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Executive Summary

1.0  Study Purpose and Goals

Reclaimed water can be an effective way to diversify Florida’'s water resources in order
to use fresh water more efficiently. The Southwest Florida Water Management District
(District) water use permitting rules require agricultural, recreational/aesthetic, and in-
dustrial/commercial water use permittees and applicants in Water Use Caution Areas to
investigate the feasibility of using reclaimed water. These permittees and applicants are
required to use reclaimed water if it is technically, environmentally, and economically
feasible. In general, reclaimed water is economically feasible to a water use permittee
or applicant if the present value of the benefits to the permittee or applicant from using
the reclaimed water is comparable to or greater than the present value of reclaimed wa-
ter costs to the permittee or applicant.

For the purposes of this study, the reclaimed water is provided by a utility and is defined
as water that flows out of a wastewater treatment plant and has received at least sec-
ondary treatment and required disinfection. Also, Agriculture and Recreation / Aesthetic
water users use reclaimed water exclusively for irrigation, including crop establishment
and frost/freeze protection, and Industrial water users use reclaimed water in certain
production processes, primarily as cooling water.

This study gathered the available information from literature reviews, survey research
and interviews to address the following study goals.

1. Improve the District's ability to assist water users in assessing the benefits and
costs of reclaimed water to them;

2. Identify areas of future research that address how the net benefits of reclaimed
water to water users can be as great as possible; and

3. Better assess whether or not reclaimed water is economically feasible to specific
water users.

This report describes the results of a literature review and survey of reclaimed water us-
ers in Florida. From this information, evaluation criteria and two Excel models were de-
veloped that a non-utility water use permittee or applicant would use to document the
economic feasibility of reclaimed water.

2.0 Literature Review

The literature review included internet and web site searches accompanied by email and
telephone requests of numerous organizations. While there is an abundance of informa-
tion regarding the production and uses of reclaimed water, only five documents were lo-

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT Page ES-1
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cated that address the benefits and costs of reclaimed water to users. No documents
were located that describe how potential reclaimed water users should evaluate the po-
tential benefits and costs of reclaimed water to their operations.

3.0 Survey of Reclaimed Water Users

The results of a survey of reclaimed water users in Florida were crucial to developing the
evaluation criteria for this study. The survey included questions regarding the use of
reclaimed water, the costs and benefits of reclaimed water, the economic feasibility of
reclaimed water, satisfaction with reclaimed water reliability, quality and quantity and
whether the user would do it all over again. Three reclaimed water surveys were devel-
oped, one for each water use type: Agricultural; Recreation / Aesthetic; and Industrial,
respectively.

About 80 percent of the reclaimed water users who were asked to complete the survey
actually completed and returned the survey. The number of completed surveys by type
of water user and county is provided in Table ES.1.

Table ES.1
Number of Completed Surveys From Reclaimed Water Users By County
No. of Respondents
Recreation / % of Respon-

County Agriculture Aesthetic Industrial Total dents
Charlotte 0 1 1 2 5%
Desoto 4 0 0 4 11%
Hernando 0 1 0 1 3%
Hillsborough 0 3 2 5 14%
Manatee 2 1 0 3 8%
Orange (a) 2 0 1 3 8%
Pasco 1 2 0 3 8%
Pinellas 0 3 1 4 11%
Polk 0 0 4 4 11%
Sarasota 1 5 0 6 16%
St. Lucie (a) 0 0 1 1 3%
Sumter 0 1 0 1 3%
Total 10 17 10 37 100%

(a) This county is not in the Southwest Florida Water Management District.

A total of 37 completed surveys were obtained and are comprised of 10 agricultural sur-
veys, 17 recreation / aesthetic surveys and 10 industrial surveys. The project team
would like to express their sincere appreciation and thanks to the 37 people who took
the time to fill out this survey and explain how reclaimed water has affected their opera-
tions in terms of benefits and costs.

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT Page ES-2
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Of the 16 counties in the Southwest Florida Water Management District, 10 are
represented in this survey. Two counties, Orange and St. Lucie, are in the South Florida
Water Management District. The four respondents in these two counties were asked to
participate in this survey in order to achieve the survey goal. These respondents are
believed to be representative of the actual and potential reclaimed water users in the
Southwest District.

The survey respondents were very helpful in providing information regarding their bene-
fits and costs associated with reclaimed water and these results were incorporated into
the evaluation criteria and the two Excel models.

40 Costsof Reclaimed Water Use

The actual costs associated with connecting to a reclaimed water system and using the
reclaimed water will vary depending on factors specific to the farm, golf course,
landscaped area or industrial firm. There are potentially three types of costs associated
with using reclaimed water: (1) installation costs; (2) annual costs; and (3) recurring
O&M costs other than annual. A list of the potential installation costs is provided in Ta-
ble ES.2. A reclaimed water user will not necessarily need to spend money on all of
these cost items.

Table ES.2

Potential Installation Cost Items Associated with Using Reclaimed Water
For Irrigation and Industrial Applications

(1) Install pipe system to connect irrigation system or industrial operation to reclaimed water

pipeline

(2) Install pressure regulating valves to control pressure of water flowing into irrigation system

(3) Install water meter to monitor amount of reclaimed water used

(4) Create storage pond or install storage tank and pump station to match reclaimed water

supply with timing of water needs
(5) Disconnect existing water source from irrigation system or industrial operation

(6) For industrial applications, install or expand the water pretreatment system

(7) For micro-sprinkler and drip irrigation systems, install or upgrade filtration and/or chemical

injector systems to reduce clogging

(8) Create reclaimed water disposal area such as ditch connection to pasture area during

times when reclaimed water flows are higher than crop water needs

(9) Forturf and landscape, change plant material to more salt tolerant species

(10) Other costs, if any, specific to the reclaimed water user associated with the provision of wa-

ter for other uses from the existing water source due to the reclaimed water connection.

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT Page ES-3
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A list of the potential annual and periodically recurring costs associated with using rec-
laimed water is provided in Table ES.3.

Table ES.3
Potential Annual or Periodically Recurring Cost Items
Associated with Using Reclaimed Water for Irrigation or Industrial Applications

[EnY

. Reclaimed water payment to the utility

2. Irrigation-related management associated with maintaining reclaimed water meter, pipeline,
pump and storage pond; repairing pipeline due to fluctuating water pressure; and repairing
or replacing rusty controllers, power boxes and equipment

3. Fertilizer management including water quality and plant tissue testing and nutrient evalua-
tions

4. Salinity and pH management including chemical applications, water blending, soil leaching
and mechanical means

5. Pest or algae management including cleaning or repairing microjets or drip nozzles, water
chlorination, pesticide applications, and filter replacement

6. Chemicals needed for reclaimed water treatment prior to industrial application

7. Recording water data and providing reports to the water management district and the FDEP

5.0 Benefitsof Reclaimed Water Use

The survey responses demonstrated that there are benefits of reclaimed water use rela-
tive to using traditional water sources such as ground or surface water. These benefits
include cost savings and value-added. The benefits are listed in Table ES.4 in order of
importance to the 37 Agricultural, Recreation / Aesthetic and Industrial reclaimed water
users surveyed.

The top five benefits are related to having more water available when needed relative to
traditional water sources. The top three benefits are: (1) having a guaranteed and relia-
ble water source, (2) able to conserve fresh water for their other uses and (3) able to irri-
gate more frequently that if a traditional water source was used. About 2 of every 3 res-
pondents said they were receiving at least one of these three benefits.

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT Page ES-4
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Table ES.4

June 2010

Benefits of Reclaimed Water for Irrigation and Industrial Applications
Ranked in Order of Percent of Respondents Who Said Yes to Benefit

Survey Respondents Who Said Yes to

Benefit
Total No. of
% of Res- Respondents

Reclaimed Water Benefits Number ponses (@)
1. Have a guaranteed and reliable water source 25 68% 37
2. Able to conserve fresh water for their other
uses 25 68% 37
3. Able to irrigate more frequently than if used tra-
ditional source 17 63% 27
4. Able to apply more water to the crop/lawn/
landscape than with traditional source 15 56% 27
5. Better able to supply water to crops during
drought conditions 5 50% 10
6. Irrigation or water costs are lower 17 46% 37
7. Our permitting requirements have been re-
duced 3 30% 10
8. Netincome is higher than with traditional wa-
ter source 11 30% 37
9. Fertilization costs are lower 7 26% 27
10. Revenue is higher than with traditional water
source 9 24% 37
11. Business has increased during fresh water
shortage restrictions 4 24% 17
12. Better able to protect crops from freezing 2 20% 10
13. Crop vield or product quantity has been higher
than with a traditional source 2 10% 20
14. Pounds of juice per acre is higher than with
traditional source 10% 10
15. Our production cost is lower 1 10% 10
16. Water storage costs are lower 3 8% 37
17. Quality of crop/lawn/landscape/product is
higher than with traditional source 3 8% 37

(a) The total number of respondents is 37 if the question was asked of Agricultural, Recreation / Aes-
thetic and Industrial respondents. The total number of respondents is 27 if the question was asked of
the Agricultural and Recreation / Aesthetic respondents. The total number of respondents is 10 if the
question was asked of only the Agricultural respondents or only the Industrial respondents.
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The fourth and fifth ranked benefits are also related to having more water and are: (4)
Able to apply more water to the crop/ lawn/ landscape than with a traditional source and
(5) Better able to supply water to crops during drought conditions. At least 50 percent of
the 27 Agricultural and Recreation / Aesthetic respondents stated that they received at
least one of these two benefits from using reclaimed water.

The Agricultural and Recreation / Aesthetic respondents were asked the following ques-
tion regarding the net benefits of reclaimed water to their firm: “Do you believe that the
total benefit your firm is receiving from using reclaimed water is greater than the total
cost your firm is paying for reclaimed water (after subtracting any money received from
government agencies)?” Of the 10 Agricultural respondents, six answered yes, one
answered no, one did not know and two did not answer the question. Of the 17
Recreation / Aesthetic respondents, 15 said yes, one said no and one did not know.

All 37 respondents were asked to rate the supply reliability, quantity and quality of their
reclaimed water. All of the Industrial respondents were very satisfied or satisfied with
their reclaimed water reliability, quality and supply. For the most part, the Agricultural
respondents gave favorable ratings to their reclaimed water. Six of the 10 Agricultural
respondents were satisfied with their water supply reliability and water quality and five
were satisfied with their water quantity. Three were very satisfied with their reclaimed
water quantity and quality and four were very satisfied with their water supply reliability.
The 17 Recreation / Aesthetic respondents also gave favorable ratings for their rec-
laimed water. Nine respondents are very satisfied with the supply reliability of their rec-
laimed water while 11 respondents are satisfied with their reclaimed water quantity and
10 are satisfied with its quality.

All 37 respondents were asked the following question: *“If your firm could do it all over
again, would your firm agree to connect to the reclaimed water system? If you cannot
speak for your firm, would you agree to connect this facility if the choice was yours
alone?” Of the 10 Agricultural respondents, nine would connect again because the rec-
laimed water saves the farm money and one would not connect, citing the added cost of
grove maintenance associated with using the reclaimed water.

All of the 17 Recreation / Aesthetic respondents said they would connect to reclaimed
water if they had to do it all over again. The most common reasons were that the rec-
laimed water is needed as a supplemental water source and is it available during fresh
water shortage restrictions. Four said that irrigation is a good use of reclaimed water
and three said that reclaimed water is affordable or saves money.

All of the 10 Industrial respondents would use reclaimed water as a supply source for
their industrial operations if they had to make the decision again. Three of the 10 survey
respondents are interested in obtaining additional reclaimed water quantities.
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6.0 Evaluation Criteria and the Reclaimed Water Benefit-Cost Calculator

This study used survey research and the available literature to develop evaluation crite-
ria that may be used to assess the economic feasibility of reclaimed water for irrigation
of crops, turf and landscape; and for industrial applications. These evaluation criteria
were incorporated into two Excel models that can assist the District and the potential
reclaimed water user in organizing the information needed to make an assessment of
economic feasibility. These models guide the user in collecting and assembling the ne-
cessary information and provide estimates of the benefits, costs and net benefits of rec-
laimed water to the user.

Farmers, golf course owners, homeowner and condominium associations, and any entity
with a beneficial need for irrigation water would use the Excel model called “Reclaimed
Water Benefit-Cost Calculator for Irrigation”. Industrial firms would complete the Excel
model called “Reclaimed Water Benefit-Cost Calculator for Industrial Applications”. The
use of each model is described in this report. The evaluation criteria contained in these
models attempt to measure and compare the benefits of reclaimed water to the costs of
reclaimed water. These models can be used to conduct sensitivity analyses to evaluate
uncertainties in the input data.

The Reclaimed Water Benefit-Cost Calculators for Irrigation and Industrial Applications
are to be used to provide guidance as to the economic feasibility of using reclaimed wa-
ter for a specific purpose. The values that the user will input into the model are esti-
mates and the model results should not be the only factor in determining economic fea-
sibility. Instead, the model results should be viewed in the proper context of all other in-
formation submitted and relevant to the water use permit application or renewal.

The evaluation model compares the costs associated with accessing and using rec-
laimed water (RW) with the costs to access and use water from the next available water
source (NAWS). The model also provides guidance in estimating the benefits of rec-
laimed water to the user. These benefits include:

¢ Nitrogen fertilizer cost savings - annual

¢ Change in value of crop production — annual

e Change in quality of crop, lawn and/or landscape — annual

e Value of additional water available from reclaimed water source — annual

o Value of additional water “freed up” by the reclaimed water use (that can be used
by the reclaimed water user)

e Value of water available during NAWS water shortage restrictions — annual
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The evaluation criteria and the order of benefits and costs in the Reclaimed Water Bene-
fit-Cost Calculator are provided in Table ES.5. The model can also evaluate partial off-
sets, where only a portion of the next available water source, NAWS, is replaced with
reclaimed water. A user guide for the irrigation model and the industrial applications
model is provided in Chapter 3.0 and Chapter 4.0, respectively.

7.0 Recommendationsfor Further Research

In the course of this study, several areas of further research to address information gaps
were identified. These study areas are as follows.

e Support research and develop a method to estimate the influence of reclaimed
water on the amount of macro and micro nutrients taken up by plants, including
citrus, tomato, turf, etc. This information would be useful to estimating the cost
savings associated with reduced fertilizer requirements.

¢ Conduct scientific field trials to determine the impact of reclaimed water features
on crop productivity per acre for crops commonly produced in Florida that would
have access to reclaimed water. Reclaimed water features include differences in
water quality and water availability relative to traditional water sources. This in-
formation would be useful to estimating the change in the value of crop produc-
tion associated with reclaimed water use.

¢ Conduct scientific field trials to determine the impact of reclaimed water features
on turf and landscape plant quality. Given these results, conduct research to
document the impact of these quality changes on net revenue to the reclaimed
water user. This research should be conducted at the nursery production and
sales level and at the plant end user level such as golf course and homeowner
associations. Reclaimed water features include differences in water quality and
water availability relative to traditional water sources. This information would be
useful to estimating the change in net revenue from changes in plant quality as-
sociated with reclaimed water use.

¢ Conduct research to estimate representative values of water used for irrigation
by type of plant irrigated. The plant types would include those commonly pro-
duced and/ or irrigated in Florida that would have access to reclaimed water,
such as citrus, tomatoes, St. Augustine grass, and Bermuda grass. These esti-
mated values would be used in estimating the benefits of reclaimed water as well
as the benefits of all other alternative water supplies.
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Table ES.5

Evaluation Criterion and Order of Benefits and Costs Presented
In the Reclaimed Water Benefit-Cost Calculators For Irrigation and Industrial Applications

Benefit or Cost Item

Measure of Benefit

Or Cost Item Evaluation Criterion (a)

Amount of water needed and Negative of Difference in

A. Amount of water needed and available . L amount of water needed
L available in million gallons — an- . .
in million gallons — annual nual and available (RW minus
NAWS)
. . . Difference in annualized
: Total annualized installation cost | . . .
B. Installation costs installation cost (NAWS mi-
and Per 1,000 gallons
nus RW)
C. Annual O&M costs Total annual O&M cost and Difference in annual O&M
] Per 1,000 gallons of water cost (NAWS minus RW)
) Total annualized recurring O&M | Difference in annualized
D. Issz;lurrlng O&M costs, other than an cost and Per 1,000 gallons of recurring cost (NAWS mi-
water nus RW)
. . . Total annual nitrogen fertilizer . .
E. Nitrogen fertilizer cost savings — an- . °9 Nitrogen fertilizer cost sav-
S cost savings and Per 1,000 gal- | .
nual (Irrigation Only) Ings
lons of water
A. through E. Total annualized cost and cost savings and Per 1,000 gallons
of water
F. Change in yalge of crop production - Net value of change in crop production — annual
annual (Irrigation Only)
G. Change in quality of crop, lawn and/or | Change in net revenue (market value minus variable cost) —
landscape — annual (Irrigation Only) annual
H. Value of additional water available .
. Value of additional water — annual
from reclaimed water source — annual
I. Value of additional water “freed up” by
the reclaimed water use - annual (that Value of “freed up” NAWS water — annual
can be used by the reclaimed water
user)
J. Value of water available during NAWS | Value of water available during NAWS water shortage restric-
water shortage restrictions — annual tions — annual
Total benefit value of reclaimed water (other than cost savings)
F. through J.
and Per 1,000 gallons
Net benefit of reclaimed water use relative to next available
A. through J.

water source and Per 1,000 gallons

(a) Positive values are benefits of reclaimed water and negative values are costs of reclaimed water.
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¢ Round table discussions with industries within the District that are interested in or
currently using reclaimed water may be an effective method to further itemize
and quantify potential reclaimed water benefits and costs for industrial applica-
tions. Mining interests, power companies, and smaller reclaimed water users will
have the technical and local knowledge to efficiently address cost and benefit is-
sues.
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Chapter 1.0
| ntroduction

11 Background

Reclaimed water can be an effective way to diversify Florida's water resources in order
to use fresh water more efficiently. Fresh water withdrawals in the State of Florida can
potentially occur within six main water use categories. These categories are Public
Supply, Domestic, Industrial, which includes commercial and mining withdrawals, Agri-
cultural which includes irrigation, aquaculture and livestock watering, Recreational Irriga-
tion which includes golf courses and landscaping, and Thermoelectric which uses a sig-
nificant amount of water for cooling.! Many of these fresh water withdrawals present an
opportunity to use reclaimed water as an alternative water supply.

The Southwest Florida Water Management District (District) water use permitting (WUP)
rules require agricultural, recreational/aesthetic, and industrial/commercial water use
permittees and applicants in designated Water Use Caution Areas (WUCAS) to investi-
gate the feasibility of using reclaimed water. These permittees and applicants are re-
quired to use reclaimed water if it is technically, environmentally, and economically feas-
ible. In general, reclaimed water is economically feasible to a water use permittee or
applicant if the present value of the benefits to the permittee or applicant from using the
reclaimed water is comparable to or greater than the present value of reclaimed water
costs to the permittee or applicant.

For the purposes of this study, the reclaimed water is provided by a utility and is defined
as water that flows out of a wastewater treatment plant and has received at least sec-
ondary treatment and required disinfection. Also, Agriculture and Recreation / Aesthetic
water users use reclaimed water exclusively for irrigation, including crop establishment
and frost/freeze protection, and Industrial water users use reclaimed water in certain
production processes, primarily as cooling water.

Potential reclaimed water users typically do not know all the potential benefits of using
reclaimed water or how one might assess these benefits. Thus, the costs of reclaimed
water can seem to be higher, and in some cases, significantly higher, than the perceived
benefits. In addition, some water users may be uncertain about the potential costs as-

! United States Geological Survey (USGS), FDEP, and the Florida Water Management Districts, “Water Usein

Florida, 2005 and Trends 1950-2005”, 2008, http://pubs.usgs.gov/fs/2008/3080/.
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sociated with using reclaimed water, particularly the ongoing operations and mainten-
ance costs. As a result, some water users can be understandably reluctant to accept
reclaimed water. This study gathered the available information from literature reviews,
survey research and interviews to address the following study goals.

1. Improve the District's ability to assist water users in assessing the benefits and
costs of reclaimed water to them;

2. Identify areas of future research that address how the net benefits of reclaimed
water to water users can be as great as possible; and

3. Better assess whether or not reclaimed water is economically feasible to specific
water users.

To these ends, this report describes the results of a literature review and survey of rec-
laimed water users in Florida and provides evaluation criteria and the types of informa-
tion that a non-utility water use permittee or applicant would provide to the District to
document the economic feasibility of reclaimed water. The evaluation criteria that would
be used to document economic feasibility include all aspects of benefits and costs. The
benefits, costs, and criteria are described in this document. Areas of future research to
assist the District and water use permittees in assessing the economic feasibility of rec-
laimed water are also provided. In addition to this report, two Excel models were devel-
oped to assist the District and the potential reclaimed water user in organizing the infor-
mation needed to make an assessment of economic feasibility and that provides esti-
mates of the net benefits of reclaimed water to the user. These Excel models are called
Reclaimed Water Benefit-Cost Calculator for Irrigation and Reclaimed Water Benefit-
Cost Calculator for Industrial Applications.

1.2 Study Methods

The information in this report was based on a thorough literature review, a survey of rec-
laimed water users, and consultations with District, government, industry and academic
experts.

