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1 .O INTRODUCTION

This report is based on a survey by Leitner and Associates, Inc., of U.S. costs and water rates
for utilities that use desalination and membrane softening plants.

A recent definition of desalting (desalination) suggested by Klaus Wangnick  is: “All
treatment of water (fresh water, river water, brackish water, seawater, waste water) by means
of thermal (evaporation) or membrane (reverse osmosis, nanofiltration, electrodialysis)
processes.” If we can agree that membrane softening is a nanofiltration process, this
definition provides an appropriate base for this survey report which covers a range of four
processes: reverse osmosis for brackish and groundwater enhancement, brackish
electrodialysis/electrodialysis  reversal, membrane softening, and seawater reverse
osmosis/distillation-all of which are currently used in the U.S. to produce potable water
for municipal use.

While the production of potable water by these four processes is minuscule (less than one
half of one percent of the total potable water delivered in the U.S.), desalting is now
recognized as having perhaps the greatest potential for growth of the known alternative water
supplies. Costs for desalting in many applications have now moved from the realm of
“expensive” to “competitive” with alternative sources of supply, depending upon site-specific
conditions. Further, the difference between the cost of desalted water, or a blend with
desalted water, and the cost of conventional supplies has narrowed substantially in the past
10 years. This is particularly true when a cost is assigned to withdrawing the diminishing
resources from the ground (conventional groundwater supply).

Although desalting is competitive in many applications, the public generally has the
misunderstanding that costs for desalting are never competitive, and this has delayed the full
realization of this alternative water supply. One typical example of public misunderstanding
is a recent situation in the greater Tampa-St. Petersburg, Florida, area where news media
compared the cost of desalted seawater ($4.00/l  ,000 gallons) with current residential rates for
delivered water from well fields ($1.43/l  ,000 gallons). Until a symposium was held, which
was open to the public, the media neglected to report that the desalted water would be
blended with water from the conventional sources. In this case, when desalted water is
blended with water from conventional sources, the projected increase in cost to the average
residential user went from $11.44/month  to $14.44/month  (only a 26-percent increase).
However, greater benefit is realized from the additional water available to meet increased
demand without depleting existing conventional groundwater supplies. Further, when the
raw water source is brackish groundwater, the cost spread between conventional sources and
desalted or blended water is even lower.

The need for publicity concerning accurate cost information for the desalting alternative is
evident. The National Water Research Institute and the U.S. Bureau of Reclamation
(Reclamation) elected to address this need by providing this survey and report.



1 .l Project Objective

The project objective is to provide, by means of a survey of available sources, an update of
U.S. costs and water rates for desalted water in the United States (including the U.S. Virgin
Islands and the U.S. Navy base at Guantanamo Bay). For perspective, the survey includes
data from one groundwater plant in Canada.

1.1.1 Sources Used for Database

The first task was to compile a list of desalting plants in the U.S. The U.S. Environmental
Protection Agency provided a list of contacts of the individual State agencies regulating
water (see appendix 1). The State agency responsible for water quality is most often a
department of environmental protection, department of health, or department of water
resources. Agencies in States with substantial desalting activity were contacted to ask for
lists of plants within their area of domain. Desalting plant manufacturers and membrane
manufacturers, as identified by survey respondents, were also contacted (see appendix 2).

Publications were reviewed, including the Water DesaIination Report; the American
Desalting Association BienniaI  Conference Proceeding; and the IDA Worldwide Desalting
Piants  Inventory, #I 4, published by Wangnick  Consulting in 1996.

Finally, a list of existing potable water desalting plants in the U.S. was prepared (see appen-
dix 3). To complete the potable water desalting database (including plant names, addresses,
telephone numbers, plant capacities, and names of principals), many telephone calls and
contacts by FAX were made. Table 1 is a sample list, prepared from appendix 3, of potable
water desalting plants in the U.S. and the one in Canada. A total of 180 plants were
identified, including the large Reclamation reverse osmosis (RO) plant in Yuma, Arizona.
For perspective, a few low-capacity plants (30,000-50,000  gallons per day [GPD]) were
included in the list. Most of these small plants serve private condominiums, trailer parks, etc.
Approximately 10 such small plants are not shown in the list.

1.1.2 Survey Questionnaires

Two survey questionnaires were used, as shown on pages 6 and 7-one  for treatment plants
operating on brackish water and the other for treatment plants operating on seawater,
respectively. To encourage the recipients to respond and to minimize the time required to
respond, the survey was limited to one page. A total of 195 survey questionnaires with
transmittal letters were sent out. The transmittal letters stated that a copy of this completed
final survey report would be sent to each respondent.
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Table 1 .-Summary list of potable water desalting plants in
the U.S. and Canada

(See appendix 3 for detailed information)

State
Number Capacity
of plants (MGD)’

Arizona 7 7.82

California 17 33.09

Colorado 1 1.00

Florida 90 191.10

Hawaii 2 1.60

Illinois 7 3.66

Iowa 7 3.93

Mississippi 1 0.19

Missouri 1 1  . o o

New York 2 0.83

North Carolina 4 2.21

North Dakota 2 2.06

Oklahoma 2 3.55

Pennsylvania 1 0.11

South Carolina 4 8.60

Texas 1 1 23.09

Utah 1 0.35

Virginia 2 3.95

Washington 1 0.53

Puerto Rico 1 0.15

Virgin Islands 14 9.89

Canada 1 0.50

Total 179 299.21

Yuma 1 72.00

’ Million gallons per day.



1.1.3 Response Rate

Seventy completed survey questionnaires were received in response to the survey mailings
and followup  telephone calls. When considering that completing a survey questionnaire
would require several hours of time, this response rate is considered quite acceptable. The
respondents can be assured they have made a substantial contribution to the development of
the desalting plant industry.

1.1.4 Data Analysis and Recording

Of the 179 identified desalting plants in the U.S. and the one in Canada, data for 98 plants
are reported herein-a combined response and reporting rate of 54 percent. Data from the
70 returned questionnaires were supplemented, when available, with information from equip-
ment suppliers, membrane manufacturers, and literature and journals. In a few cases, plant
owners or municipalities responded to a 1992 survey by the National Water Supply
Improvement Association (NWSIA), but not to this survey. In those cases, the 1992 NWSIA
responses were included in this report, listing the capital cost dollars for the year of
construction and operation and maintenance (O&M) costs in 1992 dollars.

In sections 2.0 - 5.0 of this report, the plants are grouped by process in ascending order
according to rated capacity, and listings are shown for each of the following reporting
categories:

l Process data
l Capital costs
l Operation and maintenance costs
l Water rates

The process groups and the number of plants included in this report are as follows (however,
as shown in table I and appendix 3, the total number of desaltingplants in the U.S. for the
production ofpotable water is 179, and the number in Canada is I):

Brackish RO/groundwater  enhancement 56

Brackish electrodialysis/electrodialysis  reversal 1 7

Membrane softening 15

Seawater RO/distillation 10

Total 98

From this list of 98 plants for which data are reported, 4 to 7 plants were selected from each
process category for case study comparisons of unit capital costs and unit O&M costs. The
comparisons are shown in various tables in sections 6.0 - 9.0.
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1.1.5 Followup  Mailing

After the survey data were grouped and recorded, a second mailing was distributed with a
copy of the appropriate process survey group data. Corrections were invited for entries that
were added based on previous surveys, manufacturer or supplier information, or other
sources. In a few cases, some minor changes were made. For those that had not responded
previously, a second invitation for response was offered.

1.2 Summary

This survey examined the capital and O&M costs for potable water desalting plants in the
U.S., and this report compares the several processes in commercial use for this service. This
report looks at what is being charged for total water rates and supplementary impact and
connection charges by those utilities using desalting plants. It also defines and examines
emerging trends in desalting applications and construction for the benefit of those owners,
municipalities, equipment and component suppliers, and consulting engineers already
involved in this field or with projects under consideration.

Current raw water supplies for most areas in the U.S. are reasonably abundant. However, as
shown in table 1, 19 States, Puerto Rico, and the Virgin Islands experience some limited
regional water shortages and, as a result, desalination for potable water is now in use. The
requirement for additional alternative water supplies will increase. For example, the
U.S. population is projected to grow by 11 percent during the next 10 years, and the new
Federal Clean Water Act mandates higher water quality standards for potable water. As a
result of the growth and mandates, some heretofore substandard supplies will be brought into
service using advanced water treatment technologies, including desalting, thus creating
additional alternative water sources.

1.2.1 Significant Trends

Figure 1 shows the number of identified desalting plants in the U.S. and Canada as of August
1996 (180 total), grouped according to process. A comparable figure from the 1992 NWSIA
survey is 144, a growth rate of 25 percent in 4 years, or an average growth of 6.25 percent
per year.

Figure 2 compares the installed capacity in 1992 versus 1996. (The Yuma Desalting Plant is
not included since there has not yet been a requirement for this plant to be placed in extended
operation.) The 1992 total installed capacity in the U.S. for all desalting processes was
147 million gallons per day (MGD). In 1996, the total was 267 MGD, an increase of
81 percent in 4 years, or 20 percent per year.

Figure 2 also indicates brackish water RO showed a 75-percent increase over 4 years, or
18.75 percent per year. Brackish electrodialysis reversal (EDR) showed a loo-percent

5



A survey of capital costs, operating costs, and selling prices for potable water
desalination plants in the United States

Plant data

Plant  name:
Address:

Te lephone :
Respondent:
T i t l e :

Year of Name of equipment mfg.
Plant type startup and contractor
Brackish RO
EDR

Fax: - Soften ing
Groundwater

e n h a n c e m e n t

The most recent process and cost data will be most relevant. If your plant consists of several units installed at different
times, it may be most convenient to provide the data based on the entire plant. If the most recent unit installed is most
representative of your operations, please provide data for this unit and so indicate.

Process data

Rated capacity
WW

Annual production
( m i l  g a l )

Quantity of blend water
added from another source

(GPD)

S a l i n i t y
feed/product

0@-.)
Recovery

(%)

Cost of electric
power

(=Wh)

Membrane data

Make M o d e l Number

Capital costs

Please show breakdown of costs if available, excluding all distribution costs. If breakdown is not available, please provide
a number in the column lor total capital costs.

Plant Wells or feed Tota l  cap i ta l
Bu i l d i ng equ ipment intake Product tanks Brine disposal Other costs costs

Annual operating costs

Hourly consumption Annual electric Chemical-
of power power cost Number of Annual O&M cart. iarts, Membrane Tota l  annua l

NW (39 personnel personnel cost other replacement costs

Does power consumption include well pump power (Y/N)? _
Is well pump on the same meter (Y/N)? _
Does power consumption include distribution power (Y/N)? _

Selling prices

Additional charge for Add i t i ona l  f i xed Other rate charge
Annual sales Monthly use Se l l i ng  p r i ce connection/hookup charge added to formula (please describe

( m i l  g a l ) (gal) per 1,000 gal fee? sewer charge? on separate page)

(Example)
O-20,000  gal
20.000-60.000
60,000 or more

6



A survey of capital costs, operating costs, and selling prices for potable water
desalination plants in the United States

Plant data

Plant  name:
Address:

Telephone:
Respondent :
Title:

Year of Name of equipment mfg.
Plant type startup and contractor
MED distillation
SWRO

Fax: -

The most recent process and cost data will be most relevant. If your plant consists of several units installed at different
times. it may be most convenient to provide the data based  on the entire plant. If the most recent unit installed is most
representative of your operations, please provide data for this unit and so indicate.

Process data

Quantity of  blend water Sal in i ty Cost  of electric
Rated capaci ty Annual production added from another  source feed/product Recovery power

GPD) (mil gal) GW @W-1 (%I ($kWh)

Membrane data

M a k e Model Number

Capita l  costs

Please show breakdown of costs if available, excluding all distribution costs. If breakdown is not available, please provide
a number in the column for total capital costs.

I Plant Wells or feed Total capital
Buildinq equipment intake Product  tanks Brine disoosal Other  costs costs I

I I

Annual operating costs

Hourly  consumption
of power

W’h)

Annual electric
power cost

($1

Number  o f
personnel

Annual O&M
personnel cost

Chemical-
cart. parts,

o ther
Mehbrane Total  annual

replacement costs

I I

Does power consumption include wel l  pump power (Y/N)? _
Is wel l  pump on the same meter (Y/N)? _
Does power consumption include distribution power (Y/N)? _

Selling prices

Additional charge for Additional fixed Other  rate  charge
Annual sales Monthly use Selling price connect ion/hookup charge added to formula (please describe

(mil gal) (gal) per 1,000 gal fee? sewer charge? on separate page)

(Example)
O-20,000  gal
20,000-60,000
60,000 or more
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growth rate over the same period; however, its total is still only 29 percent of the installed
capacity for brackish water RO. Seawater reverse osmosis (SWRO) in the U.S. has not
grown in the last 4 years and has not been a significant factor in potable water supply.

Membrane softening had the largest growth rate, nearly 500 percent in 4 years, or 120 percent
per year. This may be the most important finding from this survey. Membrane softening was
originally targeted to reduce total hardness in groundwater or surface water; however, actual
installations revealed several side benefits-these membranes can also remove trihalo-
methane formation potential (THMFP) and color and reject bacteria, viruses, and dissolved
organic carbons. The combined installation growth rate and additional benefits provides an
opportunity for membrane softening to far surpass its original intended application.

1.2.2 Water Rate Comparisons

A survey of water rates for conventional sources by Ernst and Young showed a continuing
trend toward rate structures that encourage conservation, such as seasonal rates and inverted
volume charges in which costs rise with consumption. Our survey findings of water rates for
those utilities using desalting plants indicate only 33 percent have inverted volume charges.

Figure 3 was prepared from the findings in the Ernst and Young report through 1994. For
comparison purposes, the average rate for 1996 was projected and included. The Ernst and
Young report is based on responses from 159 utilities serving the 100 largest metropolitan
areas in the U.S. and shows the average monthly charges for a typical residential customer
increased 5.2 percent in the period 1992 through 1994. The report states, “Rising costs are a
factor of almost all aspects of utility operation, including capital investments, regulatory
compliance, and customer service. To meet the rising costs, utilities review their financial
condition more frequently and increase rates every 2 to 3 ye,ars.”

