s  handbook f o r  s a l e  t o  i n t e r e s t e d  a q u a c u l t u r i s t s ,  i n v e s t o r s ,  l a k e  
managers, s t a t e  and f e d e r a l  b i o l o g i s t s .  

Included i n  t h i s  manual a r e  s e c t i o n s  on c a t f i s h  ( 8  f a c t  
s h e e t s ) ,  c rawf ish  ( 5  f a c t  s h e e t s ) ,  spo r t  and forage  f i s h  (11 f a c t  
s h e e t s ) ,  and from one t o  t e n  f a c t  s h e e t s  on such t o p i c s  a s  
t i l a p i a ,  pond design and cons t ruc t ion ,  pond management, wa te r  
q u a l i t y ,  water  use and conse rva t ion ,  p a r a s i t e s  and d i s e a s e s ,  food 
and n u t r i t i o n ,  ? e s t  management, t r a n s p o r t  and hand l ing ,  e t c .  w i t h  
ove r  20  s e c t i o n s  i n  a l l .  Every a q u a c u l t u r i s t  t h a t  has  seen an 
advance copy of t h i s  p u b l i c a t i o n  i n d i c a t e s  t h a t  t h i s  i s  a tlinustlf 

With this in mind, we have printed copies of 

f o r  t h e i r  s h e l f a  

I f  you a r e  i n t e r e s t e d  i n  rece iv ing  a copy of t h i s  nan&ook, 
f i l l  o u t  t h e  forin below and mail  it soon, P lease  make checks 
payable t o  Texas Aquaculture Associat ion.  

P lease  forward cop ie s  of t h e  i n l a n d  Aquaculture 
Manual ( $ 2 5 . 0 0  per c o m :  

Name 
Address 
C i t y  

m o u n t  Enclosed 
S t a t e  i P  

For I n q u i r i e s  Contact:  Texas Aquaculture Assoc ia t ion  
P. 0. Box 13285 
Capi to l  S t a t i o n  
Aust in ,  TX 7 8 7 1 1  
( 5 1 2 - 4 7 4 - 4 6 0 0 )  
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RED EWALD, INC. 
TX 1-800-242-3524 ”I 1 US 1-800-531-3606 

-L--+“-\ <. -. - \- 
Kames City,TX 78118-0519 I -?{ -- 

1 PO.  B o x 5 1 9  

(5 1 2) 780-3304 TLX 7676% 

BROODFISH SPAWNING TANKS 
Aed Ewald, Inc. now manufactures tanks for broodfish-spawning applica- 

tions. These tanks were originally designed for and are being used in sev- 
eral redfish spawning applications. Its simple, functional design allows for 
use in spawning or holding applications. 

This tank is a 12’ diameter by 5 ’  overall height fiberglass tank. This 
hign quality tanK comes in two (2) pieces, has a smooth molded gel-coat 
finish inside, has a built-in skirt and a sloped bottom. The 2-piece con- 
StrLCtiOn allows for legal load transFortation and a smaller access door in 
your building. 

The sloped bottom has several distinct advantages over a flat bottomed 
!ank. The slooed bottom allows complete drainage for cleaning and aids in 
carrying debris during usage to a center standpipe. In handling fish. espe- 
cially large broodfish, draining the tank down a few inches above the 
sloped area leaves the fish in the bottom center where 
they are easily caotured and cannot hurt themselves 
kanging into the sidewalls 

Also availaole is a 12’ x 5’ deeo panel tank. This cost 
afficient tank is made up of five (5) side panels and a one- 
piece bottom allowing the tank to be carried through a 
standard 3’ doorway and assembled inside. 

30th tanks come complete with stainless steel bolts and 
fiberglass materials for field aS.SemDly. 

DEMAND FISH FEEDERS 
Red ENald.  Inc. now produces severtl SIZDS or demand 

fisa feeders. These feeders 2re manuracrured with a c!ear 
iesin allowing for visual observation oi your feed level 
wirhout having to iook inside the feeder. The units come 
equippea with a fiberglass lid. stainless steel trigger rod  
and mounting hardware. and a fiberGIass feed plate with 
an adjustable washer for different fisn and feed sizes. The 
cone shaoed tank allows for good feed flow and minimum 
blockage. 

These feeders have been successfully used wfth trout, 
catfish, Tilaola and redfish wlth fish ranging in si20 from 2“ 
to 81bs. Fish using demand feeders generally waste less 
feed, gain more weight at faster rates with a better Conver- 
sion rate than do their mechanically fed counterparts. 

“A MOTE A OUT ALL RED EWALD, INC. AQUACULTURE TANKS” 
All Red b a l d  fish culture tanks are manufactured using top quality matenals ana all our resins and gel coats are FDA aoproved 

:or food grade use, and are thererore, safe for your fish or snnmp. Our cmpany has been in business for twenry-five (25) years 
and wlth it‘s expenenced personnel. R e d  Ewald. Inc. has consistently manufactured quality products at corncetltlve pnces. 

\ D-17 / 



RED EWALD, INC. AND STELLMAN RANCH 
Pa Ewald. Inc. and Stellman Ranch have combined to design and construct a 

lzrge indoor redfish hatcneryqrowour system for fincerling and rood fish produc- 
tion. rnis unique comoletely enclosed facility IS one of the first or it's kind in the 
United States. 

Installed near Aransas Pass, Texas for access to saltwater, this facility will prG- 
duce some 80.000 Ibs. of food sired redfish (1 Ib. plus) per year and sell excess fin- 
gerlings to other fish farmers. The Stellman redfish farm was designed by Red 
Ewald, Inc. personnel (including professionally trained engineers and biologist) and 
was equipped with Red Ewald fisn culture tanks. 

The Facility 

This recfish farm is equioped ,with four (L) 
broodfish-ipawnlng rooms. Each room ccntains a 
12' diameter by 5'  deep fibergkiss spawning tank 
with a lexan viewing window and an efficient verti- 
kal screen filter'tank. All four rooms are photoperiod 
and temperature controlled for maximum C3ntroI of 
the redfish spawning cycle. . ' 

The hatchery area is set up with a variety of tank 
sizes and shaoes for several hnc:icns. 8ound CUI- 
ture tanks with overhead light S2r;kS are used in 
algawotifer culture. A row of cone bottom :anks are 
used in rotifer and brine shrimp prcducdon and for 
hatching redfish eggs and larval feeding. These 
smooth. gelcoated tanks are very practical for r ed -  
fish fry feeding because they take minimum circula- 
tion to keep the food organisms in suspension in the 
water for the reafish fry. 
A series of rectangular 
troughs provide area for 
initial growout of the fin- 
gerlings. 

.. 

The growout section consists of eight recirculat- 
ing systems, each consistlng of a 10.000 gallon 
Raceway ana a 16' Vertical Screen Filter. These 
tanks are capable of raising and supporting fish 
densities approaching 1 Ib. per gallon. 

