








RED EWALD. Ute. -- Round Fish Culture Tanks 

These round fish culture tanks are Ideal for rearing fisn due to the" smeoth gel 
coated interior, Tanks are available in many sizes uo to 8' in Ciameter to fill the 
needS of any size oceratlon. These tanks are economical to bUild. yet are strong 
enough for years at decendaOle service. A relnforceo tcc 110 gives �:�~�e� lanK aOdl' 
tional strength. The tanks are nested for shlcclng, giVing you a tremendous 
freight savings. 

These tanks are commonly used for fingerling growout. iSOlation Qf IndiVidual 
or small groups of fisn. temporary holding tanks. and are osed tn both snrlmo ana 
algae �c�~�l�t�u�r�e�.� They may oe adopted to many Olner 'jses decenaing uoon your 
eceratlon. 

Many extras are avadaole 10 Include a vaflety of PVC crain littlngs. ?VC stana 
p,oe plumOlng kits. ana fiberglass SkIrTS wnlch allOw tne bottoms of the tanKS to 
derlect up to 3' for effiCient cleaning of organic matter. 

Panel Tanks 
These large diameter tanks are Iceal for fish raising. The 10'. lZ'. 20'. 30'. anc '-0' diameter 

tanks are avaliable In 24"'. 36". �~�"�.� and 60" helgnts. ThiS deSign allows tMsa tan.s to be 
s"ioped in a oacl<age of several Sloe �~�a�n�e�j�s� ana a one piece �~�o�t�t�o�m�.� allcw1ng us 10 5nlO a 
large quanllr; on a truck load for a tremendous trelgn! savtngs. The fioor ana panels are bOlted 
together :n Ine rield With stainless bOlts and the seams are glassed. forming a .0G:e one piece 
tank. All =oltS. nuts, washers, and fiberglass matenats are rurntsned With the cnn. After neld 
assemoly, tne tanks oacome a permanent �o�~�e� olece tanK Jut can oe recut at tne seams, taken 
acan, transpcrted, and reassembled at a new lacanon. 

ThiS tank is commonly used with a seif<lean,"g stand-pipe !<it which allows for an autOmallc 
c:eaning at waste matenals in the tank. The panel tank is Ideal wnere a li"ge volume tank is 
needed inSide an existing ouilding With a limited Size entrance. The sections and Hoor can be 
moved througn a standard door and assembled inside. 

l __ _ 
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Recirculating Culture Systems 
?ed E'Nald. Inc. can design and manutac:ure reclrcuiaung culture SYSa 

:ems to lit your acuaculture operation. These systems can be designed 
~Qr orooafish scawnlng. 'ar/al reanng. r:i<;n cenSlty growout for finger. 
'in9s ana fOO~ ~sn, 'ive r'iOldlng sys::err:s ar.o more. Many scecles ot fisn, 
sr:mr.o and orner sneHtisn are cetng usee In Red Ewald Reclrc!Jlaung 

Sys:ems. 

These sYSlems can be ceslgned around raceways. panel tanks. smail 
troughS. round tan~s and cone ocnom tanks and are uSed In conluncnon 
'Nlth Red Ewald's efficient Vertical Screen Filter System (patent pend· 
ing). Complete aerauon and c"eulaMn capabilities can be bUilt IntO sys· 
:em design. Red EWald. Inc. manufaerures a line of filters for your aQuacul-

Filters 
VertiCal Screen Fiiter System (patent penaing) 

ture operation. These inClude tha Vertical Screen Filter System 
r--. (patent pending) and fiberglass plateS lor undergravel ~Iters. In rn aCdition. Red Ewald, Inc. can custom manufaCture filters and 
C"'J lan~s 10 customer sceclficatlons. 

Cone 
Bottom 
Tanks 
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Cone bottom :anKS are excellent tor the rearing ot sattwater and 
Iresnwater snnmo. They are also commonly used to hatch red drum 
ana otner lisn eggs ana In larval reanng. 3nne shnmp are hatcheo 
In c.ne ~o~om lan,s. These 'anks have a SmOOth mOlded. gel 
c.a(ea intenor. MOlced S,Z~S are avaliaOle from 12 to 500 gallons 
0."10 manorel wound SIZ,:S are avallaOje 6' to 12' in diameter With 
several cane angles ar.c mar,y sicewall ceothS. Tnese larger sizes 
are very common In ccmmerc:al s .. 'mn~ ocerauons as larval reanng 
~anKS. All cone bCrtom tar-KS are avadaole wltn legs or a nberglass 
S"<lrt. 3. reInforced :CO lip. ana WItt: a var.ety af olumctng o~lt1ons. 

c..o The Vertical Screen Filter System (patent penelng) IS a com· 
o plete filtratlcn system u:llizln9 a nigh censlty pOlyes:er scceen that 

traos Sediments and trasn and prOVIdes maximum amounts of 
CO surtace area ier Oactenal growth and biological removal cl ammo­
"" nla. nltnte, and other dissolved organics. By utiliZing :hesa 

I-­
Z 

screens in the vartlcal posltlOn, tna entire water column 15 filtered 
WIth a minimum amount ollioor space. The 'Nater passes nenzon· 
lally through the se~eens. Aeration Increases the effic:ency 01 the 
IiIter many times. The SCreens are easily removed and sorayeo crt 
With a hose if clogged. ana aJllne screens have overtlow oypass in 
case 01 c!ogglng. . 

Red Ewald now produces a serles of filter plateS Idr sand· 
gravel typa filters. These lilter plates can be adapted to all our 
round and rectangular culture tankS 10 fit most any filtration 
need. Used in comoination With t!. x Tfe gravel. these filters !,:rOa 

vide tor very efficient filtration of ammonia and other dissolvea 
suostances. Vanous plumolng options are aVailable Incluclng 
baCK fluSh hOOkups lor cleaning 01 the Iilter ana aillitts fer 
Increased filter effiCiency. 

';. :., ~ W ~. .. . 

Fish Rearing Troughs 
P,ectangular fiberglass troughs are availacle in many sizes 

ranging trom 6" to 36" deep. 12"to SO'wide and 48":0 216' tong. 
These troughS are faoncated on a waxed mold giVIng the 'ntenor a 
smooth mirror finish. A lop lip for extra strength and curacllity IS 
Slandard on all tanks. A suffener nil is standard on larger tanks to 
prevent cowing in the Sidewalls. 

These trougns serve many needS in the culture ~uslneS5. 

These neeas Include uses In tisn try growcut and as l"iClclng tankS 
in the crao and 10bSler InduSlry. 

Fish reanng troughs are very ccoular due 10 their hlc;n versatll· 
ity. ;;:any aVaJlaole sizes. and a vanery of Olumotng 00(10n5. They 
are aconomiC3.11y ;mced ana are nestea lor a tremenccus fretgnt 
savings. 
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PORTABLE MODULAR FISH HATCHERY SYSTEMS 
(u.S. PATeNT'; 4.7:38.220) 

Red ewald. Inc. manufactures a senes ot portable mOdular ~Sh 
hatchery and lab systems. Utilizing ,nsulated trailer vans. these trailer 
systems are aaslly movea trom one location 10 anotner. In IMe event ot 
aonormally high lices ana storms. :~e trailers can Os movea to hlgn 
ground ano satety until the oanger '5 ~ast. 

rnese MOdular Systems can be aesigned to facilitate orooofish 
soawnlng. hatching ana reanng ot laNai ~sh and fingerlings. and live 
teed reanng (algae. rotiters. bnne snrimp. nematOdes~ As a moolle wet 
lac. these mOdular systems can be used as an on-Site laboratory tor 
field stUdies and research. System deSigns can inclUde reC1(CUlaung or 
How-througn caoaoi"ties. heating and COOling capacllities. aeration. 
lignting and more. Untt5 are currently being used With Ti/ap18. red drum. 
roufers and algae. and as a mooile wet lao. 

FRY·FINGERLING·BRINE SHRIMP TRAILER 
The mOdule is eoUIOPed wltn a 

senes ot culture lan~s for =gg 
,nc~oatlon and hatc~ing. fr{ 
reanng and fingerling cutture 
With size and snape ot the tan~s 
aepending uoon the type ot fisn 
being cultured. This trailer can 
alSO be eoUlpped With cone bot­
tom tanKs for bnne snomp cul­
ture. An air blower ana heater-alf 
COMQltloner are standard. 

BROODFISH TRAILER 
The trader InCludes two large 

independent tanks tor broodfisn 
With ~Iter tanks througn which 
the water is ree:rculated. An alr 
blower provides air for aeration 
and water clrculanon along wllh 
hearing and cooling eQuloment 
for enVIronmental control. Light­
ing IS arne ClOCK controlled. 

MOBILE WET LAB 

ThiS trailer octlon provlCles tanks and systems for researcn ana 
exoenmental stuaies. Eoulpped 'Nltn tanks. aeration. ligntlng. 
heating and COOling equipment. a comelete wor< area can :e set 
up at remote Sites or can have a ~ermanent home base. These 
trailers are designed and butlt to customer soectiicatlons. All that 
IS needed at eaCh jooSlte IS water and eleanc;ty ..... t remote sttes. 
the trailer can oe powereo With a ~ortaole ~enerator. One current 
trailer has been used in researCM 'NorK. on sea urcnlns. craos. 
OctOOI. SOtny lObster and more. 

L 
ALGAE·ROTIFER TRAILER 
T;"';iS modul~ has a senes of tanKS lor ~he culture of algae. 

rctlta,.s. or other live foOd organisms used In tis., culture. An atr 
blower provides aeration and a combination nea{er·alr conal­
honer orovides temperature control. Hign '"tensity lignt oanKS 
prOVide light for algae culture. 
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APPENDIX E 

WATER WELL QUOTATION 
(R. DeMARCY, B&J WATER WELL SERVICES) 
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B & J Water- Well Ser-vice 
419 East First street 
Kaplan, La. 70548 

Eaton Industries 
1240 Blalock 
Suite 100 
Houston, Texas 77055 

Attention: Mr. Doug Graham 

This well will be be~veen 400 ft. and 500 ft. deep. 

The well will comply with the rules of the Denartment 
of Transportation and Developement of Baton Rouge La. 