FIGURE 3: U.S. WATER RATES, CONVENTIONAL SOURCES,
THROUGH 1994, BY ERNST & YOUNG. 1996 AVERAGE RATE IS

PROJECTED

8.00.
E ia 6.00
do
B g 4 . 0 0
i-0

s 5 2-oo

-. _ -. -..- _. -_ .__  -. . _- - .-  .._.  - .̂ _
-et AVERAGE__ _.  _ _ .- ._-.-.--  .- - _....  -.-__-...-._-..-  _....  -..- .-..

1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6

RATE SURVEY YEAR
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1.2.3 Connection Charges and Impact Fees

With a few exceptions, significantly the SWRO plants in the Virgin Islands, no attempt is
made by the desalting water utilities to recover capital costs as a part of the water rates.
Instead, capital costs for government-owned utilities are paid by grants or loans from Federal
or State agencies or by general obligation bonds. Later, to offset these costs, one-time impact
fees or monthly basic facility charges or connection fees are assessed. The results of the data
from the survey respondents are set forth in a separate listing for each facility.

1 0



2.0 SURVEY DATA, BRACKISH WATER
RO/GROUNDWATER ENHANCEMENT

Reports for 56 plants are included in this portion of the survey. A separate tabulation is
shown for each of the following:

l Process data (table 2)
l Capital costs (table 3)
l Operation and maintenance costs (table 4)
l Water rates (table 5)
l Connection charges and impact fees (table 6)
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Table 2.-Brackrsh  RO/groundwater  enhancement process data

Plant name/owner

Rated

capadtY
WD)

Annual production
(gal)

Quanlily  of Feed Produd Product
water added salir%ty salinity recovery

GW bwu bwu w

Grove City.  FL (Seaside Service Sys)
Santa Ana  (Irvine Ranch  Water Dist)
Engkwood.  FL (Bocillia  Utilities)
Olds  Water Supply (Iowa)
Sarasota, FL (Lake Tippicanoe)
Nokomis. FL (Bay Lakes  Estates)
El Paso. TX (Hadendes  Del None)
Sarasota, FL (Myakka  River St Park)
Nokomis. FL (Kings Gate Club)
Omwnd  Beach, FL (Kingston Shores)
Sarasota. FL (Windward Isle MHP)
Melbourne, FL (Service Mgt  Systems)
Sully, IA
St. Augustine (Marineland.  Inc.)
Osprey, Hastings, Florida WTP
Osprey. FL (Southbay  Utilities)
Lutz. FL (Hdiday Pines Service Carp)
Pumta  Gorrda  (Burnt Store SSU)
Castle Point (VA Medical Center)
Texas, Cii of Kennedy WfP
Iowa.  Manson  Water Plant
Toluca.  Illinois RO Plant
Indian River City. Stuart, FL
N. Carotfna  (Ccracoke  Sanitary D&t)
Harbor Hts.  FL (Charlotte Harbor)
Fairfield. NC, Hyde Count  WTP
City of Tustin.  CA
Ewa Beach, Hawaii
Rotunda Wesl, FL
Venice, FL (Sarasota Co Plant)
Nokomis. FL (Sorenfo)
Gaspanlla  Island Waler, FL
Dare County. NC. Rodanthe  WTP
City 01  Nevada, MO
North Beach (Wabasso.  FL)
Ci i  of  Wauchula.  FL
Jasper, flonda  WTP
Prne  Island. FL WTP
Englewod  Waler District. FL
City of Vera  Beach, FL
Chandler, AZ RO Facility
Dare County, NC, RO Water plant
Darien, IL (SE Reg  Water Fat)
Riverside, CA (SAWPA  Ad)
Santa Ana  (Irvine Ranch Water)
Venice. FL
Marco Island. FL (S.  Slate Lftil)
Sarasota. FL
Sanibel Island Water Assn.  (FL)
Melbourne, FL
Fountain Valley. CA (Wat  Fact 21)
Jupiter, FL WTP
Mount Pleasant, SC WTP
Chesapeake. VA WTP
Cape Coral, FL
Yuma  Desalting Plant 72.OOO.OW 22.338.OOCooO None

18.000
2a.800
30.000
34.560
40,000
5o.ooo
5o.ooo
5o.ooo
6O.WO
6O.ooO
60,WO
80,CW
w.ow

lW.OW
221 .ooo
225.000
238.000
240.000

250.000
259.200
266,400
375,OOa
4W.OcO
430.000
45o.ooo

500,Oco
5w.ooo
500.000
5wmo
wo.ooo
680,ow
75o.m

1600.600
1.006.COO
1.000000
1.31o.Om
1.400.000
1.500.060
2.5W.090
2.000.000
2.84O.ooo
3.m.000
3.2W.OCG
4.oOO.OW
4.500900
4.000.090
4.000.000
4.500000
4.7W.000
5.ooo.000
WCWOO
6.ooO.000
6.850000

1 0 9 0 0 . 0 0 0
15990.006

3900.000
Pilot unit

7.WO.OW

1 4 . 0 0 0 9 0 0
9.125.Oc6

12.700.006
5.4OO.GOO

16.4O’WOO

48.9OO.ooo
52.WO.000
68.3cmOO
25.000.000
94.608.WO
97.236.WO

8.6W.OW
43.ooO.coO
50.204.000

1 2 0 . 0 0 0 6 0 0

179.400,ooo
1825.000

146.C@O.O@3
62.ow.wo

107.000600  E D R
192.ooo.ooo

77.5oo.ooo
350.455.owJ
109.500600
313991.000

18.O@X3OO
373.962.000
400.000.000
655.000.000

503.748.WO
435.ooo.000

1.200.OW.m
1.478,250.000

768.474.OW
780.000.000
95o.wo.ooo

1.021.000.006
1.800.000.006
1.8W.COO.600

821 .cOO.OOO
1.709.013.000

Stanup  in 1998
2.620.000.000

NON
Color rem

0
17280

5.660.@30

20.000000

5.ooo
None
8.500
4.000

0
10%

N A
3ww
40.300

@6ooo
43200
94,ooo

1096

650,000
125,000

3w,cm
210,WO

4 7 . 5 2 0
Blend

NA
N A

166,oOa
0

56.044.ooo
40%

2.cOO.000
None

91.178
2.000.000
7.500.000

74.355.Wo
1.500900  (peak)

9.629.000
1.370.000

10%

22.ooo SW
2 9 0 2 3 0

2.700 8 0

680
50

1.600

1 8 0

4 5 0 8 0

9 0 0

7.m
350

1 1 9

1 7

6.500 400

1.100 4 7

1.200 8 7 0

1.540
2.ooo
3.600

700
500

4 8 0

400
1 6 0
1 6 0

6 0 0
3.500
2.500
3.Oc6
3.700
1,236

3 3 2
1,800

4 0

8 0

8 0
2 9

1 4 3

1,220
5.500

2 2 2
1 5 0

3.200
3.450

8 0 0
1.050

3 1 0
600

4.400
2.OW
3.000

~600
3 9 5

. 300
400  blend

30
9 0

1 6 0
75100

1 .OoO
2.000

1 9 0

1.500
3.ooo

2 5
205

5 0

75 8 0
3 0 0 7 2

5 0
9 0
6 0
5 0
7 4

0.09
0.08

0.068

0.085
1 meter

0.018

7 3
9 5
6 4

7Wmo

0.049

5 0
7 0
5 0
8 3
7 6

0.067

0.065
0.065

2.208Jmo

7 2 0.07
7 4 0.622
7 0 0.075

5 0
7 5
8 0
93
4 0

0.82

5.wmo
0.08

0.135

54
6 0
7 5
7 5
7 5
7 5
a 4

0.06
0.073

O.ll-.065

0.066
0.078

8 3
7 0
8 5
8 8
7 5
7 5
7 6
9 0
5 0
90
6 0
8 0
80
a 5
7 5
8 4

0.059
.075

0.078-963
0.074

0.03775
0.075

0.09
0.075
0.055

21.37YrnO
0.0525

0.068

0.072
0.059

0.05

0.05
0.03
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Table J.-Brackish ROIgroundwater  enhancement capital  costs

6)

Plant name/owner Building
PIal- weus or Product

equipment leed  intake t a n k s Brine disposal
other Total capital
c o s t s costs

Grove City. FL (Seaside Service Sys)
Santa Ana  (lrwne  Ranch Water Dii)
Englewood. FL (Bocillia  Utilities)
Olds Water Supply (Iowa)
Sarasota, FL (Lake Tippicanoe)

Nokomis. FL (Bay Lakes Estates)
El Paso, TX (Haciendas Del Node)

Sarasota, FL (Myakka River SI Park)
Nokomis. FL (Kings Gate Club)
Ormond  Beach. FL (Kingston Shores)
Sarasota. FL (Windward Isle MHP)
Melbourne. FL (Service Mgt  Systems)
Sully. IA
St. Augustine (Marineland.  Inc.)
Osprey. Hastings. Florida WTP
Osprey. FL (Southbay  Utilities)
Lutz. FL (Holiday Pines Service Carp)
Pumta  Gorrda  (Burnt  Store SSU)
Castle Point (VA Medical Center)
Texas. City of Kennedy WTP
Iowa. Manson  Water Plant
Toluca.  Ilknois  RO Plant
Indian River City. Swan.  FL
N. Carolina (Ocracoke Santiary D&t)
Harbor HIS.  FL (Chartone  Harbor)
FairfIeld.  NC, Hyde County WTP
City  of Tustin.  CA
Ewa Beach. Hawaii
Rotunda West, FL
Venice, FL (Sarasota Co Plant)
Nokomis. FL (Sorerno)
Gasparilla Island Water. FL
Dare County, NC. Rodanthe WTP
City  ot Nevada. MO
North Beach (Wabasso. FL)
City  of Wauchula. FL
Jasper. Florida  WTP
Pine Island. FL WTP
Englewood Water District, FL
Cii 01 Vem Beach, FL
Chandler, AZ RO Facility
Dare County. NC, RO Water Plant
Darien. IL (SE Reg WaterFac)
Rwenide.  CA (SAWPA Art)
Santa Ana  (Irvine  Ranch Water)
Venice, FL
Marco Island. FL (S. State Util)

Sarasota, FL
Sanlbel  Island Water Assn.  (FL)
Melbourne. FL

Fountain Valley, CA (Wat Fact 21)
Jupiter. FL WTP

Mount Pleasant, SC WTP
Vem Beach. FL (Indian River Co)
Chesapeake, VA WTP
Cape Coral. FL
Yuma Desalting Plant

245.000 8O.ooO 600.000
40.000 120.000 49.ooo 12o.cOO lO.Ow 42,000

25.000 55.OQO 10.300 Existing 5.000
Old New New Rebuilt New

25.000 150.000 15o.ooo 250,ooO lOO.OCil

250,000 125.000 10.000
40,000 70.000 4.000
16,000 41.000 6.000
48.519 1.579.047 230.861

42.890 251.761 92,849 219.839 65,513 327,102

414.9182
20.000
40,cQO

ClOO.000
200.000

2.968000

300,000

196.447 a&2.471 289.440
1.944.815 483.452 319.240
1200.000 1.780.000 400.000
1.125.000 933.417 389.024

2.505.000 182.000
514.980 8.149244

34.ooo.ooo 2.5OO.ooo
4.828.000 2.305.CW
3.329505 1.899.738

3.700000
308,ooo

5.710.000

3.65O.WO
2.827.GOO

6.500.000

8.6oo.ooo
3.000.000
2.400000

1.23QOOQ
Stanup  in 1998

4.OOO.wo

525.000
925.000

381 .OW

5.500

25,000

60.000
50.000

l.WO
2.000 5 . m

3.000
143.905

93.800
3w.ooo
7w.Ocil
139.493
445.000
171.OcQ

67.ooO
2.002.332

1.MJO.000
2.187.100’

999.954

349,ooo 285.000 18291
174.ooo 53.796 2.663
3OQ.000 175.000 45.000

1.4GwOo 59.ooo 94mo
1.006.876 203.425 351.977

6.GOO
N o n e

25,OQO
Negligible

10,000
476.842

375.000

2.039.ooo 616.cOo 422.000 ~.wo 264.000

1.083209
727.301
715.000

1.653.000
1.762278

94.wQ’
4.wo.ow

898.339
6.386.000

5oo.ooo 2Ow00 225.000 3oo.ooo 1.525.WO

668,243
243274 634.698

9,040 1.433.367

44wlo 3.350.000
53.262 59.065

2.248.330
4.858.157
7.174.wo
2.559.768
2.898.500

8W.000
339.wo 275,000 3,601,OOO

810.000
523.147

1.291.560
2256.238
1.603.639

5cQooo
%o.ooo

3.4eO.ooo

400.000

121.400

6.OW.000
25.000

Existing

1.795.000

2.84o.cOO

4.8M).OOO

5.560000

250.000000

875,ooo

8.664.224
7.1w.ooo

9.912.3855
10444.956

5.ooo.ooo
13.850.000

6609.000
9.1w.ow

16.WO.WO  (appr)
9.170.000

51o.ooo

1.640.000

1000.000 83o.ooo

1.521,OOO

3.oOO.Ow
1 .OOO.ooo

13.780.000~

2.760.000 1.124.WO

500.000 81,500

12.084.000
9.2w.ooo
7290.000

(Replacement) 24.000000

2.000.000 6000.000 &ooo.ow 27O.WO.000

I Current replacement cost.
’ Includes erectloo.  piping for wells.

’ Annual depredation.
’ Bullding  cost included in plant equipment cast.
’ Plus product lines and disposal, $5.746.035.
’ Engineering not included.
’ No1 induding  engineering. waste water redamation. injection barrier facilities, product rec. wells
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Tabte  4.-&xkish FtOlgmundwater  enha ncement operation and maintenance costs

6)

Plan1  name/owner
Power required

(kWh)

Replace-
Annual Annual men1 Tota l

Annual PeIs0Mel pWSO”“el palwchem membrane annual
Dower cost bmber) cost cost cost msls [‘)

Grove City. FL (Seaside Se~ce  Sys)
Santa Ana  (Irvine Ranch Water Disl)
Englewood.  FL (Bodllia  Ulililies)
Olds  Water Supply (Iowa)
Sarasola. FL (Lake Tippicanoe)
Nokomis. FL (Bay Lakes Estates)
El Paso, TX (Haciendas Del Node)
Sarasota. FL (Myakka River St Park)
Nokom~s.  FL (Kings Gate Club)
Ormond  Beach, FL (Kingston Shores)
Sarasola. FL (Windward Isle MHP)
Melbourne. FL (Service Mgt  Sptw)
Sully. IA
St. Augustine (Marineland.  Inc.)