The entire facility is powered by reqeneratlve air 
blowers whicn provide air for aerztion and water Ctr- 
culation. A backup generator provides, standby 
electricity to prevent fish loss in the event of a power 

. >- 

failure. Two (2) large water storage tanks provide 
fresh and salt water to the fish farm facility. 

Call Toll Free 1 -aOG531-2606 
In Texas Carl 1-800-242-3524 
Telex TLX-767685 

PO sox 519 Kames CIW. Tx 7311845519 I Recurn Postage Guaranteed 
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-- --: \ Kames City, TX 7811&0519 
(512) 780-3304 us i -aoo-531-3606 
(512) 780a272 (FAX) T'LX 767~ias 

Fish laure 
~t sed Ewald Inc. we have been making fiberglass tanks since 1962 that have been used extensively as culture and crop tanks. 

We have a series of standard mold tanks, with a smooth gel coated interior, that Sene the needs Of most enterprises. In addition. 
we can build tanks to the customer's needs. 

Fiberglass Raceway Tanks 
U.S. Paieni No. 4,244 486 

T'ne New Red Ewald Fiberglass "Raceway' TanK is uniaue in 
design and has several outstanoing ieatures and applications over 
other design tanks. The tank is constructed entirely of fiberglass 
"nicn offers the advantages of iignt werght, no rusting or wrrosion 
proolems. flexibility, exceptional strength. can be easily moved. . 
altered or reoaired. and requires no painting. 

Tine tanKs sidewails and bodom are formed from a single. continu- 
ous, flexible. fiberglass meet having a smooth intenor finish without 
seams, orfsets. or Ioints. The tank mantains its U-shace merely by 
virtue of its connecion to the two ends of the tank and its suppon by 
s m  aiong both side which confcrrn to the fanKs sidewalls. The 
struts are arranged in oppositely facing pars along the sides of the 
tank and are confiected by a fiberglass snp underneath the tank. The 
struts are not attached to the sidewall or bottom of the tank and may 
be claced at any desired locanon along the bottom and side edges 
Fermitting me oolts to extend througn parts of the tank which are not 
exposed to the tanKs contents thus avoiding possible cornsion and 
contamination proolems and also !eaving the intenor of the tank 

Quality e Pride 

smooth. %erglass angles are bolted to the too of both sides of the 
tank to prevent the Sidewalls or the tank from Sowing outward. >e 
unique design, eliminates top cross braces. which is especially impor- 
tant in the fish culture industry where an open span tank is desirable 
to faciiitate the use or dip nets, strainers, and separators. 

T'he !ank is designed to complete!y Sreak down for economical 
transcmation. The sides and floor are formed with one flexible fiber- 
glass sneet. This sheet can be rolled up into a 3' to 5' (depending O n  
tank six) aiamerer roll for shipping. The struts nest inside each other 
and can be'shipped ,along with the ends. support angles, bolts. gas 
kefs. and options inside the rolled sheet. No additional fiberglass 
matenab or s@2al took are required. 

This design tank has Deen used successfully for many yean and 
has given our customem excellent service. Raceways are commonly 
used in fish and shrimp growcut, for high density culture. ana offer 
more control in culture operations than does the older pond method. 
This design is eswciaily aesirable where a limited amount of space is 
avaiiade, such as inside a building. 
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Recirculating Culture Systems 
=Ied Lvald. Inc. can design and manufacwe recirculating culture sys- 

:ens to fit your aquaculture operation. These systems can be designed 
:or Srooafish soawning. larval reanng, hign CerisitV growout for finger- 
'inqs an0 fooo fisn. live holding sys:ems aco more Many scecies of fisn. 
Shrltro and other snellfisn are ceing usea in Red Ewald flecirculating 
Sysiems. 

These systems can be designed around raceways, panel tanks. small 
troughs. round tanks and cone bcttom tanks and are used in conluncnon 
'with R e d  ENald's enicient Vertical Screen Filter System (patent pend- 
("41. Comptere aeratlon and circulation capabrlities can be built into sys- 
tem design. 

Filters 
Vertical Screen Filter System (patent pending) 

Cone bottom tanks are excellent for the reanng of saltwater and 
fresnwarer shnrnp. They are also commonly used to hatch red drum 
ana other fish eggs ana In larval reanng. anne shnmp are hatched 
in cane bortom tmks. These tanks have a smooth molded, pel ' 
coatea intenor. Molded sizes are available fram 12 to 500 gallons 
ana manarel wound s iz~s  are available 6' to 12' in diameter with 
several cone angles and many sidewall moths. These larger sizes 
are very common in commerc.al snnrnp operations as larva reanng 
ranks. All cone bcttom lank$ are availaole with legs or a fiberglass 
skirt. a reinrorced tco lip. and with a vanety of cllumaing options. 

Red Ewald. Inc. manufactures a line of filters for your aquacul- 
ture operation. These include the Vertical Screen Filter System 

r\ (patent pending) and fiberglass plates for undergravel filters. In m addtion. Red Ewald. Inc. can custom manufacture filters and 

a The Vertical Screen Filter System (patent penaing) is a com- c', plete filtration system utilizing a high density polyes:er screen that 
tram sediments and trash and provides maximum amounts of 
surface area for bactenal growth and biological removal cf ammo- - nra. nitntes and other dissolved organics. By utilizing these 
screens in the vertical position. the entire water calumn is filtered 
with a minimum amount of floor space. The 'water passes honzon- + tally through the screens. Aeration increases the erfic:ency of the 
filter many times. The screens are easily rmoved and sorayed orf 
with a hose i f  clogged. and all the screens have ovenlow cypass in 

+ czse of c!ogging. 
Red Ewald now produces a series or filter plates for Sand- < gravel type filters. These filter plates can be adapted to all our 

a, round and rectangular culture tanks to fit most any hltrauon 
need. Used in comaination with 'Id x '/a gravel. these filters pro- m vide for very efficient filtration of ammonia and other dissolved 
suostances. Vanous plumbing options are available incluaing 

tanks to cusromer soecifications. 

- 
b a a  flush hookups for cleaning of :he filter and airlifts for 
increased filter efficiency. 

Fish Rearing Troughs 
Rectangular fiberglass troughs are avalable in many sizes 

ranqingfrom 6'to36'deep. 12'to60"wideand48'to 216'long. 
-These troughs are fabncated on a waxed mold giwng the intenor a 
smooth minor finish. A top lip for extra strengrh and Curaoility is 
standard on ail tanks. A stiffener no is standard on larger tanks IO 

prevent Eowng in the sidewalls. 
These troughs serve many needs in the culture business. 

These needs include uses in fisn fry growout and 2s holding tanks 
in the craD and lobster industry. 