The well will be cemented from the ton of the water 
producing sand to ground surface. -

The well will produce 600 G.P.M. with pressure setting 
of 30# - 50# pressure. 

The well will be connected to your wire at well site. 

Sincerely, 

~::'}!;?/ld 
:a &: J Water- Well Service 

RD:al 
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B & J Wate~ Well Service 
419 East Fi~st Street 
Kaplan, La. 70548 

Eaton Industries 

Attention Mr. Doug Graham 

This is a copy of what I quoted over the phone. 

400' 10" steel casing welded 
50' 6" steel casing 

120' 6" steel threaded pipe 
50' 6" PVC w.o.P. screen .016 

1 6" cap 
1 ai~ ccmpressor to hold air L~ tarJ. 
1 6" check valve 
1 6" gate valve 
1 10" X 6" well seal 
1 t" steel vent 

160 Ib drilling mud 
86' stainless cable 

2 stainless V bolts 
100' 10-3 sub cable 

1 600 G.P.M. sub pump @50' 
30-50 ft pressure setting 
460 volt motor 
cement well to 400 ft outside casing 
1 10" X 6" sand seal 

Cost of well $23,620.00 Plus Tax 
10,000 gal. steel painted tank $13,482.00 plus tax 
$2,000.00 installation plus tax 
10,000 gal. coded tank $20,436.00 plus tax 
Installation $2,000.00 plus tax 
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APPENDIX F 

COMPARATIVE PERFORMANCE ANALYSIS: COMMERICAL CUT-FLOWER PRODUCTION 
(J. WHITTIER, SOUTHWEST TECHNOLOGY DEVELOPMENT INSTITUTE) 

SEATTLE TIMES EDITORIAL 
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EXECUTIVE SUMMARY 

A 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. 

The intent of the analysis is to examine various geographic regions 

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

geographic regions throughout the nation. The greenhouse operation is 

assumed to be four acres in size and the facilities utilize current technologies. 

Tne 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 sale at wholesale. Selling markets vary by location, but in 

general they are large metropolitan areas. 

An economic model has been created to estimate various cash flow, 

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 associated with a business 

expansion in an already-established location. Estimates and as:;umptions 

were developed for the following items: greenhouse capital costs, economic 
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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 Mexicoi 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. 

The analysis strongly indicates that new installations for cut-flower 
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 Cruces, 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 electricity 
rates that help reduce annual operating costs. Both Scranton and Columbus 

are vulnerable to electricity 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 la for a comparison of the various sites. 
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Table la. Comparative Financial Performance 
Total 
Sales Net Cash 

NPV ROI BE Price Revenue Inflow (AT) 

Location (S) (':'0) (S) (Slft2 ) (51ft 2 ) 

Tucson 218,991 8 0.27 6.43 1.00 
San Diego -1,167,935 -1 0.32 6.00 -0.09 
Denver -391,875 4 0.34 7.64 0.63 
Boston -n8,530 3 0.47 9.38 0.54 
Flint -575,487 3 0.44 8.81 0.56 
Kansas Cty -102,268 5 0.37 7.88 0.86 
Las Cruces 352,470 9 0.27 6.60 1.09 
Columbus 218,204 7 0.39 8.44 1.17 
Scranton 286,600 6 0.41 8.81 1.05 
Dallas 282,942 8 0.30 6.56 1.00 
NPV - Net Present Value 
ROI - Return on Investment 
BE Price - Breakeven Selling Price 

The reasons for estimated profitability for Southwest-based finns 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 increasing 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 Midwest 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.LD. lighting. Both areas show estimated profitability, both 
with respect to the Southwest and to other domestic locations. The incentive 
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afforded by low electridty rates allows for profitable operation of the H.LD. 

lighting. However, slight increases in electricity rates, on the order of only 

SO.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.l.D. lighting. 

Some of the points brought out in this analysis may be considered as 

elements necessary fer a successful venture. A primary consideration 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.LD. 

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. 

In summary, it is esp,matedin this report that a cut-flower rose 

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 th,: 

primary location for their business planning. 
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Appendix A 

Financial \lodel Description 

SECTION 1. ASSUMPTIONS FOR OPERATING ANALYSIS 

Greenhouse Assumptions 
LAND COST: Land cost estimations are based on known prices 

of existing and likely possible locations. Commercial real estate 
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 PL4u"lTS PER ACRE: The figure given for the number of 

rose plants per acre is based upon averages cited by various 

experienced growers. 
TOTAL 1'<uMBER OF ROSE PLANTS: The total number of rose 

plants is determined by mUltiplying the number of rose plants per 

acre by the number of acres in production. 

ROSE PLANT COSTS: Rose plant costs are approximations based 

on price lists distributed by plant wholesalers. 

A VERAGE BLOOM SELLING PRICE: The bloom selling price is an 

annual weighted average selling price that will vary with the 

grower's location. The grower's market is usually a function of the 

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. 

BLOOM PRODUCTION: 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.LD. lighting. Bloom production 

rates are calculated to vary by the amount of sunshine that a location 
receives. 

EwfPLOYEES PER ACRE: The number of people employed to 

work a one-acre are:l. of production varies depending on the degree 

of autom:l.tion in any p:l.rticular greenhouse oper:l.tion. A low level of 

automation is :l.ssumed for this study. 
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PRODUCTION LOSSES: With any type of production there will 
be shrinkage or production losses due to stem quality J.nd/or the 
quality of post-harvest handling. The figure cited for production 

losses is an estimate suggested by experienced rose growers. A dry 
climate is expected to have fewer losses than a humid climate 
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 pl:lnts 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 
Slze for a startup commercial operation. 

ACRES: A ten-acre plot is assumed. Six of the ten acres will be 
used for warehouse/office facilities, parking. supply storage, and will 
also allow for future expansion. 

H.LD. LIGHTING: The assumed cost of H.LD. lighting is 5200 per 
lamp and includes installation. 

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

Economic Assumptions 

ST A TE TAX RATE: Corporate state rates are calculated 

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 considered 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 ~ax losses to be carried over for up to five years and carried 
back for three years. However. in order to simplify calculations, tax 
losses are carried over and back for a one year period. Tax credits 

and other special deductions are not considered in this study. 
F.LC.A. (Social Security) TAX RATE: FJ.C.A. taxes are calculated 

based on the current flat rate and remain constant across the U.S. 
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S.U.T.A. (State Unemployment) TAX RATE: Unemployment 
taxes are calculated based on the standard rate for new employers 
and will vary by state. 0iew employers are assessed the stand::!.rd 

rate until such time that they establish individual experience rates. 
WORKERS' COMPENSATION RATE: Workers' Compensation rates 

were obtained by contacting the appropriate state offices. The rates 
apply to greenhouse workers in a newly-established greenhouse 

operation. Actual future rates will be determined by each individual 
greenhouse's experience rate after a certain time period. 

VEHICLE FEE: It is assumed that greenhouse operators will use 
a van for local deli very and miscellaneous errands; The fee refers to 
the estimated cost per mile that operating a vehicle requires. 

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

GENERAL INFLATION RATE: The financial model allows for the 
projection of costs and revenues adjusted for inflation. A zero 

inflation rate implies a constant dollar analysis over the given time 

horizon. 
LABORER WAGE RATE: Labor costs include all wages paid to 

workers except administra.ti ve 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." 

WORK \\lEEK: The work week is assumed to be six. eight-hour 
days. Workers are not compensated at a higher overtime rate unless 
they work over forty-eight hours per week. 

PROPERTY TAX RATE:· Real property tax rates for each location 

were obtained by contacting respective local and state government 
offices. 

Utility Assumptions 
ELECTRICITY ENERGY RATE: Electricity rates were determined 

by contacting local electric utility companies and are calculated in 
terms of dollars per kilowatt hour. The rates for greenhouses 
typically fall under the "Commercial User" category. Cost calculation, 
are based on flat base rates with no allowances for factors such as 
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deposits. minimum monthly customer charges. taxes. or different 
meter sizes. 

ELECTRICITY DE:VL-\;-.-n RATE: Electricity demand races were 

determined by contacting local electric utility companies and are 
calculated in terms of dollars per kilowatt per month. Not all electric 
companies assess demand charges. 

H.LD. ELECTRICITY E~r:RGY RATE: Electricity rates for H.LD. 
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 r:ltes. It was 
assumed that H.I.D. lighting would not be used unless an off-peak 
rate or relatively low electricity rates were available. Cost 
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.LD. ELECTRICITY DEMAND RATE: Electricity demand rates for 
H.LD. lighting were determined by contacting local electric utility 

companies and are calculated in terms of dollars per kilowatt per 
month. 

NA TURAL GAS RATE: Natural gas rates were determined by 

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

W ATER RATE: Water rates were determined by contacting 
local private and municipal water companies and are calculated in 
terms of dollars per thousand gallons. 

HEATING FUEL J}.'FLATION RATE: The financial model allows .. . 
for the projection of costs and revenues adjusted for inflation. A zero 
inflation rate implies a constant dollar analysis over the given time 

horizon. 
ELECTRICITY I~rLATION RATE: The financial model allows for 

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

horizon. 

REA TING LOAD: The heating load is calculated with a 

computer-assisted energy simulation model for each location. and the 
load is reported in terms of millions of BTU for a four-acre 
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greenhouse complex.. A printout of the computer inputs is included 

in Appendix. C. 
ELECTRICITY LOAD: The electricity load is computed by 

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.LD. ELECTRICITY LOAD: The H.LD. electricity energy load is 

based on the total number of H.LD. lights 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. It is assumed that 

greenhouses in locations that do not utilize evaporative cooling use 
approximately one-half the amount of water utilized by greenhouses 
using evaporative cooling. 

BOILER EFFICIENCY: Because a natural gas burnerlboiler has 

combustion inefficiencies. the boiler is assumed to be 75% efficient. 
C02: The approx.imate square footage cost to generate carbon 

dioxide was obtained from the Ball Red Book. C02 will only be used 

from October to April. 

Amortization Assumptions 

PRINCIPAL: A debt-to-assets ratio of approximately 70% is 
typical for this industry segment (Bedding Plants, Inc., 1988 

Greenhouse Operating Performance Report). Total capital costs were 
multiplied by 70% to obtain the principal. 