Osprey, Hastings. Florida WTP
Osprey. FL (Soulhbay  Utilities)
Luiz.  FL (Holiday Pmes Service Cot-p)
Pumta  Gorrda  (Burnt Store SSU)
Castle Point (VA Medical Center)

Texas, City of Kennedy WTP
Iowa. Manson  Waler Plan1

Toluca.  lllinots  RO Plant
Indian River City.  Stuart. FL
N. Carolina (Ocracoke Sandary Disl)
Harbor Hts. FL (Charlotte Harbor)
Fairfield. NC, Hyde County VVTP
City  or Tustin.  CA
Ewa Beach, Hawaii

Row-da West, FL
Venice, FL (Sarasota Co Plant)
Nokomis. FL (Sorenta)
Gaspanlla Island Water, FL
Dare County. NC, Rodanthe  WTP
City  of Nevada, MO
Norfh  Beach (Wabasso. FL)
Cfty  or Wauchula. FL
Jasper, Florida WTP

Pine Island. FL WTP
Englewwd  Water DistM.  FL
City of Vero Beach. FL
Chandler. AZ RO Facility

Dare County. NC WTP
Darien. IL (SE Reg Water Fat)
Riverside. CA (SAWPA Ad)
Santa Ana  (Irvine Ranch Water)

Venice, FL
Marco Island. FL (S.  State Util)
Sarasota. FL
San&l  Island Water Ass”. (FL)
Melbourne. FL
Fountain Valley. CA (Wac  Fact 21)
Jupiter. FL WTP
Mount Pleasant. SC WTP
Vera Beach. FL (Indian River Co)
Chesapeake. VA WTP
Cape Coral, FL
Yuma Desatting  Plant

28.0 20.000
2rwday 6.500

5,985

22.ooo
5.668

35

9.ooo
6.000

27.ooO
13.276
19.700
14.061

45,969’

21.000
26.505

70.7so2
39.139

50

230
55,Ooa
52,624

92
60,ooO 7
63.639 1.2

103
100,000 2 60.000 31.000
65.868 4 107.850 3‘f.ooo

177
1 7 9

150,295
72.270

288’

480

220

1,500

1.150

1.104
1.375

516

117.000
145.000
149.854

131.182
232.901

5oo.ooo
370.000
445,898
513.000
53o.ooo
238.895

867240
245,624
530.000
240.000

Stamp  in 1998
877,124

2
2
1

cl
1

0.75
1

80.000
32.OCO
4.200
6.000
8.700

15.000

39,500
4200

3.000
6Qooo

142.000

92.ooo

5.791
8,100

2.000
7,070

17,776

5.oM)
10.500

70.000

2
1
2
1
3
3

Cl
1

2
2

2
1

1o.wo
5.700

24.500
4.804

25.000

6.000
4.300

Crnfracled
16.883
34.640

7,432
20.995

21 .m
28,431
20,000
22.055
25,245

3.000

2.500

14.600

30.000
24.000

28.ooO
16.000

54.ow
34,963
93,840
21,493

Z6.850
66.ow

80.000
35.000

1.800
1.924 129.740’

73.385

5 97.117
22.w

178.030 0 327.771
429.300

19.302
3o.ooo 30.000
19.458 10.000 334.ooo N Y N

200,000 391,wo
207.718

6 134.378
4 80.000
1 25.OW

119.081 439,595
6O.ooO 212,270

5
4
3
8

12
136

2
2

15
6

15

35.000
104.600
136.000

70,ooo
125,ooO

275.000 497,ow
374.600

258.226 113.996
416.ooO 222.Ooa

70.000 125.000
100,000 171.000
307.9% 97,030
7cwQo 67.ooO
701,636 634,727

100.000
35.Otx

210.000
95.wo

1 lO.ooo

1.6W.Otk?
798.680
905.901

1.205.ooO
736.000
863,990

1.3w.ooo
1.866363

634.486
8
1

24
8

12

38.004
461.658
351.644
201 mo

142.836
276.820
262.853
396.400
150,000

200.000 1.724.112’
225.216 1.195,351

0 1.795.468

99.ow 690,000

23
90

478.411 528,OOQ 1.883.586

19,ooo 5.700.000 4.2W.000 8.600000 4.5oo.OwJ 23.OOO.OW

N
Y Y N
Y Y Y
Y Y N
Y Y N

Y Y Y

Y Y

Y N Y
Y Y Y

YNAY

Y Y Y
Y Y Y

Y Y Y
Y Y Y
Y Y N
Y Y Y

Y Y Y
Y Y Y

Y Y Y
N N Y
Y N N

.YNY

Y N Y

Y Y Y

Y N N

Y N Y
Y Y Y
Y N N
Y N Y

Y N Y
N N Y

Y N N
Y Y Y

N N N
Y Y Y
Y Y Y

Y Y Y
Y

Note: (‘)  = Questions: Does power consumption mctude  well pump power (YIN)? Is the well pump on the same meter (YIN)?  Does power consumptiun
include dlstfibution  power (Y/N)?

’ Indudes distribubon.
‘OBM  casts for9 mmlhs.

’ Power consumpbon  estimated researcher.
’ Includes well pwnp  motors.
’ Estimated. not yet on line.

6 lndudes support persoMel.
’ Does not indude  pretreatmenl.
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Table 5.-Total waler rates for utilities using some brackish ROlgroundwaler  enhancement volume charges
(Yl,OOO  gallons’,3

Residential water usage. thousands of gallons par month

Plant n a m e 1 2 3 5 1 0 3 0 4 0 5 0 6 0
2.75Grove City. FL (Seaside Serwce  Sys)

Santa Ana  (Irvine Ranch Waler Dist)

Englewood.  FL (Socillia  Utilities)

Olds  Water Supply (Iowa)

Sarasota. FL (Lake Tippicanoe)

Nofcomis.  FL (Say Lakes Estates)

El Paso, TX (Haciendas Del Node)

Sarasota. FL (Myakka River St Park)

Nokomis. FL (Kings Gale Club)

Ormond  Beach. FL (ffingslon  Shores)

Sarasota, FL (Windward Isle MHP)

Melbourne.  FL (Service  Mgt  Systems)

Sully, IA

St. Augustine (Marinafand,  Inc.)

Osprey. Hastings, Florida  WTP

Osprey. FL (Southbay Utilities)

Lutz. FL (Holiday Pines Service Carp)

Pumta  Gorrda (Burnt  Store SSU)

Castle  Point (VA Medical Center)

Texas, City  of Kennedy WTP

Iowa. Manson  Water Plant

Toluca,  Illinois RO Plant

Indian River City. Stuart, FL

N. Carolina (Dcracoke  Sanitary Dist)

Harbor Hts.  FL (Charlotte Harbor)

Fairfield. NC. Hyde County WTP

city  of Tuslin.  CA

Ewa  Beach  (also have EDR)

Rotunda West. FL

Venice, FL (Sarasota Co Plant)

Nokomis. FL (Sorento)  (also EDR)

Gaaparilla  Island Waler, FL

Dare County, NC. Rodantha  WTP

Cf  of Nevada, MO

North  Beach (Wabasso.  FL)

City of Wauchula.  FL

Jasper. Florida  WTP

Pine Island. FL WTP

Englewood Water District. FL

City  of Vera  Beach, FL

Chandler. AZ RO Facility

Dare County. NC, RO Waler Plant

Darien, IL (SE Rag  Water Fat)

Riverside. CA (SAWPA  Art)

Santa AM (Irvine Ranch Water)

Venice, FL

NA (pilot plant)

3.32 up lo 6.000 G/MO 5.60 for 6-12.000 GA40 0.95 for use  above 12,000 GM0
3.50

NA (indudad in monthly condo fee)

N A

1.00 average

N A

N A

NA (part of maintenance fee)

4.59 for 5 customers. For residenls,  charge  indudad in other fees.

2.91

3.20 - 2.25 - 2.00

N A

4.95

5.30

3.05

1.23

N A

7.50 (for use above 2.000 GIfvto.  charge is $1 SO/l  ,000 gal)

7.00 (for use above 1.000 G/MO,  charge is $2.300  BOO  gal)

3.20 (up lo 20,000 G/MO) 2.15 (up lo 60.000 G/MO) 1.90 (above 60,000 G/MO)
6.94

5.50

14.10

4.00

7.50 8.50 9.50 10.50
7.75 5.60 3.75

0.44 (for use above 2.246 G/MO.  charge is $0.9Y1.000  gal)

1.34

16.75

5.67

10.00

1.75

5.50

1.70

2.75

1.60

3.65

2.51 2.95 4.43 5.90
2.51 2.95 4.43 5.90

3.75 4.00 5.00

4.50

2.15

1.25

3.30

2.40 4.60

2.21 4.42 5.53

5.67

2.66

1.30

4.50

Marco Island. FL (S. State Util)

Sarasota. FL

Sanibel Island Water Assn.  (FL)

City  of Melbourne. FL

Fountain Valley. CA (Wal  Fact 21)

Jupiter. FL WTP

Mount Pleasant, SC WTP

Chesapeake, VA WTP

Cl  of Cape Coral, FL

2.64

3.21

2.14

2.60

2.93 3.72

5.55

1.27 plus base charge of %9334/month

2.46

Startup i n 1 9 9 6

1.75 1.05

4.92 7.38

2.35 2.85 3.35 3.65

Yurna  Desalting Plant

’ Refer to table 2 for quantity of Mended waler added.
’  No attempt has  been  made to put these  data on a common basis.
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Table 6.-Connection  charges and impact fees tar utikties  using some brackish RO/grwndwafer  enhancement
IS’ ?
I-  I

Gen and

Annual sales Basic facilw Sewer basic
sewervolume

chame
admin
new Imoacf

Plant name/owner

Grove Cily. FL (Seaside Setice  Sys)

Santa Ana  (Irvine Ranch Waler Diit)

Englewoad. FL (Bocillia  Utiliies,  Inc.)

Ok% Water Supply  (Iowa)

Sarasota, FL (Lake Tippicanoe)

Nokomis. FL (Bay Lake-s Estates)

El Paso, TX (Haciendas Del Nolte)

Sarasota. FL (My-  River St Pati)

Nokomis.  FL (Kings Gate Club)

Ormond  Beach, FL (Kingston Shores)

Sarasola.  FL (Windward Isle MHP)

Melbourne. FL (Servxe  Mgt Systems)

Iowa. Cii 01 Sully

St. Augustine (Marineland. Inc.)

Osprey. FL (Hastings WTP)

Osprey, FL Southbay  Utifiiies

Lutz. FL (Holiday Pines Setice  Carp)

Puma  Gorrda  (Burnt Store SSU)

Castle Point (VA Medical Center)

Ci(y  of Kennedy, Texas WTP

Manson.  lowe  Water Plant

Totuca.  Illinois RO Plant

Indian River Ci. StuarC.  FL

N. Carolina (Ocrawke  Santiary Dii)

Harbor Ms. FL (Charlotte Harbor)

Fairfiid.  NC, Hyde County WTP

city ol Tustin.  CA

Ewa Beach. Hawaii (also have EDR)

Rotunda West. FL

Venice. FL (Sarasota Co Plant)

Nokoms. FL (Sorerno)  (also have EDR)

Gasparilla Island Water, FL

(mil/gal)

3.9
charge

22.0lrno

lacihty  charge (S/l .ti  gal) a c c o u n t C o n n e c t

3.750

7.0

100

NA (pilot plant)

31.33

NA (induded in monthly condo  fee)

NA

4.300

100

0.25

32.21

NA (part  of maintenance fee)

For residents. charge included in other fees.

6.61lmO

17SO/quaner

0.22

41.6

46.0 26.29tmo

5.13/mo

545

805

925

94.6

97.2

66.0 3.33&K!

7.5Otmo  + 20% o! water charge

0.75. first 1 .OOO gal. 0.40/1.ooO  gal thereafter

5 0 2

0.56

150.0’

225.0

1.040

2003 3.612>

5.01/mo~

225.0 21SWmo 60 3.919 (water)
1,796 (sewer)

2.949

50

1.571

Dare County. NC, Rodanthe  m

City of Nevada, MO

North Beach (Wabasso. FL)

Cii of Wauchula. FL

Jasper. Florida WTP

Pine Island. FL WFP

Engfewood  Water Disbict.  FL

Chy  cd Vem Beach, FL

Chandler, AZ RO Facitity

Dare County, NC, RO Water plant

Darien. IL (SE Reg Water Fat)

Rive.rside.  CA (SAWPA Ad)

Santa Ana  (Irvine Ranch Waler)

Venice, FL

Marco Wand.  FL (S. state Util)

Cii  of Sarasota, FL

Sanibel Island Water Assn.  (FL)

City of Melbourne. FL

Fountain Valley, CA (Wat Fact 21)

Tom,  of Jupiter. FL (WTP)

Mount Pleasant. SC WTP

Chesapeake. VA WTP

City of Cape Coral. FL

77.5 est.