Fish reanng troughs are very voular due to their hign versatil- 
it): many avalable sizes, and a vanety of plumoing opnons. ih8y 
are xonomically pnced ana are nested for a tremenaous freignt 
savings. 
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PORTABLE MODULAR FISH HATCHERY SYSTEMS 
(US. PATENT it 4,738.220) 

Red ENald, Inc. manufactures a senes of portable modular fish 
hatchery and lab systems. Utilizing insulated (railer vans, :he% trailer 
systems are aasily movea from one location to another. In the event of 
aonormally high tides and storms. :he trailers can be movea to high 
ground ana safery until the aanger is past. 

These Modular Sysrems can be aesigned to facilitate broodfish 
spawning. hatching and reanng of larval fish and fingerlings. and live 
feed reanng (algae, roufers, bnne shnmp, nematodes). As a mobile wet 
lab, these modular systems can be used as an on-ste laboratory for 
field studies and research. System designs can include recrnulaUng or 
flowhmugh capacilities. heaung and coaling capabilities. aeration. 
lighnng and more. Units are currently being used with Tilapia. red drum. 
mufen and algae. and as a mobile wet lab. 

FRY-FINGERLING-BRINE SHRIMP TRAILER 
The module is equipped with a 

senes of culture tanks for egg 
,ncuoation and hatching, try 
reanng and fingerling culture 
with size and shape of the tanks 
depending upon the type of fish 
being cultured. This trailer can 
also be equipped with cone bot- 
tom tanks for bnne shnmp CUI- 
ture. An air blower and heater-air 
conditioner are srandard. 

BROODflSH TRAILER 
The trailer includes two large 

independent tanks for bmodfish 
with filter tanks through which 
the water is recirculated. An air 
blower provides air :or aeration 
and water circulation along with 
heanng and cooling equioment 
for environmental control. Light- 
ing is time clock controlled. 

- 

MOBILE WET LAB 
This trailer ootion provides tanks and systems for researcn ana 

expenmental stuaies. ErJuipped 'with tanks, aeration. lighting, 
heating and ccoling equipment. a comclete wow area can :e set 
up at remote sites or can have a permanent home base. These 
trailers are designed and built to customer soeciiications. All that 
is needed at each joosite IS water and electricity. At remote sites. 
the trailer can be powereo with a portable generator. Ons current 
trailer has been used in research work on s?a urchins. craos. 
octooi. soiny lobster and more. 

ALGAE-ROTIFER TRAILER 
Ths mdula has a senes of tanks for !he culture of algae. 

rotiisrs, or other live bod organisms used in fisn culture An air 
blower provides aeration and a combination heater-air Condi- 
tioner oroiides temperature control. Hign intensity light banks 
provide light for algae culture. 

PO Box 519 Karner City, TX 78118.0519 
Rerum Postage Guaranreed 
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APPENDIX E 

WATER WELL QUOTATION 
( R .  DeMARCY, B&J WATER WELL S E R V I C E S )  
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B & J Water Well Service 
419 E a s t  F i r s t  S t r e e t  
KaFlan, La .  70548 

E a t o n  I n d u s t r i e s  
1240 Blalock 
S u i t e  1 0 0  
Houston, Texas 77055 

At ten t ion :  M r .  Doug G r a h a m  

This w e l l  w i l l  be be'i;tveen 400 It. and 500 ft. deep. 

The w e l l  w i l l  comply wi th  t h e  r u l e s  o f  t h e  Depzrtment 
o f  T ranspor t a t ion  and Developement o f  Baton  Rouge L a .  

The w e l l  w i l l  be cemented f rom t h e  t o p  o f  t h e  water  
producing s a d  t o  ground su r face .  

The w e l l  will produce 600 G.P.M. w i th  pressure  s e t t i n g  
of  30# - 50# pressure.  

The w e l l  w i l l  be connected t o  your wi re  a t  we l l  s i t e .  

S ince re ly ,  

iiD : 21 
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B & J Water Well Serv ice  
419 E a s t  F i r s t  S t r e e t  
Kaplan, L a .  70548 

Eaton I n d u s t r i e s  

A t t en t ion  M r .  Doug Graham 

This i s  a copy o f  what I quoted over t h e  phone. 

400l 10" s t e e l  ca s ing  welded 

120' 6" s t e e l  threaded pipe 
50'  6" s t e e l  ca s ing  

50' 6" PVC W.0.P. sc reen  .016 

1 6" check valve 
1 6'' ga t e  valve 
1 10" x 6" w e l l  s e a l  
1 3" s t e e l  vent 

16C lb d r i l l i n g  mud 
86 '  stainless cable 

2 s t a i n l e s s  V b o l t s  
100' 10-3 sub cab le  

1 6 0 0  G.P.M. sub pump @50' 
30-50 f t  pressure  s e t t i n g  
460 v o l t  m o t o r  
cement we l l  t o  400 f t  outs ide  cas ing  
1 10" X 6" sand s e a l  

C o s t  o f  w e l l  $23,620.00 Plus Tax 
10,000 g a l .  s t e e l  pa in ted  tank $13,482.00 plus t a x  
$ 2 , 0 0 0 . 0 0  i n s t a l l a t i o n  p lus  tax 
10 ,000  gal.  coded tank  $20,436.00 
Ins t a l l a t ion  $2 ,000 .00  plus  tax 

plus  tax 
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APPENDIX F 
COMPARATIVE PERFORMANCE ANALYSIS  : COMMERICAL CUT- FLOWER PRODUCTION 

(J. W H I T T I E R ,  SOUTHWEST TECHNOLOGY DEVELOPMENT I N S T I T U T E )  
SEATTLE T I M E S  E D I T O R I A L  
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EXECUTIVE SUMMARY 

X comparative performance analysis has been conducted to examine 
the various factors associated with establishing and operating a commercial 
rose cut-flower greenhouse in ten different locations across the United States. 
The purpose of this study is to compile a consistent, unbiased, and 
meaningful comparison of commercial greenhouse industry costs, the 
variables affecting those costs, the implications of altering key variables, and 
the financial returns associated with the business operation. The results of 
this study will provide prospective business ventures with important data for 
planning and decision making. 

within the United States to determine sites with greater profitability for a new 
business operation. Because profitability is greatly influenced by a wide 
diversity of competing factions, great care was taken to collect accurate 
information on each region. Plant productivity, defined as net blooms 
produced per plant per year, is largely dependent upon local climatic 
conditions and technological improvements. Regional variations in 
productivity have been explicitly analyzed. 

geographic regions throughout the nation. The greenhouse operation is 
assumed to be four acres in size and the faalities utilize current technologies. 
Tne operation is designed as a professionally-organized company with an 
owner/manager, g~ower ,  and salesperson. The primary product is a red 
hybrid tea rose for sale at wholesale. Selling markets vary by location, but in 
ger,era! they are large metropolitan areas. 

financial, and profitability issues that are important to a greenhouse 
operation. It is assumed that a new greenhouse business venture is 
established at a new location, because the intent of the model is to compare 
the ten sites on a start-up basis. No allowance or consideration is made for 
existing greenhouse operations that may be assoaated with a business 
expansion in an already-established location. Estimates and assumptions 
were developed for the following items: greenhouse capital costs, economic 

The intent of the analysis is to examine various geographic regions 

In this report a hypothetical rose cut-flower operation is placed in ten 

An economic model has been created to estimate various cash flow, 
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factors, utility costs, cash flow, operating costs, and profitability. Each of these 
categories, among others, is fully discussed in Appendix A. 