INTEREST RATE: A given interest rate is assumed. The interest 
rate is 8.5%, which may be somewhat low for a current market rate. 
However, the authors believe 8.5% reflects a high interest rate since 

~ationary effects are incorporated into the model. Thus, the 
8.5 % rate reflects a real or true rate and, in this case, is a 
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conservative figure. This rate is used for the calculation of the loan 

payment and for the net present value calculation. 
YEARS: The loan is amortized for the given time period. 

A~UAL LOA~ PA Y:\I{ENT: The annual loan payment is a sum 

of the principal and interest calculated for the specific year. Annual 

interest is calculated by mUltipLying the total loan balance at the 
beginning of the year by the interest rate. The principal is calculated 
by subtracting the interest from the annual payment. 

DEPRECIATION: Total capital building and equipment COSts are 
depreciated for a given time period, based upon the straight line 

depreciation method. 

Cash Flow Assumptions 
DEBT: It is assumed that 70% of total capital costs will be debt 

financed. 
PERCS'ITAGE OF CASH A V AILABLE FOR OPERATIONS ABOVE 

CAPITAL COSTS: It is assumed that 30% of total capital costs are 
owner financed. An additional contingency allowance of 15% of total 

capital costs is included for operations. 
CASH A V AILABLE FOR OPERATIONS: Total cash available for 

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

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

owner's contribution and the contingency funds. 

SECTION 2. GREENHOUSE CAPITAL COSTS 

Capital cost estimates for the greenhouse were obtained <!ither 
from conversations with local growers and wholesalers, or from 

published reports. 

Capital Outlay 
LAND: The land cost estimation is for a ten acre plot amortized 

for a twenty-year period along with other capital costs. 
PLANTS: The initial purchase of rose planes are amortized for a 

seven-year period. The rose plants must be replaced every seven 

years. 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. 

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

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

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

every two years. 
SOIL PREPARATION: It is assumed that the grower will have to 

manage the local soil with a variety of medium conditioners. The 

plants will be grown directly in the local soil. 
Co.OLING SYSTEM: A pad-and-fan evaporative cooling system 

will be installed in most locations, however a basic fan-cooling 

system with side vents is used where appropriate. 
HEATING SYSTE:\-1: The use of a natural gas-fired boiler with . 

hydronic distribution is assumed. 
THERMAL 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. 

H.LD. LIGHTING: Natural lighting conditions in some areas of 
the country make the need for H.LD. lighting necessary. 

FREIGHT: A freight cOSt for incoming supplies is assumed. 
IRRIGA TIo.N SYSTEM: The use of automatically-operated 

perimeter watering systems is assumed. 
ENVIRo.N:YlENT.-\L CONTRo.LS: Environmental computer controls 

are used for monitoring and controlling temperature, ventilation. and 
humidity. 

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

SORTING MACHINE: The use of an automatic sorting machine is 
assumed. 

CO.2 GENERATo.R: The use of a CO.2 generator is assumed. CO.2 

will only be used from o.ctober to April. 

Co.NCRETE WALKS: The cost of laying concrete walks is 
included. 
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Other Capital Equipment 
YlETAL BUILDI?\G: Estimated costs for a metal building to 

include office space and a headhouse area is is included. 

OFFICE EQUIP~[E~T: It is assumed that office equipment 

includes a copier, computer, software, timeclock, and other 

miscellaneous supplies. 
PLAl."l'T COOLING STORAGE 'UNIT: The use of a storage unit to 

refrigerate or cool flowers is assumed. 
DELIVER Y VEHICLE: The use of a van for local pick-up and 

deli very purposes is assumed. 

MISCELLANEOUS: An additional allowance for miscellaneous 
items not included elsewhere is assumed. 

SECTION 3. OPERATING BUDGET CASH FLOW 
The third section shows a projected cash flow on a yearly basis 

for the first ten years of greenhouse operation. It is anticipated that 

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. 

Sales 

SALES VOLUME: The volume of roses sold is calculated by 

subtracting the production losses from the blooms sold per year (see 
Assumptions). 

SALES PRICE: The average bloom selling price is obtained from 

Assumptions. 
SALES REVE~E: Sales revenue is calculated by multiplying 

the sales volume by the selling price. No sales occur in the first year. 

and no revenue is expected until year two. 

Outlay for Production 

Operating costs are typically separated into fixed and variable 

categories. However. annual rose production is basically constant. 

That is. the same number of rose plants yield approximately the 

same number of roses every year. and the operating requirements 
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for those rose plants remain constant. Therefore, this study refers to 
what are normally variable expenses as production expenses. Fixed 
operating expenses continue to be referred to as fixed expenses. 

PRODUCTION EXPENSES: Production expenses for both regular 
and H.LD. electricity (where applicable), heat, water, C02, chemicals, 

and fertilizer are based on the assumed rates of usage. Estimates for 

year one are for six months of production; estimates for the 

remaining years are based on twelve full months of production. 
FIXED OPERATING EXPENSES: Administrative salaries including 

the owner/manager, grower, sales, legal/accounting, and 

maintenance positions are assumed to be fixed annual salaries. 
Because planting and production will not begin until aiter the sixth 
month, year one salary estimaJes are lower than those of later years. 
Allowances for annual salary increases are not included in this study. 

Hourly wages are assumed for laborers and are estimated to 

begin in the sixth month. Hourly wages are also assumed for 
delivery personnel. These costs are not incurred until year two. 

F.I.C.A. and S.U.T.A. costs are incurred in direct proportion to 

both fixed and hourly annual wages paid. Workers' Compensation 

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 it is assumed that they will remain constant for the 
following nine years. 

OTHER FIXED EXPENSES: Other fixed expenses include the 
breakdown of principal and interest in the total annual loan 
payment. 

TAXES: Federal and state income taxes are calculated based on 
the tax rates (see Note 1). 

CASH FLOWS: Year-end cash flows are determined by 
subtracting net cash inflow after tax balances from beginning cash 

flow balances. The year-one beginning cash flow amount is obtained 
from the "Assumptions" section. 
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SECTION 3a. ~OTE 1 
:-"-:ET CASH l1'<TIOW FOR TAX CALCL1.ATION: The net cash 

int10w for tax calculations is determined by subtracting the tax 
deductible interest and depreciation allowances from the net cash 
inflow from operations. Depreciation is assumed to be straight line 
for a seven year period. The simplified allowance for tax loss 
carryover and carryback is for one year only. 

BALANCE: The balance determines the tax loss carryover or 

carryback. 

SECTION 4. FINANCIAL CALCULATIONS 

Profitability 
A VERAGE BLOOM SELLING PRICE: The average bloom selling 

price is given in the .. Assumptions" section. 

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

INTERNAL RATE OF RETURN (IRR): The IRR is the rate that 
equates the present value of expected future after ta."( cash flows to 
the initial cost of the project. The calculation is for a projected 

twenty-year period. 

RETURN 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. 

PROFIT MARGIN: Profit margin for year two is calculated by 
dividing net income after taxes by year-two annual sales. 

Breakeven Analysis 
ANNUAL 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. 
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0<cT INCO~[E: ~et income is calculated as the annual sales less 

the sum of annual production expenses and annual fixed expenses 

for year two. 
SALES REQCIRED FOR BREAKEVE:--;: Breakeven sales dollars 

represent the volume of sales at which total costs equal total 

revenues. The calcalation 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. 

Effects of Changes in Average Bloom Selling Price 
The effects of changes in average bloom selling price on firm 

profitability is indicated. Five-cent increases in the bloom selling 
price are used to illustrate the effect on profit margins. 

Greenhouse 
I.:.'fST ALLED COST: The installed cost is the sum of the costs per 

square foot for the greenhouse and greenhouse installation. Other 

capital equipment costs are not included in this calculation. 
PRODUCTIVE AREA: The productive area is calculated by 

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

Utilities 

HEA TI:\'"G COSTS: Heating costs per square foot are calculated 
by dividing the annual heating expenses by the total of 174,000 
square feet. 

ELECTRIGTY COSTS: Electricity costs per square foot are 
calculated by dividing the annual electricity expenses by the total of 
174,000 square feet. 

Revenue 

DOLLARS PER SQUARE FOOT (TOTAL SALES REVENtJE): Revenue 
dollars per square foot (S/sq. ft.) is determined by dividing total 
sales by 174,000 square feet. 

F-19 



DOLLARS PER SQL'ARE FOOT (~"ET CASH AFTER TAXES): 

Revenue dollars per square foot (S/sq. ft.) is also calculated in terms 

of net cash intlow after taxes and is determined by dividing net cash 

intlow after tlXes by 174,000 square feet. 

Operating Budget 
The operating budget category inc! udes various key operating 

costs expressed in terms of percentage of total expenses and 

provides a convenient method to compare costs at different locations. 

It is based on year two costs and revenue. 
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TABLE 8·25. ASSl.;;-'1PT!O:\'S FOR THE LAS CRL"CES AREA 

Greenhouse Assumptions 
Land cost (Slaere) 
Rose plan ts per acre 
Total # of rose plants 
Rose plant costs (5/piant) 
A verage bloom selling price 
Bloom production (blooms/plant/year) 
Production losses 
Net blooms (plant/year) 
Blooms sold per year 
Employees per aere 
Greenhouse size (aces) 
Acres (totall 
Square feet/ acre 
Warehouse/Office (sq. ft.) 

Economic Assumptions 
State tax rate 
Federal tax rate 
F.r.C.A. rate 
S.U.T.A. rate 
Workers' Compensation/5l00 
Vehicle fee (S/mile) 
Vehicle miles driven per year 
General inflation rate 
Laborer wage rate 
Work week (hours) 
Property tax rate (5/1,000, l/3 valuation) 

tl'tility Assumptions 
Electricity energy rate (5/kWh) 
Electridty demand rate (5/kW /Mo) 
Natural gas rate (5/~1MBTU) 
Water rate (5/1,000 gal) 
Heating fuel inflation rate 
Electricity inllation rate 
Heating load (MMBTU/4 acres) 
Electricity load (kWh/year/acre) 
Electricity load (kW /aere) 
Water consumption (gal/acre/year) 
Boiler efficiency 
C02 (5/ sq. ft. to generate) 
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:51:,300 
31,500 

126,000 
53.00 
SO.32 

30 
5% 
29 

3,591,000 
i 
~ 

10 
43,500 

7,000 

4.8% 
34% 
14% 

2.7% 
54.50 
:50.30 

20,000 
0% 

54.50 
48 

520.95 

50.075 
514.00 

53.25 
51.00 

0% 
0% 

16,217 
120,000 

15 
~,888,500 

i5% 
50.20 



Assumptions Cont 

AmortizJ.tion Assumptions-Initial Outlay 
Principal 
In t erest ra te 
Years 
Annual loan payment (P & !) 