The literature review included internet and web site searches accompanied by email and
telephone requests. The following sources were consulted regarding the benefits and
costs of reclaimed water to agricultural, recreation / aesthetic and industrial water users.

e American Water Works Association
e American Water Resources Association
e Conserve Florida Water

e Florida Department of Agriculture and Consumer Services
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e Florida Department of Environmental Protection

e Florida Institute of Phosphate Research

e Florida Turfgrass Association

e Golf Course Industry

e Golf Course Superintendents Association of America
e [rrigation Association

e Metropolitan Council Environmental Services

e Mid-Florida Citrus Foundation of Water Conserv Il - City of Orlando and Orange
County

e Minnesota Metropolitan Council

e National Golf Foundation

e North Carolina Division of Water Quality

e Orange Water and Sewer Authority, North Carolina
e South Florida Water Management District

e Southwest Florida Water Management District

e St. Johns River Water Management District

e Texas Natural Resource Conservation Commission
e Texas Water Development Board

e U.S. Environmental Protection Agency

e United States Department of Agriculture

e University of California Cooperative Extension

e University of Florida Institute of Food and Agricultural Sciences
e University of Florida Science Library

e WateReuse Foundation

A general internet search yielded other universities and government agencies that pub-
lished relevant documents relied upon in this study. All documents found to be relevant
and used in this study are listed in Chapter 6.0 References. While there is an abun-
dance of information regarding the production and uses of reclaimed water, only five
documents were located that address the benefits and costs of reclaimed water to users.
One of these documents describes the results of a survey of container nursery growers
in Florida and another document describes the results of a survey of golf course opera-
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tors in Texas. Each of these surveys included questions regarding the benefits and
costs of reclaimed water to the reclaimed water users. Two other documents describe
the results of crop irrigation experiments on crop yield and plant quality.

An industrial reclaimed water survey prepared for the Texas Water Development Board
was useful as an example survey instrument that helped identify the types of information
that water use permittees and applicants would need to provide to the District. A few
other industrial survey instruments were found in the literature and used as reference
sources.

No documents were located that describe how potential reclaimed water users should
evaluate the potential benefits and costs of reclaimed water to their operations.

The most important part of this study was a survey of reclaimed water users in Florida,
particularly those located in the Southwest Florida Water Management District. The re-
sults of these surveys were crucial to developing the evaluation criteria for this study.
The survey was developed during this study and included questions regarding the use of
reclaimed water, the costs and benefits of reclaimed water, the economic feasibility of
reclaimed water, satisfaction with reclaimed water reliability, quality and quantity and
whether the user would do it all over again. Appendix A provides a copy of the three
reclaimed water surveys, one for each water use type: Agricultural, Recreation / Aes-
thetic and Industrial, respectively.

The surveys were emailed or mailed to selected reclaimed water users in Florida who
were identified by the District and the project team. These potential survey respondents
were contacted via telephone and asked to complete the survey. For those who agreed,
their preference regarding who would fill out the survey and the method by which the
survey should be provided (email, mail or internet) was obtained. Most people preferred
to obtain the survey via email.

About 80 percent of the reclaimed water users who were asked to complete the survey
actually completed and returned the survey. The number of completed surveys by type
of water user and county is provided in Table 1.1. A total of 37 completed surveys were
obtained and are comprised of 10 agricultural surveys, 17 recreation / aesthetic surveys
and 10 industrial surveys. These completed surveys met the survey goal of 35 com-
pleted surveys — 10 from agriculture, 15 from recreation / aesthetic and 10 from industri-
al reclaimed water users. The project team would like to express their sincere apprecia-
tion and thanks to the 37 people who took the time to fill out this survey and explain how
reclaimed water has affected their operations in terms of benefits and costs.

Of the 16 counties in the Southwest Florida Water Management District, 10 are
represented in this survey. Two counties, Orange and St. Lucie, are in the South Florida
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or the St. Johns River Water Management Districts. The four respondents in these two
counties were asked to participate in this survey in order to achieve the survey goal.
These respondents are believed to be representative of the actual and potential rec-
laimed water users in the Southwest District.

Number of Completed Surveys -Ilz—?c?rlrf Iileélclaimed Water Users By County
No. of Respondents
Recreation / % of Respon-

County Agriculture Aesthetic Industrial Total dents
Charlotte 0 1 1 2 5%
Desoto 4 0 0 4 11%
Hernando 0 1 0 1 3%
Hillsborough 0 3 2 5 14%
Manatee 2 1 0 3 8%
Orange (a) 2 0 1 3 8%
Pasco 1 2 0 3 8%
Pinellas 0 3 1 4 11%
Polk 0 0 4 4 11%
Sarasota 1 5 0 6 16%
St. Lucie (a) 0 0 1 1 3%
Sumter 0 1 0 1 3%
Total 10 17 10 37 100%

(a) This county is not in the Southwest Florida Water Management District.

1.3 Report Organization

This report is comprised of an Executive Summary, Supporting Chapters, and two Ap-
pendices. Chapter 1.0 is this introduction. Chapter 2.0 addresses the benefits and
costs of reclaimed water for irrigation by Agricultural and Recreation / Aesthetic water
users. Chapter 3.0 describes the Reclaimed Water Benefit-Cost Calculator for irrigation
uses, the evaluation criteria for irrigation and recommendations for additional research.
Chapter 4.0 addresses Industrial water users including the benefits and costs of rec-
laimed water, the Reclaimed Water Benefit-Cost Calculator for industrial water users,
evaluation criteria and recommendations for additional research. Chapter 5.0 summa-
rizes the evaluation criteria and the Reclaimed Water Benefit-Cost Calculators and
Chapter 6.0 provides a list of this study’s reference documents. Appendix A provides a
copy of the three reclaimed water surveys, one for each water user type. Appendix B
describes Total Dynamic Head.
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Chapter 2.0
Benefitsand Coststo Agricultural and Recreation /
Aesthetic Water Users

In this study, Agriculture and Recreation / Aesthetic water use permittees and applicants
would use the reclaimed water for irrigation. As such, the benefits and costs of rec-
laimed water are similar between the two water use categories. Agricultural permittees
and applicants irrigate crops including citrus, vegetables, field crops and nurseries.
Recreation / Aesthetic permittees and applicants irrigate the turf grasses and landscapes
located on golf courses, parks, cemeteries, schools and residential common areas.

2.1 Responsesto Agricultural and Recreation / Aesthetic Surveys

This chapter summarizes the responses to the Agricultural and Recreation / Aesthetic
surveys. The information from these surveys assisted in the identification the benefits,
costs and evaluation criteria documented in this study.

Location

The 10 agricultural survey respondents were located in five counties, four of which are in
the Southwest Florida Water Management District. These four counties are Desoto,
Manatee, Pasco and Sarasota. Two respondents are located in Orange County which is
in the St. Johns or the South Florida Water Management Districts. The distribution of
county locations is provided in Table 2.1.1.

Table 2.1.1
Location of Agricultural Reclaimed Water User Respondents
County No. of Respondents % of 10 Respondents
Desoto 4 40%
Orange (a) 2 20%
Manatee 2 20%
Pasco 1 10%
Sarasota 1 10%
Total 10 100%

(@) This county is not in the Southwest Florida Water Management District.

The 17 Recreation / Aesthetic reclaimed water users surveyed are located in eight coun-
ties of the Southwest Florida Water Management District. Sarasota County is home to
five of these respondents. The others are located in Charlotte, Hernando, Hillsborough,
Manatee, Pasco, Pinellas and Sumter counties. The distribution of county locations is
provided in Table 2.1.2.

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT Page 2-1
ECONOMIC FEASIBILITY OF RECLAIMED WATER USE TO NON-UTILITY USERS HAZEN AND SAWYER, P.C.



0:\44302-000\wpdocs\R3

2.0 Benefits and Costs to Agricultural and Recreation / Aesthetic Water Users June 2010

Table 2.1.2
Location of Recreation / Aesthetic Reclaimed Water User
Respondents
% of 17
County No. of Respondents Respondents
Charlotte 1 6%
Hernando 1 6%
Hillsborough 3 18%
Manatee 1 6%
Pasco 2 12%
Pinellas 3 18%
Sarasota 5 29%
Sumter 1 6%
Total 17 100%

Reclaimed Water Utility

The 10 Agricultural respondents receive reclaimed water from five utilities: City of Arca-
dia, City of Orlando, Manatee County, Pasco County and City of Sarasota. The distribu-
tion of utilities is provided in Table 2.1.3.

Table 2.1.3
Utility Providing Reclaimed Water To Agricultural Respondents
No. of Respon- % of 10
Name of Utility dents Respondents
City of Arcadia 4 40%
City of Orlando Water Conserv | 2 20%
Manatee County 2 20%
Pasco County 1 10%
City of Sarasota 1 10%
Total 10 100%

The 17 Recreation / Aesthetic respondents are served by 11 utilities. The distribution of
utilities is provided in Table 2.1.4.
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Table 2.1.4

June 2010

Utility Providing Reclaimed Water To Recreation / Aes-
thetic Respondents

No. of Res- % of 17
Name of Utility pondents Respondents
Hillsborough County 3 18%
Pinellas County 2 12%
Charlotte County 1 6%
Pasco County 2 12%
Sarasota County 2 12%
North Port Utilities 1 6%
Manatee County 1 6%
City of Venice 2 12%
Little Sumter Service Area 1 6%
Hernando County 1 6%
Town of Belleair 1 6%
Total 17 100%

Areas Irrigated with Reclaimed Water

Table 2.1.5

The area irrigated with reclaimed water by the agricultural respondents ranged from 37
to 6,000 acres with an average of 940 acres and a median of 90 acres. Most of the res-
pondents use reclaimed water on 100 acres or less.
large farmers using reclaimed water on at least 2,000 acres. The acreage distribution is
provided in Table 2.1.5.

However, two respondents are

Size of Area Irrigated with Reclaimed Water
By Agricultural Respondents

% of 10
Acres Irrigated No. of Respondents Respondents

37 to 100 acres 6 60%

300 to 800 acres 2 20%
2,000 to 6,000 acres 2 20%
Total 10 100%
Average Acreage 942

Median Acreage 90

Range of Acreage 37 to 6,000
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The 10 Agricultural respondents irrigate a variety of crops with reclaimed water, includ-
ing pasture, citrus, sod / turf grass, tree nurseries, and tomatoes. A total of four acres of
pecans, grapes, peaches and plums are also irrigated with reclaimed water. The
acreage associated with each crop and irrigation system is provided in Table 2.1.6. To-
gether these respondents irrigate a total of 10,000 acres with reclaimed water.

Table 2.1.6
Crops Irrigated with Reclaimed Water and Irrigation Systems
Used by Agricultural Survey Respondents

Crop and Irrigation System Acres
Pasture using seepage/ open ditch/ overhead 5,000
Citrus, including oranges and tangerines, using
micro-sprinklers or drip irrigation 2,399
Sod / Turf grass using semi-closed seepage, lat-

eral move, open ditch or overhead 1,254
Fall Tomatoes using seepage 721
Spring Tomatoes using seepage 385
Tree Nursery using micro-jet 203
Pecans using micro-sprinklers 2
Grapes using micro-sprinklers 1
Peaches / Plums using micro-sprinklers 1
Total 9,967

Of the 17 Recreation / Aesthetic Respondents, 16 are golf courses. Some of these
properties with golf courses also use irrigation water on common area landscaping,
lawns and, in one case, a playing field. The 17" respondent is a homeowners associa-
tion (HOA) where reclaimed water is used to irrigate the common areas and residents’
yards. The areas irrigated with reclaimed water are provided in Table 2.1.7 and include
golf course greens, fairways, tees and roughs, ornamental landscape, playing fields, and
lawns.
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Table 2.1.7

Areas Irrigated with Reclaimed Water
By Recreation / Aesthetic Respondents

No. of % of 17
Area Respondents | Respondents
Golf Course Greens 16 94%
Golf Course Fairways 16 94%
Golf Course Roughs 14 82%
Golf Course Tees 16 94%
Ornamental Landscape 14 82%
Playing Fields 1 6%
Other Lawn 11 65%
Other 4 24%

June 2010

The 17 Recreation / Aesthetic respondents use reclaimed water on 14 to 314 acres.
Almost one-half of the respondents use reclaimed water on 50 to 100 acres. The distri-
bution of respondents by acreage irrigated with reclaimed water is provided in Table

2.1.8.

Table 2.1.8

Acres Irrigated with Reclaimed Water
By Recreation / Aesthetic Respondents

No. of % of 17
Acres Respondents | Respondents

14 (a) 1 6%

50 to 100 8 47%
101 to 150 3 18%
151 to 200 2 12%
201 to 300 2 12%
314 1 6%

Total 17 100%

(8) The 14 acres is the estimate for the HOA.

The acreage of the grass and landscape types irrigated with reclaimed water is provided
in Table 2.1.9. Of the 2,100 acres of plants irrigated with reclaimed water by Recreation
/ Aesthetic users, almost 1,500 acres, or 70 percent, is Bermuda grass. St. Augustine
grass is the next most common plant irrigated with reclaimed water but it represents only
197 acres or 9 percent of the total acreage irrigated with reclaimed water among the 17
respondents. Other plant types irrigated with reclaimed water include Supreme Paspa-
lum, trees, flowers, bahia grass, and shrubs.
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Table 2.1.9
Types of Grass and Landscape Irrigated with Reclaimed Wa-
ter by Recreation / Aesthetic Respondents

Grass and Landscape Types Acres % of Acres
Bermuda 1,462 69%
St. Augustine 197 9%
Hybrid Bermuda 135 6%
Supreme Paspalum 120 6%
St. Augustine/Bahia/Zoysia Mix 86 4%
Bermuda, Trees, Landscape 85 4%
Trees, Flowers, and/or Shrubs 29 1.34%
Clubhouse Landscaping and Turf 9 0.44%
Bahia 5 0.23%
Pine/oak trees on golf course 0.5 0.02%
Tennis courts 0.5 0.02%
Total 2,128 100%

Sprinkler irrigation systems were used on about 90 percent of the acreage irrigated with
reclaimed water by Recreation / Aesthetic users. The remaining acreage was irrigated
with subsurface automatic and drip. This distribution is provided in Table 2.1.10.

Table 2.1.10
Type of Irrigation System Used
By Recreation / Aesthetic Respondents

Irrigation System Type | Acres | % of Acres
Sprinkler 1,885 89%
Subsurface automatic 145 6%
Drip and Sprinkler 98 5%
Total 2,128 100%

Length of Time and Amount of Reclaimed Water Used

The 10 Agricultural respondents had been using reclaimed water from 2 to 23 years.
The median use was 18 years. The 17 Recreation / Aesthetic respondents had been
using reclaimed water for less than a year to 30 years. The median use was 13 years.

Currently, the average daily reclaimed water use of the 10 Agricultural respondents
ranges from 26,300 gallons per day (gpd) to 2.5 million gpd, on average, with a median
use of 55,000 gpd. The average daily reclaimed water use of the 17 Recreation / Aes-
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thetic respondents ranges from 23,000 gpd to 1.4 million gpd with a median use of
233,000 gpd.

For the Agricultural respondents, reclaimed water comprises from 20 to 100 percent of
the irrigation water use. Three of these respondents use reclaimed water for all of their
irrigation needs. The distribution of these percentages among the 10 Agricultural res-
pondents is provided in Table 2.1.11.

Table 2.1.11
Percent of Agricultural Respondents’ Total
Irrigation Water Use That is Reclaimed Water

% of Total No. of % of 10
Water Use Respondents | Respondents
20 to 50 5 50%
51t0 75 1 10%
76 to 100 4 40%
Total 10 100%

Note: For 3 of the 10 respondents, 100 percent of
their irrigation water is reclaimed water.

For the Recreation / Aesthetic respondents, reclaimed water comprises from 20 to 100
percent of the irrigation water use. Six of these respondents use reclaimed water for all
of their irrigation needs. The distribution of these percentages among the Recreation /
Aesthetic respondents is provided in Table 2.1.12.

Table 2.1.12
Percent of Recreation / Aesthetic Respondents’
Total Irrigation Water Use That is Reclaimed Water

% of Total No. of % of 17
Water Use Respondents Respondents
20 to 50 2 11%
51t0 75 4 24%
76 to 100 11 65%
Total 17 100%

Note: For 6 of the 17 respondents, 100 percent of their irriga-
tion water is reclaimed water.
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Nutrients and Chemicals in Reclaimed Water

Of the 10 Agricultural respondents, five know the nutrient contents and chemical consti-
tuents in their reclaimed water. All respondents know how to obtain this information. Of
the 17 Recreation / Aesthetic respondents, eight know the nutrient contents and chemi-
cal constituents in their reclaimed water. All but one of the respondents knows how to
obtain this information.

Reasons for Connecting to Reclaimed Water System

The primary reasons that the Agricultural respondents connected to the reclaimed water
system are varied. Three respondents connected because the reclaimed water was
free, two connected to reduce ground water pumping and two connected to reduce irri-
gation or fuel cost. Another respondent said it was offered to the farm and, after re-
search, the farm concluded that it would be beneficial to diversify its water sources.
Another farm is part of the University of Florida IFAS and needed the reclaimed water for
research purposes. The distribution of respondent answers is provided in Table 2.1.13.

Table 2.1.13
Primary Reasons the Agricultural Respondents
Connected to the Reclaimed Water System

No. of % of 10
Primary Reasons Respondents | Respondents

It was free water 3 30%
To reduce ground water pumping 2 20%
Utility needed us to take it 1 10%
It was offered to us and provides benefits as part

of our conjunctive water plan 1 10%
To reduce irrigation or fuel cost 2 20%
Used to research effects of reclaimed water on

citrus 1 10%
Total 10 100%

The most common primary reason that Recreation / Aesthetic respondents connected to
the reclaimed water system was to obtain an available water supply either as a supple-
ment to their other sources or to have any water supply at all. This was the primary rea-
son for 11 of the 17 respondents. Three respondents use reclaimed water because it is
a drought proof supply and three others use reclaimed water because it is a cost-
effective water supply or to reduce electricity cost. The distribution of respondent prima-
ry reasons is provided in Table 2.1.14.
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Table 2.1.14
Primary Reasons the Recreation / Aesthetic Respondents
Connected to the Reclaimed Water System

No. of % of 17
Primary Reasons Respondents | Respondents

It was an available water supply 3 18%
Drought proof water supply 3 18%
To reduce ground water pumping 3 18%
To supplement surface water supply 3 18%
Ground water was not sufficient 2 11%
It was a cost-effective water supply 2 11%
To reduce electricity cost 1 6%

Total 17 100%

Nine of the 10 Agricultural respondents and 11 of the 17 Recreation / Aesthetic respon-
dents would have been able to use the Floridan aquifer if they had not connected to the
reclaimed water system. One Agricultural respondent would have used the Intermediate
aquifer. Three Recreation / Aesthetic respondents would have used a ground water
source other than the Floridan aquifer, one would have used a surface water source and
two had no other water source available.

Payments to Utility for Reclaimed Water

Nine of the 10 Agricultural respondents do not pay their utility for their reclaimed water
use. The one who does pays a reclaimed water rate of $0.15 per 1,000 gallons resulting
in an annual payment of about $3,000 per year.

Of the 17 Recreation / Aesthetic respondents, 14 pay their utility for their reclaimed wa-
ter use. Two of these respondents pay a monthly fixed charge and no variable rate
charge. The monthly charges are $1,000 and $12,775. Three respondents pay a no-
minal monthly charge ranging from $2.65 to $2.90 and a variable rate charge of $0.08
per 1,000 gallons for two of these respondents and $0.50 per 1,000 gallons for the third
respondent. The nine other respondents pay only a variable rate that ranges from $0.04
per 1,000 gallons to $0.72 per 1,000 gallons. The median rate of these nine respon-
dents is $0.25 per 1,000 gallons.

Timing of Reclaimed Water Connection

Seven of the 10 Agricultural respondents connected to the reclaimed water system after
their irrigation system was installed. Another connected before and one other connected
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after the system was installed. The tenth respondent connected to the reclaimed water
system before, during, and after the irrigation system was installed.

Nine of the 17 Recreation / Aesthetic respondents connected to the reclaimed water sys-
tem after their irrigation system was installed. Four connected before and four con-
nected during installation.

On-Site Reclaimed Water Storage

Nine of the 10 Agricultural respondents do not have any on-site reclaimed water storage.
The one who does stores the reclaimed water in an open lake or pond. Of the 17
Recreation / Aesthetic respondents, 14 store their reclaimed water in open lakes or
ponds, two store their reclaimed water in tanks, and one does not store reclaimed water
on-site.

Changes to Irrigation, Pumping and Storage Systems and Costs

Four of the 10 Agricultural respondents and five of the 17 Recreation / Aesthetic respon-
dents made changes to their irrigation, pumping and/or storage systems in order to ac-
cept and use the reclaimed water. The types of changes made by these respondents
are summarized in Table 2.1.15. The changes included installing a pipeline to connect
to the reclaimed water system, disconnecting the existing water supply source, adding
water storage, adding one or more pumps or adding a pump station, adding additional
acreage to accept excess reclaimed water, and adding a filtration system to improve the
water quality prior to it entering the irrigation system.

Four of the Agricultural respondents need to filter the reclaimed water. However, only
one respondent said that a filtration system was installed specifically to treat the rec-
laimed water. A filtration system is common when using drip or micro-sprinkler irrigation.
However, when reclaimed water is used, the frequency of filter replacement and the use
of chemicals may increase.
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Chapter 3.0
Reclaimed Water Benefit-Cost Evaluation
For Irrigation Uses

31 Background

This Chapter describes the Reclaimed Water Benefit-Cost Calculator for irrigation uses,
the evaluation criteria for irrigation, and recommendations for additional research.

The Reclaimed Water Benefit-Cost Calculator for Irrigation is to be used to provide guid-
ance as to the economic feasibility of using reclaimed water for a specific purpose. The
values that the user will input into the model are estimates and the model results should
not be the only factor in determining economic feasibility. Instead, the model results
should be viewed in the proper context of all other information submitted and relevant to
the water use permit application or renewal.