The selection criteria for the ten sites included the following 
considerations: presence or absence of an existing industry, market, climate, 
availability of pertinent data, and geographic diversity. The ten locations 
chosen for the study are: Tucson, Arizona; San Diego, California; Denver, 
Colorado; Boston, Massachusetts; Flint, Michigan; Kansas City, Missouri; Las 
Cruces, New Mexico; Columbus, Ohio; Scranton, Pennsylvania; and Dallas, 
Texas. The geographic diversity of the ten sites allows for the calculation of 
differing production levels, operating costs, and selling prices to help evaluate 
profitability in different regions. 

rose production are profitable in several areas in the United States Southwest, 
particularly in New Mexico, Arizona, and,Texas. No one area stands out as a 
favored location. Las Cmces, New Mexico, has the highest net present value 
and return on investment results. Two areas outside of the Southwest, 
Scranton, Pennsylvania, and Columbus, Ohio, also show a positive 
investment opportunity. Both of these areas are favored with low electriaty 
rates that help reduce annual operating costs. Both Scranton and Columbus 
are vulnerable to electriaty price increases to an extent not shared by the 
Southwest locations. 

The level of uncertainty in critical assumptions precludes absolute 
statements of which location is the "best," or most profitable. A new firm 
will wish to carefully evaluate individual sites on a case-by-case basis before 
selecting a location. See Table l a  for a comparison of the various sites. 

The analysis strongly indicates that new installations for cut-flower 
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Table l a .  Comparative Financial Performance 
To tal 
Sales Net Cash 

NPV ROI BE Price Revenue M o w  (AT) 
Location ( $ 1  ( %  1 ( $ 1  ( S / f t Z )  (S/ft2) 
T m n  218,991 8 0.27 6.43 1 .oo 
San Diego 
Denver 
Boston 
FIin t 
Kansas Cty 
Las cruces 
coiumbus 
Scranton 

-1,167,935 
-391,875 
-728,530 
-575,487 
-102,268 
352,470 
218,204 
286,600 

-1 
4 
3 
3 
5 
9 
7 
6 

0.32 
0.34 
0.47 
0.44 
0.37 
0.27 
0.39 
0.41 

6.00 
7.64 
9.38 
8.81 
7.88 
6.60 
8.44 
8.81 

-0.09 
0.63 
0.54 
0.56 
0.86 
1.09 
1.17 
1 .05 

Dallas 282,942 8 0.30 6.56 1 .oo 
NPV - Net Present Value 
ROI - Return on Investment 
BE Price - Breakeven Selling Price 

The reasons for estimated profitability for Southwest-based firms are 
varied, but they are directly attributable to one major operating factor that 
controls the industry. Greenhouse space represents a fixed production area. 
There are few options, within reason, for increasing annual production from 
the greenhouse floor area. High intensity discharge (H.I.D.) lighting is one 
accepted means for increasing production, but it is not readily feasible to plant 
more rose bushes per square foot or coax additional blooms from a plant. 
Because production is fixed, annual revenue is also similarly fixed. Bloom 
prices do not change dramatically, and no single producer within a region is 
able to receive substantially higher prices than another producer. Therefore 
the opportunities for incyeasing profitability come from lowering operating 

costs. 
The Southwest offers, relative to the rest of the U.S., less expensive 

annual operating costs. Overall utility costs are low, land prices are 
competitive, and labor is both less expensive and available at  the lower wage 
rates. Despite the situation that LMidwest and East Coast growers are closer to 
the major markets and receive higher product prices than the Southwest 
growers, the lower operating costs in the Southwest offset the other regions' 
advantages. 

The examples from Scranton and Columbus illustrate the precarious 
advantage of H.I.D. lighting. Both 
with respect to the Southwest and 

areas show estimated profitability, both 
to other domestic locations. The incentive 
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afforded by low electriaty rates allows for profitable operation of the H.I.D. 
lighting, However, slight increases in electricity rates, on the order of only 
$O.002-0.005/ kWh, dramatically shift profitability to a negative position. 
Prospective growers will want to carefully evaluate the stability of the local 
utility and its rate policies before committing to H.I.D. lighting. 

Some of the points brought out in this analysis may be considered as 
elements necessary for a successful venture. A primary coilsideration is that 
high levels of quality bloom production are absolutely required. The high 
annual solar radiation in the Southwest, particularly in the winter time when 
the crop is growing for holiday sales, is a natural resource benefit that has 
considerable financial rewards. By not having to invest in and operate H.I.D. 
lighting, the Southwest grower saves on financing and annual operating costs 
to an enormous degree relative to the other regions. 

A second necessary element is a skilled labor force that is both willing 
and able to work for competitive wage rates. Annual costs for labor, expressed 
as a percentage of the total operating budget, range between 40 to 50%. Labor 
costs represent the single largest expenditure for a grower. Opportunities for 
enhanced automation, the substitution of capital for labor, appear to be 
limited. Therefore the grower will have to attract labor at rates that are both 
sufficient for the worker and competitive for a profitable enterprise. Because 
the overall cost of living tends to be 'considerably lower in the Southwest, 
labor rates also tend to be lower, particularly for agriculture-based labor. It is 
likely that the relative cost-of-living indices will continue to be lower in the 
Southwest, therefore contributing to a long-term economic advantage for the 
grower. 

operation may be established and operated in a Southwest location at a 
profitable level. Because of the lower real estate prices in the Southwest, less 
capital is required to start a new greenhouse business. In addition, no special 
incentives are necessary for the operation. Rather, the Southwest offers 
natural resource and cost of living advantages that make the region an 
economically-preferred location. U.S. growers, seeking expansion or 
relocation sites, should consider the opportunities afforded by a Southwest 
location. New growers to the industry should consider the Southwest as tlic 

primary location for their business planning. 