Depreciation (# years, straight line basis) 

Cash Flow Assumptions 
Debt (% of total capital costs) 
% of cash avail. for op. above capital costs 
Cash available for operations 
Beginning cash 
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:5U07,730 
8.5% 

20 
5159,323 

7 

70% 
15% 

52,476,985 
5969,255 



TABLE B·26. GRED;HOUSE C.u>IT AL COSTS FOR TI£E LAS CRUCES .~E.~ 

Capital OutillY 
Land 
Plants· roses (years 1 &: i) 

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 
Env;ronmental Controls 
Fertilizer Injector 
Sorting Machine 
COz Generator 

Total Greenhouse only 

Other Capital Equipment 
~etal Building (includes office) 
Office Equipment 
Concrete Pad (Metal bldg. only) 
Plant Cool Storage Unit 
Cool Storage Installation 
Delivery Vehicle (van) 
Miscellaneous 

Total 0 the>' 
TOTAL 
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S 
5125,000 
5378,000 

5391,500 
526,100 
525,000 

5139,200 
5278,400 

517,400 
515,000 

5174,000 
526,100 
517,400 
569,600 
543,500 

5121,800 
560,900 
58,700 

525,000 
526,100 

51,465,700 

565,SOO 
530,000 
529,400 
530,000 
55,000 

515,000 
510,000 

5185,200 
52,153,900 

S/sq It 

52.25 
50.15 
50.14 
50.S0 
51.60 
50.10 
50.09 

51.00 
50.15 
50.10 
50040 
50.25 
50.iO 
50.35 
50.05 

50.15 

58.23 



: -

I 
r 
I 
~ 

:0 · ~.;; 
:I~· ~ ~ ft -

;; 

·0 0"". 
.~" .... .: ~-. ;: , · - -~.. -" · :0 

• -o;::c:: _0-
: .... 0 

.~ : 
~ .. .: · 

0 0 
°NO 
Oft" .. _" 0_. ........ · - -.;..; :. · 

·0 
0.0 .. ...... 

~: s; · - -~... -" • 
:~. 

"- " _0-
:Ill." • ...... : 
~ .. .: · 

o 

! .. 

i~i~8!: 
"O~·o··"O·. .,..- ......... . ... _ .... -.. 

-0 . 
!!§§!;§5;~!§§!!§!SSSS~~ 
oo.~ •• 0 •• N." 00 ~a. ~ .. 
.~ .... ---- .. --~ .. - .... -- .. ......................... _ .. - -. . -

ggggg!g5;~S§§g§§§SSSS~~ 
~- ~. =- ~ ~':' ~': ~ =" ::!':;:: ~ '! ::i '!!:~ • •••• ;;._.- •••• ·'S 

§ § ! § § ~ S : : i S ~ 8 § ~ S § S S S S ~Iii 
~~~~~~ ~~~ -~.~ ~ ~~ N ____ ... ...... .. ... _.... _._ ........... - .. .. -I" . -

F-24 

-.. -.. 
" · 

~ .. --
· -_ _ 
" · 

-§ 

-· 

~ :1:: 
; ;i; 

-T ... ' .. 
N_~ 
_0_ 
~' . " 
~~~ .. -
:=1! _N_ .. " .. -,.,­. ~" -::: 

~ ~" o ~ N -_. 
Q" .. GO 
::2~ · . 
::~~ --. .. NO' ::: 

OOft .... ..­.. ON .. 

::~~ · . 
:; zi

l
; · . 

.~~ :. :is =y 

;; 

ft 

· '" · 
· ~ · · 
.. 
:--
.. -,; .. 
;; 

-" : 
;; 

· · -

- ~I~ ao .... , .... 
... "'1-. 
~ .,. 
.-~ . . 
:;: :: ~ 
~~­
~ ... " --. . . 
--. ~ --0-_ 

:t;;,:i 

~ 313 

---'''~ r'I,: .... 
.... o· .. : -.. -......... 
o~_ · .. . : .... ". 
" -. .. ~~ 
;; 

-.. .. ~ 
ft, ~_. · -­.. ----.. _"_0 .. 
-.. .... ... ....... · _ --.. 
:;-:.~ .----. ::: : 
p-t.o f'i . .. 
:;~2 

-" . .. . · ~ -;~. ~ ... 

· .--G.::: :: ... ..: 
~ -. -.. ... 



.1 
~I 
~ 

· ~ 

· ~ 

· · .. 

~ · 
~ 

" -
· t -

~ · ~ a 

· · i -
· · · ~ -
· · · · --
o 

~ 

· -

· z 

'.0 .;g; 
• N 
:~: 

:8-:: 
NON 
..... o· ....... ~ . 

0 •• 

":~~ 
~i , •. : c· 
=~!: ---
;::;g.., -.. 
,.', •• ;t'I' 
:~~ -.-
':!8'!! 
~.N .', .. : ..... 
=~:: .. -

· " ~ : 
:; 

i' · 

· -
· o · · 

= · · · -
; 

· .: 
o 

~ 

o · · 

" · · o · · 

· z 

~-. "-0 0-_ 
~' ... <II-: .. ::, 

:: . 
o • 
,..," 0' 

:a 

.. o 0 
0 ..... 
.~ 

• 0 -~ -
:~ .. ,.' .. ' 
";: -
· . ~ ~ 

"" .. 
::: 

· " -. 
.. 
o 0 .... ... .. --
== ...... · . · " --
· . o 0 · . " . o. 

" ~ " ~ · . 
o 0 · . --
-­· . .' ." o 0 .. 
~:! 

; 

• · i · 
F-25 



Price 
(S) 

0.25 
0.30 
0.35 
0040 
0045 

TABLE B-2S. FI:-.IA.'JCL-\L CALCULATIONS FOR THE LAS CRCCES AREA 

Annual Annual 
Production Fixed Total Profit 

Sales Expenses Expenses ExtJenses Net Income ~argin 
(S) (S) (5 ) (S) (S) (<>;, ) 

897,750 180,208 If 9,550 959,758 -62,008 -7 
1,077,300 180,208 779,550 959,758 117,542 11 
1,256,850 180,208 7i9,550 959,758 297,092 24 
1,436,400 180,208 779,550 959,758 496,642 33 
1.615,950 180,208 779,550 959,758 656,192 41 

Figure B-7 
Operating Budget Distribution, Las Cruces 
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APPENDIX E 

Support Calculations 

These calculations, in support of the projected quantities of GP/GT Energy in the forms E(B), E(G) and 
E(P), are based on well known relationships between the common energy and power units, specifically 
the following: 

Energy Units 

I KW Hour = 3,413 B.T.U. 
I HP Hour = 2,545 B.T.U. 

Power Units 

3,413 BTUIhr. = 1.0 KW 
1.0 KW = 1.34 HP 
1.0 HP = 0.746 KW 

Further, the relationships that 1.0 B.T.U. is the amount of heat energy required to raise the temperature 
of 1.0 lb. of water by 1.0 OF; 1.0 SCF of natural gas contains 1,000 B.T.U.'s; and that the gas 
consumption of a gas-driven engine of the type to be applied herein = 6.3 SCFIHP hour. 

Support calculation have been prepared for the values of the E(B), E(G), and E(P) energy parameters 
associated with the "Maximum" case for the East Sand for purposes of example, and are presented as 
follows: 

E(B): Based on an assumed total temperature differential of 100°F 

#B.T.U.'s per hour = 25,000 BPD x 42 gallbbl. x 8,34 Ibs./gal. x 100°F. 
24 hrs. 

= 36,487,500 B.T.U.'s per hour 

NKW = 36,487,500/3,413 = 10,690.7 KW 

NHP = 10,690.7 x 1.34 = 14,325.6 HP 

E(G): For Gas Turbine Power 

Flow Ratelhour = 600,000 SCF/day divided by 24 hours = 25,000 SCFIhr. 

NHP = 25,000 SCFIhr. divided by 6.3 SCFIHP hr. = 3,968 HP 

#KW = 3,968 HP x 0.746 = 2,960 KW 

#B.T.U.'slhr. = 2,960 KW x 3,413 = 10,103,563 B.T.U.'s per hour 

E(P): For Hydroturbine Power 

NHP = flowrate (SCF/sec. x Hydrostatic Head, Ft. x Efficiency) x Constant Flowrate, SCF/sec. 
= 25.000 BPD x 42 Gallbbl. = 1.625 SCF/sec. 

(84,600 sec.lday) (7.48 gal.lcu.ft.) 

Hydrostatic Head = 950 psi = 2,194 Ft. of head 
0.933 psi/ft of head 



Assumed Efficiency = 0.90 

Constant = 0.1135 (converts weight of water to energy terms) 

#HP = (1.625 SCF/sec. x 2,194 ft. x 0.9 x 0.1135) = 364.2 HP 

#KW = (364.2 x 0.746) = 271.7 KW 

#B.T.U.'slhr. = 271.7 x 3,413 = 927,289 B.T.U.'slhr. 

Note (1): Identical calculations using the appropriate values for the other sands and the minimum case 
have been utilized to obtain the values shown under the heading entitled: "Order-of­
Magnitude Projected Quantities" 
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EVALUATION OF AUTO DESALINATION 

As with all process feasibility evaluations, background information must be obtained 
which determines the feasibility of the various process units. In the case of the GP/GT 
application, the following wellhead information was provided by the Project Manager, 
based upon historical data from the McAllen Ranch wellfield: 

• Wellhead Temperature: 265°F 

• Entrained Gas 25 ftl/bbl 

• Daily Feed 1.0 MGD 

• Chemical Analysis see attached 

• Brine Disposal Via Injection Well (others) 

• Minimum System Recovery 75% 

• Wellhead Pressure 1000 PSI 

• Produce Water Quality SDWA Standards 

Based upon the temperature, pressure, and entrained gas information, all membrane 
systems can be precluded from further consideration without significant additional 
process equipment to cool and degas the streams. The elevated pressure can be 
reduced by the utilization of an energy recovery system to both recover the GP energy 
and depressurize the stream. 