The example values used in the models and referenced in this report are purely illustra-
tive for purposes of this study presentation only. Readers are advised to develop proper
estimates of costs and benefits that would be appropriate for their individual site(s). Ex-
cept where explicitly directed (e.g., to obtain the proper values of nitrogen fertilizer and
fuel costs from specific websites), the example values provided in the model and in this
report are NOT “default” values.

32 Redaimed Water Bendfit-Cogt Calculator for Irrigation

The evaluation criteria attempt to measure and compare the benefits of reclaimed water
to the costs of reclaimed water. In an ideal world, the total and marginal value® of rec-
laimed water to each water user would be known and would simply be compared, re-
spectively, to the total and marginal costs of using reclaimed water. If the value of rec-
laimed water to the user is greater than the costs of reclaimed water, then it is economi-
cally feasible to use.

Unfortunately, the total and marginal values of fresh water and reclaimed water are not
known for even groups of water users, particularly in Florida. This is primarily because
water values will vary depending on the value of the product produced with the water
and the dependence of the product on water. For example, high valued crops would

! Marginal water valueis the additional value of water received from an additional unit of water.
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have higher water values than lower valued crops and, due to differences in crop grow-
ing seasons, ET and rainfall, a certain crop grown in one part of the United States may
have a different water value than the same crop grown in Florida. The water users
themselves may not even know the value of water to their operations.

An Awwa Research Foundation report2 titled, “The Value of Water: Concepts, Estimates
and Applications for Water Managers” provides a literature review of water values that
have been estimated as of around 2003. None of these values can be used directly by
Florida water users. However, the estimated values might be used as a range of possi-
ble values. The marginal water values documented in The Value of Water report range
from $0.09 to $2.47 per 1,000 gallons for commercial, institutional and industrial cus-
tomers and from $0.08 to $2.59 per 1,000 gallons for agricultural water users. A useful
research project would be to estimate these values for the types of industrial, recreation-
al, and agricultural water users in Florida. This information could be used to help water
users and the District assess the economic value of reclaimed water to their operations.

Because water values in particular uses are not known, the value of reclaimed water
needs to be inferred from the available information. Economists know that the value of
the last unit of water used, also called marginal water value, is the price or cost paid for
that last unit of water. The marginal water values of all water used up to that last unit are
higher than the price or cost paid for the last unit due to diminishing returns as more wa-
ter is used. The average cost or payment for the water used is the minimum value of
that amount of water in that particular use. So, for example, if a farmer spends $2,000
annually to pump 13.3 million gallons per year from the ground for irrigation, we know
that the average value of the water to that farmer is at least $0.15 per 1,000 gallons
($0.15 = ($2,000/13,333,333)X1,000). Otherwise, the farmer would not have spent that
much money to obtain the irrigation water.

Ground water and surface water are the primary water sources in Florida, including for
agricultural, golf course and landscape irrigation. Florida water users, particularly in the
southwest and the south, experience water restrictions on a regular basis. If the cost of
reclaimed water can be offset by the avoided cost of the irrigator's next best water
source plus provide other benefits including a reliable water supply and reduced fertilizer
costs, then reclaimed water is economically feasible to the water user. This presumes

2 For agood summary of estimated values for water by agricultural, residential and industrial water uses, see
Raucher, Robert S., David Chapman, James Henderson, Marca L. Hagenstad and John Rice, "The Value of Wa-
ter: Concepts, Estimates and Applications for Water Managers, Prepared by Stratus Consulting and associated
firms for the Awwa Research Foundation, #2855, 2005.
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that the quality of the reclaimed water is suitable for use. If the reclaimed water must be
further treated by the irrigator, then those costs would be added to the cost of reclaimed
water. This is the approach that is used to develop reclaimed water economic evalua-
tion criteria for irrigation.

The evaluation criteria are comprised of the information required of the District and the
reclaimed water user in order to estimate the values of the benefits and costs associated
with reclaimed water use for irrigation. The spreadsheet model called “RW Benefit-Cost
Comparison for Irrigation” was developed during this study. It incorporates the evalua-
tion criteria into an estimate of the net benefits (benefits minus costs) of reclaimed water
use as compared to using water from the next best available water source. The model
allows the user to enter all available information regarding factors that determine bene-
fits and costs in order to obtain an estimate of the economic feasibility of reclaimed water
to the user. Because the data values entered into the model are likely to be estimates,
the model allows the user to easily conduct sensitivity analyses to see how the economic
feasibility changes as the input data is changed.

3.2.1 Worksheet Instructions

The first spreadsheet in the Excel file is called “RW Comparison Worksheet Instruc”. It
contains initial questions and worksheet instructions. This spreadsheet is reproduced as
Table 3.2.1. This is where the District and the water user begin the economic evalua-
tion. The “RW Benefit-Cost Comparison for Irrigation” model is used if the answer is
YES to Question 1, “Is reclaimed water service available to your operation?” and NO to
Question 2, “Is reclaimed water the only water source available to your operation?” The
answer to Question 2 would be YES only if the water user cannot access any other wa-
ter source. It is up to the District and the water user to decide if reclaimed water is the
only viable water source. In this case, it would be up to the water user to decide if rec-
laimed water is economically feasible by making an assessment of the value of water to
the particular operation. It is expected that, in most cases, the answer to Question 2 will
be NO.

The third and fourth questions ask the District and the user to identify the water source
they will compare to reclaimed water. The third question asks the user to identify one or
more available water sources and the fourth question asks: “which is the water source
that would be replaced, in whole or in part, by reclaimed water?” This water source is
then called the “Next Available Water Source” or NAWS for short.

The next part of the Spreadsheet instructs the user to enter the data in the Spreadsheet
titled "RW Comparison Worksheet". The other spreadsheets in this file calculate values
referred to by the "RW Comparison Worksheet" spreadsheet.

SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT Page 3-3
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Then there is a color code that identifies spreadsheet cells that are calculated numbers;
entered by the user; drop down menus; parameters of equations (assumed values); or
blank cells. For the convenience of the reader, all tables in this Chapter are in black and
white and are not color-coded and the table cells that are entered by the user are in
Comic Sans MS Font.

The remainder of this spreadsheet provides instructions regarding where on the Internet
to find current electricity, diesel, gasoline and nitrogen fertilizer prices that will be used in
the model.
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Table 3.2.1
Reclaimed Water Benefit-Cost Calculator For Irrigation - Worksheet Instructions
1. Is reclaimed water service available to your opera- YES, CONTINUE
tion? TO QUESTION 2. NO, Stop Here

2. Is reclaimed water the only water source available to
your operation? YES, Stop Here

NO, continue to
Question 3 and
complete the RW
Comparison
Worksheet.

3. What other water source(s) are available to your
operation for irrigation? (Circle all that apply.) FLORIDAN AQUIFER

INTERMEDIATE AQUI-
FER

SURFACE WATER

OTHER, PLEASE SPECIFY:

4. Of these water sources, which is the water source that would be replaced, in
whole or in part, by reclaimed water? For the purposes of the RW Comparison
Worksheet, this water source will be called the "Next Available Water Source" or
NAWS.

5. Has the applicant obtained, from the reclaimed water provider, the nutrient con-
tents and chemical constituents in the reclaimed water, including nitrogen, phospho-

YES

rus, potassium, trace elements including boron, and the electrical conductivity and
sodium absorption ratio (sodium, chloride and magnesium) of the water? This in-
formation should be used to assist in estimating the benefits and costs of using rec-
laimed water for irrigation.

NO

Color Code of RW Comparison Worksheet
means calculated numbers
means entered by user
means this is a drop down menu

I means parameters of equations (assumed values)

means keep as blank cell

Enter the information in the Spreadsheet titled "RW Comparison Worksheet".
The other spreadsheets calculate values referred to by the "RW Comparison Worksheet" spreadsheet.

Use the following sources to determine prevailing energy costs:

Gasoline and  U.S. Government: http://tonto.eia.doe.gov/oog/info/gdu/gasdiesel.asp

Diesel Fuel:

AAA: http://www.fuelgaugereport.com/FLmetro.asp

Electricity:  U.S. Government: http://www.neo.ne.gov/statshtml/115.htm

http://www.eia.doe.gov/cneaf/electricity/epm/table5 6 a.html

For fertilizer prices go to:

http://www.ers.usda.gov/Data/FertilizerUse/ Use Table 7 (Excel Spreadsheet) to determine the current

o
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3.2.2 RW Comparison Worksheet

The user enters all of the required information into the spreadsheet called “RW Compar-
ison Worksheet”. This worksheet has five columns that comprise the benefit-cost table.
The first column identifies the Row number of the worksheet. The second column identi-
fies the benefit or cost item or the information needed to estimate benefits or costs. The
third column is the data and calculations that correspond to the “Next Available Water
Source” or “NAWS”. The fourth column contains the data and calculations that corres-
pond to reclaimed water or, in the case of a partial offset, to be described below, the
term “RW/Other” is used to characterize the combination reclaimed water / other water
source scenario. The model uses the term “RW/Other” in the heading of Column (4) to
represent either an evaluation of reclaimed water only or an evaluation of a combination
of reclaimed water and another water source.

The fifth column calculates the difference between “NAWS” and “RW/Other”. If the value
in this fifth column is positive, then it means that the value for “NAWS” is greater than the
value for “RW/Other”. If it is negative, then the value for “NAWS” is less than the value
for “RW/Other”. The model is designed so that if the value is positive, then it is a benefit
of RW/Other and if it is negative, then it is a cost of RW/Other.

All data and resulting calculations are displayed in these five columns. The order of
benefits and costs as one moves down this spreadsheet and the evaluation criteria are
provided in Table 3.2.2. Each row of this table is described in turn as follows.

3.2.3 Installation Costs and Water Available

The first 26 rows of the RW Comparison Worksheet identify the water sources, address
the amount of water needed and available from both sources (NAWS and RW/Other),
and itemize the estimated installation costs associated with these two water sources.
These 26 Rows are depicted in Table 3.2.3. These rows estimate the potential rec-
laimed water cost savings associated with installing water storage and pumping, and the
potential reclaimed water cost increase from installing additional filtration, among other
installation cost differences.

The user enters the data and information into the green cells. In this Chapter these cells
are in black and white and are not color-coded. Instead, in this Chapter’s tables that re-
produce the spreadsheet, all green cells are in Comic Sans MS Font so that the reader
may identify them easily.

The calculated numbers and repeated information are in the blue cells. In this table and
in the tables of the spreadsheet that follow, hypothetical numbers and data are entered
in order to assist the reader in understanding how the model works. They are not meant
to represent any particular water user and are not to be used as “default” values.
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Table 3.2.2

June 2010

Order of Benefits and Costs Presented in the Reclaimed Water Benefit-Cost Calculator
And Evaluation Criterion

Benefit or Cost Item

Measure of Benefit
Or Cost Item

Evaluation Criterion (a)

Amount of water needed and

Negative of Difference in

A. Amount of water needed and available . L amount of water needed
o available in million gallons — an- .
in million gallons — annual nual and available (RW/Other
minus NAWS)
. , . Difference in annualized
: Total annualized installation cost | . . .
B. Installation costs and Per 1.000 aallons installation cost (NAWS mi-
' g nus RW/Other)
Difference in annual O&M
C. Annual O&M costs ;Otai %%%ual I? &M iOSt ?nd cost (NAWS minus
erl, gallons of water RW/Other)
Total annualized recurring O&M | Difference in annualized
D. Recurring O&M costs cost and Per 1,000 gallons of recurring cost (NAWS mi-
water nus RW/Other)
E. Nitrogen fertilizer cost savings — an- Total anpual nitrogen fertiizer Nitrogen fertilizer cost sav-
cost savings and Per 1,000 gal- | .
nual ings
lons of water
A. through E. Total annualized cost and cost savings and Per 1,000 gallons

of water

F. Change in value of crop production —

Net value of change in crop production — annual

annual
G. Change in quality of crop, lawn and/or | Change in net revenue (market value minus variable cost) —
landscape — annual annual
H. Value of additional water available .
. Value of additional water — annual
from reclaimed water source — annual
I. Value of additional water “freed up” by
the reclaimed water use (that can be | Value of “freed up” NAWS water — annual
used by the reclaimed water user)
J. Value of water available during NAWS | Value of water available during NAWS water shortage restric-
water shortage restrictions - annual tions — annual
Total benefit value of reclaimed water (other than cost savings)
F. through J.
and Per 1,000 gallons
Net benefit of reclaimed water use relative to next available
A. through J.

water source and Per 1,000 gallons

(a) Positive values are benefits of reclaimed water and negative values are costs of reclaimed water.
®
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Table 3.2.3
RW Comparison Worksheet For Irrigation — Rows 1 through 26
Economic Comparison of Reclaimed Water and Next Available Water Source

June 2010

. Reclaimed Wa- NAWS Minus
Next Availa- ter Used Instead | RWI/Other (Ex-
ble Water & Other Sources | cept A. which is
Row _ Source if Applicable RW/Other mi-
No. Benefit or Cost Iltem (NAWS) (RW/Other) nus NAWS)
) 2 3 4) ®)
1 | Name of NAWS / Name of RW Provider Floridan Utility
A. Amount of Water Needed and Available in
2 million gallons (mg) — Annual 74.00 84.00 10.00
3 B. Installation Costs (if not already installed or replaced) (a)
(a) The replacement cost of existing items within five years of the end of their useful lives should be included in this
list as if purchased new. The current remaining or "salvage" value of these existing items may be entered as indi-
cated below. Do not forget to consider the cost of the backup water supply in Column (4) should reclaimed water be
4 temporarily unavailable. The user may enter all appropriate hames of cost items in Column (2), Rows 5 to 12.
5 Pipes and Pumps $1,000 $2,000
6 Storage $2,000 $3,000
Filtration system (if needed for drip/
7 microjet irrigation system) $3,000 $4,000
Land Development not included in items
8 above $4,000 $5,000
9 Item 1: $0 $0
10 Item 2: $6,000 $7,000
11 Item 3: $7,000 $8,000
12 Item 4: $8,000 $9,000
Current Salvage Value of Items that are re-
placed and included above (enter value as a
negative number). Itis included as 1/5th of this
13 | valuein Total Annualized Installation Cost. -$2,000 $0
14 | Total Installation Cost $29,000 $38,000
15 | Annual Interest Rate (i.e. 6%) 6.00% 6.007%
16 | Useful Life of Item in Years
17 Pipes and Pumps: 10 10
18 Water Storage: 20 20
Filtration system (if needed for drip/microjet irri-
19 gation system): 7 7
20 Land Development not included in items above: 20 20
21 Item 1: 10 10
22 Item 2: 10 10
23 Item 3: 10 10
24 Item 4: 10 10
25 | Total Annualized Installation Cost $3,650 $4,947 -$1,297
Total Annualized Installation Cost per 1,000
26 | Gallons of Water (a) $0.05 $0.06 -$0.02

(@) The cost per 1,000 gallons of water was calculated using 74.00 mg for NAWS and using 84.00 mg for RW/Other and for
NAWS Minus RW/Other. This is why Column (5) is not equal to Column (3) minus Column (4) in Row 26).

o
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In Row 1, the user enters the name of the “Next Available Water Source” (NAWS) in
Column (3) and the name of the utility that will supply the reclaimed water (RW) in Col-
umn (4). In Row 2, Column (3), the user enters the annual amount of water available
from the NAWS in million gallons (mg) that will be needed for irrigation of a particular
area, be it a golf course or 200 acres of citrus. In Row 2, Column (4), the user enters the
annual amount of water available in mg from the reclaimed water source that will be
used for the same purpose. In Column (5), the difference between the amount of rec-
laimed water and the amount of water from the NAWS is calculated. If more water is
available for needed use from the reclaimed water supplier than from the NAWS, then
this additional water has value to the water user which will be discussed later in this
Chapter. In the example, 74 million gallons (mg) per year is available from the NAWS
and 84 mg per year is available from the reclaimed water supplier. Row 2, Column (5)
calculates that 10 mg per year is the additional amount of reclaimed water needed and
available relative to the NAWS.

Partial Offset. In this document and model, a partial offset means that the reclaimed
water is replacing only a portion of the NAWS water supply. When this is the case, in
Row 1, Column (4), the user should enter the name of the reclaimed water provider, the
percent of water from this source, the name of the water source that will provide the re-
mainder of the water needed for reasonable/beneficial use (NAWS or other source), and
the percent of water from this source. For example, Manatee County (10%) and Flori-
dan_ Aquifer (90%) would be entered if 10 percent of the water supply would be rec-
laimed water provided by Manatee County and 90 percent of the water supply would be
from the Floridan Aquifer.

The total amount of water available from the NAWS source if reclaimed water is not
used is entered in Row 2, Column (3). The sum of the amount of water available from
the reclaimed water source and the amount of additional water that would be provided
from the other water source (which could be NAWS or a different source) should be pro-
vided in Row 2, Column (4). In most cases it is expected that the amount provided in
Row 2, Column (3) should be equal to the amount provided in Row 2, Column (4).

From this point on, the user will be comparing the costs and benefits of NAWS only to
the costs and benefits of the combination of reclaimed water and the other water source.
This other water source will typically be the NAWS that was selected by the user and
entered into Column (3) but it does not need to be the NAWS. The RW/Other Water
Source combination represented in Column (4) of this model is the water source pack-
age needed to obtain the water supply necessary to continue operations that would take
place if all of the water was supplied by the NAWS as indicated in Rows 1 and 2, Col-
umn (3).

Instructions regarding how to enter information into the model when a partial offset is
being considered will be provided as this discussion flows from row to row of this mod-
el’'s spreadsheet.
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3.0 Reclaimed Water Benefit-Cost Evaluation for Irrigation Uses June 2010

The 3™ Row in Table 3.2.3 begins the estimation of installation costs. Each item that
needs to be installed is included in Rows 5 through 12 for both water source alternatives.
In Column (3), all items needed to deliver water from the NAWS to the user’s irrigation
system should be included in these rows and their costs estimated. Likewise, in Column
(4), all items needed to deliver water from the utility’s reclaimed water system to the us-
er's irrigation system are included in these rows and their costs estimated. If a partial
offset is being considered, all items needed to obtain the additional water from the other
water source are also included in Column (4) and their costs estimated. The cost items
for each water source do not need to be the same. For example, if using the NAWS only
(Column (3)) requires the installation of water storage and using reclaimed water does
not require storage, then in the row for storage (Row 6 in this example), the value would
be greater than zero for NAWS (Column (3)) and equal to zero for reclaimed water (Col-
umn (4)).

The user may change the names of the items listed in Column (2), Rows 5 through 12 as
needed. The model will repeat the names of the items entered in Rows (17) through
(24). The user may only aggregate the cost of components into one item if they all have
the same useful life (as measured in years).

If the NAWS will be a backup or standby water supply in the event that the reclaimed
water is temporarily unavailable, then the installation costs associated with this backup
supply source should also be included in Column (4). These costs may be different from
those entered in Column (3) (NAWS only alternative). For example, the original backup
water supply used when NAWS only is the alternative might not be needed if reclaimed
water is used and so the costs associated with this infrastructure (pumps, pipes, etc.)
would be zero.

If the components of any of these water sources have already been installed, then under
B. Installation Costs, include the replacement cost of components that will be at the end
of their useful lives within the next five years. In Row 13, the current Salvage Value of
these existing components would be entered. This value represents the value of the ex-
isting items to the operation because they will be used until they are replaced at the end
of their useful lives. The model subtracts one-fifth of the Salvage Value from the Total
Installation Costs. If the entire NAWS system has already been installed and does not
need to be replaced within the next five years, then the costs associated with all installa-
tion items and the Salvage Value under the NAWS column (Column (3)) would be zero.

The total installation cost is summed in Row 14. In Row 15, the user enters the annual
interest rate that will be used to amortize or annualize the installation costs. This value
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3.0 Reclaimed Water Benefit-Cost Evaluation for Irrigation Uses June 2010

will typically represent either the user’s interest paid on loans or the interest earned on
savings. In this example, the interest rate is 6 percent per year.

In Rows 17 to 24, the useful life in years of each component listed in Rows 5 through 12
is entered. The useful lives of the components must be entered in the order that the
components are listed in Rows 5 through 12. In Rows 17 to 24 the model automatically
enters the cost item name that was entered by the user in Rows 5 through 12.

If under the RW/Other alternative, all or a portion of the NAWS is needed as a backup
system, then its components, such as the pumps, storage and/or pipes, will not be used
as often and may have a longer useful life. To account for this, the user should enter the
relevant NAWS installation costs and the longer useful lives in the RW/Other column
(Column (4)). However, the cost of each component should only be included if it will
need to be replaced sometime during the next five years and the current salvage value
of the existing component should be included in Row 13, Column (4).

Row 25 presents the calculated Total Annualized Installation Cost and Row 26 presents
the calculated Total Annualized Installation Cost per 1,000 gallons of water using the
costs, interest rate and years of useful life reported in the previous rows. Column (3) of
Row 26 uses the million gallons of NAWS provided by the user in Column (3), Row 2 of
the model. Column (4) of Row 26 uses the million gallons of RW/Other Source provided
by the user in Column (4), Row 2 of the model.

Column (5), Row 25 is the difference in the Total Annualized Installation Cost between
the NAWS and the RW/Other and is calculated as the Total Annualized Installation Cost
of the NAWS minus the Total Annualized Installation Cost of RW/Other. Column (5),
Row 26 is the difference in the Total Annualized Installation Cost per 1,000 gallons, as
defined in the previous sentence, divided by the quantity of RW/Other that was entered
in Row (2), Column (4). In this example, the difference is -$1,297 or -$0.02 per 1,000
gallons. A negative value means that the installation cost of RW/Other is higher than the
installation cost of the NAWS. This is just one component of estimating the net benefits
of reclaimed water to the user.