In summary, it is estimated_in c this report that a cut-flower rose 
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Appendix A 
Financial )lode1 Description 

SECTION 1. ASSUMPTIONS FOR OPERATING ANALYSIS 
G r e e n h o u s e  Assumptions 

of existing and likely possible locations. 
brokers were contacted in the selected locations, given a brief 
explanation of the study, and asked to estimate a price for a ten-acre 
plot of land suitable for commercial greenhouse operations. 

rose plants per acre is based upon averages cited by various 
experienced growers. 

plants is determined by multiplying the number of rose plants per 
acre by the number of acres in production. 

on price lists distributed by plant wholesalers. 

annual weighted average selling price that will vary with the 
grower's location. 
location of his operations, and because transportation costs are 
assumed by the  wholesaler, these costs become an important factor 
in  determining the bloom selling price. 

BLOOlM PRODUCTIOX: The number of blooms produced by one 
Royalty plant per any given year is an approximation cited by a 
number of experienced rose growers in the selected areas and varies 
by location and/or the presence of H.I.D. lighting. 
rates are calculated to vary by the amount of sunshine that a location 
receives.  

EMPLOYEES PER ACRE: The number of people employed to 
work a one-acre area of production varies depending on the degree 
of automation in any particular greenhouse operation. 
automation is assumed for th i s  study. 

LAlW COST: Land cost estimations are based on known prices 
Commercial real estate 

ROSE PLANTS PER ACRE: The figure given for the number of 

TOTAL NUMBER OF ROSE PLANTS: The total number of rose 

ROSE PLANT COSTS: Rose plant costs are approximations based 

AVERAGE BLOOIM SELLING PRICE: The bloom selling price is an 

The grower's market is usually a function of the 

Bloom production 

A low level of 
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PRODUCTION LOSSES: With any type of production there will 
be shrinkage or production losszs due to stem quality and/or the 
quality of post-harvest handling. The figure cited for production 
losses is an estimate suggested by experienced rose growers. 
climate is expected to have fewer losses than a humid climatz 
because of generally lower disease-related problems. 

BLOOMS SOLD PER YEAR: The total estimated number of 
blooms sold per year is arrived at by multiplying bloom production 
by the number of rose plants by the number of acres in production, 
then subtracting the allowance for production losses. 

GREENHOUSE SIZE: It is assumed that four acres is a reasonable 
size for a startup commercial operation. 

ACRES: Six of the ten acres will be 
used for warehouseloffice facilities, parking, supply storage, and will 
also allow for future expansion. 

H.I.D. LIGHTIXG: The assumed cost of H.I.D. lighting is $200 per 
lamp and includes installation. 

H.I.D. LAMPS/ACRE: It is assumed that 785 four-hundred watt 
H.I.D. lamps are required per acre of greenhouse. 

A dq  

A ten-acre plot is assumed. 

Economic Assumptions 
STATE TAX RATE: 

assuming a base tax rate in order to simplify calculations. Rules for 
the period of time tax losses may be carried forward vary by state; 
however, in order to simplify calculations, tax losses are carried over 
and back for a one-year period. Tax credits and special incentives 
are not co'nsidered in this analysis. 

FEDERAL TAX RATE: Federal tax calculations are based on a 
flat rate and remain constant across the United States. The I.R.S. 
allows tax losses to be carried over for up to five years and carrieu 
back for three years. 
losses are camed over and back for a one year period. Tax credits 
and other special deductions are not considered in this study. 

based on the current flat rate and remain constant across the U.S. 

Corporate state rates are calculated 

However, in order to simplify calculations, tax 

F.I.C.A. (Social Security) TAX RATE: F.I.C.A. taxes xe calculated 
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S .U.T.A. (State Enemployment) TAX RATE: Unemployment 
taxes are calculated based on the standard rate for new employers 
and will vary by state. New employers are assesszd th? stmdzrd 
rate until such time that they establish individual experience ratzs. 

were obtained by contacting the appropriate state offices. The rates 
apply to greenhouse workers in a newly-established greenhouse 
operation. 
greenhouse's experience rate after a certain time period. 

a van for local delivery and miscellaneous errands. 
the estimated cost per mile that operating a vehicle requires. 

VEHICLE MILES DRIVEN PER YEAR: The delivery vehicle will 
be driven a given number of miles per year. 

GEXERAL " L A T I O N  RATE: The financial model allows for the 
projection of costs and revenues adjusted for inflation. 
inflation rate implies a constant dollar analysis over the given time 
horizon. 

workers except administrative and marketing personnel. The 
laborer wage rate cited is computed using the American Chamber of 
Commerce Researchers Association "Inter-City Cost of Living Index, 
Third Quarter, 1988." 

The work week is assumed to be six, eight-hour 
days. 
they work over forty-zight hours per week. 

were obtained by contacting respective local and state government 
offices. 

WORKERS' COMPENSATION RATE: Workers' Compensation rates 

Actual future rates will be determined by each individual 

It  is assumed that greenhouse operators will use 
The fee refers to 

VEHICLE FEE: 

A zero 

LABORER WAGE RATE: Labor costs include all wages paid to 

WORK WEEK: 
Workers are not  compensated at a higher overtime rate unless 

PROPERTY TAX RATE: Real property tax rates for each location 

Uti l i ty  Assumpt ions  
ELECTRICITY ElUERGY RATE: Electricity rates were determined 

by contacting local electric utility companies and 'are calculated in 
terms of dollars per kilowatt hour. 
typically fall under the "Commercial User" category. 
are based on flat base rates with no allowances for factors such as 

The rates for greenhouses 
Cost calculation< 



deposits, minimum monthly customer charges, taxes, or different 
meter sizes. 

determined by contacting local electric utility companies and are 
calculated in terms of dollars per kilowatt per month. 

ELECTRICITY DE?/IX>D RATE: Electricity demand races were 

Not all electric 
companies assess demand charges. 

lighting were determined by contacting local electric utility 
companies and are calculated in terms of dollars per kilowatt hour. 
Some electric companies offer "Off-Peak" reduced rates. 
assumed that H.I.D. lighting would not be used unless an off-peak 
rate or relatively low electricity rates were available. 
calculations are based on flat base rates with no allowances for 
factors such as deposits, minimum monthly customer charges, taxes, 
or different meter sizes. 

H.I.D. lighting were determined by contacting local electric utility 
companies and are calculated in terms of dollars per kilowatt per 

H.I.D. ELECTRICITY EXERGY RATE: Electricity rates for H.I.D. 

It was 

Cost 

H.I.D. ELECTRICITY DEMALND RATE: Electricity demand rates for 

mon th .  

contacting local private and municipal gas companies and are 
calculated in terms of dollars per million BTU. 

local private and municipal water companies and are calculated in 
terms of dollars per thousand gallons. 