316.6

109.5

250.0

168.0

315.1

400.0

655.0

462.1

435.0

1.600.0

720.0

950.0

910.0

621.0

1.429.6

Startup in 1998

2620.0

400

1,330

3.37Jl.ow  gal

Yes

1.950  .ooo  gal 300

1.294

1.660

1.016

2.9426

630

430

6.35

Yes

6.64’

11.00 2.175

1.634
3.26’ 1.452 1263

7.65 5.75 3.05 15

Yuma Desalting Plant

’ Refer to table 2 tar quantity of blended water added.
‘No  anempl has been mad;!  to pul  lhese data on a common basis
’ 3/4 in. meter. 3 bedrooms. 2.5 balhs.
’ Production estimated by ediior.
’ 3J4  in. meter, includes debt service
’ 3/4 in. meter.
’ St6  in. meter.
’ St6  in. meter.
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3.0 SURVEY DATA, BRACKISH EDR

All the brackish electrodialysis plants listed in the survey are EDR processes which were
built by Ionics, Inc. Several EDR plants of significant size (above 1 MGD) have been
brought on-line since the 1992 NWSIA survey, bringing the total number of EDR
respondents to 17. A separate tabulation is shown for each of the following:

Process data (table 7)
Capital costs (table 8)
Operation and maintenance costs (table 9)
Water rates (table IO)
Connection charges and impact fees (table 11)

Table  7.-BracMsh  EDR  process data

Rated Annual Quantity of Feed Product Pmduct
capacitv txoduction water added sallnitv salirutv recover

cost of
electrical

oower
Plant name/owner (GPD) m GW mgni Owil (%)  . &VW

Kona Village Resort  Hawaii
Dell City, Texas
Georgetown, S. Carolina
Granbury.  Texas WTP
Nokomts.  FL  (Sorento)
Alta.  Iowa WTP
Melwile.  Saskatchewan. Canada
Ewa  Beach, Hawaii
CoupwIle.  Town of  (WA)
YUM Proving Ground (AZ)
Buckeye, Town of (AZ)
Washmgton.  City of (Iowa)
Foss Reservoir. Oklahoma
Lake Granbwy.  Texas WTP
Suffolk, City of (VA) WTP
Sherman. City  of (Texas)
Venice, FL (City 01  Cartton)

30.000
100,ooo

190,fxKY
3OO.Ow
3oo.cal
432,000
WwofJ
5oaooo
528.000
6oo.ooo

1 .m.ooo
1.9oo.ooo
2.8oo.Oaa
3.500.000
3.750.000
4.500.000

12,OOO.OOO

1 1 9 0 0 . 0 0 0
1 2 9 0 0 , 0 0 0
34.8CWOO
47.500000
6O.COO.OOG
75500.000

164.000.000
66.430.000
‘l4mmoO
51.000000

346.000.000
3ooaoo.ooo
449.ooo.ooo
-5owoo.~
730.000000
821000.000

None
120,000

5o.ooo

34o.ooo(RO)

325,CCil
125,OQO
150,ooO

96.ooo
0

35%
1 .ow.ow
2sOO.o@J

0

1.6C0/4.C00 2 5 0
3.900 500

9 5 6 3 4 7
6 0 0 4 7

3.000 3 5 0
1,200 3 4 0
1.900 6 0 0

6 0 0 4 0
900 4 5 0

1.800 2 0 0
1,600 6 0 0
1,200 6 2 8
1.050 2 4 0

321 9 7
1 9 3 5 0

1,350 6 5 0
1,030 2 9 8

6 0
4 5
6 5

8 0
8 5
8 0
7 0
7 5
8 5
7 5

13(?)
7 0
7 5
9 4
8 5
8 7

0.11
40lday

0.104-,073
0.098

7OOlmo
0.078
0.135

0.035

3,ooo/mo
0.028
0.050

0.06
0.049

’ Annual production  based on rated capacity (190.000  GPD) with unit operating at an average 0112 hours/day. .
’  Three-year average.
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Table 8.-Brackish  EDR capital costs
6)

Plant name/owner Building
Plant we&s  or feed Product Brine other Total capital

equipment intake tanks diiposal costs costs

Kona  Village Resort. Hawaii
Dell City. TX
Georgetown. SC WTP
Granbwy.  Texas VVTP
Nokomis. FL (Sorento)
Atta,  Iowa WTP
Melvil le,  Saskatchewan, Canada
Ewa  Beach.  Hawaii
Coupvilla.  Town  of (WA) WTP
Yuma Proving Ground (AZ)
Buckeye, Town of (AZ)  WTP
Washington. City  of (Iowa) WTP
Foss Reservoir, Oklahoma
Lake Granbury.  Texas WTP
Sherman. City of (TX)
Venice. FL (City of Cadton)

14.260 373,682 27,941 149,493 665.376

700,ooo

5o.ooo
383.000

2.96a.ooo

sxwo 67.645

850.000
752.700

2.039.ow
134,000 437.500 160.80
616,000 422.000 77,ooo 0

264.00
Not induded 0

1.267.645
55O.ooO
9oo.ooo

1.868.ooO
6.386.000

Approx.  750,000
2.2OO.ooo
1.050.000
1.807.00028O.ooo

3.9OO.ooo
2.000.000

1.212.600

2.2OO.ooo
3.OOO.Ow

Not induded Not indudad
32.ooa 6omoo 230.000 315.00

8.000.000 0
6.1OO.OQO

13.OOO.cGO
97.ooo.ooo

Table B.-Brackish EDR operation and maintenance costs
(6)

Power Annual
rawred tmwer

Replace-
Annual Annual met-d Total

Personnel DerSOnflel Dart&hem membrane annual
Plant nama/owner (kWh)  .cost (number) Co.3 cosl WSl COStS [‘I

K~na  Vitlage  Resorl.  Hawaii
Dell City. TX
Georgetom  SC WTP
Granbuy.  Texas WTP
Nokomis. FL (Sorento)
Alta.  towa  WTP
Melville. Saskatchewan. Canada
Ewa  Baadx  Hawaii
Coupville.  Town of  (WA) WTP
Yuma Proving Ground. Ai!
Buckeye. Town  of (AZ)  WTP
Washington. City of. (Iowa) WTP
Foss Reservoir. Oklahoma
Lake Granbwy.  Texas WTP
Suffolk, City  of (VA) W-t-P
Sherman. City  of (TX)
Venice.  FL Carlton  WTP

112
6 0

6 5
553.40O/yr’

164
152
438
2 6 3
3 1 5

6,531
8,352

15,OQO
5220

100.000
8woo
46.041

19.369
109,573

36.000
124.989

82.ooo
175.569
120.000

20.610
36,000
35,000
78.021
60,ooO
25.000

145.000

252.ocm
34ooo
21.000

160,769
200.000
355,137
560.000

15.751
1.500
1.000

50265

15.000
10.842

23.000
14.Ow
18.ooO

239,809

36,180
6aooo

40.953
5.000 50.852

5o.ooo
133.506
160.000

48.400 (es.)
17,780 219.663

5.000 299.369
157.573

18.750 93.750
35260 560.829

4OQOcO
139,335 706.221

85.ooo 825.OcO
1.236.766

N N Y
Y Y Y
YNN
YYY

YNN

N N Y
N N Y
YYY
NNN
NNN
NNN
Y N Y

Note: (‘)  = Questions: Does power  wnsump~on  include  well pump power (YIN)? Is the well pump M tha same mater (YM)?  Does power
consumption in&de  dsttibution  power (YM)?

’ Yuma Proving Ground, kWhIyr  indudes  nonpotable  system  distribution for infgation  use. This systam  is separate lrom  the potable system
and pumps approximately 250  million gatlons  per year.
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Table lo.-Total  water raIes  for utilities using some brackish EDR volume charges
(S/l.000  gallons’3

Residential  waler usage, thousands of gallons per month

plant name 1 2 3 5 1 0 3 0 4 0 5 0 6 0

Kona Village Resort

cm,  of Dell City

Georgetom  county W-I-P

Granbwy.  Texas WTP

Sorento  (also have RO)

Alla. Iowa  WfP

Melville. Saskatchewan, Canada

Ewa  Beach. Hawaii

Town of Coupville.  WA WTP

7.00

4.50 insrde  city kmits.  6.75 outside city limits

2.51 2.95

2.30 1.90 1.80

4.50

1.34

5.51 in town. in season. 6.26 out of town. in season
3.66 in town. off season. 5.51 out of tom. off season

4.43 5.90

1.70

Yuma  Proving Ground

Town of Buckeye, WTP

Cky  of Washington, Iowa  WTP

Foss Reservoir, Oklahoma

Lake Granbury. Texas WTP

Cty  of Suffolk, VA WTP

City of Sherman. Texas

Venice, FL (City of Cadton)

Water is supplied to resrdenls  of Army instaflaiion  at no charge.

4.07

1 SO 1.60 1.33 1.00

1.70

1.64

2.81

2.07

’ Refer to table 7 for quantity of blended water added
’  No attempt has been made to put these data on a common basts.

Plant name/owner

KOM  Valley Resort. Hawaii
City of Dell City
Georgetown County WTP
Granbury.  Texas WtP

Sorento (also have RO)
Alla.  Iowa  WTP
Melville. Saskatchewan, Canada
Ewa  Beach, Hawaii

Town  of  Coupvflle.  WA WTP
Yuma  Proving round

Tow of Buckeye WlP
Ciry  of Washington, Iowa WTP
Foss Reservoir. Oklahoma

Lake Granbury. Texas  WTP
City of Suffolk, VA WTP

City of Sherman, Texas

Table  11 --Connection  charges and impact lees for utrlities  using some brackish EDR
(S’,‘)

S.?Wer
Sewer basrc volume Gen  and

Annual sales Basic facikty fadfiiy charge admin  new
(mil/gal) charge charge ($1.000 gal) account

1 2
CO”“St

Impact
fees

1 2

3 5
2 4 6 2.60 (based on water gallonage)

164
6.00 (inside city limits, $7.50  outside c+ty  limits)

80.00 10.5Wmo

7 7

5 1

3 4 6
300
4 4 9

5cQ

621
821

13.GYmo  (inside coy  limits. !Z.?O.OO/mo  outside  dty fimii)

50% o f water b i l l

1.89

425.00

2.500

Vet-we.  FL (Cii of Cadton) 4,289

’ Refer to  table 7 for quantity 01  blended waler added.
’  No attempt has been made to put  these data on a common basis.
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4.0 SURVEY DATA, MEMBRANE SOFTENING

In the 1992 NWSIA survey, there were 7 respondents for membrane softening and, in our
survey, there are 1.5 respondents. The larger number of respondents significantly improves
the database. A separate tabulation is shown for each of the following:

l Process data (table 12)
l Capital costs (table 13)
l Operation and maintenance costs (table 14)
l Water rates (table 15)
l Connection charges and impact fees (table 16)

Table 12.-Membrane  softening process data

Plant namefawner

Raled AlWXJal auantlty of Feed P m d u c t Product

capacity pro-ion waler added salinity salinity recovery

GPD) W) GPD) (WU @WL) (%I

Cost Of
electrical

power

6AwN

Palm Beach, FL Bank  of Commerce
Alta.  Iowa WTP
Laurens.  iowa.  WTP
St. Luoe  West Services Dtst  (FL)
Vnllage  ot Royal Palm Beach, FL
Wellington  (Acme Imp Dlstnct)
Indian Rwer  County South
Boynton  Beach. FL
Mramar.  FL
Vera Beach. FL (Ind  River Co.)
Dunedin.  City of (FL)
Fan Meyers. FL
Naples. FL (N  Collier County)
Plantation. FL
Hollwood.  City of (FL)

170,000
288.000
350.000

1.000.000
1.5w.ooo
1.8oo.ooo
3.MM.wo
4.ooo.Oc0
4.500000
8.57O.OOQ

8.5w.wo
12.OOO.ooo
12.OOO.GuO
12.000.000
14.000000

1.5 0
70 25%
80 7.200
70 0
40 1.9OQOOo

Blend. lime soft. 2.5Oa.ooo
1.095 45o.ooo

1.642 9oo.omooo
1,520 16%
2,555 0
2.313 0

3,650 8-15 MGD

925
1.200

480
420
480

150
120
a5

170
250

78
230

90
80

110
268
285
120
35

210

65
68
74
a5
85
75
85
85

0.03
0.02
0.04

3,4OO/mo
0.06

0.065
0.055

80 0.049
83 0.06
90 0.08
90 0.0366
85
90
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Table 13.-Membrane  softening capital costs

6)

Plant name/owner Bullding
Plan1

equlpment

wel ls  or TOM
feed Product Brine Other Captal

intake tanks disposal costs costs

Palm Beach. FL Bank o!  Commerce
Aka.  Iowa  WIT
Laurens.  Iowa. WTP
St. Lucie  West  Services Disl (FL)
Wage  01  Royal Palm Beach, FL
Wellington. FL (Acme  Imp. Dstrict)
Indian  River  comly  south
Soynton  Beach. FL
Miramar.  FL

25.000 (rem@ 210.000

266.500
2.776.795

2.340.000’
3.571.500
1298.350

4.66O.ooO
5o.ooo

Vera  Beach. FL (In&  Rover  Co.)
Dunedin.  Ci i  of  (FL)
Fan  Meyers. City of (FL)
Naples. FL (N  Collier County)
Plantabon.  FL

1.23O.ooo
950,ooo

7.52O.cOO’
7.650.000’
5.56o.oo&l

75o.wo
6%.ooo

wo.wo Inc. pit.  equip.

68.m
535.099

81.500

4.68O.COO
4.650.000

Inc.  pn.  eqmp.

235,000
1300.000
7.ooo.000
4.706.cOO
5.306.244

11.400.000
12.200000
12.300.000

7.290.000
11.132.000
142oo.ooo
26.000.000

Hollywood.  Cii of (FL) 18.000.ooo

’ Bergman, R.A. ‘Florida. A Cosl  Comparison  Update. Membrane Softening ys.  lime Soltening,’  The Intemabonal  Desalrnation  6 Water Reuse Ouaneriy.
November/December  1995.

* Solin,  L. *City  of Dunedin.  flonda.  RO Waler Treatment Fad!+.’  The Inlemabonal  Destination 6 Water  Reuse Ouarter/y,  February/March 1996.

Table 14.-Membrane  softening operation and maintenaruz  cosls
6)

Plant name/owner

Power Anllual
required power
W’h) cost

Replace-
Annual AlHlUal merit Total

Petxmd peml par(s/chelTl membrane annual
(number) cosl COSI cost costs (7

Palm  Bead. FL Bank of Commerce
Alla.  Iowa  WTP
Laurens.  Iowa. WTP
St.  Lucie West Services District’
Village  of Royal Palm  Beach. FL
Wellinglon.  FL (Acme Imp. Diitnct)
Indian River County South
Sqnlon  Beach. FL’ .
Miramar.  FL’
Vera  Beach. FL (Ind.  River Co.)
Dunedin.  City 01  (FL)
Fotl  Meyers, Cii of (FL)
Naples. FL (N Collier County)
Plantatmn.  FL
Hollywood. Cii ot  (FL)

17.3% 1 45,141 26.283 88.819 Y N Y
7 7 15.744 1 .5 65.110 30.229 111.083 Y Y Y

40,800 4 YYY
8 9 23,000 1 79.500 12.400 114.900 Y N Y

8 NNN
4 0 5 195.129 7 182.000 160,000 540.000 Y Y Y

240.000 1 2 201 .ooo 15o.OW 99.ooo 69O.OCO Y Y Y
7 9 7 419.750’ 1 2 392.375 414,275 175.200 1.983.775’
5% 523.880 1 6 53w30 594.460 1.652.970 NNN
667 306.804 1 4 575.000 6oo.ocQ 5.ooo 1.486.804 NNN

Note: (‘)  = Ouescions:  Does power consumption mdude  well pimp  power (Y/N)? Is  the well pump on the same meter (YM)?  Does power
consumption include  distribution power (Y/N)?