3.2.4 Annual O& M Costs

Rows 27 through 55 of the RW Comparison Worksheet estimate the annual O&M costs
associated with the NAWS and RW/Other. These rows are depicted in Table 3.2.4. The
information provided by the user in these rows are used to estimate the potential annual
O&M cost savings and cost increases associated with reclaimed water. These rows do
not include the nitrogen fertilizer cost saving which is addressed later in the model and in
this Chapter. The cells where the user enters data are in Comic Sans MS Font.
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Table 3.2.4
RW Comparison Worksheet For Irrigation — Rows 27 through 55
Economic Comparison of Reclaimed Water and Next Available Water Source

June 2010

. Reclaimed Wa- NAWS Minus
Next Availa- ter Used Instead RW/Other (Ex-
ble Water & Other Sources | cept A. which is
Row _ Source if Applicable RW/Other mi-
No. Benefit or Cost Iltem (NAWS) (RW/Other) nus NAWS)
1) (2) 3) (4) (5)
27 | C. Annual O&M Costs
28 1.0 Payments to Reclaimed Water Utility and, if applicable, to NAWS Water Utility
29 | Annual Fixed Payment $0.00 $144.00
30 | Price per 1,000 gallons $0.00 $0.05
31 | Total Utility Payment — Annual $0 $4,344 -$4,344.00
32 2.0 Irrigation Pumping Energy Cost — Annual
33 Energy Source: | Electricity Electricity
34 Total Dynamic Head in Feet: 300 30
35
Cost of energy source, Dollars per KWH or gallon (obtain
36 from appropriate web site): $0.11 $0.11
37 Energy cost to pump 1 Kgal: $0.16 $0.02 $0.15
38 | Total irrigation pumping energy cost — Annual $12,069 $1,370 $10,699
39 3.0 Irrigation Maintenance Labor Cost — Annual
40 Labor Cost per Hour: $10.00 $10.00
41 Pumping System Labor Hours: 52 26
Irrigation System Labor Hours (include relevant issues
such as fungus and algae management that involve repair-
42 ing tubes and cleaning jets, maintaining storage pond): 156 208
43 Salinity or pH management Labor Hours: 20 52
44 | Total Maintenance Labor Cost — Annual $2,280 $2,860 -$580
45 | 4.0 Annual Cost of Chemicals To Manage Irrigation Water or Soil, other than Nitrogen, specify chemical
46 | Gypsum $2,000 $5,000 -$3,000
47 | Chemical Name: $0 $0 $0
48 | Chemical Name: $0 $0 $0
49 | 5.0 Reporting or Record Keeping Costs - Annual $500 $1,500 -$1,000
50 | 6.0 Other Annual Costs, specify below
51 | Item A: $0 $0 $0
52 | I'tem B: $0 $0 $0
53 | Item C $0 $0 $0
54 | Total Annual O&M Cost $16,849 $15,074 $1,775
55 | Total Annual O&M Cost per 1,000 Gallons of Water (a) $0.23 $0.18 $0.02

(a) The cost per 1,000 gallons of water was calculated using 74.00 mg for NAWS and using 84.00 mg for RW/Other and
for NAWS Minus RW/Other. This is why Column (5) is not equal to Column (3) minus Column (4) in Row 55).
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3.0 Reclaimed Water Benefit-Cost Evaluation for Irrigation Uses June 2010

In Rows 29 and 30, the user enters the annual fixed payment and the price per 1,000
gallons charged in the NAWS column and in the RW/Other Column. If the NAWS is pur-
chased from a water provider, then the fixed and variable charges should be entered in
Column (3). The reclaimed water rates charged by the reclaimed water provider are en-
tered in Column (4). If the rate structure has more than one variable rate because it is a
declining or inclining block rate structure or if a partial offset is being considered in Col-
umn (4), then the user may just calculate the annual water bill offline and enter it in Row
29 under Annual Fixed Payment and entering a zero ($0) in Row 30 for the price per
1,000 gallons. Row 31 calculates the annual water bill using the values in Rows 29 and
30 and the water quantities provided in Row 2 (See Table 3.2.3). The utility water pay-
ment under the NAWS minus the utility water payment under RW/Other is provided in
Column (5) of Row 31. In this example, the water payment is $0 per year for the NAWS
and $4,344 per year for RW/Other. Thus, the difference in Column (5) is -$4,344 per
year which is a cost increase associated with RW/Other.

The annual irrigation pumping energy cost using the NAWS and RW/Other is estimated
in Rows 32 to 38. In Row 33, the user is asked to choose the energy source used for
water pumping. The cells in Columns (3) and (4) of Row 33 are drop down menus
where the user chooses Electricity, Diesel or Gasoline. The Total Dynamic Head (TDH)
is entered in Row 34. A discussion of TDH is provided in Appendix B of this report. The
current cost of the energy source in dollars per KWH or dollars per gallon of diesel or
gasoline is entered in Row 36.

If a partial offset is being considered under RW/Other (Column (4)) and the energy
source is the same for reclaimed water and for the other source, then enter the weighted
average TDH based on the proportion of the water supply that is reclaimed water and
the proportion that is from the other source. So using the 10% reclaimed water / 90%
Floridan Aquifer example with TDHs of 30 and 300, respectively, the weighted average
TDH would be 273 which was calculated as (0.10 x 30) + (0.90 x 300). The calculation
of the energy cost to pump 1,000 gallons of water using this weighted average is the
same as if the calculation was done separately for each water source. If the energy
source is different for reclaimed water and for the other source, then the user should cal-
culate the Total Irrigation Pumping Energy Cost — Annual offline and enter it in Row 38,
Column (4). The user may use Rows 33 to 38 to calculate the annual cost associated
with each of the two energy sources, add the results together, and enter the total in Row
38. Because the model calculation in this cell will be deleted once the value is entered
into Row 38, the user is encouraged to maintain a separate copy of this model that is
unchanged. This situation is not expected to be common.
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3.0 Reclaimed Water Benefit-Cost Evaluation for Irrigation Uses June 2010

The energy cost to pump 1,000 gallons of water is calculated and reported in Row 37.
This calculation is made using the following equations.®

(1) Energy needed to pump 1,000 gallons of water=
(Motor HP x Hours to Pump 1,000 Gallons) / HP-Hours per Gallon (of fuel or per kWh)

Where,
Energy needed is in kilowatt hours of electricity (kWh), gallons of diesel fuel, or gal-
lons of gasoline;
Motor HP = (TDH x GPM x 1) / (3,956 x Pump Efficiency);
Pump Efficiency is assumed to be 0.75;
Hours to Pump 1,000 Gallons = (1,000 gallons / GPM) / 60 minutes per hour;
For electricity, HP-Hours per kWh =1.18;
For diesel, HP-Hours per Gallon of diesel = 14.75; and,
For gasoline, HP-Hours per Gallon of gasoline = 11.50.

When calculating the energy needed to pump 1,000 gallons of water, the GPM variable
cancels out so it does not affect the value.

The energy cost to pump 1,000 gallons of water is equal to the energy needed per 1,000
gallons of water pumped as described in Equation (1) above times the cost per kilowatt
hour or per gallon of diesel or gasoline. This value is provided in Row 37. The total an-
nual irrigation pumping energy cost is provided in Row 38 and is the energy cost to
pump 1,000 gallons (Row 37) times the amount of water pumped in year (Row 2 times
1,000).

In the numerical example provided in Table 3.2.4, The Total Irrigation Pumping Energy
Cost per year in Row 38 is $12,069 under the NAWS requiring 300 feet of TDH to pump
water from a deep aquifer using electricity and $1,370 per year under the reclaimed wa-

3 Sources: Equation derived from Boman, Brian J., “Water and Florida Citrus’, University of Florida, IFAS,
July 2002, pages 271 to 273. HP-Hours per Gallon and kWh from Smajstrla, A.G. and F.S. Zazueta, “Loading
Effects on Irrigation Power Unit Performance”, University of Florida, IFAS, AE242, June 2003.

See also: Smajstrla, A.G., D.S. Harrison, and J.C. Good, “Performance of Irrigation Pumping Systemsin Flori-
da’, University of Florida, IFAS, Circular 653, 1985 and Florida Energy Extension Service and Helen H. Whif-
fen, “Energy Efficiency & Environmental News: Energy Usein Irrigation”, University of Florida, IFAS, No-
vember 1991.
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3.0 Reclaimed Water Benefit-Cost Evaluation for Irrigation Uses June 2010

ter alternative requiring 30 feet of TDH using electricity. Column (5) reports that rec-
laimed water saves $10,699 per year in fuel using this example.

Rows 39 through 48 address any anticipated differences in labor and chemical costs,
other than fertilizer, associated with using reclaimed water. Pretreatment of reclaimed
water and/or soil management to address salinity problems were necessary for 7 of the
16 golf course survey respondents but for none of the 10 Agricultural respondents and
the HOA respondent. Given this result, it appears that turf grass on golf courses is ne-
gatively impacted by the salinity of reclaimed water given the quality of turf desired by
golf course operators. There is a good deal of golf course operations literature devoted
to the management of salinity issues associated with reclaimed water.*

Problems with algae growth and clogged irrigation heads were issues for seven of the 10
Agricultural respondents and eight of the 17 Recreation / Aesthetic respondents. Chem-
ical treatment (herbicides), filtration, and/or manual cleaning were used to address these
problems. These issues should be considered by the user when completing the Annual
O&M Costs associated with this evaluation model.

Rows 39 through 44 estimate the Irrigation Maintenance Labor cost associated with the
NAWS and RW/Other. The user enters the Labor Cost per Hour in Row 40 and the es-
timated pumping system labor hours in Row 41. The estimated Irrigation System Labor
Hours are entered into Row 42 and the estimated Salinity and pH Management Hours
are entered into Row 43. The estimated data entered into these rows provide the user
an opportunity to evaluate whether reclaimed water use will increase or reduce the labor
costs.

Under the RW/Other alternative, all or a portion of the NAWS may be needed as a back-
up system that would be used only when reclaimed water is temporarily unavailable. In
Row 41, Pumping System Labor Hours, the user should include only those labor hours
associated with maintaining the backup system so that it will operate when needed in
addition to any other relevant costs not associated with the backup system.

* See Section 6.0 References for the following citations associated with golf course management of salinity in
reclaimed water: Metcalf & Eddy | AECOM, 2007 (see also for other uses); Dixon, 2008; Grinnell, 2003; Hari-
vandi, 2004; Huck, 2000; King, 2000; Martinez, no date; Stowell, 2008; and WateReuse Foundation, 2006.
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The annual Total Maintenance Labor Cost is calculated and presented in Row 44. Col-
umn (5) of this row indicates whether RW/Other increases or reduces labor costs. In the
example provided in Table 3.2.4, RW/Other increases labor costs by $580 per year.

Rows 45 through 53 allow the user to enter any additional annual O&M cost items, other
than fertilizer, that would be impacted by using reclaimed water instead of the NAWS.
Rows 46 through 48 allow the user to enter the costs to use certain chemicals that “pre-
treat” the irrigation water or manage the soil to control for pH, salinity, and algae includ-
ing gypsum, calcium, and dolomite. The user may enter the names of these cost items
in Column (2), Rows 46 through 48.

Row 49 allows the user to enter the estimated cost of reporting and record keeping as-
sociated with the NAWS and with reclaimed water. Other annual costs items may be
entered in Rows 51 through 53. Only those cost items that would be affected by the use
of RW/Other should be included in these rows. However, if a cost item is entered, then
the cost must be entered for both NAWS and RW/Other, even if the cost would be $0 for
one of these alternatives.

The Total Annual O&M Cost and the Annual O&M Cost per 1,000 gallons of irrigation
water are calculated and provided in Rows 54 and 55. Column (5) indicates whether or
not RW/Other increases or reduces annual O&M costs associated with the irrigation sys-
tem and the irrigation water (not including fertilizer). In this numerical example, the Total
Annual O&M cost is $16,849 for the NAWS and $15,074 for RW/Other. The cost per
1,000 gallons of water was calculated using 74.00 mg for the “NAWS” column and using
84.00 mg for both the “RW/Other” column and the column called “NAWS Minus
RW/Other”. This is why Column (5) is not equal to Column (3) minus Column (4) in Row
55. Column (5) for Rows 54 and 55 indicate that reclaimed water reduces these annual
costs by $1,775 or $0.02 per 1,000 gallons of reclaimed water. In this example, this cost
savings is due to the reduced pumping energy costs.

3.2.5 Recurring O& M Costs, Other Than Annual

In the event that switching from the NAWS to RW/Other affects recurring O&M costs that
are not annual, the user should fill out Rows 56 through 69 as depicted in Table 3.2.5.
The cells where the user enters data are in Comic Sans MS Font. An example of a re-
curring O&M cost would be filter media replacement. Such items should be entered in
Rows 57 through 61 along with the cost estimates under the NAWS and the RW/Other
columns (Columns (3) and (4)). As with the installation cost section, the frequency of
replacement in number of years (i.e., Five years means the filter media is replaced once
every five years.) should be entered in Rows 63 through 67 in the order of the cost items
listed in Rows 57 through 61. In Rows 63 through 67 the model automatically enters the
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cost item name that was entered by the user in Rows 57 through 61. Row 68 then cal-
culates the Total Annualized Recurring O&M Cost using the interest rate that was en-
tered in Row 15. The user may only aggregate the cost of components into one item if
they all have the same useful life (as measured in years).

In the case of filter media replacement, if the media is changed more frequently when
reclaimed water is used relative to the NAWS, then the replacement frequency value
should be lower for reclaimed water than for the NAWS. In this example, the filter media
is replaced every five years when the NAWS is used and every three years when rec-
laimed water is used. Other costs have been entered for other unspecified items in this
example to demonstrate how the replacement frequency is to be entered.

In Rows 57 through 61, the user may enter relevant item names for which costs are to
be entered. In Row 57, the user may change the item name from “Filter Media Re-
placement” to any other relevant item name for which costs are to be entered.

Overall, in this example, the Total Annualized Recurring O&M Cost is $3,060 for the
NAWS and $5,540 for RW/Other. The difference in cost is -$2,479 per year meaning
that RW/Other increases the recurring O&M cost to the user. The difference in cost per
1,000 gallons of RW/Other is -$0.03 per 1,000 gallons of RW/Other.

Under the RW/Other alternative, all or a portion of the NAWS may be needed as a back-
up system that would be used only when reclaimed water is temporarily unavailable. In
Rows 57 to 61, the user should include only those costs associated with maintaining the
backup system so that it will operate when needed in addition to any other relevant
costs. In addition, if some cost items need to be replaced less frequently because they
will not be used as often, then include the cost of these items in Rows 57 through 61 of
Columns (3) and (4) and enter the appropriate useful lives in Rows 63 through 67 of
Columns (3) and (4).
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Table 3.2.5
RW Comparison Worksheet For Irrigation — Rows 56 through 69
Economic Comparison of Reclaimed Water and Next Available Water Source

June 2010

Reclaimed Wa-

. ter Used Instead NAWS Minus
Next Availa- & Other RW/Other (Ex-
ble Water Sources if Ap- | cept A. which is
Row _ Source plicable RW/Other mi-
No. Benefit or Cost Iltem (NAWS) (RW/Other) nus NAWS)
) 2 3 4) ()
56 | D. Recurring O&M Costs, Other than Annual
57 | Filter Media Replacement $11,000 $11,000
58 | Item a replaced: $0 $0
59 | Item b replaced: $500 $3,000
60 | Item c replaced: $400 $2,000
61 | Item d replaced: $300 $1,000
62 | Replacement Frequency - No. of Years
63 Filter Media Replacement 5 3
64 Item a replaced:
65 Item b replaced: 3 5
66 Item c replaced: 3 5
67 Item d replaced: 3 5
68 | Total Annualized Recurring O&M Cost $3,060 $5,540 -$2,479
Total Annualized Recurring O&M Cost
69 | per 1,000 Gallons of Irrigation Water $0.04 $0.07 -$0.03

0:\44302-000\wpdocs\R3

3.2.6 Nitrogen Fertilizer Cost Savings

Nitrogen and phosphorus are macronutrients and boron is a trace element beneficial for
plant growth. Significant quantities of these three nutrients are usually present in rec-
laimed water.” Depending on the timing and length of the irrigation cycles, the soil type,
and the water drainage features, some portion of these nutrients in the reclaimed water

will enter the plant through the root zone.

If the uptake of these nutrients is great

enough, the irrigator may be able to reduce the application of these nutrients, thus sav-
ing money. A visible negative impact to the plant may occur from excessive quantities of

® See Metcalf & Eddy | AECOM, 2007, page 968 for nitrogen, phosphorus and boron and the University of

Florida IFAS survey response for boron.
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3.0 Reclaimed Water Benefit-Cost Evaluation for Irrigation Uses June 2010

these nutrients. Based on the literature review® and the survey responses, the amount
of these nutrients applied to the soil should be and is reduced, respectively, based on
the results of regular water and soil testing.

Of the 27 Agricultural and Recreation / Aesthetic survey respondents, eight said that
they have reduced the amount of nitrogen applied to the soil as a result of using rec-
laimed water for irrigation. These eight respondents said they made changes based on
the results of soil, leaf and water samples.

Other trace elements, such as cadmium, chromium, iron, and zinc, may also be present
in reclaimed water but the impact of their concentrations on plant health have not, at this
time, been identified as an issue for reclaimed water users. Quantities of potassium, the
third macronutrient needed for plant growth, are not usually present in reclaimed water in
concentrations considered to affect plant growth.” However, research by the University
of Florida IFAS for Orlando’s Water Conserv Il found that the reclaimed water contained
a considerable amount of potassium.® Therefore, the water quality testing results ob-
tained from the reclaimed water supplier should be used to evaluate whether modifica-
tions to the amount of applied nutrients are warranted when considering and using rec-
laimed water.

Of the three nutrients, nitrogen, phosphorus, and boron, only nitrogen is considered to
provide a cost savings that is large enough to consider in this model at this time. In
southwest Florida, phosphorus typically is not applied at all or in quantities too small to
justify more than a negligible cost savings. Some irrigators may be able to eliminate all
boron applications as a result of using reclaimed water but the cost savings would be
very small. However, even though boron and phosphorus cost savings may be very

® See, for example, University of Florida, Institute of Food and Agricultural Sciences, "Water and Florida Ci-
trus. Use. Regulation, Irrigation, Systems, and Management, Edited by Brian J. Boman, Gainesville, Florida,
July 2002, pages 415-416. Also, see the survey results of container grown nurseries where nitrogen applica-
tions were decreased and boron applications were eliminated in Y eager, T.H., University of Florida, IFAS,
"Reclaimed Water for Irrigation of Container Grown Plants, Final Report, Deliverable 10", Prepared for the
Southwest Florida Water Management District, Contract No. 38213, No date, page 5 of 29.

"Metcalf & Eddy | AECOM, "Water Reuse | ssues, Technologies, and Applications’, Written by Takashi Asano,
Franklin L. Burton, Harold L. Leverenz, Ryujiro Tsuchihashi and George Tchobanoglous, McGrall Hill, 2007.
(available from AWWA Bookstore), page 968.

8 University of Florida, Institute of Food and Agricultural Sciences, "Water and Florida Citrus: Use. Regula-
tion, Irrigation, Systems, and Management, Edited by Brian J. Boman, Gainesville, Florida, July 2002, page 72.
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3.0 Reclaimed Water Benefit-Cost Evaluation for Irrigation Uses June 2010

small, the irrigator should make adjustments to their application in response to the re-
sults of regular water and soil tests in order to prevent negative environmental impacts.

An estimate of the annual cost savings from reducing the amount of nitrogen applied to
the soil when reclaimed water is used is calculated in Rows 70 through 77 of the RW
Comparison Worksheet which is reproduced in black and white in Table 3.2.6. The cells
where the user enters data are in Comic Sans MS Font.

The nitrogen fertilizer cost per ton is entered by the user in Row 71. The cost is ob-
tained from the internet at http://www.ers.usda.gov/Data/FertilizerUse/ which will take
you to the USDA Economic Research Service web page that lists data files for U.S. Fer-
tilizer and Price. Scroll down to Table 7-Average U.S. farm prices of selected fertilizers,
1960-2008 and click on the link that will allow the user to download an Excel file of this
data. Use the price of "Urea 45-46% Nitrogen” fertilizer for the most recent year. In
2008, the price was $552 per ton.

The nitrogen concentration of water from the NAWS and reclaimed water in parts per
million (ppm) or milligrams per liter (mg/l) is entered in Row 72. The value of these con-
centrations would come from water test results. For reclaimed water, this information is
available from the reclaimed water provider. For the NAWS, use the available informa-
tion from water test results or assume that the concentration is zero.

In Row 73, the user enters the percent of nitrogen in the water that is taken up by the
plant. There is no standard value for this percent because it will vary depending on the
timing and length of the irrigation cycles, the water use efficiency of the irrigation system,
the soil type, and the water drainage features. The value is not likely to be 100 percent
due to the loss of nitrogen from the soil profile as it percolates through the ground and
runs off the land.