Immediately after depressurization, a single-staged flash unit without a condenser can 
be applied to remove the entrained (miscible and immiscible) gases from the stream. 
This energy source can be recovered or utilized for other energy production on-site. 

Based upon standard thermodynamic design, the heat loss from wellhead, 
depressurization, through these units is estimated to be 15-20°, resulting in a flow to 
the desalination system at a temperature of approximately 245-250 0. 

The basic concept of the autodesalination system has been to utilize the GT aspect of 
the flows. Instead of the usual system of heat sources and exchangers throughout the 
process, the stream arrives at an elevated temperature, which then provides the 
thermal energy to drive the multi-effect unit. 
Prior to the actual design of a multi-effect distillation system, attention must be made 
to the feedwater chemistry, the brine chemistry, and the number of effects. The 
physical chemistry of the flows across the various effects determines the performance, 
scale deposition, and corrosivity of the system. 
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A thermodynamic review of the system indicates the number of effects to be between 
twelve and sixteen, based upon the water recovery. The implementation of freon (or 
CFC-free refrigerant) charged condensers instead of product water charged condensers 
will optimize the performance and reduce the actual number of stages required. It 
should be noted that there is an approximate 3.0-5.0· F temperature drop across each 
stage, based upon the vacuum applied and system insulating capacity. For the 
purposes of this review, a 5.0· F temperature drop was considered in the preliminary 
design. 

With a basic concept of the most applicable type of system to utilize, an evaluation of 
the system feed water was performed. Utilizing a modified commercially available 
physical-chemistry saturation computer model (Dh-SAT, French Creek Software). the 
system was first modeled at the wellhead parameters, at a pressure of 1000 PSI. 
Following this evaluation, an evaluation was performed of the brine (reject) stream at 
the 75% water recovery level (concentration factor 4.0). at a pressure of 0 PSI. 

The results of both were evaluated, with graphical representations attached in 
Appendix A. The Dh-SAT program calculates indicators of scale potential for the 
following: 

• barium sulfate Barite 

• barium carbonate Witherite 

• calcium carbonate Calcite 

• calcium sulfate Gypsum 

• strontium sulfate Celestite 

• calcium phosphate Hydroxyapatite and 
Tricalcium Phosphate 

• iron hydroxide Amorphous Iron Hydroxide 

• iron phosphate Strengite 

• iron carbonate Siderite 

• silica Amorphous Silica 

• calcium fluoride Fluorite 

• magnesium hydroxide Brucite 

In addition, several scaling indices are calculated, including the following: 

• Langelier Index 
• Stiff-Davis Index 
• Ryznar Index 
• Oddo-Tomson Index 
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A review of the data for the wellhead stream immediately finds several problems in the 
form of scale forming salts. The Langelier Index finds that for all conditions in excess 
of pH 7.0, scale will form. The elevated total dissolved solids level of this stream 
(> 9,800 mgtl TDS) indicates the Stiff-Davis Index should perhaps apply. A review of 
the Stiff-Davis plot for these conditions finds significant scale formation at pH greater 
than 7.0 and at temperatures less than 2330 F. 

A review of the plots for several constituents finds immediate problems in scale 
formation with Silica at all pH conditions at temperatures less than 1830 F, Aragonite 
at all temperatures at pH conditions greater than 7.0, Barite under 1830 F, Calcite at 
all temperatures at pH greater than 7.0, Siderite at all conditions, and Strontianite at 
all temperatures at pH greater than 7.5. 

In summary, the scaling potential of the feed water source precludes the imple­
mentation of a multi-effect desalination process without significant additional process 
control systems for pH and temperature management. 

In an effort to further understand the performance of the GPtGT feed waters under the 
McAllen Ranch operational conditions, a second run was made at 75% water recovery, 
a concentration factor of 4.0. 

A review of the data for the 75% recovery stream again immediately finds several 
problems in the form of scale forming salts. The Langelier Index finds that for all 
conditions in excess of pH 6.33, scale will form. The elevated total dissolved solids 
level of this stream (> 36,500 mg/l TDS) indicates the Stiff-Davis Index should perhaps 
apply. A review of the Stiff-Davis plot for these conditions finds significant scale 
formation at all pH greater than 6.0 and at all temperatures less than 2500 F. 

A review of the plots for several constituents finds immediate problems in scale 
formation with Silica at all pH conditions at all temperatures less than 2330 F, 
Amorphous Iron Hydroxide at all temperatures when the pH is greater than 6.5. 
Anhydrite under all conditions, Aragonite at all temperatures at all pH conditions 
greater than 5.5, Barite under 2170 F, Calcite at all temperatures at all pH levels 
greater than 6.0, Siderite at all conditions, and Strontianite at all conditions. 

In summary, the scaling potential of the brine reject stream will result in significant 
scale formation and deposition within the system, with what appears to be significant 
deposition (as noted in the Momentary Excess plots) in effects after Effect No.6. 
Even with the addition of significant additional process control systems for pH and 
temperature management, the implementation of the multi-effect distillation system on 
the GPtGT feedwaters in technically unfeasible at this time. 
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EVALUATION OF AUTO DESALINATION 

As with all process feasibility evaluations, background information must be obtained 
which determines the feasibility of the various process units. In the case of the GP/GT 
application, the following wellhead information was provided by the Project Manager, 
based upon historical data from the McAllen Ranch wellfield: 

• Wellhead Temperature: 265°F 

• Entrained Gas 25 ft3/bbl 

• Daily Feed 1.0 MGD 

• Chemical Analysis see attached 

• Brine Disposal Via Injection Well (others) 

• Minimum System Recovery 75% 

• Wellhead Pressure 1000 PSI 

• Produce Water Quality SDWA Standards 

Based upon the temperature, pressure, and entrained gas information, all membrane 
systems can be precluded from further consideration without significant additional 
process equipment to cool and degas the streams. The elevated pressure can be 
reduced by the utilization of an energy recovery system to both recover the GP energy 
and depressurize the stream. 

Immediately after depressurization, a single-staged flash unit without a condenser can 
be applied to remove the entrained (miscible and immiscible) gases from the stream. 
This energy source can be recovered or utilized for other energy production on-site. 

Based upon standard thermodynamic design, the heat loss from wellhead, 
depressurization, through these units is estimated to be 15-20°, resulting in a flow to 
the desalination system at a temperature of approximately 245-250 0. 

The basic concept of the autodesalination system has been to utilize the GT aspect of 
the flows. Instead of the usual system of heat sources and exchangers throughout the 
process, the stream arrives at an elevated temperature, which then provides the 
thermal energy to drive the multi-effect unit. 
Prior to the actual design of a multi-effect distillation system, attention must be made 
to the feedwater chemistry, the brine chemistry, and the number of effects. The 
physical chemistry of the flows across the various effects determines the performance, 
scale deposition, and corrosivity of the system. 
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J. McNutt & Associates, Inc. 
McAllen Ranch Well Analysis 
November, 1993 
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8-16 3983.00 3258.00 308.00 6.00 163.00 2.00 21.00 5.00 
8-21 4113.00 2741.00 288.00 6.00 57.00 1.00 8.00 4.00 
8-22 4085.00 2837.00 318.00 5.00 164.00 2.00 22.00 6.00 
8-20 4135.00 2023.00 181.00 4.00 84.00 1.00 13.00 4.00 
8-15 4082.00 2657.00 290.00 5.00 147.00 1.00 13.00 2.00 
8-24 3327.00 360.00 6.00 165.00 2.00 23.00 5.00 
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CF-2 4080 5614 582 11 260 3 33 9 
CF-3 4080 8422 873 16 390 5 50 13 
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8-16 3983.00 5.20 0.20 5090.00 377.00 20.00 90.00 701.00 
8-21 4113.00 1.20 9.00 0.10 4170.00 432.00 16.00 75.00 804.00 
8-22 4085.00 0.50 6.60 0.20 4470.00 272.00 17.00 61.00 553.00 
8-20 4135.00 0.30 3.00 0.10 3210.00 249.00 12.00 55.00 628.00 
8-15 4082.00 0.90 12.60 0.60 4120.00 401.00 16.00 93.00 582.00 
8-24 0.10 14.70 0.20 5218.00 404.00 21.00 99.00 318.00 
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CF-2 4080 1.0 17.0 0.5 8759 712 34 158 1195 
CF-3 4080 1.5 25.6 0.7 13139 1068 51 237 1793 
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NOTE: Water analyses based upon data from L.S. Land, UT -Austin Department of Geology 



DownHole SAT(tm) 
SURFACE WATER CHEMISTRY INPUT 

McAllen Ranch 
4X (75% Recovery) 

Report Date: 12-01-93 
Sample ID#: 0 

CATIONS 

Calcium(as Cal 520.00 
Magnesium(as Mg) 6.00 
Barium(as Ba) 17.00 
Strontium(as Sr) 67.00 
Sodium(as Na) 11229 
Potassium(as K) 1163.0 
Lithium(as Li) 21.00 
Iron(as Fe) 34.10 
Ammonia(as NH3) 0.00 
Aluminum(as AI) 0.00 
Boron(as CaC03) 315.00 

.RAMETERS 

pH 7.00 
Temperature(Deg F) 250.00 
Calculated T.D.S. 36528 
Molar conductivity 35082 

Geothermal Formation 
4080 ft. Avg. Depth 

Sampled: 12-01-93 
at 1818 

ANIONS 

Chloride(as Cl) 
Sulfate(as S04) 
"M" Alkalinity(as 
"P" Alkalinity(as 
Silica(as Si02) 
Phosphate(as P04) 
H2S (as H2S) 
Fluoride(as F) 
Nitrate(as N03) 

Pressure(psia) 
P-C02(Bars) 
Density(g/ml) 

FRENCH CREEK SOFTWARE, INC. 