’ Bergman. RA. ‘Florida. A Cost Compartson  Update. Membrane Softening vs. Lime Softening.’ The /nfemational  Des&bon  6 Warer
R?use  Ouarledy,  November/December 1995.

’  Min.  L. ‘City of win.  florida.  RO Water Treatment Facility.’ The International  Desalinarion  6 Water Reuse Ouaredy,
February/March 19%.

’  AnnuaI  cost for debt service of 5582.175 included in total annual  wsts.
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Table 15.-Total  water rates for utllws  using some membrane softening volume charges
(Yl .cOo  gallons’  3

Residential water usage. thousands of gallons per month

Plant name 1 2 3 5 10 30 40 50 60

Palm Beach. FL Bank of Commerce

Alta,  Iowa WTP

Laurens.  Iowa STP

St.  Lucie  West services maria’

Village 01 Royal Palm Beach

Acme Improvement District

Indian River County South

Boynton  Beach’

Miramar’

Vero Beach. FL (Ind.  River&.)

City of Donedin.  FL

City 01 FOR Myers, FL

Naples. FL (N Collier Co WTP)

Plantation, FL

2.00 1.50

2.30 1.90 1.80 1.70

3.53

1.60 (plus 150% ot gallonage rate per 1 .OOO gallons used in excess ot authorized. Single family. 18.000 gat/mo.

0.94

1.75 2.15

1.75 2.15 2.55

2.35 3.50 5.30 (‘1

2.60

1.75 2.20 2.75

City 01 Hollywoad.  FL 1.80

’ Refer lo tabte  12 tar quantity 01 blended water added.
’ NO attempt has bean made IO pul  these data on a common basis.
’ Bergman, R.A. ‘Florida. A Cost Comparison Update. Membrane Sottemng  vs. Lame  Softening.’ The lnfemational  Desalinaiion  d Water Reuse Ouarre~y.

NovemberlDecember  1995.
’ Bolin.  L. ‘City of Dunedin.  florida.  RO Water Treatment Facility.’ The InternarioMl Desalination  B  Wafer Reuse Ouarterfy,  February/March 1996.

Table 16.-Connection charges and impact tees for utikties  using some membrane softening
($‘-‘)

SW&3*
Annual Basic wtume Gel-and
sales facility Sewer basic tacility admin  new I m p a c t

Plant rtameJ-r (millgal) c h a r g e c h a r g e 6l~pl, a c c o u n t CO”“& 1ee.S
Palm Beach. FL Bank ot Commerce

Alta.  Iowa WTF’ 80 6.9O/mo

Laurans. Iowa  STP 45 5.25lmo

St. Lucie  West Services District 3.660
Village ol Royal  Palm Beach 1.590

Acme Improvement District

Indian River County Sooth 1.095 . 130 1.441

Boynton Beach

Miramar

city Of Dunedin 1.520 (31 Revenue bon& plus some impact fees

City 01 Fort  Myers 2,086

Nor(h  Collier County WTP 2.313 (Vol. charge l-lO.OCG  gavmo.  51.75: 10.00&20.ooO.  $220; above 20.000. $2.75) 900
Planlatmn.  FL

City of Hotlywood.  FL

’ Refer to table 12 for quantity of blended water added.
’ NO attempt has been made lo put these data on a common basis.
’ Olin.  L. ‘City of Dunadin.  Florida. RO Water Treatment Facilii.’  The InremafioMl &sa/irtafion  &  Wafer Reuse Ouarredy,  FebruaryMarch  1996.
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5.0 SURVEY DATA, SWRO AND DISTILLATION

This list is composed of 10 plants and includes significant cost reporting for the 6.7-MGD
SWRO plant in Santa Barbara, California. The 3-MGD SWRO plant in Key West, Florida,
built in 198 1, has been upgraded and maintained for use in event of an emergency at this
remote location. A response was also received for the 8.1 -MGD (total) multieffect
distillation (MED) plant in St. Thomas and St. Croix, Virgin Islands. A separate tabulation
is shown for each of the following:

l Process data (table 17)
l Capital costs (table 18)
l Operation and maintenance costs (table 19)
l Water rates (table 20)
l Connection charges and impact fees (table 21)

Table l‘I.-SWRO  and distillation process dala

Plant name/owner

Rated Annual ouantfly of Feed Product Product

~paay production water added Sh-ity salinity recovery

VW W) GW ww b-4-) w

cost oi
electrical

power

(MtWh)

Stoulfen Hotel. V.I.
Monterey Bay Aquarium (CA)
Sapphire  Beach Hotel. V.I.
San Swneon  Hearst Castle (CA)
Marina Coast Water District  (CA)
Santa Catalina tsland  (CA)
Mono  Say. CA
Key West. Florida  RO Plant
Santa Barbara. City of (CA)

Virgin Islands Water 8 Power Auih.
St. Thomas
St. Croix

Tota l 6.1oo.ooo 2,621 .o 37.ooo 50 NA

3o.ooQ
32.000
4o.ooo
4o.cQo 36,ooO 500 35

260,CQO 9c;O 25.000 300 40
3.32.txlo 30133
664.ow 3120 31,ociI 270 40

3.ooo.ooo 0, 36.ooo 300 34
6.700.000 34ooo 300 45

(4
4.45o.ooo
3.650,OOO

0.06
0.10
0.10
0.08
0.10
0.05

Electric  0.077
Steam 2.56

’ Santa Catalina Island: Additional data for this plant were provided by ‘Connections’ Spring 1991. a newsletter to community colleges and
. unlvenities issued by Sotihem  California Edison  Company; from Water Desalination RepoR;  and from San Gabriel Valley T&we. January 17. 1990.

The Santa Calalma Island seawater desalination plant provides supplementary water to the island: the primary source IS  Middle Ranch Reservoir. The
supply irom  the reservoir has been curlailed because of low rainfall (normal  12 in&es/year). The original desalination plan1 was purchased by the
developer of Hamltion  Cove and was then deeded to Southern California  Edison  (SCE) at no cost to own and operate. SCE supplies all efectridty.  gas.
and water for the Island. Since the developer paid for the original plant and deeded i( lo SCE at no charge, there is no capital  to be recovered (for the
ongunal  plant) and no debt setice.  Also, SCE reports the same 27 employees who  operate the diesel generating plant and the gas system also
operated the desalmahon  plant. Wii no debt service and rw  charge for O&M labor (as of 1990). the only O&M  costs are for electric power and
consumables. estimated to be about  $4.94/1OW  gatlons.  based on operating at 65 percent load factor. The product water lrom  the desalination plant is

piped directfy  to the  city water mains and mixed with  water from  the reservoir. Residential users are charged 66.OO/lO@J  gallons (as of 1990).
* The Key West SWRO plant is maintained on standby basis lo meet emergencies. The normal supply of water to the Florida Keys is by pipeline

from  Homestead. on the mainland.
’ The Santa Barbara. California. plant was provided as a ‘drought-proofing measure and is maintained to provide water when water from the normal

sources is inadequate.
’ The seawater desalination units at St. Thomas and St. Croix. Virgin Islands. are of the mu&effect  distillation type (MED).  and were supplied by

I.D.E. Technologies. Lid.
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TaMe  16.-SWRO  and d&if&ion  capital  costs

6)

Plant
Wells or

feed ProdUd Brine O t h e r Total caoital
Plant name/owner Building equipment intake t a n k s disposal MS15 COStS

Stobifem  Hotel, V.I.
Monlerey Bay Aquarium (CA)
Sapphire Beach Hotel. V.I.
San Sk-neon  Hears1  Castle (CA)
Marina  Coasl  Water Dot.  (CA)

Santa Catalina Island  (CA)
Mono Say. Cl&y  of CA
Key West, Florida  RO Plant

Santa Barbara. Ciiy of (CA)

Virgin l.slands  Water 8 Power Auth.
St. Thomas
St.  Croix

336.WO E%kting 25.wo Existing 2o.ooo 4oo.ooo

Approx.  970,ooo 23o.ooo
250,ooo 960,000 150.000 20,ooo 15.000 2.500000

01
2.400.000

2.loo.ooo 600,ooo 23o.ooo 1.300.ooo 4.530000lOO.OC$

0, 11.250.ooo

34.ooo.ooo

14

Tota l 57.751.695

’ Santa Catalina Wand: Additional data for this plant were provided by ‘Connections Spring 1991, a newsletter to community colleges and
universities issued by Southern California Edison Company; from Water Desalination Report; and from San Gabriel Valley Tribune. January 17.
1990. The Santa Catalina Island seawater desalination plant provides supplementa ry water to the island; the primary source is Middle Ranch

Reservoir. The supply from the reservoir has been curlailed because of low rainfall (nonal  12 inches/year). The origmal  desalination plant was
purchased by the developer of Hamilton Cove and was then deeded to Southern Califotia  Edison (SCE) at no cost to own and operate. SCE

supplies all electricity. gas. and water for the island. Since the developer paid for the originaJ  plant and deeded it to SCE at no charge. mere is co
capital to be recovered (for the onginal  plant) and no debt setice.  Also.  SCE reports Ihe  same 27 employees who  operate the diesel generating

plant and the gas system also operated the desalination plant. Wii no debt service and no charge for O&M labor (as of 1990). the only  O&M
costs are for electric power and consumables, estimated to be about $4.94IlWO  gallons. based on operating at 65 percent load (actor.  The
product water from the desalination plant is piped directly to the aty water mains and mixed with water from the reservoir. Residential userS  are

charged $8.OO/lCOO  gallons (as of 1990).
* The Key West SWRO plant is mawxained on standby basis to meel emergeties.  The normal supply of water to the Florida Keys is by

pipeline from Homestead, on the mainland.

’ The Santa Batiaa.  California. plan1 was provided as a ‘dmughI-proofing  measure and is maintained to prtide  water when water lrom  the
normal sources is inadequate.

’ The seawaler  desalmnation  units at St. Thomas and St. Croix. Virgin Islands. are ot the mutti-effect  distillation  type (MED).  and were supplied
by I.D.E.  Technologies. Ltd.
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Table 19.-SWRO  and distillation operation and  mainte-  costs

6)

Plarn  na”le/owner

Stoulfen Hotel.  V.I.
Monterey Bay.CA Aquarium
Sapphire Beach Hotel, V.I.
San Sumeon  Hearst Castle
Marina Coast Water District. CA
Santa CatdiM  Island.  CA
Mono Bay.  city of
Key West, Florida A0  Plant

smaamam.city0r
Vwgin  Islands Water & Power Auth.

St. Th-
st. Croix

Total

P0Wer
required

WW

50

720

3.171

Replace-
Annual Annual mm Total

Annual Personnel pYSO”“d panskhem membrane annual
power cost ( n u m b e r ) COSl c o s t c o s t cosls (7

4o.ocQ 20,ooa N N N

‘+‘*oqFI
2 SO.OQO 12.ooo 4.wJ 240,000 Y N N

0 168.ooo est.
1,052.cloo Y N N

1 M9.4221 362,992 102.452 418.837 2.763.633 est.

7.650.000 est.
6,

Note: Duestions:  Doe-s power consumption indude  well pump power (Y/N)? Is the well pump on the same meler (YIN)?  Does the power consumption
mclude  distribution power (Y/N)?

’ Santa Catalina  Wand:  Addtio~l  data for this plant were provided by Xonnections’  Spring  1991, a newsletter to mmmunfty  colleges and universities
issued by Southern Cafiiomia Edison Company; from  Water Desalinabon  Repon.  and irom  San Gabriel  Vatfey  Tribune.  January 17.1990.  The Sanla
Catalina Island  seawater desalinatfon  plant  provides  supplementary water to the island. The primary  source is from  Mie Ranch Reservoir. The supply
from the Reservoir has been cwtailed  because of the low ralnfafl  (normal 12 inches/year). The original desaliMtion plant was purchased by the developer
al Hamifto”  Cove. and was then deeded to Southern California Edison (SCE) at no cost to own and operate. SCE  supplies  all electdcity.  gas and water for
the island. Since the developer paid for the original plant.  and deeded it to SCE at no charge. there is no capital to be recovered (for the original plant) and
no debt service. Also, SCE  report the same 27 employees who operate the diesel generating plant and the gas system also operated the desalination
plant. With no debt service and no charge for O&M  labor (as of 1990). the  only 08M casts are for electric  power  and co”stnnableS.  estimated to be about
$4.94/l  ooo  gallons. based on operating at 85% load factor. The capital cost estimate shown above is fw  the OrigiMl  plant  wim  capacity of 132.000 GPD.
The product water from the dasafination  plant is piped dwctly  to the city water mains. and mixed with water from me reservoir. R&denial  users are
charged $8.OWlOOO  gallons  (as of 1990).

‘City of Morro  Bay total annual costs were based on full capacity wth 3-y  down time.
3 The Key West SWRO plant is maintained on standby basis to meet emergencies. The normal supply of water to the flodda  Keys is by pipeline from

Homestead, on the mainland. Eslimated  operatmg  costs by manufacturer.
’ The Santa Barbara, California. pla”t  was provided as a ‘drought-proohng  measure and is maintained to provide water when water from  the nOfH8al

sources is inadequate. Operating costs  shown assume operating at 2.445 million gallons per year.
‘The  seawater desalination units at St. Thomas and St Croix. Virgm  Islands. are of the muilkeffect distillation type (MED). Answers were suppkd  by

I.D.E. Technologies. Ltd.
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Table 20.-Total  water rates for tiifities  using some SWRO and dalillallon volume charges
($0 $00 gallons’ ‘,

Plant name

Slouffers  Hotel. V.I.