For a partial offset, the user should multiply the proportion of Nitrogen taken up by the
plant by the proportion of total water use in Row (2) that is Reclaimed Water and enter
the result as a percent. For example, 50% nitrogen uptake and 10% reclaimed water
use would be 0.50 x 0.10 = 0.05, so 5 would be entered in Row 73, Column (4).
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Table 3.2.6

RW Comparison Worksheet For Irrigation — Rows 70 through 77
Economic Comparison of Reclaimed Water and Next Available Water Source

June 2010

Next Availa-

Reclaimed Wa-
ter Used Instead

NAWS Minus

& Other RW/Other (Ex-
ble Water Sources if Ap- | cept A. which is
Row . Source plicable RW/Other minus
No. Benefit or Cost Item (NAWS) (RW/Other) NAWS)
1) (2) 3) (4) ()
70 | E. Nitrogen Fertilizer Cost Savings - Annual:
71 N Fertilizer Cost per Ton: $552 $552
Nitrogen concentration in ppm or mg/l of Irrigation
Water (for reclaimed water, obtain from utility. For
72 NAWS, use available info or assume 0): 0 6
Percent of Nitrogen in water that is taken up by the
73 plant;: 507 507%
Nitrogen Fertilizer Cost Savings Per
74 | 1,000 gallons of irrigation water: $0.00 -$0.015 $0.015
Nitrogen Fertilizer Cost Savings due to
75 | Nin applied water - Annual $0 -$1,258 $1,258
Total Annualized Cost, including Cost
Savings (Negative cost means cost in-
76 | crease associated with reclaimed water) | $23,559 $24,302 -$743
Total Annualized Cost, including Cost
Savings Per 1,000 Gallons of Irrigation
Water (Negative cost means cost in-
crease associated with reclaimed water)
77 | (a) $0.32 $0.29 -$0.01

(@) The cost per 1,000 gallons of water was calculated using 74.00 mg for NAWS and using 84.00 mg for
RW/Other and for NAWS Minus RW/Other. This is why Column (5) is not equal to Column (3) minus Column (4)
in Row 77).

0:\44302-000\wpdocs\R3

Some issues that may affect nitrogen uptake are as follows.

(1) Different types of plant material (e.g., citrus, turf, herbaceous landscape) will have

different nitrogen uptake rates.

(2) Intuitively, it would seem that the rate of nitrogen uptake by any plant material would
not be likely to be a straight linear function. Plants may not be able to utilize nitrogen in
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3.0 Reclaimed Water Benefit-Cost Evaluation for Irrigation Uses June 2010

the diluted concentrations present in reclaimed water as efficiently as they can process
nitrogen in the greater quantities associated with “normal recommended” applications.

(3) Climatic variables affect the rate of nitrogen uptake by plants. For example, even in
central Florida, certain plant species are dormant during the winter and might not absorb
any nitrogen from the root zone.

(4) One researcher® found that even at high irrigation application rates (100 inches per
year of reclaimed water — which contained an equivalent volume of nitrogen as what
would be contained in normal recommended applications) citrus trees could not take up
sufficient nitrogen from reclaimed water to maintain good yields. Full applications of ni-
trogen were needed to maintain good fruit production.

In an IFAS presentation titled “Effect of Nitrogen Rate on Yield of Tomatoes Grown with
Seepage lIrrigation and Reclaimed Water”,'® a 50 percent nitrogen uptake value was as-
sumed. This is a reasonable assumption if one assumes that any value between 0 and
100 could be the correct number with equal probability. In this case the expected value

is 50 percent.

The user and the District may be able to come up with a representative estimate given
the on-site factors listed above. Otherwise, the user should enter 50 percent in Row 73
for both water sources, NAWS and reclaimed water, unless a different value can be justi-
fied with the available information.

® Parsons, Lawrence R. "Reclaiming a Resource”, Florida Grower, May 2007.

19 Ozores-Hampton, Monica, Eric Simonne, Phyllis Gilreath, Steven Sargent, et.al. "Effect of Nitrogen Rate on
Yield of Tomato Grown With Seepage Irrigation and Reclaimed Water", Presentation, University of Florida,
IFAS Extension, no date.
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3.0 Reclaimed Water Benefit-Cost Evaluation for Irrigation Uses June 2010

The annual nitrogen fertilizer cost savings per 1,000 gallons of applied water is calcu-
lated and presented in Row 74.'" This calculation is made using the following equations.

(2) Nitrogen Cost Savings per 1,000 gallons of water = -1 x % N Uptake by Plant x

Pounds of N per 1,000 gallons of water x Cost per Pound of N
Where,

N stands for nitrogen;

-1 converts the number so that the difference between NAWS and Reclaimed Water
has the correct sign in Column (5) of Rows (74) and (75);

% N Uptake by Plant is provided by the user as discussed above;

Pounds of N per 1,000 gallons of water = (0.226 x 1 x ppm of N) / (27,154 / 1,000);
and,

Cost per Pound of N = Price of "Urea 45-46% Nitrogen” fertilizer per Ton /(2,000 x
0.46).

In the example provided in Table 3.2.6, the nitrogen fertilizer cost savings from using
reclaimed water with 6 ppm of Nitrogen is $1,258 per year or 0.015 per 1,000 gallons of
reclaimed water. These two values are positive because the applied nitrogen cost sav-
ings is a benefit of reclaimed water.

3.2.7 Total Annualized Cost, I ncluding Cost Savings

The Total Annualized Cost, Including the Cost Savings, of each water source alternative
is provided in Row 76. This is a calculated value and is the sum of all of the costs esti-
mated in Items A through E as listed in Table 3.2.2. The difference in these costs be-
tween NAWS and RW/Other is provided in Row 76, Column (5). The Total Annualized
Cost, Including the Cost Savings per 1,000 gallons of water, is provided in Row 77. In
this example, RW/Other increases the Total Annualized Cost, including the Cost Sav-
ings, by $743 or 0.01 per 1,000 gallons of RW/Other. These two values are negative
because they are the cost of RW/Other.

! Equation based on University of Florida, Institute of Food and Agricultural Sciences, "Water and Florida
Citrus: Use. Regulation, Irrigation, Systems, and Management, Edited by Brian J. Boman, Gainesville,
Florida, July 2002, page 416.
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3.0 Reclaimed Water Benefit-Cost Evaluation for Irrigation Uses June 2010

3.2.8 Changein Value of Crop Production

If the irrigator is a farmer, then the change in the value of crop production due to the use
of reclaimed water should be considered. Otherwise, the user may move on to Section
G of the model. The literature collected during this study that focused on the yield and
plant quality effects from using reclaimed water for irrigation, focused on whether the
crop is negatively affected when reclaimed water is used. The conclusion was that
plants were not negatively affected as long as the nutrients and chemical constituents in
the reclaimed water and soil were monitored and corrective actions taken where
needed.” The increases in crop productivity noted, other than the beneficial effect of
nutrients, were due to increased quantities of water applied to the plants relative to what
would be used from traditional water sources.

In the event that the user or the District believe that the reclaimed water will increase the
amount of a crop produced, then this additional value to the farm should be noted. Such
increases could be due to the increased availability of reclaimed water relative to what
would be available from the NAWS or for other reasons identified by the District or the
user. One of the 10 Agricultural respondents to this study’s survey believes that the
productivity of his crop increased due to the use of reclaimed water. Rows 78 through
85 of the RW Comparison Worksheet are used to estimate this value as presented in
Table 3.2.7. The cells where the user enters data are in Comic Sans MS Font.

In Row 79, the user enters an estimate of the average crop production in number of units
per acre when irrigating with reclaimed water instead of the NAWS. In Row 80, the user
enters the average crop production in number of units per acre when irrigating with the
NAWS. The name of the unit is provided in Row 81. From this information, the esti-
mated change in crop production in units per acre due to the reclaimed water is calcu-
lated in Row 82 as Row 79 minus Row 80.

12y eager, T.H., University of Florida, IFAS, "Reclaimed Water for Irrigation of Container Grown Plants, Final
Report, Deliverable 10", Prepared for the Southwest Florida Water Management District, Contract No. 38213,
No date.

Morgan, Kelly T., T. Adair Wheaton, Larry R. Parsons, and William S. Castle, "Effects of Reclaimed Municipal
Waste Water on Horticultural Characteristics, Fruit Quality, and Soil and Leaf Mineral Concentration of Ci-
trus', HortScience, Volume 43(2), April 2008.

Von Merveldt, Joseph K., "Reclaimed Municipal Water for Irrigatoin of Container-Grown Nursery Crops",
Masters Thesis, University of Florida, 2008.
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In Row 83, the user enters the market value of the crop minus the cost of harvesting and
selling the crop per unit. This is the additional income the grower would receive if rec-
laimed water increases yield per acre.

In Row 84, the user enters the number of acres affected by this change in crop produc-
tion. From this information, the calculation of the net value of the annual change in crop
production is provided in Row 85. This calculation is Row 82 times Row 83 times Row
84.

This change in the value of crop production is an estimate and can be positive or nega-
tive and could be due to increased reliability of reclaimed water, differences in water
quality, increased availability of water for frost/freeze protection and/or more water avail-
able to meet crop water requirements when compared to next available water source
(NAWS).

For a partial offset, the user would also consider how the reclaimed water may affect
crop production. The user would focus on how many acres would be affected and by
how much relative to using the NAWS. For example, if the reclaimed water will be ap-
plied to all 100 acres of a farm’s crop 10% of the time, then the user should consider
how the availability of reclaimed water will affect all 100 acres. For example, it may in-
crease crop productivity from 500 boxes to 505 boxes over all 100 acres. In this case
the user would enter 505 in Row 79, 500 in Row 80 and 100 in Row 84. Alternatively, if
the reclaimed water will only increase crop production on 10 acres of land and if this
production with reclaimed water is 525 boxes, then the user would enter 525 in Row 79,
500 in Row 80 and 10 in Row 84.

3.2.9 Changein Quality of Nursery Plants, Lawn and/or Landscape

The use of reclaimed water may increase the quality of nursery plants, the lawn and/or
landscape and thereby increase nursery plant prices, the number of golfers or the golf
course fee. While none of the Agricultural respondents to this study’s survey said that
the quality of their crops improved, one golf course and one HOA said that the quality of
their turf and landscaping improved. While no definitive studies regarding this benefit
were found during the literature review, this benefit is included in the model if the user or
the District believes that improved plant quality would likely increase net revenue to the
irrigator.
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Table 3.2.7
RW Comparison Worksheet For Irrigation — Rows 78 through 93
Economic Comparison of Reclaimed Water and Next Available Water Source

. Reclaimed Water NAWS Minus
Next Availa- Used Instead & RW/Other (Ex-
ble Water Other Sources if cept A. which
Row . Source Applicable is RwW/Other
No. Benefit or Cost Iltem (NAWS) (RW/Other) minus NAWS)
@) 2 3 4 (©)
78 | F. Change in Value of Crop Production - Annual
79 Average crop production in number of units per acre when irrigating w/ reclaimed water (b): 525.00
Average crop production in number of units per acre when irrigating with the next available
80 water source: 500.00
Boxes of
81 Name of Unit: Oranges
82 Change in Crop Production in Units per Acre Due to Reclaimed Water (b) 25.00
83 Market Value Less Harvest and Marketing Costs Per Unit $2.56
84 Number of Acres of production affected 100
85 | Net Value of Change in Crop Production — Annual $6,400
(b) The average crop production is an estimate and could be due to increased reliability of reclaimed water,
differences in water quality, increased availability of water for frost/freeze protection and/or more water
86 available to meet crop water requirements when compared to next available water source (NAWS).
87 | G. Change in Quality of Nursery Plant, Lawn and/or Landscape — Annual
Change in Net Revenue (Market Value minus Variable Cost) - Annual
88 | (c) $5,000
(c) This change in net revenue is an estimate and can be positive or negative. This value would be positive
if more water is available to meet the plant's water requirements when compared to the next available
water source (NAWS) which results in improved plant quality and, thus, increases landscape plant prices or
revenue. For golf courses, improved quality of lawn and landscape during drought could increase golf
course use and, thus, sales. The net revenue during a drought year would be the change in revenue minus
the change in cost due to having reclaimed water during a drought year. This net revenue during a drought
year would be multiplied by the proportion of years that a drought occurs. For example, a proportion of 0.10
means that drought restrictions occur once every ten years. Variable cost includes the costs that increase
with increasing production or sales, and decrease with decreasing production or sales. The change in net
revenue would be negative if the use of reclaimed water reduces plant quality which reduces revenue
89 | through lower plant sales or number of golfers.
90 | H. Value of Additional Water Available from Reclaimed Water Source
Additional Water Available from Reclaimed Water Source in million gallons per year com-
91 pared to amount needed and available from NAWS- Annual: 10.00
Enter the cost per 1,000 gallons to obtain this fresh water, including any pumping costs.
This is a lower bound estimate of the value of water to the operation. The actual value is
92 likely much higher than this value. $0.30
Value of Additional Water Available from Reclaimed Water Source —
93 | Annual $3,000
(e}
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This change in net revenue is an estimate provided by the user in Row 88 as presented
in Table 3.2.7. It is the value of the increased sales minus all variable costs. Variable
cost includes the costs that increase with increasing production or sales, and decrease
with decreasing production or sales. This change in net revenue can be positive or neg-
ative. This value would be positive if more water is available to meet the plant's water
requirements when compared to the NAWS which results in improved plant quality and
increases landscape plant prices or plant revenue.

For golf courses, the improved quality of lawn and landscape during drought could in-
crease golf course use and, thus, sales. The net revenue during a drought year would
be the change in revenue minus the change in cost due to having reclaimed water dur-
ing a drought year. This net revenue during a drought year would be multiplied by the
proportion of years that a drought occurs. For example, a proportion of 0.10 means that
drought restrictions occur once every ten years. The change in net revenue would be
negative if the use of reclaimed water reduces plant quality which reduces revenue
through lower plant nursery sales or number of golfers.

3.2.10 Value of Additional Water Available from the Reclaimed Water
Sour ce

Two of the most common benefits noted by the 27 Agricultural and Recreation / Aesthet-
ic survey respondents were that 63 percent of these irrigators were able to irrigate more
frequently and 56 percent were able to apply more water to the crop / lawn / landscape
than with a traditional water source. In addition, 20 percent of the 10 agricultural res-
pondents were better able to protect their crops from freezing because they had water
available for freeze protection.

The value of this benefit is estimated using Rows 90 through 93 of the RW Comparison
Worksheet as presented in Table 3.2.7. This benefit should be considered if it was not
fully accounted for when estimating the benefits from increased crop production or im-
proved plant quality as discussed in the previous two sections. The additional amount of
water available from the reclaimed water provider relative to the amount needed and
available from the NAWS is entered by the model into Row 91. The model inputs into
Row 91 the value from Column (5) of Row (2) (See Table 3.2.3) which is the additional
amount of water available from the reclaimed water provider relative to the NAWS. If no
additional water is provided by the reclaimed water supplier, then this value is zero and
the benefit is zero.

In the example provided in these tables, the reclaimed water supplier is expected to pro-
vide 10 million gallons annually in additional needed water to the irrigator than is availa-
ble from the NAWS. This additional water has value to the irrigator. The actual value of
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this water to the irrigator for irrigating the types of plants contemplated in this economic
evaluation is not known. However, the cost per 1,000 gallons that the irrigator is current-
ly paying for water from the irrigator’s existing supply, be it the NAWS or other source,
would either be known or can be estimated.

If the irrigator is already using water from the NAWS or other source to irrigate the plant
types or plant market values similar to those being contemplated in this economic evalu-
ation, then the cost per 1,000 gallons from this water source is an estimate of the value
of additional water to the irrigator. It is likely to be the minimum value of water to the irri-
gator if it will be used to add additional crop acreage or additional golf course capacity.

This water cost per 1,000 gallons is entered by the user into Row 92 as shown in Table
3.2.7. It can be estimated in a manner similar to that used in this model to estimate the
total annualized cost per 1,000 gallons and using a recollection of how much the water
source cost to develop, its useful life in years, the annual O&M costs, and the average
annual amount of water obtained from this source. In this example, $0.30 per 1,000 gal-
lons water is used as presented in Row 92 of Table 3.2.7.

The $0.30 per 1,000 gallons is based on the estimated costs to pump ground water from
the Floridan aquifer in Manatee County and the water table, Lower Tamiami or Sand-
stone aquifers in Collier County as summarized and documented in a memorandum to
Carl Woehlcke, Ph.D., South Florida Water Management District from Grace Johns,
Ph.D., Hazen and Sawyer dated February 12, 2009. The values reflect well drilling,
pumping and controls including annual O&M costs. These values were converted to
2009 dollars. These costs per 1,000 gallons in 2009 dollars range from $0.25 to $0.46
per 1,000 gallons. The $0.30 was chosen from this range and is less than the mid-point
of these numbers to reflect that the water source development costs would have been
made in a year prior to 2009. This value should be estimated to reflect the cost to the
irrigator.

If the irrigator is not or has not been irrigating similar plants in terms of types or value,
then the District could use an estimated water cost per 1,000 gallons that represents the
water source of existing irrigators raising similar plants. The same cost estimation me-
thod described above would be used. Remember that the goal is to find a reasonable
estimate of the value of additional water supply to the irrigator. The cost estimate de-
scribed here represents either the marginal value of water or the minimum value of water
depending on whether the water will be used to enhance plant growth and quality (mar-
ginal value) or to add crop acreage or golf course capacity (minimum value).
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The annual value of the additional water available from the reclaimed water supplier is
calculated and provided in Row 93 of Table 3.2.7 and is Row 91 times Row 92. In the
example, this value is $3,000 per year. This means that reclaimed water provides an
additional $3,000 per year in value to the irrigator because it allows for the production of
additional crops or the irrigation of additional golf course grounds.

3.2.11 Value of Additional Water “Freed Up” by Reclaimed Water Use

The second most common benefit noted by the 27 Agricultural and Recreation / Aesthet-
ic survey respondents was that 67 percent of the irrigators were able to conserve fresh-
water for their other uses. This benefit is different from the benefit described in the pre-
vious section where a value was placed on the additional amount of water available from
the reclaimed water supplier relative to the NAWS.

If the irrigator is able to use all or a portion of the water from the NAWS that is “freed up”
when reclaimed water is used, then this water has a benefit to the irrigator that should be
considered in the economic feasibility analysis. The value of this benefit is estimated in
Rows 94 through 98 of the RW Comparison Worksheet, as presented in Table 3.2.8. In
Row 95, the user enters the percent of water that was entered in Row 2, Column (3)
(Amount of Water Needed and Available in Million Gallons from NAWS) that will be
“freed up” by the reclaimed water use. In this example, 20 percent is used. The model
then calculates and presents in Row 96 the million gallons per year of additional fresh
water that is now available to the irrigator which is the amount of water from the NAWS
that was entered in Row 2, Column (3) times the percent freed up in Row 95, or in this
example, 20 percent. If none of the “freed up” water will be available to the irrigator,
then the user enters a zero in Row 95 and the value of the benefit is zero.

The model also enters the marginal or minimum value of this water using the value that
the user entered in Row 92 (See Table 3.2.7). In this example, a value of $0.30 per
1,000 gallons is used as discussed above. The model then calculates and presents in
Row 98 the estimated annual value of the “freed up” NAWS water. This value is Row 96
times Row 97. In this example, the annual value of water that is “freed up” due to rec-
laimed water use is $4,440.

3.2.12 Value of Water Available During NAWS Water Shortage Restrictions

The most common benefit noted by the 27 Agricultural and Recreation / Aesthetic survey
respondents was that 74 percent of the irrigators had a guaranteed and reliable water
source and 50 percent of the 10 Agricultural respondents were better able to supply wa-
ter to crops during drought conditions. This benefit is not captured by the other two wa-
ter supply benefits discussed in the previous two sections.
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Chapter 5.0
Conclusions and Recommendations

51 Background

Reclaimed water can be an effective way to diversify Florida's water resources in order
to use fresh water more efficiently. The Southwest Florida Water Management District
(District) water use permitting (WUP) rules require agricultural, recreational/aesthetic,
and industrial/commercial water use permittees and applicants in designated Water Use
Caution Areas (WUCASs) to investigate the feasibility of using reclaimed water. These
permittees and applicants are required to use reclaimed water if it is technically, envi-
ronmentally, and economically feasible. In general, reclaimed water is economically
feasible to a water use permittee or applicant if the present value of the benefits to the
permittee or applicant from using the reclaimed water is comparable to or greater than
the present value of reclaimed water costs to the permittee or applicant.

For the purposes of this study, the reclaimed water is provided by a utility and is defined
as water that flows out of a wastewater treatment plant and has received at least sec-
ondary treatment and required disinfection. Also, Agriculture and Recreation / Aesthetic
water users use reclaimed water exclusively for irrigation, including crop establishment
and frost/freeze protection, and Industrial water users use reclaimed water in certain
production processes, primarily as cooling water.

This study gathered the available information from literature reviews, survey research
and interviews to address the following study goals.

1. Improve the District's ability to assist water users in assessing the benefits and
costs of reclaimed water to them;

2. Identify areas of future research that address how the net benefits of reclaimed
water to water users can be as great as possible; and

3. Better assess whether or not reclaimed water is economically feasible to specific
water users.

To these ends, this report describes the results of a literature review and survey of rec-
laimed water users in Florida and provides evaluation criteria and the types of informa-
tion that a non-utility water use permittee or applicant would provide to the District to
document the economic feasibility of reclaimed water. In addition to this report, two Ex-
cel models were developed to assist the District and the potential reclaimed water user
in organizing the information needed to make an assessment of economic feasibility and
that provides estimates of the net benefits of reclaimed water to the user. These Excel
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models are called Reclaimed Water Benefit-Cost Calculator for Irrigation and Reclaimed
Water Benefit-Cost Calculator for Industrial Applications

5.2 Study Methods

The information in this report was based on a thorough literature review, a survey of rec-
laimed water users, and consultations with District, government, industry and academic
experts.

The literature review included internet and web site searches accompanied by email and
telephone requests of numerous organizations. While there is an abundance of informa-
tion regarding the production and uses of reclaimed water, only five documents were lo-
cated that address the benefits and costs of reclaimed water to users. No documents
were located that describe how potential reclaimed water users should evaluate the po-
tential benefits and costs of reclaimed water to their operations.