CaC03) 
CaC03) 

KIMBERTON & HARES HILL ROADS, KIMBERTON, PA 19442 

17519 
200.00 
2391.0 

0.00 
1423.0 

0.00 
0.00 

100.00 
0.00 

0.00 
3.16E-4 

1.00 



DownHole SAT(tm) 
SURFACE WATER DEPOSITION POTENTIAL INDICATORS 

McAllen Ranch 
4X (75% Recovery) 

Report Date: 12-01-93 
Sample ID#: 0 

3ATURATION LEVEL 

Calcite CaC03 11.1S 
Aragonite CaC03 8.75 
witherite BaC03 0.09 
Siderite FeC03 23S.45 
Magnesite MgC03 0.15 
strontianite SrC03 0.15 
Anhydrite CaS04 0.04 
Gypsum CaS04*2H20 0.01 
Barite BaS04 0.35 
Celestite SrS04 O.OS 
Tricalcium phosphate Ca3(P04)2 0.00 . 'roxyapatite Ca5(P04)3(OH) 0.00 

engite FeP04*2H20 0.00 
Brucite Mg(OH)2 < 0.001 
Amorphous Iron Fe{OH)3 110S.1 
Amorphous Silica Si02 2.04 
Fluorite CaF2 5.55 
Halite NaCl 0.00 
Thenardite Na2S04 < 0.001 
Iron sulfide FeS 0.00 

Geothermal Formation 
4080 ft. Avg. Depth 

Sampled: 12-01-93 
at 1818 

COMMON INDICES 

Langelier 
Ryznar 
Practical 
stiff-Davis 
Oddo-Tomson 
Larson-Skold 

BOUND IONS TOTAL 

Calcium 520.00 
Barium 17.00 
Carbonate 279.76 
Phosphate 0.00 
Sulfate 200.00 

FRENCH CREEK SOFTWARE, INC. 
KIMBERTON & HARES HILL ROADS, KIMBERTON, PA 19442 

1.62 
3.76 
O.Sl 
3.51 
2.27 
9.55 

FREE 

211.12 
3.31 
4.62 
0.00 

132.16 



PRECIPITATION 

Calcite 
Aragonite 
witherite 
Siderite 
Magnesite 
strontianite 
Anhydrite 
Gypsum 
Barite 
Celestite 

DownHole SAT(tm) 
SURFACE WATER MOMENTARY EXCESS 

McAllen Ranch 
4X (75% Recovery) 

Report Date: 12-01-93 
Sample ID#: 0 

TO EQUILIBRIUM 

CaC03 
CaC03 
BaC03 
FeC03 
MgC03 
SrC03 
CaS04 

CaS04*2H20 
BaS04 
SrS04 

Geothermal-Formation 
4080 ft. Avg. Depth 

Sampled: 12-01-93 
at 1818 

lbs/1000 
_ mg/l Barrels 

7.01 2.44 
6.81 2.37 

-19.43 -6.77 
2.35 0.82 

-7.12 -2.48 
0.14 0.05 

-1377.3 -479.92 
-3183.6 -1109.3 

-9.90 -3.45 
-467.50 -162.90 

calcium phosphate Ca3(P04)2 -0.00 >-0.001 
_ .... roxyapati te Ca5(P04)3(OH) -135.01 -47.05 

Strengite FeP04*2H20 >-0.001 >-0.001 
Brucite Mg(OH)2 -16.47 -5.74 
Amorphous Iron Fe(OH)3 < 0.001 < 0.001 
Amorphous Silica si02 701.16 244.32 
Fluorite CaF2 104.12 36.28 
Halite NaCl -6.6e+5 -2.3e+5 
Thenardite Na2S04 -1. 6e+5 -5.5e+4 
Iron sulfide FeS -0.40 -0.14 

FRENCH CREEK SOFTWARE, INC. 
KIMBERTON & HARES HILL ROADS, KIMBERTON, PA 19442 



DownHole SAT(tm) 
SURFACE WATER CHEMISTRY INPUT 

McAllen Ranch 
Water Analysis 

Report Date: 12-01-93 
Sample ID#: 0 

CATIONS 

Calcium(as Cal 130.00 
Magnesium(as Mg) 2.00 
Barium(as Ba) 4.00 
Strontium(as Sr) 17.00 
Sodium(as Na) 2807.0 
Potassium(as K) 291. 00 
Lithium(as Li) 5.00 
Iron(as Fe) 8.50 
Ammonia(as NH3) 0.00 
Aluminum(as AI) 0.00 
Boron(as CaC03) 79.00 

_.RAMETERS 

pH 7.00 
Temperature(Deg F) 250.00 
Calculated T.D.S. 9152.2 
Molar conductivity 12680 

Geothermal Formation 
4080 ft. Avg. Depth 

Sampled: 12-01-93 
at 1818 

ANIONS 

Chloride(as CI) 
Sulfate(as S04) 
"M" Alkalinity(as CaC03) 
"P" Alkalinity(as CaC03) 
Silica(as Si02) 
Phosphate(as P04) 
H2S (as H2S) 
Fluoride(as F) 
Nitrate(as N03) 

Pressure(psia) 
P-C02(Bars) 
Density(g/ml) 

FRENCH CREEK SOFTWARE, INC. 
KIMBERTON & HARES HILL ROADS, KIMBERTON, PA 19442 

4380.0 
50.00 

598.00 
0.00 

356.00 
0.00 
0.00 

25.00 
0.00 

1000.0 
3.16E-4 

1.00 



DownHole SAT(tm) 
SURFACE WATER DEPOSITION POTENTIAL INDICATORS 

3ATURATION LEVEL 

Calcite 
Aragonite 
witherite 
Siderite 
Magnesite 
strontianite 
Anhydrite 
Gypsum 
Barite 
Celestite 

McAllen Ranch 
Water Analysis 

Report Date: 12-01-93 
Sample ID#: 0 

CaC03 2.09 
CaC03 1.64 
BaC03 0.03 
FeC03 20.32 
MgC03 0.05 
SrC03 0.05 
CaS04 0.01 

CaS04*2H20 0.00 
BaS04 0.17 
SrS04 0.02 

Tricalcium phosphate Ca3(P04)2 0.00 
- 'roxyapatite Ca5(P04)3(OH) 0.00 

.engite FeP04*2H20 0.00 

Geothermal Formation 
4080 ft. Avg. Depth 

Sampled: 12-01-93 
at 1818 

COMMON INDICES 

Langelier 
Ryznar 
Practical 
Stiff-Davis 
Oddo-Tomson 
Larson-Skold 

Brucite Mg(OH)2 < 0.001 BOUND IONS TOTAL 
Amorphous Iron Fe(OH)3 283.22 
Amorphous Silica si02 0.48 Calcium 130.00 
Fluorite CaF2 0.26 Barium 4.00 
Halite NaCl < 0.001 Carbonate 24.84 
Thenardite Na2S04 < 0.001 Phosphate 0.00 
Iron sulfide FeS 0.00 Sulfate 50.00 

FRENCH CREEK SOFTWARE, INC. 
KIMBERTON & HARES HILL ROADS, KIMBERTON, PA 19442 

0.63 
5.73 
3.68 
2.34 
1.60 

10.12 

FREE 

76.91 
1.65 
0.96 
0.00 

41.17 



PRECIPITATION 

Calcite 
Aragonite 
Witherite 
Siderite 
Magnesite 
strontianite 
Anhydrite 
Gypsum 
Barite 
Celestite 

DownHole SAT(tm) 
SURFACE WATER MOMENTARY EXCESS 

McAllen Ranch 
Water Analysis 

Report Date: 12-01-93 
Sample ID#: 0 

TO EQUILIBRIUM 

CaC03 
CaC03 
BaC03 
FeC03 
MgC03 
SrC03 
CaS04 

CaS04*2H20 
BaS04 
SrS04 

Geothermal Formation 
4080 ft. Avg. Depth 

Sampled: 12-01-93 
at 1818 

lbs/1000 
mg/l Barrels 

0.83 0.29 
0.62 0.22 

-14.22 -4.96 
0.35 0.12 

-6.15 -2.14 
-9.16 -3.19 

-949.58 -330.89 
-2069.9 -721. 27 
-11. 79 -4.11 

-316.16 -110.17 
- calcium phosphate Ca3(P04)2 -0.00 >-0.001 

.roxyapati te Ca5(P04)3(OH) -82.53 -28.76 
Strengite FeP04*2H20 >-0.001 >-0.001 
Brucite Mg(OH)2 -13.33 -4.64 
Amorphous Iron Fe(OH)3 < 0.001 < 0.001 
Amorphous Silica Si02 -368.39 -128.37 
Fluorite CaF2 -37.85 -13.19 
Halite NaCl -6.1e+5 -2.1e+5 
Thenardite Na2S04 -1.3e+5 -4.7e+4 
Iron sulfide FeS -0.55 -0.19 

FRENCH CREEK SOFTWARE, INC. 
KIMBERTON & HARES HILL ROADS, KIMBERTON, PA 19442 
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J. McNutt & Associates, Inc. 
McAllen Ranch Well Analysis 
November, 1993 
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8-16 3983.00 3258.00 308.00 6.00 163.00 2.00 21.00 5.00 
8-21 4113.00 2741.00 288.00 6.00 57.00 1.00 8.00 4.00 
8-22 4085.00 2837.00 318.00 5.00 164.00 2.00 22.00 6.00 
8-20 4135.00 2023.00 181.00 4.00 84.00 1.00 13.00 4.00 
8-15 4082.00 2657.00 290.00 5.00 147.00 1.00 13.00 2.00 
8-24 3327.00 360.00 6.00 165.00 2.00 23.00 5.00 
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CF-2 4080 5614 582 11 260 3 
CF-3 4080 8422 873 16 390 5 
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8-16 3983.00 5.20 0.20 5090.00 377.00 20.00 90.00 701.00 
8-21 4113.00 1.20 9.00 0.10 4170.00 432.00 16.00 75.00 804.00 
8-22 4085.00 0.50 6.60 0.20 4470.00 272.00 17.00 61.00 553.00 
8-20 4135.00 0.30 3.00 0.10 3210.00 249.00 12.00 55.00 628.00 
8-15 4082.00 0.90 12.60 0.60 4120.00 401.00 16.00 93.00 582.00 
8-24 0.10 14.70 0.20 5218.00 404.00 21.00 99.00 318.00 
rer·~·tmBJl; --~'~."'if"_·F""'" l!\'(JiBA, . '" ,. ",:m~!!mlt~l&~~;Q~§ ,~. . • J~~~ .. .w •. ~gi,g: , .. .. ,!\'.~ 