Monterey Bay Aquanum  (CA)

Sapphire  Beach Holel.  V.I.

San Simaon  Hearst Castle (CA)

Marina Coast Waler Diil. (CA)

Residential waler usage. thousands of gallons per month

1 2 3 5 10 30 40 50 60

2.60

Santa Catalina Island (CA)’ 8.00

Crly  of Morro  Bay (CA)’

Key West. Florida RO PIa& 10.49

City 01 Santa Barbara’ 2.20 to 4.45

Virgin Islands Waler 8 Power Auth.
m

St. Thomas

St. Croix

7.33 7.42 7.67 6.37

Total 15.96 17.90

’ No blending.
’ No attempt has been made lo pn these data on a common basis.
’ Santa Calalma Island: Addflional  data for this ptant  ware provided by ‘Comeclions  Spring  1991, a newsteller lo communlly  colleges and universiiies

issued by Southern Calaomia Edison Company, from Waler Desafinalfon  Report. and from San Gabriel Vatiey Tribune. January 17. 1990. The Santa
Catalina Island seawater desalination plant prow&s supplementary waler lo the island. The primary source is from Mrddle  Ranch Reservoir. The supply
from the reservou has been curtailed because of tfw  low rainfall (normal 12 in&as/year).  The  oligmal  desalinalron  plant was purchased by the developer of
Hanxllon  Cove. and was then deeded to Southern Caldomia Edison (SCE) al no cost lo own and operate. SCE supplies all eleclrfdy.  gas and walerforlhe
eland. Since me developer paid for the orfginal  plant, and deeded il lo SCE al no charge. there is no caprtal  lo ba recovered (for the original plant) and no
debl servce. Also. SCE  repon  the same 27 employees who operate the diesal generating plant and the gas system also operated the  desalination plant.
Wiih no debt serwce and  no charge for O&M  labor (as of 1990). the only 06M costs are for electric power and consumables, estimated lo be about
S494/1000  gallons. based on opealtng al 65% load factor. The capilal cost estimate shown above is lor the original plant with capacity 01 132.000 GPD.
The product waler from lfw  desalination pfant  is piped directly lo the city water mains. and mixed with water from the reservoir. Residential users are charged
88.00/1000  gallons (as of 1990).

’ City 01 Morro  Bay total annual costs were based on full capacily wilh  30-day down lime.
’ The Key West SWRO plant is maintained on standby basis lo meet emergencies. The normal supply of waler to the Florida Keys is by plpeline  from

Homestead. on the mainland. Estimated operating costs by manufacturer.
’ The  Santa Barbara, California plant was pw as a ‘drought-proofing’ measure. and is maintained lo pmvide  waler when waler from  the  normal

sources is inadequate. Operalrng  costs shown assume operating at 2,445 miltion  gallons per year. Thb IS  a SOOT plant.
’ The seawater desalination units at St. Thomas and St. Cmix. Virgin tsiands.  are of tfw  muili-effect  diilillalion type (MED) and were supplied by I.D.E.

Technologres,  Lld.

Table 21 .-Connection charges and impact fees for utilities using some SWRO and dislillalton
(S’?

Sewer
Annual Basic Yolume Gen and
sales ladlty Sewer basic tacifiiy charge admin new

Plant  name/owner (mil/gal) charge charge (S/l .COO gal) a c c o u n t

Slouifers  Hotel. V.I.

Monterey Say Aquarium (CA) a

Sapphwe  Beach Hotel. V.I.

San Simeon  Hear81  Castle. CA

Connecl
I m p a c t
fees

Marina  Coast Waler Dklrict.  CA

Santa CataliM  Island. CA

City of Morro  Say. CA

3.cQo

Key West. Florida  RO Plant

City of Santa Barbara. CA

Virgm  Istands  Water &  Power Ati.

St. Thomas

St.  Croix

Total

’ No blending

60

315 YeS YeS

3.500 2,342

2.620

*No  attempt has been made to pul these data on a common basis.
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6.0 SELECTED CASE STUDY COMPARISONS, BRACKISH
RO/GROUNDWATER ENHANCEMENT PLANTS

Ten brackish RO/groundwater  enhancement plants were selected for comparisons covering a
range of plant-rated capacity from 30,000 GPD to 15 MGD. Tables were prepared based on
submitted survey information as set forth below:

l Key elements for process data (table 22)
l Table, capital cost components, and total (table 22)
l Table, operation and maintenance cost components, and total (table 23)
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Table 22.-Selected  brackish RO/groundwaler  enhancement plants’

Process data

Bocilla Utilities, Southbay
Inc. Utilities, City of

O c r a c o k e
San i ta ry  D is t r i c t Norih Beach City of Vero

SAWPA
A r l i n g t o n City of Town of City of Cape

Plant name, location Englewood, FL Osprey, FL Toluca, IL Ocracoke,  NC Wabasso, FL Beach, FL Riverside, CA Sarasbla.  FL Jupiter. FL Coral, FL

Rated capacity, MGD 0.03 0.225 0.375 0.43 1 2 4 4.5 6 1 5
Annual product, mil gal 7.00 48.90 86.00 50.20 109.50 655.0 I 800.00 950.00 a21  .oo 2,620.OO
Total prod.+blend,  MGD 7.00 48.90 i 08.00 50.20 109.50 655.0 2.700.00 2,533.OO 2,135.OO 2,aa2.00
Feed salinity, mg/L 2,700 1,100 1,540 3,600 I ,800 1,200 1,100 2,000 2,000 1,500
Recovery, % 60 47 70 5 0 75 05 7 6 60 75 a0
Year  o f  s ta r tup 1985 1 9 7 6 1 9 9 2 1 9 7 7 1965-92 1 9 9 2 1990 i 982 1 9 9 0 1976-64

Capital costs

Building, $ (1,000s) 40
Plant equipment 1 2 0
Wells or feed inlake 4 9
P r o d u c t  t a n k s 1 2 0
Brine disposal 1 0
Other costs 4 2

40
300
1 7 5
45
25

200
1,700
203
352

3,400 3,650 6,500 2,400
2,500 3,700 1,795 4,800
aio 450 075 2,760

400 1,124
1,000

1,762 1,311 7,110 11,400 9,170 i 2,084 24,0002,187Total capital costs
$ (1 .ocw

(See footnotes.)

381

’ No attempt has been made to put these data on a common basis.
* Soulhbay Utilities and city of Cape Coral capital costs are current replacement costs.
’ SAWPA  annual capital debt service, $985,000, not Included above.



Table 23.-Selected  brackish RO/groundwaler  enhancement plants’

Cost proflle

Plant name, localion

Bocilla Utilities, Soulhbay
Inc. Utilities,

Englewood. FL Osprey, FL
Cily of

Toluca, IL

Ocracoke SAWPA
Sanitary District North Beach City of Vero Arlington
Ocracoke, NC Wabasso. FL Beach, FL Riverside, CA

Rated capacily,  MGD 0.03
Annual product, mil gal 7.00
Tolal prod.+blend,  MGD 7.00
Elec.  power cost, $/kWh 0.066
Hourly power reqd, kW 24
Well pump power incl? Yes
Distribution power incl? Yes
O&M personnel, It 2

0.225
46.90
48.90
0.065

Yes
Yes

1

0.376
66.00
108.00
0.075

0.43
60.20
50.20
0.82
230
Yes
Yes

6
WL

1
109.50
109.50
0.066

4

2 4 4.5 6
656.00 1,600.OO 950.00 a21 .oo
655.00 2,700.OO 2,533.OO 2,135.oo

0.063.0.078 0.098 0.0525 0.059
286.3 220 1150 616
Yes Yes No No
No No Yes No
5 2 15 24

Annual O&M  costs

Cily of Town of Cily of Cape
Sarasota. FL Jupiler.  FL’ Coral, FL

15
2620.00
2,6a2.00

0.05

Yes
Yes
23

Electric $ (1,000s)power,
OBM  personneF
Pans, chemicals’
Replace. membranesNo1  specified

7 46
32 20
4 21
49 140

275 53 72 150 500 530 246 a77
40 97 a0 100 70 702 462 476
42 66 60 136 125 635 263 526

. 210 225(5, 300

Total annual costs
f (1,000s)

92 227 417 218 212 366 1.205 1,666 1,195 1,833

’ No allempl has been made lo put these data on a common basis,
’ Town of  Jupiter, additional cost for brine disposal, $300,000 per year.
’ O&M personnel cosls estimated for cily  of Toluca.
’ Parts, chemicals costs estimated for city of  Toluca.
’ Costs for principal and interest payments and plant expansion purchases not included, Okracoke Sanitary District.





7.0 SELECTED CASE STUDY COMPARISONS,
BRACKISH EDR PLANTS

Ten electrodialysis plants were selected for comparisons covering a range of plant-rated
capacity from 30,000 GPD to 12 MGD. Tables and charts were prepared based on
submitted survey information as set forth below:

l Key elements for process data (table 24)
l Table, capital cost components, and total (table 24)
l Table, operation and maintenance cost components, and total (table 25)
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Table 24.~-Selected  brackish EOR  plants’

Process data

Pianl name, iocalion

Granbury
W T P ,

Granbury. TX

Alla
Municipal

Uti l i t ies.
Alta,  IA’

Melville WW,
Saskatchewan

Canada
Buckeye WTP,

A Z

Washington
Waler Dept.,

I A

F o s s
Reservoir,
Foss,  OK

L a k e
Granbury, TX

City of
Sutlolk,  VA

City of
Sherman, TX

Carllon WTP,
Sarasota, CO
Sarasota, FL’

Rated capacity, MGD
Annual product, mil gal
Total prod.+blend.  MGD
Feed salinity, mg/L
Recovery, %
Year 01  startup

W
P

‘Building, $(I ,000s)
Plant equipment
Wells or feed intake
Product tanks
Brine disposal
Other costs

Total capital  costs

$ (1,000s)
(See loolnoles.)

0 . 3
1 5
1 5
60

1 9 8 5

0.432 0 . 5 0.9
7 6 6 4 2 3 4
7 6 1 8 4 234

1 , 2 0 0 1 , 9 0 0 1 , 6 0 0
05 00 7 5

1995 1990 1 9 8 9

1 .9
300
315

1 , 2 0 0

1993

2 . 8 3 . 5 3 . 7 5 4 . 5 1 2
449 500 489 8 2 1 4 . 2 8 9
449 675 6 2 1 1,281 4,209

1 , 0 5 0 3 2 1 563 1 , 3 5 0 1 , 0 3 0
7 0 7 5 9 4 05 8 7

1 9 7 4 1 9 8 9 1990 1 9 9 3 1995

700
500

5 0
850

6 8
437
1 6 1 1 0 0 315

1 , 2 6 8 900 1 . 8 6 8 1 . 1 0 0 1 , 8 0 7 2,100 22,000 7,250 1 3 , 0 0 0 20,100

383
753
1 3 4

2 9 1
709

Capltel  costs

280
1 , 2 1 2

3,900
2,200
320
600
230

2,000
3,000
8,000

8,800

’ No attempt has been made to put these data on a common basis.
’ Cost  shown for Alla, Iowa, building is for remodeling only.
’ Total reported capilal cost for Carlton  WTP is $97 million. This includes cosls  such as distribution syslem, etc.



Table 25.-Selected  brackish EDR olanls’

Process data

Granbury
WTP,

Alla
Munrcipal Melville WW, Washington Foss Carllon  WTP.
Ulrlrties, ’ Saskalchew Buckeye  WTP, Water Dept., Reservoir, Lake Granbuw, Cilv of Suffolk, City  of Sherman, Sarasota. CO

Plant name, location Granbury.  TX Alta.  I A an Canada AZ I A ’ Foss, OK TX VA T X Sarasola, FL’

Rated capacity, MGD
Annual product, mil gal
Tota l  prod.+blend.  MGD
Elec.  power cosl.  S/kWh
Hourly power reqd, kW
Well pump power incl?
Distribution power incl?

A O&M  personnel, R
Jl

0 .3
1 5
1 5

0.07.0.10

Yes
N o

4

0.432
7 6
7 6

0 .2
112

0.5
6 4

104
0.076

6 0
Yes
N o
4

0 .9
1 2 9
1 2 9

0.066
150
Yes
N o

1 .9
3 0 0
3 1 5

2 .6 3 .5 3.75
4 4 9 5 0 0 4 0 9
4 4 9 6 7 5 621

0.026 0.05 0.06
4,366 2 6 3 3 1 5

N o N o Yes
N o N o Yes
6 5 1 6

4 .5 1 2
821 1,025
1261 1,625

0.049

1

152
N o
N o

2 t5 0

Annual O&M  coats

5 .2
7 0

50.2

a .4
2 5
1 5

6 . 1

4 6
9 .1
109
17.0

9 5
3 4
1 4

,4

3 6
2 1
1 6

16.7
5 5

125
1 6 1
2 4 0
3 5

02
2 0 0

1 1 6

175.6 1 2 0
355.1 5 6 0

3 6 6 0
139.3 65

133.5 40.4 03.7 1 3 3 146.7 561 4 0 0 7 0 6 6 2 5

Electr ic power, $ (1.000s)
O&M  personnel
Parts, chemicals
Replace. membranes
Not  specified

Tolal  annual costs
s (1,000s)
(See loolnotes.)

’ No attempl has been made lo put  lhese  data on a common basis.
’ For Washington Water Department, ‘not specilied’  costs added lo correspond with published technical paper.
’ For Cartton  WTP, Sarasota County annual production and cost/l  ,000 gal from published technical paper
’ For Buckeye, cost for bond amortization not included.