HEATING FUEL INFLATION RATE: The financial model allows 
for the projection of costs and revenues adjusted for inflation. 
inflation rate implies 3 constant dollar analysis over the given time 

NATURAL GAS RATE: Natural gas rates were determined by 

WATER RATE: Water rates were determined by contacting 

A zero 

horizon. 

the projection of costs and revenues adjusted for inflation. 
inflation rate implies a constant dollar analysis over the given time 

ELECTRICITY INFLATION RATE: The financial model allows for 
A zero 

horizon. 

computer-assisted energy simulation model for each location, and the 
load is reported in terms of millions of BTU for a four-acre 

HEATING LOAD: The heating load is calculated with a 



greenhouse complex. 
in Appendix C. 

summing the total annual hours of sunlight for each location, which 
was obtained from the "Facility Design and Planning Engineering 
Weather Data," published by the Departments of the Air Force, the 
Army, and the Navy. Both kilowatt hours per acre per year and 
kilowatts per acre are calculated. 

H.I.D. ELECTRICITY LOAD: The H.I.D. electricity energy load is 
based on the total number of H.I.D. Iights operating sixteen hours per 
day, seven months per year. Both kilowatt hours per acre per year 
and kilowatts per acre are calculated. 

WATER CONSUMPTION: An estimate of the number of gallons 
of water per acre of covered area per year per location is assumed, 
based on data obtained from "Greenhouse Roses," published by Roses 
Inc., and from individual greenhouses. 
greenhouses in locations that do not utilize evaporative cooling use 
approximately one-half the amount of water utilized by greenhouses 
using evaporative cooling. 

BOILER EFFICEXCY: Because a natural gas burner/boiler has 
combustion inefficiencies, the boiler is assumed to be 75% efficient. 

C 0 2 :  The approximate square footage cost to generate carbon 
dioxide was obtained from the Ball Red Book. CO:! will only be used 
from October to April. 

A printout of the computer inputs is included 

ELECTRICITY LOAD: The eiecmcity load is computed by 

It is assumed that 

A m o r t i z a t i o n 

typical for this industry segment (Bedding Plants, Inc., 1988 
Greenhouse Operating Performance Report). 
multiplied by 70% to obtain the principal. 

rate is 8.5%. which may be somewhat low for a current market r3tc. 
However, the authors believe 8.5% reflects 3 high interest rate since 

8.5% rate reflects a real or true rate and, in this case, is a 

Ass u m p t i  o n s 
PRINCIPAL: A debt-to-assets ratio of approximately 70% is 

Total capital costs were 

INTEREST RATE: A given interest rate is assumed. The interest 

w a t i o n a r y  effects are incorporated into the model. Thus, the 
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con er' ti e figure. This rate is used €or the calculation of the loan 
payment and €or the net present value calculation. 

YEARS: 
AiWUAL LOAN P A Y M E W :  The annual loan payment is a sum 

Annual 

The loan is amortized for the given time period. 

of the principal and interest calculated €or the specific year. 
interest is calculated by multiplying the total loan balance at the 
beginning of the year by the interest rate. 
by subtracting the interest from the annual payment. 

depreciated for a given time period, based upon the straight line 
depreciation method. 

The principal is calculated 

Total capital building and equipment costs 3rc DEPRECIATION: 

Cash  Flow Assumptions 

financed. 

CAPITAL COSTS: It is assumed that ?O% of total capital costs are 
owner financed. 
capital costs is included for operations. 

operations is the sum of total capital costs and contingency funds. 

owner's contribution and the contingency funds. 

DEBT: 

PERCEi iAGE OF CASH AVAILABLE FOR OPERATIOKS ABOVE 

It is assumed that 70% of total capital costs will be debt 

An additional contingency allowance of 15% of total 

CASH AVAILABLE FOR OPERATIONS: Total cash available for 

BEGINNING CASH: The beginning cash amount is the sum of the 

SECTION 2. GREENHOUSE CAPITAL COSTS 

from conversations with local growers and wholesalers, or from 
published reports. 

Capital cost estimates for the greenhouse were obtained either 

Cap i t a l  Out lay  

for a twenty-year period along with other capital costs. 

seven-year period. 
years. 

LAND: 

PLANTS: 

The land cost estimation is €or a ten acre plot amortized 

The initial purchase of rose plants are amortized for a 
The rose plants must be replaced. every seven 

The replacement of rose plants takes place at the end of the 
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seventh year, and the cost of the new plants is also amortized for 
seven years. 

G r e e n h o u s e  

The design will be quonset-style bays connected at the gutters. 

every two years. 

manage the local soil with a variety of medium conditioners. 
plants will be grown directly in the local soil. 

will be installed in most locations, however a basic fan-cooling 
system with side vents is used where appropriate. 

HEATING SYSTEM: The use of a natural gas-fired boiler with 
hydronic disrribution is assumed. 

THERlMAL CURTAIN: Use of thermal sheets for either heat 
retention or light reduction will depend on the location of the 
greenhouse. These differences are included in the model. 

the country make the need for H.I.D. lighting necessary. 

STRUCTURE: The total covered area is 174,000 square feet. 

COVER: The roof cover is double poly that will be replaced 

SOIL PREPARATION: It is assumed that the grower will have to 
The 

COOLING SYSTEM: A pad-and-fan evaporative cooling system 

H.I.D. LIGHTING: Natural lighting conditions in some areas of 

FREIGHT: 
IRRIGATION SYSTEM: 

perimeter watering systems is assumed. 
ENVIRONMENTAL CONTROLS: Environmental computer controls 

are used for monitoring and controlling temperature, ventilation. and 
humidi ty .  

FERTILIZER INJECTOR: The use of centralized fertilizer injectors 
is assumed. 

SORTING MACHI-?E: The use of an automatic sorting machine is 
assumed.  

CO:! GELBERATOR: The use of a C02 generator is assumed. COz 
will only be used from October to April. 

CONCRETE WALKS: The cost of laying concrete walks is 
included. 

A freight cost for incoming supplies is assumed. 
The use of automatically-operated 
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Other Capital Equipment 

include office space and a headhouse area is is included. 

includes a copier, computer, software, timeclock, and other 
miscellaneous supplies. 

refrigerate or cool flowers is assumed. 

METAL BUILDIXG: Estimated costs for a metal building to 

OFFICE EQUIPMEXT: I t  is assumed that office equipment 

PLANT COOLING STORAGE UNIT: The use of a storage unit to 

DELIVERY VEHICLE: The use of a van for local pick-up and 
delivery purposes is assumed. 

lMISCELLAiWOUS: 
items not included elsewhere is assumed. 

An additional allowance for miscellaneous 

SECTION 3. OPERATING BUDGET CASH FLOW 

for the first ten years of greenhouse operation. 
it will take approximately five months to construct the greenhouse, 
another month to plant the roses, and an additional six to seven 
months before the rose plants are expected to produce saleable 
blooms. 

The third section shows a projected cash flow on a yearly basis 
It is anticipated that 

Sales 
SALES VOLUME: The volume of roses sold is ed by 

subtracting the production losses from the blooms sold per year (see 
-4 s s u mp  t i o n s ) . 