!'):.:,i·:·CE;1:i,·":.'::t.':.'; ...... ' ..• ·,' •• ;·.,, .... :" •. 408Q·'· ... 0.5.,<' ,.'",.,8.5,::) . 0.2' ·····4380·.· .•• · ""356 .. 
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CF-2 4080 1.0 17.0 0.5 8759 712 
CF-3 4080 1.5 25.6 0.7 13139 1068 
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NOTE: Water analyses based upon data from loS. Land, UT-Austln Department of Geology 
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158 1195 
237 1793 
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TO: 

4 DEC 1993 

MR. KLEBER DENNY 
Terra Associates, Inc. 
Houston, Texas 

FM: EUGENE R. REAHL 
Ionics, Inc. 
5455 Garden Grove Blvd 
Suite 321 
Westminster, CA 92683 

APPENDIX G 

cc: EPG, JWArnold, 
R. Johnson, £ile 

tel: 713-993-0333 
£ax: 713-993-0743 

tel: 714-893-1545 
£ax: 714-892-1592 

SUB: PRELIMINARY EDR / RO COSTS & PERFORMANCE STUDY 

REF: State o£ Texas Water Development Board Grant 
Ionics M-10 (TX) 

Reviewed your water data £or GROUP 1 thru GROUP 4 conditions. We 
used the "mean" water analysis £or each group for the EDR vs RO com­
parisons. We also used the range o£ feedwater pH's £or each group 
and then took the average (high + low) / 2 plus about 20% £or our 
calculations. We used 24 degrees C as the £eed temp in all cases. 

(1) Per our discussion, rough data indicates GROUP 1 thru GROUP 
4 waters contain levels o£ Boron (above 1.4 ppm) which will cause se­
vere problems £or £ruits, plants, and other growing things. Although 
Bo causes problems £or plants, you and I can drink same up to 45 ppm 
with no problem!! EDR does not remove boron at normal pH. RO re­
quires elevated pH, as well, £or e££ective reduction. As discussed, 
we've ignored boron removal in this study. Keep in mind though, i£ 
Bo reduction is required, both EDR and RO could reduce same by having 
the £eed water pH raised to 8.5 - 9.5. This requires a presoftening 
system installation (either lime or lime-soda clarification or soft­
ening RO membranes) - so that 2nd phase EDR or RO system will not 
su££er catastrophic membrane scaling due to high pH. 

(2) Since you asked £or high water recovery to minimize brine 
disposal via injection wells - this was our overriding objective in 
the study. The RO design pushed water recovery to a limit of 180 to 

~ ppm Si02 in the brine £or GROUP 1 thru GROUP 3. For GROUP 4 (be­
.use Si02 is low), we used 85% as a normal upper limit. Due to the 

level o£ Calcium and Bicarbonate in the "mean" water analysis £or 
each GROUP, RO requires the £eeding of sulfuric acid to £eedwater in 
each case, to control the level of CaC03 scaling in RO brine. 
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-l)R syst.em 
Jl£at.e) . 

power used 

wat.er recovery is also limit.ed by CaC03 and CaS04 (calcium 
At. high wat.er recovery EDR electrical energy (primarily DC 
within EDR membrane st.acks) also rises. . 

Two import.ant points: 

(a) £or any actual/eventual installat.ion, a 
cost-bene£it. analysis would be made comparing the overall e££ects o£ 
operating a desalter plant at various water recovery (ie 0&1'1 costs) 
vs the costs o£ deep well injection. This study uses the highest re­
covery £or RO and EDR - based on "mean" water analysis'. 

(b) there's a broad range o£ salinities & water 
qualities in each GROUP - any actual desalter system built (RO or 
EDR) could have signi£icantly di££erent capital and 0&1'1 numbers. 

(3) Attached are £low schematic diagrams showing EDR & RO GROUP 
1 thru GROUP 4 operations. PLEASE NOTE: EDR's GROUP 4 design should 
be based on 90Y. recovery - not the 92Y. illustrated. In each case EDR 
puts less wastewater down hole than RO. This is very signi£icant. 
Also signi£icant is the £act that the 0&1'1 spread between RO and EDR 
(see attached GROUP 1 0&1'1 + a review £or all 4 cases) will be REDUCED 
or ELII'IINATED when the e££ects o£ EDR's reduced well pumping, reduced 

.st-t.reatment chemical addition PLUS reduced deep well injection 
.sposal are included into the 0&1'1 evaluation. We'll let you add in 

the cost o£ raw water and brine discharge pumping. Also - i£ ELEC­
TRICAL COSTS are less than $.08/KWHr the gap is £urther closed. 

(4) Also attached are two (2 ea) pages indicating typical RO & 
EDR capital costs. These costs indicate that EDR is more expensive 
than RO - this is due to the £act that EDR produces 500 ppm water di­
rect.ly, while RO blends to 500 ppm. Consequently, the RO system is 
smaller (typically 80Y. o£ total £low). With EDR, t.he count.erbalance 
will be a smaller deep injection well!! 

(5) Finally, we generated t.hese capital and 0&1'1 costs in incre­
ments o£ 1.00 mgd product wat.er. Since it's likely t.hat plant.s 
larger t.han 1 mgd would be built, we generated our est.imates based on 
5.00 mgd inst.allations, broken down into 1 mgd increments. 

We hope this in£o package gets you up t.o speed on t.he init.ial RO and 
EDR process comparison - please call us t.o discuss £urther . 

•. J"-" 

EUGENE R. REAHL 



PRELIMINARY EDR/RO COSTS & PERFORMANCE STUDY 

F'111 E:UGENE R, ~E:AHL 
Ionics, Inc. 
5455 Garden Grove Blvd 
Suite 321 
Westminst~r, CA 92683 

SUB: CORRECTION TO DATA . 

tel: 714-893~1845 
!A~~ 714-S92-1S92 

REF: State of Texas Water Development Board Study 
Ionics memo dated 4 DEC 98 
Ionics M3 w 272G0 

---~- ________ .~ ____________________ M~ ___________________ ~ ___________ _ 

Your cell t~ me yesterday di~cussed two topics. First, the EDR brino 
TDS values illustratQd in our D~C MeMO. You, th~~~ do need to be 
)r~ected, as does the 2nd iteM - our OtM number. 

(1) CORRECTED EDR BRINE TDS VALUtS: 

Overall performances of EDR and ~O indicated on original ilow sche­
matic diagrams were correct, 1~ terms of wQ~Qr re~overy, product 
quality, otc. RO brine qualities vere correct - EDR hrine qualities 
need to be smend~d. Som9 oriainally indieated EDR bri~. TDS valu~~ 
were too low, while SOM& were high. Have markQd up the original 
GROUP 1 - GROUP 4 flow schematics to indicate correoted ~OR brine 
Qualities. Have also attaoned 2 paQQS oi eomputer g~n~~at~d watQ~ 
qu~lit1es. These indicate the "mean" rav water qu~lity used fo~ 
GROUP 1 thru GROUP 4 decigns, as voll as EDR product, steady-state 
brine and averggod brin~ TDS. I ~ould ~hirtk you oould eQsl1y ohange 
theBe figures on your r~port via PLC/aomputer. 

(2) COR~ECTED EDR O&M COST; _____ ~ ___ ~ _____ w _____ _ 

Your right again ~ the EOn O&M numbers don't add up correctly. I 
checked all the calculations mado for RO and EDR. Problems WQ~e 

used by an Grrant hand held cal~uletor whleh vas ~eplaoed lQt~ last 
,ear, Sinoe Qll calc'. vere ohecked, we als~ talked iurther yester­
OQY with RO memhrano manu£ecturers to hav~ them comm~nt on oriQinal 
designs/costs generated by thim writer. 

Have attached two nev data sheets to replace the O~M breakout 
or1gina lly indioatgd for GROUP 11 wat~~ OQ~O, a~d to rcplao~ th~ 
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-~---~~-"R_~ ____ ------- ________________ ~M _______ ~ ____ M_~ ____________ ~ 
Review of O&M Costs for ell 1-4 cases. 

2nd new eh~et corrects two erroneous hand he~d calculator Mistakes 
vhich were included in your original dQtQ: EDR GROUP '1 O&M has been 
lowered, while EDR GROUP #2 O&M hae been increased. All o~ the RO 
O&M costs have been slightly rai.ed to Qccount £or what will be a 
higher "averaged- RO feed pump pr~ssur. ever 5 year membrane life. 

This new sheet reflects ACCURATE RO and EDR O&M co=t •• 

(3) OTHER FACTORS: 
-------------

Normally, groundwaiers ere clean and p~~sent no problem to EOR or RO 
sY5tQrne - with disposable cartridge filters being the only pretreat­
ment required. However, as we've been finding in So California re­
cently, W~lls drilled down into old/ancient riverbeds are producing 
raw waters with high Silt Density l~dex (SOl) numbers. Th18 means 
that high enough amounts of very fin& silt ere coming up i~ raw wa­
te~e to be a problem for RD. Additional preiiltration (multi-media 
filters with coaaulant chemical teed> Bre being -deSigned" into RO 
oosts. EDR will not require thi~ type of filtration, as unlike RO,: 
tOR membranes Qre not used as super filters, since with EOR, water is 
~oi pushed through the membranes. 

From OUr experience in Brea~ West of Corpus Christi (in town~ 11ko 
Hebbronville) uranium mining was accomplished by pumping ammonia 
based chemicals down into wells which bisected ancient riverbeds. 
From our underst~nding of Texas geology, your area of interest (GROUP 
#1 thru GROUP #4) may have similar conditions. This would mean that 
addi\ional pretreatment maybe be required - particularly for RD. 