8.0 SELECTED CASE STUDY COMPARISONS,
MEMBRANE SOFTENING PLANTS

Five membrane softening (MS) plants were selected for comparisons covering a range of
plant-rated capacity from 35,000 GPD to 12 MGD. Tables were prepared based on
submitted survey information as set forth below:

l Key elements for process data (table 26)
l Table, capital cost components, and total (table 26)
l Table, operation and maintenance cost components (table 27)

Table 26.Selected  MS plants’

Process data

Plan t  name,  l oca t ion

V i l l a g e , Ind ian River N. Collier
Laurens WS, Roya l  Pa lm County, Vero County, City of
Laurens. IA Beach, FL2 Beach, FL Naples, FL Ft. Myers, FL

Rated capacity, MGD 0 . 3 5 1.5 a . 5 7 1 2 1 2
Annua l  p roduc t ,  m i l  ga l 4 5 3 3 0 1,479 2.313 2 , 5 5 5
Total prod.+blend.  MGD 4 6 7 5 0 1,642 2 . 3 1 3
Feed sa l in i t y ,  mg/L 9 0 0 420 1 5 0
Recovery. % 7 4 80 80 9 0 9 0
Year or startup 1 9 9 0 1 9 9 4 1 9 9 4 1 9 9 3 1992

Capital costs

Bu i ld ing ,  $  (1 ,000s )
P lan t  equ ipment
Wells or feed intake
Product tanks
Brine disposal
Other costs

2 6 9
358
7 5 0

6,882
5 0

1,230
5 , 5 6 0

5 0 0

Total capital costs
(1.000s)

1,494 7 , 3 7 2 26,000 14.200

’ No attempt has been made to put these data on a common basis.
* For  V i l l age  o f  Roya l  Pa lm Beach ,  b lend  add i t ion  i s  f rom a  l ime  so f ten ing  p lan t
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Table 27.-Selected  MS plants’

Process data

Plan t  name,  l oca t ion

V i l l a g e , Indian River N.  Co l l ie r
Laurens WS. Roya l  Pa lm County, Vero County, Ci ty  of
Laurens, IA Beach, FL Beach, FL Naples, FL Ft. Mvers. FL

Rated capacity, MGD 0 . 3 5 1.5
Annua l  p roduc t ,  m i l  ga l 4 5 3 3 0
Total prod.+blend,  MGD 4 6 7 5 0
Elec.  Power cost, $/kWh 0 . 0 3 8 0 . 0 6
Hourly power reqd, kW 7 7 a 9
Well pump power incl? Yes Yes
Distribution power incl? Yes Yes
O&M personnel, If 1 . 5 1

8 . 5 7
1 , 4 7 9
1 , 6 4 2
0.049

Yes
Yes
1 2

1 2 1 2
2 , 3 1 3 2 , 5 5 5
2 , 3 1 3 2 , 5 5 5
0 . 0 3 7 0 . 0 8

6 6 7 5 9 6
No N o

Yes N o
1 4 1 6

Annual O&M costs

Electric power, $ (1,000s)
O&M personnel
Parts, chemicals
Replace. membranes
Not specified

Total annual costs
(1 .ooOsl

111 1 1 5 6 9 0 1,487 1,653

1 6
6 5
3 0

2 3 2 4 0 3 0 7
a0 2 0 1 5 7 5
1 2 1 5 0 6 0 0

9 9 5

5 2 4
5 3 5
5 9 4

’ No attempt has been made to put these data on a common basis.
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9.0 SELECTED CASE STUDY COMPARISONS,
SWRO AND DISTILLATION PLANTS

Seven SWRO plants and 1 MED distillation facility were selected for comparison covering a
range of plant-rated capacity from 33,000 GPD to 8.1 MGD. Tables were prepared based on
submitted survey information as set forth below:

l Key elements for process data (table 28)
l Table, capital cost components, and total (table 28)
l Table, operation and maintenance cost components (table 29)
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Table 28.-Selecled  brackish EDR plants’

Process data

Marina Waler U.S. Navy, Waler/Power
Aquarium, D i s t r i c t , City of Morrow Guantanamo. City of  Santa

Plant name, location Monterey, CA Marina, CA
Authority, Virgin

Catalina Island, CA Bay, CA Key West, FL Cuba Barbara, CA Islands

P r o c e s s  t y p e SWRO SWRO SWRO SWRO SWRO SWRO-MSFIMED SWRO MED
Rated capacity, MGD 0.032 0.26 0.33 0.86 3 3.25 6.7 a.10
Annual product, mil gal a 98 38 315 9 3 1 913 2,621
Total product + bland, MGD a 98 3 8 3 1 5 9 3 1 913 2,621
Feed salinity, mg/L 25,000 31,000 34,000 37,000
Recovery, % 4 0 30/33 40 30 4 5

t2 Year  o f  s ta r tup 1996 1 9 9 6 1 9 9 3 1981 1 9 9 2 1981.93

Capital costs

Building, $ (1,000s)
Plant equipment
Wells or leed intake
P r o d u c t  t a n k s
Brine disposal
Other costs

336

25

20

250
960
1 5 0
20

1 5 0
970

1 0 0
2,100
a00

230
1,300

Total capi ta l costs 3 8 1 2,500 2,400 4,530 11,250 34,000 57.752
$ (1,000s)

’ No attempt has been made lo put these dala  on a common basis.



Table 29.-Selected SWRO and distillation plants’

Process data

Plan t  name,  l oca t ion

Marina Water Water/Power
Aquar ium, District, Ca ta l i na  I s land , City of Morrow Key West, U.S. Navy, Ci ty  o f  Santa Author i t y ,  V i rg in

Monterey, CA Marina, CA CA Bay, CA F L G u a n t a n a m o ,  C u b a Barbara, CA Islands

Process type
Rated capacity, MGD
Annua l  p roduc t ,  m i l  ga l
Tota l  product  + b lend,  MGD
Electric power cost, $/kWh
Hourly power required, kW
Wel l  pump power  inc luded?
Dis t r ibu t ion  power  inc luded?
Stream cost, $11  ,OOO#
Perf ration, #water/#steam
O&M personnel, #

PL

SWRO
0.032

a
a

o . o a
5 0
N o
N o

SWRO
0 . 2 6

* 98
98

0 . 1 0

Yes Yes
N o N o

2

SWR02
0 . 3 3

38
38

SWR03 SWRO’
0.86 3
3 1 5 931
3 1 5 931
0.08 0.08

Annual O&M costs

SWRO-MSFIMED
3 . 2 5
9 1 3
9 1 3

SWR05
6 . 7

0.05

M E D
a.10

2,621
2,621
0.077

Yes
Yes

1 3

2 . 5 6
g-10.5

Electric $ (1,000s)power,
S t e a m
O&M personnel
Parts, chemicals
Replacement membranes
Not  spec i f i ed

1 3

4 0
2 0

1 4 4

a0
12
4

1 4 0

la
3 0

1,889

3 6 3
7 5
28

Total annual costs
$ (1,000s)

7 3 2 4 0 la8 9 4 2 2,355 25,444

’ No attempt has been made to put these data on a common basis,
’ Data for this plant were assembled by Leitner and Associates, Inc., from data and information in “Connections,” Spring 1991. A newsletter to Community Colleges and

Universities issued by Southern California Edison Co.; from Water desalination report; and from San Gabriel Valley Tribune, January 17, 1990. A completed questionnaire was sent
to Southern California Edison Company for review and comment.

’ Annual O&M  costs equal $110,000 + $975/af.
’ Cost data from operation during period 196163.  .
5 The Santa Barbara plant is currently in “standby” mode. In “delivered water” mode the unit cost is as shown. This is a BOOT plant,





10.0 COMMENTS AND CONCLUSIONS

Several significant conclusions can be drawn from analysis of this survey data:

1.

2 .

3 .

The desalting industry, engineers, designer/builders, equipment component suppliers,
and owner/operators can now have factual data to show they are involved in a growth
industry. The annual growth rates are 20 percent per year in installed capacity and
6.25 percent per year in the number of new plants. Noteworthy, the comparison of the
number of new plants and the increase in installed capacity signifies that growth has
been in larger capacity plants.

The growth rate for membrane softening, 120 percent per year, strongly suggests that
the time for nanofiltration applications in potable water treatment has arrived. The
successful experiences to date may be opening a vast new opportunity for nanofiltration
applications other than membrane softening, namely the removal of THMFP and color
and the rejection of bacteria, viruses, and dissolved organic carbons.

The very slow growth rate in SWRO is due to several factors, including:

l Seawater is more costly to desalt than brackish water or high hardness water due to
the much higher salinity of seawater.

l Cost reductions that have taken place for treating brackish water and high hardness
water have been significant, have been tested over time, and have received publicity
through the 1992 NWSIA report and through journals. Accordingly, they would be
the first choice when acceptable feedwater and brine disposal options are available.

l The geographic areas where alternative water sources are sought may not correspond
to those areas where seawater desalting may be cost effectively applied.

l Some significant cost reductions in seawater desalting have been realized over the
past 5 years, primarily in improved distillation processes, SWRO membranes, energy .
recovery devices for S WRO, and operating procedures. Unfortunately, some of these
cost reductions have not yet been tested over time. Results are beginning to appear,
however. A private supplier of fresh water from seawater for the Bahamas will sell
water, unblended, at the plant boundary for $4.50/1000 gallons, which includes all
costs-capital and O&M. Prices in the U.S. can be expected to be even lower. (See
International Desalination & Water Reuse Quarterly, May 1996.)
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Appendix 2

Manufacturers of RO/Groundwater  Enhancement, EDR, MS,
SWRO/Distillation  Systems as Listed by Survey Respondents’

Name

American Engineering Services, Inc.
Aqua Chem, Inc.
Aqua Design (Subsidiary of Ionics)
ASI
Culligan, International
Fluid Systems
Filmtec/Dow Chemical Co.
Ham RO Systems, Inc.
Hydranautics, Inc.
Hydropure, Inc.
Ionics, Inc.
Israel Desalination Engineers
Mechanical Equipment Co.
Memtec America
Osmonics, Inc.
Polymetrics Seawater Systems
Source, Inc.
Trisep Corp.
US Filter (IWT Division)
Water Equipment Technology

Address

5912 F. Breckemidge Pkwy, Tampa FL 33610
PO Box 42 1, Milwaukee WI 53201
470 Division St, Campbell CA 95008
238-A Simpson Wy, Escondido CA 92025
1 Culligan Wy, Northbrook IL 60062
10124 Old Grove Rd, San Diego CA 92131-1691
7200 Ohms Ln, Edina MN 55439
185 S. Jackson, Venice FL 34292
40 1 Jones Rd, Oceanside CA 92054
1346 S. Killian  Dr, Lake Park FL 33403
65 Grove St, Watertown MA 02 172
2999 NE 19 1 st St, N. Miami Beach FL 33 180
861 Carondelet St, New Orleans LA 70130
249 12 Via Lopez Ct, Ramona CA 92065
595 1 Clear-water Dr, Minnetonka MN 55343
550 S. Winchester Blvd, San Jose CA 95 128
PO Box 132 1, Cape Coral FL 339 10
93 La Patera Ln, Goleta CA 93 117
4669 Shepard Trail, Rockford  IL 6 1103
832 Pike Rd, W. Palm Beach FL 334 11

Telephone

819-357-0910
4 14-96 l-275 I
408-374-8680

708-205-6000
6 19-695-3840
6 12-835-5475
94 l-488-967 1
760-90 l-2500
407-848-6788
6 17-926-2500
305-937-06 10
504-523-727 1
4 1 O-252-0800
612-933-2277
408-983-2684
8 13-549-2345
805-964-8003
8 15-877-304 1
407-684-6300

’ There are other U.S. manufacturers; the reader should contact ADA and AWWA for a more complete listing.
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Appendix 3

Desalting Plants in the U.S., by State and Process

s ta te
Plant location
@ame) Process

Capacity StXt-Up Equ ipmen t Membrane
WGD) Y=m supplier’ manufacturer’

Ali20na Buckeye, Town of E D R I 00
A r i z o n a C h a n d l e r R O 2.84
A r i z o n a Not stated E D R 0.30
A r i z o n a Not stated E D R 0.90
A r i z o n a Not stated E D R 0 .96
A r i z o n a Not stated E D R 1 20
A r i z o n a Yuma  Proving Ground WlP R O 7.82
AliZOlll Number of Plants 7 Tota l 7.82

1989 Ionics
1 9 % Ionics
1988 Ionics
1988 Ionics
1993 lonics
1995 lonics
1986 tonics

A r i z o n a Yuma Desalt Plant (BOR) R O 72.00 1992 Fluid Systems

California
California
California

Not stated
El Segundo
Fountain Valley

(Water Factory 21)
Garden Grove, City of
Mar ina
Monte rey .  Aqua r ium
Morro  Bay
Oceanside (Capistrano Desalter)
Oceanside, San Luis Rey
Pendleton
Riverside (Arlington Desalter)
Santa  Barbara
Santa Ana  (Irvine Ranch)
Santa Ana  (Irvine Ranch)
Santa Catalina Island
San Simcon (Hearst Castle)
T u s t i n
Number of Plants 17

E D R 0.38 1995
R O 5.00 1995
R O 6 00 19n

lonics
US Filter

California
California
California
California
California
California
Cahfomia
California
California
California
California
California
California
California
California

R O
SWRO
SWRO
SWRO
R O
R O
M S
R O
SWRO
R O
R O
S W R O
R O
R O
Tota l

031
0.26
0.03
0.86
2.00
2
0.15
4.00
6 70
0 03
4.50
0.33
0.04

1988
1 9 %
1996
I993
1994
1993
1994
1990
1992
1993
T B D
1991

Aqua Design
Hydranau t i c s
Hydranau t i c s
Membrane Sys
Hydranautics
lonics
Aqua Design

Village Marine

0.50
33.09

1990 Gaco  Systems Fluid Systems

Colorado
Colorado

Las Animas
Number of Plants I

R O
Tota l

1.00
1.00

1995 Membrane Sys

Florida
Florida
Florida
Florida

Not stated
Not stated
Not stated
Bonita Springs
(tmpenal Harbor Utilities

Bookecha  (Usepa  Bland  Club)
Boynton Beach
Cape Coral
Deland  (Indian Harbor Estates)
Dunedin
En&wood (Bocilla  Utilittes  Inc)

E D R 2.10
R O 0.25
E D R 0.29
M S 0.05

l o n i c s tonics
Hydropro Fluid Systems
tonics lonics

Florida
Florida
Florida
Florida
Florida
Flortda

R O
MS
R O
R O
M S
RO -

0 .06
4.00
I S . 0 0
0.13
9.50
0.30

Florida
Florida
Florida

Englewood
Ester0  (Mariner’s Cove)
Ester0  Woods (Harbor Point

C o n d o s )
For t  M y e r s
Fort Pierce (Counbyside

N.  MHP)
Fort Pierce (Fort  Pierce Utilities)
Gasparilla  Island Water Assn.
Grove City (Seaside Service Sys.)
Harbor Hgts  (Charloae  Harbor

WW
Hast ings  WTP
Hollywood
Indian River County (Stuart)
Indian River County (Wabasso)
Jasper WI-P

R O 2.50
R O 005
M S 0.05

1992
l976l84

1992
1985

1981

PWf America Filmtec
Pcrrnutit.  W S A Hydranauttcs

Ham RO

Hydranau t i c s Hydranautics

Florida
Florida

M S
R O

12.00
0.13

1992 Hydranau t i c s Hydranautics

FlOrida
Florida
Florida
Florida

M S 0.80
R O 0 75
R O 0.02
R O 0.45

19%
1986
1978

Ham RO Fluid Sysrems

Florida
Florida
Florida
Florida
Florida

R O
M S
R O
R O
R O

0.22
14.00
0.40
1.00
I .40

1992
1996

Ham RO

1985
1991

lomcs

Iomcs
tonics
tonics
Ionics
lonics

Hydranauttcs

Iontcs

Film&
Filmtec
Hydranautics
Hydranaurtcs
Fluid Systems
Hydranautics

Hydranautics

D o w



Plant location
state (Name)
-_____-___

Capacity start-up
Process WGW Ye=

--_-__-  ____ -__-___-  -_________-

Jensen Beech
Jensen  Beach  (Ocean Towers

Util ity)
Jensen Beach (River Club,

Martin Beach)
Jensen  Beach (SailIish  Point

Util ity)
Jensen Beach (Princess Condos)
Jensen Beach (Martin County

Util it ies)
Jensen Beach (Joe’s Point

Homeowner)
Jupiter
Key West
LuQ  (Holiday Pines Serv  Corp)
Maidand  (Dixon Ticondcroga)
Marco Island (Sooth States

Util it ies)
Mart in County
Melbourne
Melbourne Bch..