SALES PRICE: The average bloom selling price is obtained from 
As sump tions. 

SALES REVELWE: Sales revenue is calculated by multipiying 
the sales volume by the selling price. 
and no revenue is expected until year two. 

No sales occur in the first year, 

Outlay for Production 

categories. 
That is, the same number of rose plants yield approximately the 
same number of roses every year, and the operating requirements 

Operating costs are typically separated into fixed and variable 
However, annual rose production is basically constant. 

lcul 



for those rose plants remain constant. 
what are normally variable expenses as production expenses. Fixed 
operating expenses continue to be referred to as fixed zxpenses. 

PRODUCTION EXPENSES: Production expenses for both regular 
and H.I.D. electricity (where applicable), heat, water, COa, chemicals, 
and fertilizer are based on the assumed rates of usage. 
year one are for six months of production; estimates for the 
remaining years are based on twelve full months of production. 

the owner/rnana,oer, grower, sales, iegai/accounting, and 
maintenance positions are assumed to be fixed annual salaries. 
Because planting and production will not begin until after the sixth 
month, year one salary estimqes are lower than those of later years. 
Allowances for annual salary increases are not included in this study. 

begin in the sixth month. Hourly wages are also assumed for 
delivery personnel. 

F.I.C.A. and 
both fixed and hourly annual wages paid. 
costs are based on annual wages paid to laborers and to delivery and 
maintenance personnel. 

Cost estimates for trash disposal, crop insurance, property 
insurance, overhead, repairs and maintenance, and vehicle operation 
and maintenance were obtained either from conversations with local 
growers or from published reports. These costs are pro-rated for 
year one, and i t  is assumed that they will remain constant for the 
following nine years. 

breakdown of principal 3nd interest in the tom1 annual Ioan 
paymen t .  

TAXES: 
the tax rates (see Note 1). 

CASH FLOWS: 
subtracting net cash inflow after tax balances from beginning cash 
flow balances. 
from the "Assumptions" section. 

Therefore, this study refers to 

Estimates for 

FIXED OPERATING EXPENSES: Administrative salaries including 

Hourly wages are assumed for laborers and are estimated to 

These costs are not incurred until year two. 
S.U.T.A. costs are incurred in direct proportion to 

Workers' Compensation 

OTHER FIXED EXPENSES: Other fixed expenses include the 

Federal and state income taxes are calculated based on 

Year-end cash flows 3re determined by 

The year-one beginning cash flow amount is obtained 
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SECTION 3a. NOTE 1 
SET CASH INFLOW FOR TXX CXLCL'LATION: The net cash 

inflow for tax calculations is determined by subnacting the t3x 
deductible interest and depreciation allowances from the net cash 
inflow from operations. 
for a seven year period. 
carryover and carryback is for one year only. 

carryback.  

SECTION 4. FINANCIAL CALCULATIONS 

Depreciation is assumed to be straight line 
The simplified allowance for tax loss 

BALANCE: The balance determines the tax loss carryover or 

P r o f i t a b i l i t y  

price is given in the "Assumptions" section. 
AVERAGE BLOOM SELLING PRICE: Th average bl om elling 

NET PRESENT VALUE (NPV): The NPV is calculated based on 
annual after tax cash flows for a twenty year period and discounted 
at the interest rate given. 

equates the present value of expected future after tax cash flows to 
the initial cost of the project. 
twenty-year period. 

R E T "  ON INVESTMENT (ROI): The ROI is calculated for year 
two by dividing the year-two net cash inflow after taxes by the total 
capital costs. 

dividing net income after taxes by year-two annual sales. 

INTERNAL RATE OF R E T "  (IRR): The IRR is the rate that 

The calculation is for a projected 

PROFIT MARGIN: Profit margin for year two is c3lculated by 

Breakeven A n a l y s i s  
A l W A L  SALES: The amount given for annual sales revenue is 

for year two. 
ANNUAL PRODUCTION EXPENSES: The amount given for annual 

production expenses is for year two. 
ANNUAL FIXED EXPENSES: The amount given for annual fixed 

expenses is for year two and is the sum of total fixed operating 
expenses and total other fixed expenses. 



h€T INCOME: Net income is calculated as the annual sales less 
thz sum of annual production expenses and annual fixed expenses 
for year two. 

represent the volume of sales at which total costs equal total 
revenues. The calculation is based on year two costs and revenues. 

BREAKEVEN AVERAGE BLOOM SELLING PRICE: The breakeven 
average selling price is determined by dividing the breakeven sales 
dollars (the sum of annual production expenses and annual fixed 
expenses) by the annual total sales volume.. 

SALES REQUIRED FOR BREAKEVEN: Brexkeven sales dollars 

Effects of Changes in Average Bloom Selling Price 

profitability is indicated. 
price are used to illustrate the effect on profit margins. 

The effects of changes in average bloom selling price on firm 
Five-cent increases in the bloom selling 

G r e e n h o u s e  

square foot for the greenhouse and greenhouse installation. 
capital equipment costs are not included in this calculation. 

dividing the number of  rose plants per acre by the number of square 
feet per acre. 

LVSTALLED COST: The installed cost is the sum of the costs per 
Other 

PRODUCTIVE AREA: The productive area is calculated by 

U t i l i t i e s  

by dividing the annual heating expenses by the total of 174,000 
square feet. 

calculated by dividing the annual electricity expenses by the total of 
174,000 square feet. 

HEATIXG COSTS: Heating costs per square foot are calculated 

ELECTRICITY COSTS: Electricity costs per square foot =e 

R e v e n u e  

dollars per square foot (S/sq. ft .)  is determined by dividins total 
sales by 174,000 square feet. 

DOLLARS PER SQUARE FOOT (TOTAL SALES REVEIL%): Revenue 
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DOLLARS PER SQUARE FOOT (XET CASH , W E R  T X E S ) :  
Revenue dollars per square foot (S/sq. ft.) is also calculated in tzrms 
of net cash inflow after taxes and is determined by dividing net ca jh  
intlow after taxes by 174,000 square feet. 

Operating B u d g e t  

costs expressed in terms of percentage of total expenses and I 

provides a convenient method to compare costs at different locations. 
It is based on year two costs and revenue. 

The operating budget category includes various key operating 

.. . 
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TABLE B-25. XSSLXPTIOSS FOR THE U S  CRUCES AREA 

Greenhouse .ksumptionS 
Land cost (S/acre) 
Rose plants per acre 
Totai X of rose plants 
Rose plant costs (S/plant) 
Average bloom selling price 
Bloom production (blooms/plant/year) 
Production losses 
Net blooms (plant/year) 
Blooms sold per year 
Employees per acre 
Greenhouse size (aces) 
Acres (total) 
Square feet/acre 
Warehouse/Office (sq. ft.) 