The most important part of this study was a survey of reclaimed water users in Florida.
The results of these surveys were crucial to developing the evaluation criteria for this
study. The survey was developed during this study and included questions regarding
the use of reclaimed water, the costs and benefits of reclaimed water, the economic fea-
sibility of reclaimed water, satisfaction with reclaimed water reliability, quality and quanti-
ty and whether the user would do it all over again. Three reclaimed water surveys were
developed, one for each water use type: Agricultural, Recreation / Aesthetic and Indus-
trial, respectively.

About 80 percent of the reclaimed water users who were asked to complete the survey
actually completed and returned the survey. A total of 37 completed surveys were ob-
tained and are comprised of 10 agricultural surveys, 17 recreation / aesthetic surveys
and 10 industrial surveys. The project team would like to express their sincere apprecia-
tion and thanks to the 37 people who took the time to fill out this survey and explain how
reclaimed water has affected their operations in terms of benefits and costs.

Of the 16 counties in the Southwest Florida Water Management District, 10 are
represented in this survey. Two counties, Orange and St. Lucie, are in the South Florida
Water Management District. The four respondents in these two counties were asked to
participate in this survey in order to achieve the survey goal. These respondents are
believed to be representative of the actual and potential reclaimed water users in the
Southwest District.
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5.3 Benefitsand Costs of Reclaimed Water Use

The survey respondents were very helpful in providing information regarding their bene-
fits and costs associated with reclaimed water. The actual costs associated with con-
necting to a reclaimed water system and using the reclaimed water will vary depending
on factors specific to the farm, golf course, landscaped area or industrial firm. There
are potentially three types of costs associated with using reclaimed water: (1) installa-
tion costs; (2) annual costs; and (3) recurring O&M costs other than annual.

A list of the potential installation costs is provided in Table 5.3.1. A reclaimed water user

will not necessarily need to spend money on all of these cost items.

(1)

(2)

(3)
(4)

(5)
(6)
(7)

(8)

(9)
(10)

Table 5.3.1
Potential Installation Cost Items Associated with Using Reclaimed Water
For Irrigation and Industrial Applications

Install pipe system to connect irrigation system or industrial operation to reclaimed water
pipeline

Install pressure regulating valves to control pressure of water flowing into irrigation sys-
tem

Install water meter to monitor amount of reclaimed water used

Create storage pond or install storage tank and pump station to match reclaimed water
supply with timing of water needs

Disconnect existing water source from irrigation system or industrial operation
For industrial applications, install or expand the water pretreatment system

For micro-sprinkler and drip irrigation systems, install or upgrade filtration and/or chemical
injector systems to reduce clogging

Create reclaimed water disposal area such as ditch connection to pasture area during
times when reclaimed water flows are higher than crop water needs

For turf and landscape, change plant material to more salt tolerant species

Other costs, if any, specific to the individual reclaimed water user associated with the pro-
vision of water for other uses from the existing fresh water source due to the reclaimed
water connection.

A list of the potential annual and periodically recurring costs associated with using rec-
laimed water is provided in Table 5.3.2.
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Table 5.3.2
Potential Annual or Periodically Recurring Cost Items
Associated with Using Reclaimed Water for Irrigation or Industrial Applications

[EnY

. Reclaimed water payment to the utility

2. Irrigation-related management associated with maintaining reclaimed water meter, pipeline,
pump and storage pond; repairing pipeline due to fluctuating water pressure; and repairing
or replacing rusty controllers, power boxes and equipment

3. Fertilizer management including water quality and plant tissue testing and nutrient evalua-
tions

4. Salinity and pH management including chemical applications, water blending, soil leaching
and mechanical means

5. Pest or algae management including cleaning or repairing microjets or drip nozzles, water
chlorination, pesticide applications, and filter replacement

6. Chemicals needed for reclaimed water treatment prior to industrial application

7. Recording water data and providing reports to the water management district and the FDEP

The survey responses demonstrated that there are benefits of reclaimed water use rela-
tive to using traditional water sources such as ground or surface water. These benefits
include cost savings and value-added. The benefits are listed in Table 5.3.3 in order of
importance to the 37 Agricultural, Recreation / Aesthetic and Industrial reclaimed water
users surveyed.

The top five benefits are related to having more water available when needed relative to
traditional water sources. The top three benefits are: (1) having a guaranteed and relia-
ble water source, (2) able to conserve fresh water for their other uses and (3) able to irri-
gate more frequently that if a traditional water source was used. About 2 of every 3 res-
pondents said they were receiving at least one of these three benefits.

The fourth and fifth ranked benefits are also related to having more water and are: (4)
Able to apply more water to the crop/ lawn/ landscape than with a traditional source and
(5) Better able to supply water to crops during drought conditions. At least 50 percent of
the 27 Agricultural and Recreation / Aesthetic respondents stated that they received at
least one of these two benefits from using reclaimed water.
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Benefits of Reclaimed Water for Irrigation and Industrial Applications
Ranked in Order of Percent of Respondents Who Said Yes to Benefit

Survey Respondents Who Said Yes to

Benefit
Total No. of
% of Res- Respondents

Reclaimed Water Benefits Number ponses (@)
1. Have a guaranteed and reliable water source 25 68% 37
2. Able to conserve fresh water for their other
uses 25 68% 37
3. Able to irrigate more frequently than if used tra-
ditional source 17 63% 27
4. Able to apply more water to the crop/lawn/
landscape than with traditional source 15 56% 27
5. Better able to supply water to crops during
drought conditions 5 50% 10
6. Irrigation or water costs are lower 17 46% 37
7. Our permitting requirements have been re-
duced 3 30% 10
8. Netincome is higher than with traditional wa-
ter source 11 30% 37
9. Fertilization costs are lower 7 26% 27
10. Revenue is higher than with traditional water
source 9 24% 37
11. Business has increased during fresh water
shortage restrictions 4 24% 17
12. Better able to protect crops from freezing 2 20% 10
13. Crop vield or product quantity has been higher
than with a traditional source 2 10% 20
14. Pounds of juice per acre is higher than with
traditional source 10% 10
15. Our production cost is lower 1 10% 10
16. Water storage costs are lower 3 8% 37
17. Quality of crop/lawn/landscape/product is
higher than with traditional source 3 8% 37

(a) The total number of respondents is 37 if the question was asked of Agricultural, Recreation / Aes-
thetic and Industrial respondents. The total number of respondents is 27 if the question was asked of
the Agricultural and Recreation / Aesthetic respondents. The total number of respondents is 10 if the
question was asked of only the Agricultural respondents or only the Industrial respondents.
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The Agricultural and Recreation / Aesthetic respondents were asked the following ques-
tion regarding the net benefits of reclaimed water to their firm: “Do you believe that the
total benefit your firm is receiving from using reclaimed water is greater than the total
cost your firm is paying for reclaimed water (after subtracting any money received from
government agencies)?” Of the 10 Agricultural respondents, six answered yes, one
answered no, one did not know and two did not answer the question. Of the 17
Recreation / Aesthetic respondents, 15 said yes, one said no and one did not know.

All 37 respondents were asked to rate the supply reliability, quantity and quality of their
reclaimed water. For the most part, the Agricultural respondents gave favorable ratings
to their reclaimed water. Six of the 10 Agricultural respondents were satisfied with their
water supply reliability and water quality and five were satisfied with their water quantity.
Three were very satisfied with their reclaimed water quantity and quality and four were
very satisfied with their water supply reliability. The 17 Recreation / Aesthetic respon-
dents also gave favorable ratings for their reclaimed water. Nine respondents are very
satisfied with the supply reliability of their reclaimed water while 11 respondents are sa-
tisfied with their reclaimed water quantity and 10 are satisfied with its quality. All of the
Industrial respondents were very satisfied or satisfied with their reclaimed water reliabili-
ty, quality and supply.

All 37 respondents were asked the following question: *“If your firm could do it all over
again, would your firm agree to connect to the reclaimed water system? If you cannot
speak for your firm, would you agree to connect this facility if the choice was yours
alone?” Of the 10 Agricultural respondents, nine would connect again because the rec-
laimed water saves the farm money and one would not connect, citing the added cost of
grove maintenance associated with using the reclaimed water.

All of the 17 Recreation / Aesthetic respondents said they would connect to reclaimed
water if they had to do it all over again. The most common reasons were that the rec-
laimed water is needed as a supplemental water source and is it available during fresh
water shortage restrictions. Four said that irrigation is a good use of reclaimed water
and three said that reclaimed water is affordable or saves money.

All of the 10 Industrial respondents would use reclaimed water as a supply source for
their industrial operations if they had to make the decision again. Three of the 10 survey
respondents are interested in obtaining additional reclaimed water quantities.

54 Summary of Evaluation Criteria

This study used survey research and the available literature to develop evaluation crite-
ria that may be used to assess the economic feasibility of reclaimed water for irrigation
of crops, turf and landscape and for industrial applications. Farmers, golf course own-
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ers, homeowner and condominium associations, and any entity with a beneficial need for
irrigation water would complete the estimation model called “Reclaimed Water Benefit-
Cost Calculator for Irrigation”. Industrial firms would complete the estimation model
called “Reclaimed Water Benefit-Cost Calculator for Industrial Applications”.

Both models are described in this report and are comprised of the RW Comparison
Worksheet Instructions and the RW Comparison Worksheet. The evaluation criteria con-
tained in these models attempt to measure and compare the benefits of reclaimed water
to the costs of reclaimed water. If the value of reclaimed water benefits to the user is
greater than the total cost of reclaimed water to the user, then reclaimed water is eco-
nomically feasible to use. The RW Comparison Worksheet can be used to conduct sen-
sitivity analysis to evaluate uncertainties in the input data.

The Reclaimed Water Benefit-Cost Calculators for Irrigation and Industrial Applications
are to be used to provide guidance as to the economic feasibility of using reclaimed wa-
ter for a specific purpose. The values that the user will input into the model are esti-
mates and the model results should not be the only factor in determining economic fea-
sibility. Instead, the model results should be viewed in the proper context of all other in-
formation submitted and relevant to the water use permit application or renewal.

The evaluation model compares the costs associated with accessing and using rec-
laimed water with the costs to access and use water from the next available water
source (NAWS). The model also provides guidance in estimating the benefits of rec-
laimed water to the user. These benefits include:

o Nitrogen fertilizer cost savings - annual

¢ Change in value of crop production — annual

¢ Change in quality of crop, lawn and/or landscape — annual

¢ Value of additional water available from reclaimed water source — annual

¢ Value of additional water “freed up” by the reclaimed water use (that can be used
by the reclaimed water user)

¢ Value of water available during NAWS water shortage restrictions — annual
The evaluation criteria and the order of benefits and costs in the Reclaimed Water Bene-

fit-Cost Calculator are provided in Table 5.4.1. The model can also evaluate partial off-
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sets, where only a portion of the next available water source is replaced with reclaimed
water. A user guide for the irrigation model and the industrial applications model is pro-
vided in Chapter 3.0 and Chapter 4.0, respectively.

55 Recommendations for Further Research

In the course of this study several areas of further research to address information gaps
were identified. These study areas are as follows.

e Support research and develop a method to estimate the influence of reclaimed wa-
ter on the amount of macro and micro nutrients taken up by plants, including citrus,
tomato, turf, etc. This information would be useful to estimating the cost savings
associated with reduced fertilizer requirements.

¢ Conduct scientific field trials to determine the impact of reclaimed water features on
crop productivity per acre for crops commonly produced in Florida that would have
access to reclaimed water. Reclaimed water features include differences in water
guality and water availability relative to traditional water sources. This information
would be useful to estimating the change in the value of crop production associated
with reclaimed water use.

e Conduct scientific field trials to determine the impact of reclaimed water features on
turf and landscape plant quality. Given these results, conduct research to document
the impact of these quality changes on net revenue to the reclaimed water user.
This research should be conducted at the nursery production and sales level and at
the plant end user level such as golf course and homeowner associations. Rec-
laimed water features include differences in water quality and water availability rela-
tive to traditional water sources. This information would be useful to estimating the
change in net revenue from changes in plant quality associated with reclaimed wa-
ter use.

¢ Conduct research to estimate representative values of water used for irrigation by
type of plant irrigated. The plant types would include those commonly produced
and/ or irrigated in Florida that would have access to reclaimed water, such as ci-
trus, tomatoes, St. Augustine grass, and Bermuda grass. These estimated values
would be used in estimating the benefits of reclaimed water as well as the benefits
of all other alternative water supplies.

e Round table discussions with industries within the District that are interested in or
currently using reclaimed water may be an effective method to further itemize and
guantify potential reclaimed water benefits and costs for industrial applications.
Mining interests, power companies, and smaller reclaimed water users will have the
technical and local knowledge to efficiently address cost and benefit issues.
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Table 5.4.1

Evaluation Criterion and Order of Benefits and Costs Presented
In the Reclaimed Water Benefit-Cost Calculators for Irrigation and Industrial Applications

Benefit or Cost Item

Measure of Benefit

Or Cost Item Evaluation Criterion (a)

Amount of water needed and Negative of Difference in

A. Amount of water needed and available . L amount of water needed
L available in million gallons — an- . .
in million gallons — annual nual and available (RW minus
NAWS)
. . . Difference in annualized
: Total annualized installation cost | . . .
B. Installation costs installation cost (NAWS mi-
and Per 1,000 gallons
nus RW)
C. Annual O&M costs Total annual O&M cost and Difference in annual O&M
] Per 1,000 gallons of water cost (NAWS minus RW)
) Total annualized recurring O&M | Difference in annualized
D. Issz;lurrlng O&M costs, other than an- cost and Per 1,000 gallons of recurring cost (NAWS mi-
water nus RW)
E. Nitrogen fertilizer cost savings — an- Total anpual nitrogen fertilizer Nitrogen fertilizer cost sav-
S cost savings and Per 1,000 gal- | .
nual (Irrigation Only) ings
lons of water
A. through E. Total annualized cost and cost savings and Per 1,000 gallons

of water

F. Change in value of crop production —

annual (Irrigation Only)

Net value of change in crop production — annual

G. Change in quality of crop, lawn and/or | Change in net revenue (market value minus variable cost) —
landscape — annual (Irrigation Only) annual
H. Value of additional water available .
. Value of additional water — annual
from reclaimed water source — annual
I. Value of additional water “freed up” by
the reclaimed water use (that can be | Value of “freed up” NAWS water — annual
used by the reclaimed water user)
J. Value of water available during NAWS | Value of water available during NAWS water shortage restric-
water shortage restrictions — annual tions — annual
Total benefit value of reclaimed water (other than cost savings)
F. through J.
and Per 1,000 gallons
Net benefit of reclaimed water use relative to next available
A. through J.

water source and Per 1,000 gallons

(a) Positive values are benefits of reclaimed water and negative values are costs of reclaimed water.
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Hazen and Sawyer, P.C.
HAZEN AND SA‘WER 4000 Hollywood Boulevard

750N, North Tower
Environmental Engineers & Scientists Hollywood, FL 33021

Phone: (954) 987-0066

Fax: (954) 987-2949

gjohns@hazenandsawyer.com

October 13, 2009

NAME
ADDRESS
Request to Complete
“Reclaimed Water User Survey”
Dear NAME:

Hazen and Sawyer, P.C., on behalf of the Southwest Florida Water Management District, would like
you to complete the attached “Reclaimed Water User Survey”. This survey is being sent to all
reclaimed water users in the District and some outside of this District who receive reclaimed water from
a utility. The District will use the survey responses to improve its assistance to water users who are
considering the use of reclaimed water.

This survey asks questions regarding the benefits and costs of reclaimed water to the survey
respondent’s business or operations. While some of the benefits and costs of reclaimed water have
been studied at the scientific level, research regarding “on-the-ground” experiences with reclaimed
water is limited.

Your participation in this survey will allow the District to learn from experienced reclaimed water users
regarding their benefits and costs of reclaimed water in order to:

a. Improve the District’s ability to assist water users in assessing the benefits and costs
of reclaimed water to them;

a. ldentify areas of future research that address how the net benefits of reclaimed water
to water users can be as great as possible; and

b. Better assess whether or not reclaimed water is economically feasible to specific
water users.

In particular, the District would like to identify the actual benefits that have been experienced by
reclaimed water users in addition to the costs of reclaimed water.

We would appreciate your returning this completed survey on or before Friday, November 6" at the
address, email or fax information provided on the last page of the survey. | am happy to answer any
guestions. My contact information is on this letterhead. The District’s contact person for this project is
Mr. Don Rome who can be reached at Don.Rome@swfwmd.state.fl.us or (800) 423-1476 (toll free),
extension 4367. We thank you for taking the time to complete this important survey.

Very truly yours,
HAZEN AND SAWYER, P.C.

Grace Johns, Ph.D.
Senior Associate and Project Manager

Enclosure



Reclaimed Water User Survey — 2009
Agricultural Irrigation — October 5, 2009
Water Use Permit Number:
Project Name:

Name of Respondent: Respondent Telephone number:

Business Name:

PART A — RECLAIMED WATER USE QUESTIONS
Please Note: All of the questions below pertain to reclaimed water supplied by a utility.

1. Does your farm use reclaimed water supplied by a utility for irrigation?
Yes (proceed to question 2); No (proceed to Part B on page 10)

2. What is the name of the utility that provides reclaimed water to your farm?

3. How many total acres does your farm irrigate with reclaimed water from a water utility?
acres
4. Please indicate the crop types that your farm irrigates with reclaimed water, the acres irrigated, and the type

of irrigation system used (e.g. sprinker, drip, etc.)? For nurseries, just indicate if field or container. To answer
this question, please fill in the table below.

Question 4 - Crops and Acreages Irrigated with Reclaimed Water and Irrigation System Types

Crop Type Acres Irrigated

(include double-crops on one line) With Reclaimed Water Type of Irrigation System Used

5. How long has your farm been using reclaimed water (supplied by a utility) for irrigation?
Years and months

6. About how much reclaimed water does your farm use, on average? Please indicate the
unit of measurement here (for example, gallons per month):

7. What percentage of your farm’s total irrigation water use is reclaimed water from a utility?
%

8. Does your farm know the nutrient contents and chemical constituents of your farm’s reclaimed water (for
example, nitrogen, phosphorus, chlorine, pH, hardness)?
Yes (proceed to question 10) No (proceed to question 9)
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9. Does your farm know how to obtain information regarding the nutrient contents and chemical constituents
of your farm’s reclaimed water (for example, nitrogen, phosphorus, chlorine, pH, hardness)?
Yes No

10. What were the primary reasons that your farm connected to the reclaimed water system?

11. If your farm had NOT connected to the reclaimed water supply, what other water source would your farm
have been able to use for irrigation (please check all that apply)?

____ Floridan aquifer well

Other ground water source, please specify

Surface water source, please specify:

Other source, please specify:

No other water source was available.
12. Does your farm pay its reclaimed water provider for the reclaimed water?
____ Yes (proceed to question 13) _______No (proceed to question 15)
13. How much does your farm pay your reclaimed water provider?
Fixed charge: S per month
Variable charge: S per 1,000 gallons of reclaimed water

Other charge, if applicable: $

14. About how much money does your farm pay your reclaimed water provider annually? $

15. When was the reclaimed water connected to your facility? (Check one)
____ Before the irrigation system was installed.

____ Duringirrigation system installation.
____ After the irrigation system was installed.

16. How is the reclaimed water stored on your farm? (Check all that apply)

No Storage Open ponds or lakes
Tanks Other — describe

17. When your farm connected to the reclaimed water system, did your farm have to make any changes to the
irrigation or pumping systems or did your farm construct or develop water storage in order to accept the

reclaimed water?
___ Yes (proceed to question 18); ____No (proceed to question 22)
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18. Please briefly describe the changes that were made to the irrigation and/or pumping systems to receive the
reclaimed water. Also, please indicate the amount and type of storage, if any, that was added to your farm to
receive the reclaimed water. If storage was created, about how much land was used to create that storage and
what would that land have been used for if it had not been converted to storage? Use additional pages or the

back of this page to explain, if needed.

19. Did your farm receive any money from the Southwest Florida Water Management District or other

government agency to pay for some or all of these changes?

Yes (proceed to question 20) No (proceed to question 21)

20. How much money did your farm receive from the Southwest Florida Water Management District or other

government agency to pay for some or all of these changes? S

21. To the best of your knowledge, what was the cost to make the changes to the irrigation and/or pumping
systems and/or to develop a water storage area? Include the cost of any employee time spent in making these
changes. Please do not deduct the money your farm may have received from a government agency. To answer

this question, please fill in the table below.

Question 21

Cost to Change Irrigation and/or Pumping Systems and/or to Develop Water Storage Area

Year that these costs were incurred, YEAR:

Item

One Time Cost in $

Change irrigation system

Change pumping system

Develop water storage / holding ponds

Land development not included in the items above

Blend reclaimed water with water from other sources

Other items, as applicable:

Explanatory notes, if needed:
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22. Are there any annual costs associated with your farm’s use of reclaimed water (other than payments made
to the utility)?

—_Yes ___ _No
If yes, please describe these costs and provide the estimated annual value of these costs ($) in the table below.
Please include the estimated costs of labor, machinery, materials and chemicals, as appropriate.

Question 22 - Annual Costs Associated with Using Reclaimed Water
Year represented by these costs, YEAR:
Item Annual Costin $

1. Irrigation management
2. Fertilizer management
3. Salinity and pH management

a. chemical applications

b. reclaimed water blending

c. periodic soil leaching — How often?

d. other, describe:

4. Pest or algae management
. Recording / reporting
6. Other items, as applicable:

ul

Explanatory notes, if needed:

23. Does your farm adjust its fertilizer to account for nutrients, soil pH and/or salinity in the reclaimed water?
—__Yes ____No

If yes, what adjustments does your farm make (for example, reducing nutrient applications, applying calcium or

lime, increasing soil sampling frequency)?