(Service Mgmt Sys.)
Melbourne Bch.

(S.  Brevard  Wtr Coop)
Mclboume  Bch.
6. Shores Condos)

Equipment
supplier’

Membrane
manufacrurer’

-___

Florida
FlorIda

R O
R O

I.50
0.12

1994 Hydropro

Florida R O 0 06

Florida R O 0.25

Florida
F l o n d a

R O
R O

0.20
0.12

Florida R O 0.12

Florida
FlorIda
FlorIda
Florida
Florida

R O 6.00 1990 Hydranautics Hydranautics
SWRO 3.00 1981 Wats  Set-vices DuPont
R O 0.24 1 9 8 9 Fluid Systems
R O 0.15 1972 Fluid systems
R O 4.00 1992 Amer. Engr.  Svcs.

Florida
Florida
Florida

M S 1.50 1996
R O 5.00 I995
R O 0.08 1984

Hazen
LA Water

TriSep

D o w

Florida R O 0.10 1988 D o w

Flortda R O 0 10

F l o n d a h&oume  B c h .  ’ R O 0.14

Florida
Florida
Florida
Florida
Florida
F l o n d a
F l o n d a
Flonda
Florida
Florida
F l o n d a
FlorIda
Florida
Florida
Florida
Florida
Florida

(Chuck’s, Invitron  Util.)
Miramar
Naples (N.  Collier Co WTP)
Nokomis (Bay Lakes Estates)
Nokomis (Kings Gate Club)
Nokomis (Kings Gate Rv  Park)
Nokomis (Sorento)
Nokomis (Sorento)
Nokomis (Lake Village MHF’)  RO
Nokomis (Spanish Lakes MHP)
Ormond  Bch (Kingston Shores)
Osprey (Sorento Utilities)
Osprey (Southbay Utihtics)
Palm  Beach(Bank  ofCommerce
Palm  Coast (Palm Coast Utilitia)
Pine Island WTF
Plantation WI?

M S
MS
R O
R O
R O
R O
E D R

Port St Lucic  (Spanish Lakes
Fairways)

R O
R O
R O
R O
M S
M S

R O
MS
R O

4.50
12.00
0.05
0.06
0.06
0 68
0.30
0 IO
0 IO
0.60
0.23
0.23
0.17
6.00
I .50
12.00

0.50

FlOrida Punta  Gorda (Burnt Store R O 0 24
Florida Puma  Gorda (Allegator  Park) R O 0 04
Florida Punta  Gurda  (Charlotte Harbor R O 0.45

Water)
Florida
Florida
Florida
Florida
Florida
Florida
Florida
Florida
Florida
Florida
F l o n d a
Florida
Florida
Florida
Florida
Florida
Florida
Florida
Florlda

Punta  Gorda Hunter Crk Vil lage
Rotunda West
Royal  Palm Bch, Village of
San Carlso  Park (Gulf Utilities)
Sanibel  Island Water Assn.
Sarasota, City
Sarasota (Lake Tippewnoe)
Sarasota (Myaka  River St Park)
Sarasota (Windward Isles)
SarasoIa  (Camelot Lakes MHP)
Sarasota (Southbay Utilities)
Sarasota (Sun N Fun Resort)
St Lucie  West Services Dist.
St Augustine (North Beach)
SI  Augustine (Marineland)
SI.  Augustine (Comanche Cove)
Sebastian (Pelican Point condos)
Venice(Plantation,  Sarasota Co)
Venice, City of

R O 0.17
R O 0 50
M S I.50
M S 0.50
R O 4 70
R O 4.50
R O 0.04
R O 0.05
R O 0.06
M S 0.10
R O 0.22
R O 0.13
M S 1.00
R O 0.17
R O 0.10
R O 007
R O 008
R O 0.50
R O 4.00

1995 Membrane Sys.
1993 Great  Mon. Con.%  Hydranautlcs
1990 Toyotm
1978 D o w

1991
1991 Ionics

Hydranautics
tonics

1972
1975
I976

Permutit
HamRO
HamRO

ib8i Filmtcc
I992 PWT  America Filmtec
1978193
1991
I989

Envir.  /Mem  Sys.
PWT  America Fluid Systems

I975194 H a m  R O

1974
1994
1991
1980
1982
I984
I977
1983

DuPont
Amer. Engr.Svcs.  Film&

DowYFilmtec
Filmtec

Polymctics DuPont
Toyobo

Basic Tech/Ham

I976 Toyobo

1988
I994
1972

Hydtanautics Hydranautics
Hydranautics Hydranautics

1984i90
1989 HamEmco

Dow/F lu id  Systems
Fluid Systems
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state
Plant location

(Name) PWXSS
Capacity s t a r t -up Equtpment Membrane
(MC@ Ye= supplier’ manufacturer’

Florida Vemce (Carkon W-I-P) E D R 12.00
Fhda Vemce  (Venice Garden Ut. Cotp) R O 2.30

Florida Vera  Beach (Indian River Co) M S 8.57
FlorIda Vera  Beach (Indian River Co) R O I .oo

Florida
Florida
Florida
Florida
Florida

Util.)
Florida

Volusia County @eland) RO 0.50

Wauchula RO 1 . 3 0
Wellington (Acem  District) MS 3.60
West Basin RO 1 . 5 0
West Palm Beach (P Beach RO 14.00

Number of Plants 90 Total 191.10

Hawaii Ewa Beach EDR 1.00
Hawaii Kona (Kona Village Resort) EDR &
Hawaii Number of Plants 2 Total 1.60

I l l i n o i s
I l l i n o i s

Chenoa
Darien (LE.  Regional

Water Facility)
Kewanee
Minonk
Toluca,  City of
Wenona, City of
Wyoming, City of
Number of Plants 7

RO 0.35 1992
RO 0.86 1 9 8 9

Illinois
Illinois
llltnois
Illinois
Illinois
Illinois

RO 1.50
RO 0 . 2 3
RO 0.37
RO 0.17
RO 0.18
Total 3.66

Iowa AlIa Municipal Utilities EDR 0.43
Iowa Laurens  W T P M S 0.35
Iowa Manson Municipal WTP RO 0.27
Iowa Olds Water Supply RO 0.03
Iowa Siblrey WTP RO 0.86
Iowa Sully, City of RO 0.09
Iowa Washington, City of, Water Dept EDR u
Iowa Number of Plants 7 Total 3.93

Mtssissippi
Mississippi

Not stated
Number of Plants 1

EDR
Total

0.19
0.19

Missouri
Missouri

Nevada, City of
Number of Plants 1

RO
Total

1.00
1.00

New York
New York
New York

Castle Point (VA Medical Ctr.)
Not Stated
Number of Plants 2

RO
EDR
Total

0.25
0.58
0.83

N. Carolina
N. Carolina
N. Carolina
N. Carolina
N. Carolina

Not stated
Rodanthe (Dare County WTP)
Fair field (Hyde County) RO
Ocracoke, City of (Sanitary Dist)
Number of Plants 4

EDR
RO

RO
Total

0.48
1 . 0 0
0.30
0.43
2 . 2 1

N. Dakota Grand Forks MS 1 . 7 0
N. Dakota Gwinner, City of RO 0.36
N. Dakota Number of Plants 2 Total 2.06

Oklahoma
Oklahoma

RO
EDR

Oklahoma

Oklahoma, City of
Foss, City of

(Foss Reservoir MCD)
Number of Plants 2 Total

Pennsylvania
Pennsylvania

Hastings (Hastings Mun Auth) EDR
Number of Plants 1 Total

0.75
2.80

3.55

0.11
0.11

I995 lonics Ionics
1984 Dow
1994 Fluid Systems
I985192 Basic Tech. Fluid Systems

I995 W E T
1 9 9 0 Filmtec
1990196 PWT/Hydropro  Fluid Systems
1 9 9 3 Ham RO

1989
1975179

lonics Ionics
lonics Ionics

Osmonics
Fluid Systems

I992 Osmonics

1 9 9 5
1 9 9 0
1992
1 9 8 8

1 9 8 8
1993

lonics
Coster Engr.
Coster Engr.
DESAL

lonics

lonics
Filmtec
Ionics

1993 lonics Ionics

1 9 8 4 Water Services Dow/Filmtec

1 9 8 4
1 9 8 8 Ionics lonics

1 9 9 3 Ionics lonics
1 9 9 6 Amer.Engr.  Svcs
1 9 9 4 Ham RO
1 9 7 7 Culligan&lam RO

1996 Ham RO
1990 Osmonics

1 9 8 3 Graver
1 9 9 4 lonics lonics

1 9 8 8 lonics Ionics
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State
Plan!  loca t ion
(Name) Process

Capac i ty Stan-UP EquIpmen Membrane
W-W Ye= supplier’ manufacrurer’

S. Carolina Georgetown (Georgetoun  Co
“Pauley’s)

Not stated
Mt. Pleasant, City of
Palms Island, City of
Number of Plants 4

EDR 0.19 1991

S.  Carolina
S. Carolina
S. Carolina
S. Carolina

EDR
RO
RO
Total

0.36
6.85
1.20

8.60

Texas Not stated EDR
Texas Brazes  River Authority EDR
Texas Dell City EDR
Texas Denison (Texoma Utility) EDR
Texas El Paso (Haciendas Del Norte) RO
Texas Fort Stockton RO

Texas Kennedy, City of RO
Texas Granbury(Lake  Granbury WTP) EDR
Texas Granbury (Oak Trail Shores) EDR
Texas Robinson, City of RO
Texas Sherman, City of EDR
Texas Number of Plants II Total

Utah Huntington RO
Utah Number of Plants I Total

1 . 5 0
3.50
0.10
4.50
0.05
3.00
0.30
3.50
0.14
2.00
4.50
23.09

0.35
0.35

Virginia Culpepper RO 0.20
Virginia Suffolk (G.R. House Water EDR 3.75
Virginia Number of Plants 2 Total 3.95

Washington Coupville, Town of EDR 0.53

W a s h i n g t o n Number of Plants 1 Total 0.53

Puerto Rico
Puerto Rico

San Juan
Number of Plants 1

0.15

0.15

Virgin Islands
Virgin Islands
Virgin Islands

St John (Caneel  Bay)
St. John (Grand Hyatt Regency)
St. Thomas
(Cowpet  Bay E. Assoc)

St. Thomas
(Cowpet  Beach Resort)

St. Thomas (Limetree Resorts)
St. Thomas(Sapphire  W. Condos)
St. Thomas (Sapphire Hotel)
St. Thomas(Secret  Harbor Beach
St. Thomas (Stouffer’s)
St. Thomas (Virgin Waters)
St. Thomas (Water Bay Mgt.)
St. Croix (VIWAPA)
St. Croix (VIWAPA)
St. Thomas (VIWAPA)
Number of Plants 14

SWFCO
SWRO

SWRO

0.26
0.34
0.03

Virgin Islands RO 0.15

Virgin Islands
Virgin Islands
Virgin Islands
Virgin Islands
Virgin Islands
Virgin Islands
Virgin Islands
Virgin Islands
Virgin Islands
Virgin Islands
Virgin Islands

RO 0 . 1  I
RO 0.43
RO 0.04
RO 0.06
RO 0.03
RO 0.03 .
RO 0.06
HTME 3.60
RO 0.25
HTME 4.50
Total 9.89

Canada Melville (Saskatchewan) EDR 0.50

Canada Number of Plants 1 Total 0.50

lonics

Ionics
Hydranautics
Hydropro

lonics

1 9 9 2
1991
1993/94

Ionics
Hydranautics
Hydran@luid  Sys.

1996
1 9 8 8

1 9 7 5

1 9 9 2
1981

lonics

lonics
lonics

lonics

Ionics
Ionics
lonics
lonics

DuPont

1 9 9 6 MEDRO
1 9 8 9 Ionics
1 9 8 4 Ionics
1995 MEDRO
1 9 9 3 lonics

Hydranautics
lonics
lonics

1 9 7 7 Aqua Media

1 9 9 4
1 9 9 0

Ham RO
lonics Ionics

1 9 7 8 lonics Ionics

1 9 8 2 Water Services DuPont

1983/1993 IDE
1 9 9 3 Amer. Engr. Svcs
198  l/83/92  I D E

1 9 9 0 lonics lonics

’ There are other U.S. suppliers and manufacturers; the reader should contact ADA and AWWA for a more complete listing.
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