The bottom line to ell this is, that in addition to considering the 
extra groundwater pumping with RO (va EDR), and the ext~a deep injec­
tion vell volume with RO, additional capi~al and O&M aoets could b. 
incurred with RO ~ ov~r and Qbov~ what we've indicated in o~r memos 
to you. Only after test wella have be~n drilled at a sp~oific site, 
and only aft@r ell rQW wate~ dQta is coll~eted/analy~~d, will a final 
determination o~ ACTUAL RO costs/performances b~ ~oo~ible. The aam~ 
could be said tor EDR - but to a much l.sser ext~nt, since compa~ed 
to RD, EDR iQ !ar l~ss SUQc~ptible to "surprises". 

(4) The changes 
study more aoourate. 
call ua aft~r you'v@ 

indicatod in this memQ will make yOUr oriainal 
Hope we have not eonfu~~d you too much - please 

reviewed thie latest in~ut. 

EU •• HE R. REAHL ~ ~ 



1.225 mgd wellwater 

1.136 mgd wellwater 

GROUP 1 CONDITIONS 

195,000 gpd bypass water .. .... 
. 

RO BLENDING RATIO = .805 / .195 1.00 mgd pr educt 
... .... 
, 

'IDS = 500 P 

TFC RO UNIT 
... ... 

975,000 gp:i 82.5% 805,000 gpd 
'IDS = 2177 ppm 

Water Recovery 'IDS = 87 ppm 

... 

RO BRINE -----
" Flow = 170,750 gpd 

'IDS = 12 440 
Si02 = 

, ppn 
185 ppm 

EDR BASED SYSTEM 1.000 mgd product 
..... 
.... 

88% 
WATER REXXNERY 

'IDS = 500 ppm 

EDR BRINE -----
Flow = 136,000 gpd 

'IDS = 20,657 ppm (steady-state) 
= 14,497 ppm (averaged) 



GROUP 2 CONDITIONS 
--------

178,000 gp::1 bypass water 
.... 

1.174 Il13'd wellwater RO BLENDING RATIO = .825/ .175 1. 00 0 mgd produc' 
..... .... 

'IDS = 500 ppm 

TFC RO UNIT 

996,000 gp::1 .. 82.5% 
'IDS = 2398 ppm WATER RECOVERY 

822,000 gpd. 
'IDS = 88 ppn 

1.136 Il13'd wellwater 
.... 

RO WASTEWATER ---------

\, 
Flow = 174,370 gp::1 

'IDS = 13,702 ppm 
S~02 = 185 ppn 

EDR BASED SYSTEM 1.000 mgd product 
'-,. 88% 'IDS = 500 ppn 

WATER REX:'OVERY 

, It 

ED~_~~EWln~ 

Flow = 136,000 gp::1 
'IDS = 23,344 ppm (steady-state) 

= 16,362 ppm (averaged) 



1.209 rngd wellwater 

1.111 mgd wellwater 

CASE 3 CONDITIONS 

214,000 gpd bypass .... 

RO BLENDING RATIO = .786/ .214 
1.000 rrgd product 

...... ... 
'IDS = 500 ppm 

,. 

TFC RO UNIT .. .. 
'" 

995,000 gpd 
79% 

WATER REx::OVERY 
786,000 gpj 
'IDS = 80 ppn 'IDS = 1544 ppn 

RO WASTEWATER ---------
, !. Flow = 208,940 gpd 

t' 'IDS = 7,352 ppm 
Si02 = 185 ppn , 

EDR BASED SYSTEM 

90% 
WATER ROCOVERY 

~~_WAS~!~ 
Flow = 111,100 gpd 

1.000 mgd prcduct 
, 

'IDS = 500 p¢l 

'IDS = 25,286 ppm (steady-state) 
= 15,989 ppm (averaged) 

.I, 



CASE 4 roNDITION 

206,000 gp:l bypass water .... 

1.140 rrgd wellwater 
RO BLENDrnG RATIO = .794/ .205 

1.000 rrgd product 
.. ..... , 

'IDS = 500 PPn 

TFC RO UNIT 
... .. 

934,000 gp:l' 85% 
'IDS = 2059 PFm_W1>:_·l·ER_ ... RE:'OVER ___ Y .... 

794,000,gpJ 
'IDS = 95 Pt:m 

1.087 mgd wellwater .. 

RO WASTEWATER --------
Flow = 140,000 gp:l 

TDS = 13,725 ppm 
Si02 = lCB ppm 

EDR BASED SYSTEM 1.000 mgd product 

--"-
, 92% . . ., 

WATER REx:::OVERY 'IDS = 500 ppn 

, 

EDR WASTEWATER ---------
Flow = 87,000 gp:l 

'IDS = 25,495 ppm (steady-state) 
= 16,120 ppm (averaged) 



REVERSE 
OSMOSIS 
BASED 
SYSTEM 

.JR BASED 
SYSTEM 

BUDGET CAPITAL COST REVIEW 

---costs measured in thousands oi dollars---

GROUP 1 GROUP 2 GROUP 3 GROUP 4 

$ 665 $ 685 $ 655 $ 660 

$ 940 $ 940 $ 930 $ 935 

, above capital costs include all essential elements oi desalter 
process - membrane systems, ireight, installation, and building. 
costs DO NOT INCLUDE raw water wells, piping to desalter, brine 
transier to deep injection wells, nor deep injection wells. costs 
DO NOT INCLUDE taxes, permits, eng'ring, architectural iees, etc 
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ESTIMATED O~M COSTS IN DOLLARS PER 1000 GALLONS _____ • _____________ ~w ________ ~ ________________ _ 

(1) TOTAL OPgRATING COSTS: 

A. Electr Pow~r ($.0e/XWHr) **(1) 

B. Total Chemicals Used 
(RO FLOCON 200) 
(RO H2S04 to ~eed) 
(RO/EDR membr cleaning) 
(EDR acid to feed) 
(EDR FLOCON to brin~) 

C. Replace Filter Cartridges 

TOTAL OPERATING COSTS: 

(2) LONGMTERM REPLACEMENTS: 
~-~-.~--~--.----------
A. RESERVE: Membrane Re~l 
B. RESERVE: All Other Parts 

TOTAL REPLACEMENTS COST~ 

(3) TOTAL ALLOCATED LABOR ($2S/Hr); 
________ • _________________ R __ 

A. Daily Amortized Labo~ 
B. Amortized Maint LQbo~ 

TOTAL ALLOCATED LABOR, 

(4) TOTAL SPECIFIC PROCESS COST. 

-~.~-----------~-----------

(5) RO BLENDING RATIO, 
.---~~~----------(no blend with EDR) 

(6) FINAL O&M COST WATER: *1(2) 

HO 

$.323 

$.010 
$.02$ 
8.010 
-none-
-none-

$.060 

9.431 

$.090 
$.055 

$.145 

s.0~3 

S.042 
...... ----
$.075 

$.651 

EDR 

$.3155 

-non",­
""none w 

$.010 
$.010 
$.0025 

$.040 
.... M'- __ _ 

$.378 

$.090 
S.030 

$.120 

$.028 
~.027 

$.052 

$.550 

.S05/.195 

$.524 $.550 
-- ... -

above electr power DOES NOT inelud& vell p~mp or p.Qduct 
~~~~&asurization, nor deep injeQtion Yell pumping 
~~~-~ ~~~y DO~~ NOT 1ncluae post-treatment ohemioals 
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: 

, 

REVERSE 
OSMOSIS 
(with 
blend) 
.. -

EDR 
(nQ blend) 

REV£RSE (1) 
OSI10SIS 

(2) 

E:r,R (1) 

(2 ) 

REVIEW OP O~11 COSTS .'.(1) 
---------------~~--

includ~s costs of el~ctricity, chemicals, filters, 
lonQ-term replecements and labor - all mQQGu~Qd i~ 
./1000 gal1on9 of !i~al 500 ppm TDS dri~ki~g water 

GROUP 11 GROUP #2 GROUP #3 
-------- - .... - ... --- --------

6.520 $.53B $.496 

~.550 $.600 $.~S0 

process elegtrical enQrgy consumption in 
(1) KWHr/1000 gallon '1(2) 

& 
(2) total KWHr/day per 1 mgd produot flow 

GROUP 11 GROUP 12 CJROUP -#3 
-'''1lII0I-_. __ ---_ .. - ..... .. .. _-----

4.0/3.22 4.1/3.37 3.85/3.03 

3220 3370 3030 

3.95 4.3 3.9 

3950 4300 3'300 

GROUP #4 
.. _------
9.470 

$.544 

GROUP #4 
--------

-

3.913.09 

3096 

3.9 

3900 

•• ________ • ____ .. __________ • ___ ". ________ R ___________ ----------------

~.(l) 0&11 coats DO NOT INCLUDE well pumpi~g, prod~ct repreesur-
1zat1on, deep 1njeotlon well pu~ping, and gther oosts. 

(2) RO KWHr/KGal numbers represent specific RO energy/blended 
O~M COgt, bQsed on each cases RO proQuct blend~ng ratio (se~ 
flow schematic diagrams). 
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From: CANYON n,DUSTRIES, INC. 206 592-2235 Dec. 02. 1993 08:01 AM 

CANYON INDUSTRIES, INC. 
5348 MOSClUTO l.AKE RO. 

OEMING. WA 98e44 

December 1 1993 

Bob Young 
Robelt Young & Associatee, Inc. 
10101 Fondren, Ste 480 
Houston, TX 77098 

Dear Mr Young 

POl 

Thank you for your calt and tbed data on me planned Geo-Pressure Hydroelectric 
project Attached IS 8 sketch shoWtng typtealllrtout of!S similar sized sys!~m 

Equipment I~ described 88 follows: 

Single varfab/e no1.Zte Impulee (P8fton) type turbine, 1600 RPM shaft 
speed. 

Induction type, 1800 ~PM 480 VAC three phase, with power factor 
correction. 

Operational and pratootive ~ear to comply and interface with 
Ule utility grid. 

Budget estimate, equipment III de8cr1bed ......... .. ....... ....... $ 66,000 00 

-
I trust this will assist you In further ptsnnlng. bUt ~ me a call 89 you have questions 

DAN pan 
Enel 
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