24. As aresult of receiving and using the reclaimed water, did your farm experience any cost reductions
associated with its irrigation and/or pumping systems, such as lower fuel costs, or other agronomic or
management practices, such as reduced fertilizer application costs?

____Yes (proceed to question 25) No (proceed to question 27)
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25. Please briefly describe the cost reductions associated with receiving and using the reclaimed water. Use
additional pages or the back of this page to explain, if needed.

26. To the best of your knowledge, what is the value of the one-time and/or annual cost reductions in dollars
associated with receiving and using the reclaimed water? Include the cost savings from any employee time
savings. To answer this question, please fill in the table below.

Question 26 - Cost Reductions Associated with Receiving the Reclaimed Water

Year represented by these costs, YEAR:

Item

One Time Cost Reduction in $

Annual Cost Reduction in $

Reduced pumping system fuel cost

Reduced fertilizer cost, including
materials, labor and application

Reduced irrigation system
management cost

Reduced pumping system cost,
other than fuel

Reduced water storage of about
acre-feet or gallons

Other items, as applicable:

Explanatory notes, if needed:
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27. After your farm began irrigating with reclaimed water, has your farm noticed any changes in crop
productivity per acre (crop yield, including pounds of juice per acre)?

____Yes (proceed to question 28) No (proceed to question 29)

28. In the table below, please describe your understanding of how and why your farm’s crop productivity has

changed after using reclaimed water.

Question 28
How Has Your Farm’s Crop Productivity Changed After Using Reclaimed Water
Namc:: of crop Crop Productivity Per Estimated Please provide your understanding of when
(If applicable, put Acre (check one) Percent .
.. . and why this happened.
oranges and juice on Change (%) in (Use extra space, if needed.)
different rows) Increased | Decreased | Yield per Acre i )

29. The table below is a list of the potential benefits of using reclaimed water. Please review this list and write
a YES next to those that you believe your farm has received as a result of using reclaimed water. Otherwise,
please write NO or DK for “Don’t Know”. Please list any other benefits your farm has received from using

reclaimed water.

Question 29 - List of Reclaimed Water Benefits Your Farm has Received as a Result of Using Reclaimed Water

Reclaimed Water Benefit —
“Because we use reclaimed water, ...”

If your farm HAS enjoyed this benefit from
reclaimed water, please write YES. Otherwise
write NO or DK for “Don’t Know”.

a. we have been able to irrigate more frequently than if we used
a traditional water source.

b. we have been able to apply more water to the crop than if we
used a traditional water source.

c. the quality of our crop has been higher than if we had used a
traditional water source.

d. the crop yield has been higher than if we had used a traditional
water source.

e. the pounds of juice per acre is higher than if we had used a
traditional water source.

f. we are able to conserve fresh water sources for our other uses.

g. we are better able to protect our crops from freezing
temperatures.

h. we are better able to supply water to our crops during drought
conditions.

i. our irrigation costs are lower.
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Question 29 - List of Reclaimed Water Benefits Your Farm has Received as a Result of Using Reclaimed Water

Reclaimed Water Benefit —
“Because we use reclaimed water, ...”

If your farm HAS enjoyed this benefit from
reclaimed water, please write YES. Otherwise
write NO or DK for “Don’t Know”.

j. our fertilization costs are lower.

k. our water storage costs are lower.

I. we have a guaranteed and reliable water source.

m. our revenue is higher than if we used a traditional water

source.

n. our net income is higher than if we used a traditional water

source.

Please list any other benefits your farm has received from using reclaimed water:

30. Since your farm began using reclaimed water, has it ever been restricted or rationed, or has it ever become
unavailable when needed?

____Yes (proceed to question 31)

No (proceed to question 32)

31. Please fill in the table below regarding the approximate dates and number of days that the reclaimed
water was restricted, rationed or not available. Also, please briefly describe the impact on crop production. If

no impact, then please write NONE in the appropriate cell. If you cannot remember the exact month, write

your estimated month and place a question mark (?) next to it.

Question 31 - Dates and Number of Days that the Reclaimed Water was Restricted, Rationed or Not
Available and Impact on Crop Production

Month and Year

Place X in Applicable Column

Restricted or
Rationed

Not
Available

Number of Days

Impact on Crop Production
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32. The table below lists the potential or perceived problems associated with using reclaimed water. Please
review this list and write a YES next to those that you believe your farm has encountered as a result of using
reclaimed water. Otherwise, please write NO or DK for “Don’t Know”. Please list any other problems your farm
has encountered from using reclaimed water. If your farm was able to correct the problem, how was it

corrected?

Question 32

List of Problems and Solutions Your Farm has Encountered as a Result of Using Reclaimed Water

Reclaimed Water Problems —
“Because we use reclaimed water, ...”

If your farm HAS encountered
this problem from reclaimed
water, write YES and indicate
the Crop Types affected.
Otherwise write NO or DK for
“Don’t Know”.

Was Your Farm Able to
Correct this Problem?
YES or NO. If YES, how was
this problem resolved?

a. the initial investment cost was high and
made it difficult to connect to the reclaimed
water system.

b. the irrigation water must be filtered or
treated prior to use.
Reason:

c. we need to blend it with water from
another source to improve water quality.
This other water source is:

d. the irrigation water tends to be supplied at
pressures greater than desired which causes
problems with pipes, valves or application
(i.e. drippers, microjet sprinklers) devices.

e. the water pressure fluctuates and causes
irrigation management or other problems.

f. our record keeping and/or reporting has
increased significantly.

g. our crop sales have fallen due to concerns
regarding food safety.

h. we are forced to take more reclaimed
water than needed.

i. we are limited to certain days and/or times
when we may obtain reclaimed water.

j. our plants experience a toxic reaction when
fertilizer or chemicals are applied.

k. the chloride or salt content of our
irrigation water is higher than if we used a
traditional water source and has negatively
affected crop quality and/or yield.

|. we need to use more pesticides than we
would with a traditional water source.

m. we have had to address employee health
or safety concerns.

n. we need to change the pH of the
reclaimed water before use.
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Question 32

List of Problems and Solutions Your Farm has Encountered as a Result of Using Reclaimed Water

Reclaimed Water Problems —
“Because we use reclaimed water, ...”

If your farm HAS encountered
this problem from reclaimed
water, write YES and indicate
the Crop Types affected.
Otherwise write NO or DK for
“Don’t Know”.

Was Your Farm Able to
Correct this Problem?
YES or NO. If YES, how was
this problem resolved?

o. the quality of our crop is lower than if we
used a traditional water source.

p. our equipment has had rust or other
problems.

g. we have problems with algae growth on
the irrigation lines/heads or storage ponds.

r. we have had problems with clogged
irrigation heads.

s. sometimes we do not have enough
irrigation water for our needs.

t. our revenue is lower than if we used a
traditional water source.

u. our netincome is lower than if we used a
traditional water source.

Please list any other problems your farm has encountered from using reclaimed

water:

Was Your Farm Able to
Correct this Problem?
YES or NO. If YES, how was
this problem resolved?

33. Has your farm experienced any issues associated with marketing your crops due to your farm’s use of
reclaimed water, such as additional record keeping requirements or problems with third party audits?

____Yes (proceed to question 34)

No (proceed to question 35)

34. Please describe the marketing issues associated with your farm’s use of reclaimed water, the crop types
affected, the amount of time it took your farm to address these issues, and the impact on your farm.

10 0f 11




35. Overall, how satisfied is your farm with the following aspects of its reclaimed water supplied by a utility?
(Please place a check mark or X next to your answer.)

a. Water Supply Reliability ___Very Satisfied
____ Satisfied

____Somewhat satisfied
____Not satisfied

___Very Satisfied

____ Satisfied
____Somewhat satisfied
____ Not satisfied

b. Water Quantity

c. Water Quality ___Very Satisfied
___Satisfied

____Somewhat satisfied
___ Not satisfied

36. Do you believe that the total benefit your farm is receiving from using reclaimed water is greater than the
total cost your farm is paying for reclaimed water (after subtracting any money received from government
agencies)?

_Yes ____ _No
37. If your farm could do it all over again, would your farm agree to connect to the reclaimed water system? If
you cannot speak for your business, would you agree to connect this farm if the choice was yours alone?

YES NO

If YES, what are the reasons that your farm or you would connect to the reclaimed water system?

If NO, what are the reasons that your farm or you would not connect to the reclaimed water system?

PART B — SURVEY COMPLETED Jenaveve Miller
Hazen and Sawyer

2201 Cantu Court, Suite 109
Sarasota, Florida 34232

(941) 378-2862, voice

(941) 378-0196, fax
jhmiller@hazenandsawyer.com

This completes the survey. We thank you for providing this
very important information. Please email, fax or mail your
completed survey to:
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Hazen and Sawyer, P.C.

HAZEN AND SA\WER 4000 Hollywood Boulevard
750N, North Tower
Environmental Engineers & Scientists Hollywood, FL 33021
Phone: (954) 987-0066
Fax: (954) 987-2949
gjohns@hazenandsawyer.com

October 5, 2009

NAME
ADDRESS
Request to Complete
“Reclaimed Water User Survey”
Dear NAME:

Hazen and Sawyer, P.C., on behalf of the Southwest Florida Water Management District, would like
you to complete the attached “Reclaimed Water User Survey”. This survey is being sent to all
reclaimed water users in the District and some outside of this District who receive reclaimed water from
a utility. The District will use the survey responses to improve its assistance to water users who are
considering the use of reclaimed water.

This survey asks questions regarding the benefits and costs of reclaimed water to the survey
respondent’s business or operations. While some of the benefits and costs of reclaimed water have
been studied at the scientific level, research regarding “on-the-ground” experiences with reclaimed
water is limited.

Your participation in this survey will allow the District to learn from experienced reclaimed water users
regarding their benefits and costs of reclaimed water in order to:

a. Improve the District’s ability to assist water users in assessing the benefits and costs
of reclaimed water to them;

a. ldentify areas of future research that address how the net benefits of reclaimed water
to water users can be as great as possible; and

b. Better assess whether or not reclaimed water is economically feasible to specific
water users.

In particular, the District would like to identify the actual benefits that have been experienced by
reclaimed water users in addition to the costs of reclaimed water.

We would appreciate your returning this completed survey on or before Thursday, October 30" at the
address, email or fax information provided on the last page of the survey. | am happy to answer any
qguestions. My contact information is on this letterhead. The District’'s contact person for this project is
Mr. Don Rome who can be reached at Don.Rome@swfwmd.state.fl.us or (800) 423-1476 (toll free),
extension 4367. We thank you for taking the time to complete this important survey.

Very truly yours,
HAZEN AND SAWYER, P.C.

riceiC

Grace Johns, Ph
Senior Associate and Project Manager

enclosure



Reclaimed Water User Survey — 2009
Recreation / Aesthetic Water Uses — October 5, 2009

Water Use Permit Number:

Project Name on WUP Permit:

Name of Respondent: Respondent Telephone number:

Business Name:

PART A — RECLAIMED WATER USE QUESTIONS
Please Note: All of the questions below pertain to reclaimed water supplied by a utility.

1. Does your firm use reclaimed water supplied by a utility?
Yes (proceed to question 2); No (proceed to Part B on page 10)

2. What is the name of the utility that provides your firm with reclaimed water?

3A. Please briefly describe your firm’s uses of reclaimed water.

3B. Please place an X next to all the areas irrigated with reclaimed water:
___golf course greens; ____golf course fairways; ____golf course roughs; ____golf course tees;
____ornamental landscape; ___ playing field(s); ____other lawn; ____other

4. How many total acres does your firm irrigate with reclaimed water from a water utility?
acres

5. Please indicate the type of lawn/grass (St. Augustine, bahia, Bermuda, etc.) and/or type of landscape plants
(trees, flowers, shrubs) that your firm irrigates with reclaimed water, the acres irrigated, and the type of
irrigation system used (eg. sprinkler, drip) ? To answer this question, please fill in the table below.

Question 5
Grass and Landscape Types and Acreages Irrigated with Reclaimed Water and Irrigation Systems Used
Acres Irrigated Type of Irrigation
Grass and/or Landscape Type With Reclaimed Water System Used

6. How long has your firm been using reclaimed water (supplied by a utility) for irrigation?

Years and months
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7. About how much reclaimed water does your firm use, on average? Please indicate the
unit of measurement here (for example, gallons per month):

8. What percentage of your firm’s total irrigation water use is reclaimed water from a utility? %

9. Does your firm know the nutrient contents and chemical constituents of your reclaimed water (for example,
nitrogen, phosphorus, chlorine, pH, hardness)?

Yes (proceed to question 11) No (proceed to question 10)

10. Does your firm know how to obtain information regarding the nutrient contents and chemical constituents
of your reclaimed water (for example, nitrogen, phosphorus, chlorine, pH, hardness)? Yes No

11. What were the primary reasons that your firm connected to the reclaimed water system?

12. If your firm had NOT connected to the reclaimed water supply, what other water source would your firm
have been able to use, instead (please check all that apply)?

____ Floridan aquifer well

Other ground water source, please specify

Surface water source, please specify:

Other source, please specify:

No other water source was available.
13. Does your firm pay its reclaimed water provider for the reclaimed water?
____ Yes (proceed to question 14) ______No (proceed to question 16)
14. How much does your firm pay your reclaimed water provider?
Fixed charge: S per month
Variable charge: S___ per 1,000 gallons of reclaimed water

Other charge, if applicable: $

15. About how much does your firm pay your reclaimed water provider annually? $

16. When was the reclaimed water connected to your facility? (Check one)
____ Before theirrigation system was installed.

____ During irrigation system installation.

____After theirrigation system was installed.
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17. How is the reclaimed water stored at your facility? (Check all that apply)
No Storage Open ponds or lakes

Tanks Other — describe

18. When your firm connected to the reclaimed water system, did your firm have to make any changes to the
irrigation or pumping systems or did your firm construct or develop water storage in order to accept the
reclaimed water?

___Yes (proceed to question 19); _ No (proceed to question 23)

19. Please briefly describe the changes that were made to the irrigation and/or pumping systems to receive the
reclaimed water. Also, please indicate the amount and type of storage, if any, that was added to your
operation in order to receive the reclaimed water. If storage was created, how much land was used to create
that storage and what would this land have been used for if it had not been converted to storage? Use
additional pages or the back of this page to explain, if needed.

20. Did your firm receive any money from the Southwest Florida Water Management District or other
government agency to pay for some or all of these changes?

Yes (proceed to question 21) No (proceed to question 22)

21. How much money did your firm receive from the Southwest Florida Water Management District or other
government agency to pay for some or all of these changes?

$
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22. To the best of your knowledge, how much did it cost to make the changes to the irrigation and/or pumping
systems, and/or to develop a water storage area? Include the cost of any employee time spent in making these
changes. Please do not deduct the money you may have received from government agency(ies). To answer
this question, please fill in the table below.

Question 22
Cost to Change Irrigation and/or Pumping Systems and/or to Develop Water Storage Area
Year that these costs were incurred, YEAR:
Item One Time Cost in $§

Change irrigation system

Change pumping system

Develop water storage / holding ponds

Land development not included in the items above
Blend reclaimed water with water from other sources

change plant material (grass or landscape plants)
Other items, as applicable:

Explanatory notes, if needed:

23. Are there any annual costs associated with your firm’s use of reclaimed water (other than payments made
to the utility)? __ Yes No

If yes, please describe these costs and provide the value of these costs ($) in the table below. Please include
the estimated costs of labor, machinery, materials and chemicals, as appropriate.
Question 23 - Annual Costs Associated with Using Reclaimed Water
Year represented by these costs, YEAR:
Item Annual Cost in $

1. Irrigation management

2. Fertilizer management

3. Salinity and/or pH management
a. chemical applications
b. reclaimed water blending

c. change plant material (grass or landscape plants),
Put one-time cost here, if applicable: S

d. mechanical and other means, describe:

4. Pest or algae management
. Recording / reporting
6. Other items, as applicable:

9]

Explanatory notes, if needed:
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24. Does your firm adjust its fertilizer to account for nutrients, soil pH and/or salinity in the reclaimed water?
__Yes ___No

If yes, what adjustments does your firm make (for example, reducing nutrient applications, applying calcium or

lime, increasing soil sampling frequency)?

25. As a result of receiving and using the reclaimed water, did your firm experience any cost reductions
associated with its irrigation and/or pumping systems, such as lower fuel costs, or other agronomic or
management practices, such as reduced fertilizer application costs?

___ Yes (proceed to question 26) _ No (proceed to question 28)

26. Please briefly describe the cost reductions associated with receiving and using the reclaimed water. Use
additional pages or the back of this page to explain, if needed.

27. To the best of your knowledge, what is the value of the cost reductions in dollars associated with receiving
and using the reclaimed water? Include the cost savings from any employee time savings. To answer this
question, please fill in the table below.

Question 27 - Cost Reductions Associated with Receiving the Reclaimed Water

Year represented by these costs, YEAR:

Item One Time Cost Reduction in $ | Annual Cost Reduction in $

Reduced pumping system fuel cost

Reduced fertilizer cost, including materials, labor
and application

Reduced irrigation system management cost

Reduced pumping system cost, other than fuel

Reduced water storage of about acre-
feet or gallons

Other items, as applicable:

Explanatory notes, if needed:
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28. Has your firm noticed any changes in the quality of your lawn and/or landscape after you began irrigating
with reclaimed water?

____Yes (proceed to question 29) No (proceed to question 30)

29. In the table below, please describe your understanding of how and why your firm’s lawn and/or landscape
quality has changed after using reclaimed water.

Question 29
How Your Firm’s Lawn and/or Landscape Quality Has Changed After Using Reclaimed Water
Grass or Landscape | Lawn and/or Landscape Was change Please describe the quality change
Type and Area Quality (check one) significant, moderate and provide your understanding of
(e.g., fairway, or small? (write when and why this happened.
playing field) Increased | Decreased | answer in box below) (Use extra space, if needed.)

30. The table below is a list of the potential benefits of using reclaimed water. Please review this list and write
a YES next to those that you believe your business has received as a result of using reclaimed water. Otherwise,

please write NO or DK for “Don’t Know”. Please list any other benefits your business has received from using
reclaimed water.

Question 30 - List of Reclaimed Water Benefits Your Firm has Received as a Result of Using Reclaimed Water

If your business HAS enjoyed this benefit from
reclaimed water, please write YES. Otherwise
write NO or DK for “Don’t Know”.

Reclaimed Water Benefit —
“Because we use reclaimed water, ...”

a. we have been able to irrigate more frequently than if we used
a traditional water source.

b. we have been able to apply more water to our lawn and/or
landscape than if we used a traditional water source.

c. the quality of our lawn and/or landscape has been higher than
if we had used a traditional water source.

d. we are able to conserve fresh water sources for our other
uses

e. our irrigation costs are lower

. our fertilization costs are lower

f
g. our water storage costs are lower
h. we have a guaranteed and reliable water source

i. our business has increased during fresh water shortage
restrictions because we have sufficient reclaimed water supply.
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Question 30 - List of Reclaimed Water Benefits Your Firm has Received as a Result of Using Reclaimed Water

Reclaimed Water Benefit —

“Because we use reclaimed water, ...”

If your business HAS enjoyed this benefit from
reclaimed water, please write YES. Otherwise
write NO or DK for “Don’t Know”.

j. our revenue is higher than if we used a traditional water

source.

k. our net income is higher than if we used a traditional water

source.

Please list any other benefits your firm has received from using reclaimed water:

31. Since your firm began using reclaimed water, has it ever been restricted or rationed, or has it ever become

unavailable when needed?

____Yes (proceed to question 32)

No (proceed to question 33)

32. Please fill in the table below regarding the approximate dates and number of days that the reclaimed
water was restricted, rationed or not available. Also, please briefly describe the impact on your business. If no
impact, then please write NONE in the appropriate cell. If you cannot remember the exact month, write your
estimated month and place a question mark (?) next to it.

Question 32: Dates and Number of Days that the Reclaimed Water was Restricted, Rationed or Not
Available and Impact on Business

Place X in Applicable Column

Month and Year Restricted or
Rationed

Not
Available

Number of Days Impact on Business
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33. The table below is a list of the potential or perceived problems associated with using reclaimed water.
Please review this list and write a YES next to those that you believe your business has encountered as a result
of using reclaimed water. Otherwise, please write NO or DK for “Don’t Know”. Please list any other problems
your business has encountered from using reclaimed water. If your firm was able to correct the problem, how

was it corrected?

Question 33 - List of Problems Your Business HAS Encountered as a Result of Using Reclaimed Water

Reclaimed Water Problems —
“Because we use reclaimed water, ...”

If your business HAS encountered
this problem from reclaimed water,
write YES and indicate the grass or

plant types affected. Otherwise

write NO or DK for “Don’t Know”.

Was Your Business Able to
Correct this Problem?
YES or NO. If YES, how was
this problem resolved?

a. theinitial investment cost was high and
made it difficult to connect to the reclaimed
water system.

b. the irrigation water must be filtered or
treated prior to use.
Reason:

c. we need to blend it with water from another
source to improve water quality. This other
water source is:

d. the irrigation water tends to be supplied at
pressures greater than desired which causes
problems with pipes, valves or application (i.e.
drippers, microjet sprinklers) devices.

e. the water pressure fluctuates and causes
irrigation management or other problems.

f. our record keeping and/or reporting has
increased significantly.

g. our customers are concerned about
potential contact with the reclaimed water.

h. we are forced to take more reclaimed water
than needed.

i. we are limited to certain days and/or times
when we may obtain reclaimed water.

j. our lawn and/or plants experience a toxic
reaction when fertilizer or chemicals are
applied.

k. the chloride or salt content of our irrigation
water is higher than if we used a traditional
water source and has negatively affected

plant/grass quality.
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Question 33 - List of Problems Your Business HAS Encountered as a Result of Using Reclaimed Water

Reclaimed Water Problems —
“Because we use reclaimed water, ...”