Economic Xssumptions 
State tax rate 
Federal tax rate 
F.I.C.X. rate 
S.U.T.X. rate 
Workers' Compensation/Sl@O 
Vehicle fee (S/mile) 
Vehicle miles driven per year 
Generai inflation rate 
Laborer wage rate 
Work week (hours) 
Property tax rate CS/l,OOO, 1/3 valuation) 

Utility Assumptions 
Electricity energy rate ($/kWh) 
Electriaty demand rate ($/kW/Mo) 
Natural gas rate (S/5IMBTU> 
Water rate ($/l,oOO gal) 
Heating fuel inflation rate 
Electricity inflation rate 
Heating load (MMBTU/4 acres) 
Electricity load (kWh/year/acre) 
Electricity load (kW/acre) 
Water consumption (gal/acre/year) 
Boiler efficiency 
C02  ($/sq. ft. to generate) 
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$1 2,300 
3 1,500 
126,000 
93.00 
50.32 

30 
3% 
29 

3 5 9  I ,000 - 
4 

10 
43,300 
7,000 

4.8% 
34% 
14% 

2.7% 
$4.50 
90.30 
20,000 

0% 
54.50 

$20.95 
4a 

$0.075 
514.00 
$3 2 5  
SI .oo 

0% 
0% 

16,217 
120,Ooo 

15 
4,888 500 

4 3-70 
so20 
"- 



Assumptions Cont  

hort i ra t ion  Assumptions-Initial Outl'ay 
Principal 
Interest rate 
Years 
Annual loan payment (P & I) 
Depreciation (# years, straight line basis) 

5 337,730 
8.5% 

20 
S159,323 

7 

Cash Flow Assumptions 
70% 

lo of cash avail. for op. above capital costs 15% 
Cash available for operations 92,476,985 
Beginning cash S969255 

Debt (% of total capital costs) 
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TABLE 8-26. GREI3HOUSE C.A.Pl'TAL COSTS FOR "E U S  CRUCES ARE4 

Capital  Outlny 
Lsnd 
Plants - rows (years 1 Lz 7 )  

Greenhouse 
Structure 
Cover (replace every two years) 
Soil Preparation 
Pad & Fan Cooling 
Heating System 
Freight 
Concrete Walks 

Greenhouse Installation 
Structure 
Pad & Fan 
Heating 
Electrical Wiring 
Plumbing 
Irrigation System 
Entironmental Controls 
Fertilizer Injector 
Sorting Machine 
C e -  Generator 

S Slsq f t  
5125,000 
S373,000 

$391,500 
$26,100 
$25,000 
$139,200 
$278,400 
$17,400 
$15,000 

$174,000 
$26,100 
$17,400 
$69,600 
$43,500 
S121,800 
$60,900 
$8,700 
$25,000 
$26,100 

Total  Greenhouse only 51,165,700 

0 ther Capital Equipment 
Metal Building (includes office) $65,800 
Office Equipment S30,OOO 
Concrete Pad (Metal bldg. only) $29,400 
Plant Cool Storage Unit $30,000 
Cool Storage Installation S5,ooO 
Delivery Vehicle (van) 515,000 
LMisceilaneous 510,000 

52.25 
$0.15 
$0.14 
$0.80 
$1.60 
$0.10 
$0.09 

$1 .oo 
$0.15 
$0.10 
90.40 
90.25 
50.70 
$0.3 
$0.05 

$0.15 

$8.28 

Total  other s185,200 
TOTAL $2,253,900 

F-23 



09 
M 
ol 
Om" 
om 011 
om SI1 

OM) 011 
om Cl 
M 
VCI 'ZI f 
111 SI1 

om 011 
9ab )It¶ 
om SI1 
000 511 
000 521 
om oct 
OOO OH 

om ozt 

ai2 tn 

ol 
01 
01 
000'9t 
000'011 
OOO'Sl1 
000'0tt 
M)O'OIl 
000'Cl 
WI'P11 
*tl'LIl 
11 8'51 1 
~lC't98 
OW'OIl 
?Ob'W 11 
OOO'S11 
000'Slt 
woszt 
OW'OC! 
000'011 

01 
M 
M 
000'91 
000'011 
000'5ll 
000'021 
WO'OI 1 
OOO'Cl 
W1'92t 
9Cl'tll 
1 1C'SI 9 
?I.?'VOl 
wo0o11 
98t'tiCl 
WO'9l1 
0M)'SIl 
000'5Z1 
OOO'OCl 
WO'OI9 

01 
01 
ol 
OW'M 
ooo'O11 
OW'PIt 
OW'OZ1 
000'011 
OW'tt 
m 
*c I '2 I1 
111'51 9 
aiz'm 
000'0 I1 
Wt'tICt 
000's It 
OUl'SIl 
000'SZl 
OW~OCl 
000'0H 

ol 
M 
M 
WO'M 
000'01 1 
WO'SIl 
WO'OZl 
000'01 1 
OOO'Cl 
001'921 
lCI 'tll 
LlCSIl 
tIL't91 
000'0l1 
#8?'bIC$ 
WO'PIl 
000'51 1 
WO'SLt 
WO'OCt 
00O'DIl 

M 

M 

000'011 
000'5 I1 
000'011 
OOO'OI t 
000'Cl 
M 
*CI'LIl 
1lt'Sll 
Wb't91 
006'011 
W*'?lC1 
rn'Pl9 
000'511 
omst1 
OOO'OCt 
ooo'otl 

m 

om'm 

m 
m 

ooow 
ol 

WO'Oll 
0003 I1 
000'OZl 
000'011 
000'Cl 
m 
9CI'tlt 
tlZ'S18 
aitw 
WO'O I1 
wt'tirt 
000'Sll 
000'911 
WQ'FZl 
000'OCl 
000'011 

ol 
01 
M 
000'tl 

005'1 1 
0M)'OIl 
000'51 
005'1$ 
01 
(90'91 
*ZS'll 
at I It1 
ol 
I?Z'lSl* 
o0o'011 
o00'011 
W5'tIl 
000'511 
WOZ1 

m 



F-25 



TABLE 8-28. FINANCIAL CXLCULXTIONS FOR THE U S  CRUCES AREA 
h U d  h U d  

Production Fixed To tal Profit 
Price Sales E x p e w  Expense =-ernes Net Income .Mugkt 
(SI (SI (9) (S) (SI (SI t % )  
0.25 897,750 180,208 779,350 959,758 -62,008 -7 
0.30 1,0773Xl 180,208 .779,350 959,758 1 17342 11 
0.35 1256,850 180,208 779,550 959,758 297,092 14 
0.40 1,436,40 180,208 779,550 959,758 496,642 33 
0.45 1,615,950 180,208 779,530 959,758 656,192 41 

Figure B-7  
Opera t ing  Budget Distribution, Las Cruces  

7% 

2% 

45 R 

7% 
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