If your business HAS encountered
this problem from reclaimed water,
write YES and indicate the grass or

plant types affected. Otherwise
write NO or DK for “Don’t Know”.

Was Your Business Able to
Correct this Problem?
YES or NO. If YES, how was
this problem resolved?

I. we need to use more pesticides or fungicides
than we would with a traditional water source.

m. we have had to address employee health or
safety concerns.

n. we need to change the pH of the reclaimed
water before use.

0. our equipment has had rust or other
problems.

p. we have problems with algae growth on the
lawn/landscape, irrigation lines/heads or
storage ponds.

g. we have had problems with clogged
irrigation heads.

r. sometimes we do not have enough
reclaimed water for our needs.

s. our revenue is lower than if we used a
traditional water source.

t. our netincome is lower than if we used a
traditional water source.

Please list any other problems your business has encountered from using reclaimed

water:

Was Your Business Able to
Correct this Problem?
YES or NO. If YES, how was
this problem resolved?
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34. Overall, how satisfied is your firm with the following aspects of its reclaimed water supplied by a utility?
(Please place a check mark or X next to your answer.)

a. Water Supply Reliability __ Very Satisfied
____ Satisfied
____Somewhat satisfied
____ Not satisfied

b. Water Quantity ___Very Satisfied
___ Satisfied

____Somewhat satisfied
___ Not satisfied

___ Very Satisfied

___ Satisfied
____Somewhat satisfied
____ Not satisfied

c. Water Quality

35. Do you believe that the total benefit your firm is receiving from using reclaimed water is greater than the
total cost your firm is paying for reclaimed water (after subtracting any money received from government
agencies)?

Yes No

36. If your firm could do it all over again, would your firm agree to connect to the reclaimed water system? If
you cannot speak for your firm, would you agree to connect this facility if the choice was yours alone?
YES NO

If YES, what are the reasons that your firm or you would connect to the reclaimed water system?

If NO, what are the reasons that your firm or you would not connect to the reclaimed water system?

PART B — SURVEY COMPLETED

Jenaveve Miller

This completes the survey. We thank you for providing this Hazen and Sawyer

very important information. Please email, fax or mail your 2201 Cantu Court, Suite 109
completed survey to: Sarasota, Florida 34232

(941) 378-2862, voice
(941) 378-0196, fax

jhmiller@hazenandsawyer.com
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Hazen and Sawyer, P.C.

HAZEN AND SA‘WER 4000 Hollywood Boulevard
750N, North Tower
Environmental Engineers & Scientists Hollywood, FL 33021
Phone: (954) 987-0066
Fax: (954) 987-2949
gjohns@hazenandsawyer.com

October 12, 2009

NAME
ADDRESS
Request to Complete
“Reclaimed Water User Survey”
Dear NAME:

Hazen and Sawyer, P.C., on behalf of the Southwest Florida Water Management District, would like
you to complete the attached “Reclaimed Water User Survey”. This survey is being sent to all
reclaimed water users in the District and some outside of this District who receive reclaimed water from
a utility. The District will use the survey responses to improve its assistance to water users who are
considering the use of reclaimed water.

This survey asks questions regarding the benefits and costs of reclaimed water to the survey
respondent’s business or operations. While some of the benefits and costs of reclaimed water have
been studied at the scientific level, research regarding “on-the-ground” experiences with reclaimed
water is limited.

Your participation in this survey will allow the District to learn from experienced reclaimed water users
regarding their benefits and costs of reclaimed water in order to:

a. Improve the District’s ability to assist water users in assessing the benefits and costs
of reclaimed water to them;

a. ldentify areas of future research that address how the net benefits of reclaimed water
to water users can be as great as possible; and

b. Better assess whether or not reclaimed water is economically feasible to specific
water users.

In particular, the District would like to identify the actual benefits that have been experienced by
reclaimed water users in addition to the costs of reclaimed water.

We would appreciate your returning this completed survey on or before Friday, November 6" at the
address, email or fax information provided on the last page of the survey. | am happy to answer any
questions. My contact information is on this letterhead. The District’'s contact person for this project is
Mr. Don Rome who can be reached at Don.Rome@swfwmd.state.fl.us or (800) 423-1476 (toll free),
extension 4367. We thank you for taking the time to complete this important survey.

Very truly yours,
HAZEN AND SAWYER, P.C.

Grace Johns, Ph.D.
Senior Associate and Project Manager

enclosure
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INDUSTRIAL RECLAIMED WATER USE SURVEY October 12, 2009

This survey pertains only to reclaimed water purchased or obtained from a reclaimed water utility and
used by your firm or facility. It does not apply to on-site industrial re-use water.

Section 1: Respondent and Reclaimed Water Usage Information

1. Water Use Permit Number:

Project Name:

Survey Respondent Name:

Respondent Phone Number:
Address:
City, State, Zip:

2. Reclaimed Water purchased from or provided by:
Utility Name:

3. Which of these constituents or characteristics of reclaimed water provide value to your operation?
(Please check all that apply)

Nitrogen

Phosphorus

Chlorine

pH

Hardness

Other, please specify

OO0OoOo-dgoadg

Please briefly explain how the items checked above provide value to your operation.

4. What were the primary reasons your firm connected to reclaimed water?
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5. If your firm had not connected to reclaimed water, what other source would your firm have used?
(Please check all that apply)

Floridan aquifer well

Other groundwater source, please specify

Surface water source, please specify

Other source, please specify

O O O o o

No other water source available

6. Does your firm have a public education program that highlights your firm’s use of reclaimed water?
Yes; No

7. What year was reclaimed water supplied by a utility first used at your facility?

8. How much reclaimed water is your facility designed to use?
Unit of measurement (Please check one that applies to your answer):
7 gpm
1 gpd
1 mgd
[0 other, please specify:

9. How much reclaimed water does your facility use annually (in total gallons), using the most recent 12-
month period of available data?
This usage is: Metered, Estimated

10. Of the total water usage at your facility, what percentage (%) is reclaimed water?

11. For what purposes does your facility use reclaimed water? To answer this question, please fill in the
table below with the percent of the total reclaimed water used in each reclaimed water end use.
Reclaimed Water End Use Percent of Total Reclaimed Water Used (%)

Cooling Water

Process Water

High-Purity Use

Boiler Make-up Water
Scrubber Make-up Water
Air Conditioning
Condensing / Refrigeration
Onsite Irrigation

Sanitary

Storm water Treatment
Other, Please specify
Other, Please specify
Total 100%
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Section 2: Costs Associated With Reclaimed Water Use

12. Does your firm pay the utility for reclaimed water? Yes; No

If yes, how much does your firm pay the utility ($)?

Fixed charge: $ per month

Variable charge: per 1000 gallons of reclaimed water

$
One-time connection cost: $
Other charge, if applicable: $

13. Did your firm receive any money from the Southwest Florida Water Management District or other
government agency to connect to the utility’s reclaimed water? Yes; No

If yes, how much money did your firm receive? Amount $
Approximate Year this money was obtained?
14. Were water mains or other infrastructure provided at no charge by the reclaimed water supplier?
Yes; No

If yes, please briefly describe what was provided by the reclaimed water supplier:

15. When your firm connected to reclaimed water, were any changes made to your firm’s piping or
connection equipment? Yes; No

If yes, please briefly describe those changes and provide their costs in the table below. Include the cost
of any employee time spent in making these changes. Please do not deduct the money you may
have received from government agency(ies).

Question 15 - Cost to Change Piping and Connection Equipment

Year that these costs were incurred, YEAR:
Item One Time Cost in $

Explanatory notes, if needed:
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16. What additional water treatment or pre-treatment equipment was installed specifically to address
reclaimed water quality conditioning and improvement? If none were installed, please write None.

17. What was the approximate cost to install the additional water treatment or pre-treatment equipment
needed to treat the reclaimed water? To answer this question, please fill in the table below. Include the
cost of any employee time spent. Please do not deduct the money your firm may have received
from government agency(ies). If NONE were installed, please skip to Question 18.

Question 17
Cost to Install Additional Water Treatment or Pre-Treatment

Year that these costs were incurred, YEAR:
Item One Time Cost in $

Explanatory notes, if needed:

18. When you connected to reclaimed water, were any modifications made to your Industrial Waste
Water Permit?

O Yes

0 No

If yes, please briefly describe the changes made to the permit and the approximate costs associated with
the permit modification.

19. Were there any other one-time costs associated with connecting to reclaimed water?
O Yes
0 No
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If yes, please briefly describe these costs and provide these costs ($) in the table below. Include the cost
of any employee time spent. Please do not deduct the money you may have received from
government agency(ies).

Question 19
Other One-Time Costs Not Included Above
Year that these costs were incurred, YEAR:
Item One Time Costin $

Explanatory notes, if needed:

20A. What additional water treatment chemicals are required to specifically address reclaimed water
quality conditioning and improvement?

20B. What is the approximate annual cost of the chemicals? $ per year

21. Is additional residual and/or waste generated in the treatment described above?
0 Yes
(1 No

If yes, what is the approximate annual cost for handling and disposing the residuals and waste generated
from treating the reclaimed water?

$ per year

22. After receiving reclaimed water, did your firm experience any cost increases associated with
processing or manufacturing not included in your answers above, such as additional power or fuel costs?
0 Yes
0 No

If yes, please briefly describe the cost increases and provide the estimated cost and indicate if this cost is
annual or a one-time cost ($).
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23. Did your firm add additional personnel with specific skills and training to incorporate reclaimed
water into your facility?
(1 Yes, How many people where added?
1 No

Section 3: Benefits of Using Reclaimed Water

24. The table below is a list of the potential benefits, including cost savings, from using reclaimed water.
Please review this list and write a YES next to those that you believe your firm has received as a result of
using reclaimed water. Otherwise, please write NO or DK for “Don’t Know”. Please list any other
benefits your firm has received from using reclaimed water. If you can, please write your estimate of the
dollar value of this benefit in the last 2 columns either as a one-time benefit or an annual benefit to your
firm. Because many of these items are related, just indicate the approximate cost savings in the most
relevant row.

Question 24
Reclaimed Water Benefits Your Firm has Received as a Result of Using Reclaimed Water

If your firm HAS enjoyed
this benefit from reclaimed
water, please write YES.
Otherwise write NO or DK
for “Don’t Know”.

Estimated | Estimated

One-Time Annual
Cost Cost

Savings ($) | Savings ($)

Reclaimed Water Benefit —
“Because we use reclaimed water, ...”

a. we have more water available for beneficial use.

b. we can conserve fresh water supplies for our other
uses.

c. our facility’s permitting requirements are reduced.

d. our facility’s energy use is lower.

e. we no longer need to pre-treat our water .

f. we no longer need to employ reverse osmosis to treat
lesser quality source water.

g. our water costs are lower.

h. the quality of our product has improved.

i. the quantity of our product has increased.

j. we have experienced production cost savings.

K. our water storage costs are lower.

I. we have a guaranteed and reliable water source.

m. our sales are higher because our firm markets our
use of reclaimed water.

n. our revenue is higher than if we used a traditional
water source.

0. our net income is higher than if we used a traditional
water source.
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Question 24
Reclaimed Water Benefits Your Firm has Received as a Result of Using Reclaimed Water

If your firm HAS enjoyed
this benefit from reclaimed
water, please write YES.
Otherwise write NO or DK
for “Don’t Know”.

Estimated | Estimated

One-Time Annual
Cost Cost

Savings ($) | Savings ($)

Reclaimed Water Benefit —
“Because we use reclaimed water, ...”

Please list any other benefits, including any cost savings, your firm has received from using reclaimed water:

Section 4: Reclaimed Water Use Problems and Solutions

25. The table below lists the potential or perceived problems associated with using reclaimed water.
Please review this list and write a YES next to those that you believe your firm has encountered as a result
of using reclaimed water. Otherwise, please write NO or DK for “Don’t Know”. Please list any other
problems your firm has encountered from using reclaimed water. If your firm was able to correct the
problem, how was it corrected?

Question 25
List of Problems Your Firm has Encountered as a Result of Using Reclaimed Water and Solutions

If ypur firm HAS encour!tered Was Your Eirm Able to
this problem from reclaimed . n
water, write YES. Otherwise Correct this Problem?

’ ' YES or NO. If YES, how

write NO or DK”for Don’t was this problem resolved?
Know”.

Reclaimed Water Problems -
“Because we use reclaimed water, ...”

a. we’ve had problems with our city council or
county commission associated with construction,
easements, planning, etc.

b. our water quality is lower than if we had used
a traditional water source.

c. our employees complain of the smell and/or
color of the water.

d. the amount of available water is less than if
we had used a traditional water source.

e. our cost of water is higher than if we had used
a traditional water source.

f. the initial investment cost was high and made
it difficult to connect to the reclaimed water
system.

g. our recording / reporting requirements
increased significantly.
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Question 25

List of Problems Your Firm has Encountered as a Result of Using Reclaimed Water and Solutions

Reclaimed Water Problems -
“Because we use reclaimed water, ...”

If your firm HAS encountered
this problem from reclaimed
water, write YES. Otherwise
write NO or DK for “Don’t
Know”,

Was Your Firm Able to
Correct this Problem?
YES or NO. If YES, how
was this problem resolved?

h. our operation and maintenance costs increased.
Explain:

i.we had to address increased pipe scaling issues.

J. disinfection byproducts and/or total
trihalomethanes (TTHMs) have caused
equipment problems.

k. we had to segregate potable and food
processing water from reclaimed water at
considerable expense.

I. chemical constituent concentrations in waste
water exceeded permit disposal limits.

m. we are forced to take more reclaimed water
than needed.

n. the water pressure fluctuates and causes
problems.

0. we are limited to certain days and/or times
when we may obtain reclaimed water.

p. our water pressure is lower than if we had used
a traditional water source and this has caused
problems.

g. our water treatment residuals / solids disposal
cost has increased significantly

r. the cost of disposing the wastewater from our
reclaimed water treatment has increased
significantly.

s. our reclaimed water supply is unreliable.

t. there are significant additional waste water
permit requirements.

u. there are many regulatory requirements to
overcome.

v. funding for reclaimed water infrastructure is
not available at this time.
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Question 25

List of Problems Your Firm has Encountered as a Result of Using Reclaimed Water and Solutions

If your firm HAS encountered
this problem from reclaimed
water, write YES. Otherwise
write NO or DK for “Don’t
Know”,

Reclaimed Water Problems -
“Because we use reclaimed water, ...”

Was Your Firm Able to
Correct this Problem?
YES or NO. If YES, how
was this problem resolved?

w. our customers have expressed a negative
perception of reclaimed water in general.

Please list any other problems your firm has encountered from using reclaimed
water:

Was Your Firm Able to
Correct this Problem?

YES or NO. If YES, how
was this problem resolved?

Section 5: Reclaimed Water Supply Reliability

26. Does your firm’s supply of reclaimed water fluctuate from day to day? Yes;

If yes, does this cause production or operational problems? Yes; No

If yes, please briefly explain the problems and if / how they were resolved?

No

27. Are you interested in increasing your quantities of reclaimed water supply to meet additional

industrial water requirements? Yes; No

28. Since your firm began using reclaimed water, has it ever been restricted, rationed, or become

unavailable when needed? Yes; No
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If yes, please fill in the table below regarding the approximate dates and number of days that the
reclaimed water was restricted, rationed or not available. Also, please briefly describe the
impact on production. If no impact, then please write NONE in the appropriate cell. If you
cannot remember the exact month, write your estimated month and place a question mark (?)

next to it.

Question 28 - Dates and Number of Days that the Reclaimed Water was Restricted,
Rationed or Not Available and Impact on Production

Month and
Year

Place X in Applicable

Column

Restricted or

Not

Rationed Available

Number of

Days Impact on Production

Section 6: Overall Satisfaction From Using Reclaimed Water

29. Overall, how satisfied are you with the following aspects of your firm’s reclaimed water supply?

1. Water supply reliability

(1 very satisfied

[ satisfied

[J somewhat satisfied
U

not satisfied

2. Water quantity

very satisfied
satisfied
somewhat satisfied
not satisfied

O o o o

3. Water quality

very satisfied
satisfied

somewhat satisfied
not satisfied

O 0O oo
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30. If your firm could do it over again, would your firm agree to connect to reclaimed water? If you
cannot answer for your firm, would you agree to connect this firm if the choice was yours alone?

(1 Yes
[ No

If yes, what are the reasons you or your firm would connect?

If no, what are the reasons you or your firm would not connect?

31. Please indicate any suggestions to maximize the benefits and /or minimize the cost of using reclaimed
water at your facility including future research needs that may benefit your firm as it uses reclaimed
water.

SURVEY COMPLETED
This completes the survey. We thank you for Jenaveve Miller
providing this very important information. Please Hazen and Sawyer
email, fax or mail your completed survey to: 2201 Cantu Court, Suite 109

Sarasota, FL 34232

(941) 378-2862, voice

(941) 378-0196, fax
jhmiller@hazenandsawyer.com
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APPENDIX B
TOTAL DYNAMIC HEAD (TDH)
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Appendix B
Total Dynamic Head (TDH)

In general, every pump installation is unique and should be analyzed to determine the
characteristics and type of pump required and the Total Dynamic Head (TDH) require-
ments for selection of the appropriate pump size. The ultimate goal to determine TDH
knowing flow rate is to select the adequate pump curve and associated pump for the ap-
plication. This will lead to the selection of an appropriate electric, diesel or gasoline drive
to power the pump. The size of the drive and the hours of operation will determine the
energy cost for operation. This analysis is valid when the capacity or flow rate used for
calculations will be maintained at all times. If the pump is intended to discharge at vari-
ous flow rates into a given piping system, a system head capacity curve analysis is re-
quired.

Below is the description of important terms that are involved in the determination of the
required TDH. Good engineering judgment and experience are also important.

Total Dynamic Head: The total dynamic head (H,) is the head against which the pump
must work when water is being pumped. The total dynamic head on a pump, commonly
abbreviated TDH, can be determined by considering the static discharge and suction
heads, the system pressure head, the frictional head losses, the velocity heads, and the
minor head losses. The expression for determining the TDH on a pump in terms of the
static head is given by:

H = Htat + His + Hig + Y Hms + Y Hma + V229

Where,

H, is Total Dynamic Head, in feet;

Hsar IS Static Head: Static head (Hsts) is measured in feet and is calculated as the static
discharge head (Hy) plus the system pressure head (Hsp) minus the static suction head

(Hs) or (Hstat = Hd + HSP - Hs)-

Static Discharge Head: The static discharge head (Hy) is the difference in elevation, in
feet, between the discharge liquid level and the centerline of the pump impeller.
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System Pressure Head: The system pressure head (Hsp) is the pressure required at
the irrigation system to operate the emitters (in psi or pounds per square inch) multiplied
by 2.31 to convert psi to feet.

Static Suction Head: The static suction head (H;) is the difference in elevation, in feet,
between the suction liquid level and the centerline of the pump impeller. If the suction
liquid level is below the centerline of the pump impeller, it is a static suction lift. In cases
where this information is unknown, a rough estimate can be the depth at which the sub-
mersible pump is set if pumping from a well.

Friction Head: The head of water, in feet, that must be supplied to overcome the fric-
tional loss caused by the flow of fluid through the piping system. The frictional head loss
in the suction (H¢s) and discharge (Hiq) piping system may be computed with the Darcy-
Weisbach or Hazen-Williams equations. This information can be also available in tables
on Hydraulics references. Suction refers to the water before it enters the pump and Dis-
charge refers to the water after it leaves the pump.

Minor Head Loss: The head of water, in feet, that must be supplied to overcome the
loss of head through fittings and valves. Minor losses in the suction and discharge piping
system are usually estimated as fractions of the velocity head by using the following ge-
neralized equation:

Hm = K x V?/2g
H.» = minor head loss, ft
K = head loss coefficient

Typical values of K for various types of fittings can be obtained from standard books of
hydraulics or from fitting manufacturers.

Minor Loss from Suction: This loss (3 Hns) is the summation of the impacts of all indi-
vidual values, fittings, etc. due to the water interacting with these accessories prior to
entering the pump.

Minor Loss from Discharge: This loss (3 Hmg) is the summation of the impacts of all
individual values, fittings, etc. due to the the water interacting with these accessories af-
ter it leaves the pump.

Velocity Head: The velocity head (V%/2g) is the kinetic energy contained in a liquid be-
ing pumped at any point in the system and is given by
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Velocity head = V?/2g.
V = velocity of fluid, ft
g= acceleration due to gravity, 32.2 ft/s2

In determining the head at any point in a piping system, the velocity head must be added
to the gage reading. In practice, the term V?/2g is usually considered to be lost at the
outlet of the piping system and is normally taken as the equivalent to the exit loss and
included as a minor loss. The term s2 means seconds squared.

Additional definitions are as follows.

Capacity: The capacity or flow rate of a pump is the volume of liquid pumped per unit of
time, which usually is measured in liters per second or cubic meters per second or gal-
lons per minute (gpm) or million gallons per day (MGD).

Head: The term head is the elevation of a free surface of water above or below a refer-
ence datum. In pumping systems, the head refers to both pumps and pump systems
having one or more pumps and the corresponding piping system.

Once the TDH required for the particular flow rate is known, pump curves from manufac-
turers can be selected to determine the appropriate pump size for the application. Then,
the power information can be used to estimate power composition in the way of electrici-
ty or fuel.

For additional information regarding the estimation of the various components of TDH,
users may refer to the University of Florida, Institute of Food and Agricultural Sciences,
Publication SP 281, entitled “Water and Florida Citrus”, (July 2002); edited by Brian J.
Boman; Chapter 24 (pp. 264-275), and Appendix 10 (pp. 517-528).
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