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ES. Executive Summary

Reuse of treated wastewater efflteistbecoming an increasingly important source ofewin
Region C and across the state of Texas.Z0#6 Region C Water Plaprojected that, by 2060,
the reuse of reclaimed water would provide a suppl§74,417 acre-feet per year (ac-ft/yr) to
Region C water user groups, or approximately 2@érégnt of the 2060 Region C water demand.
There are a number of reuse projects currentlyadipgy in Region C, and many others are
currently in the planning and permitting procesfviOusly, reuse will serve a major role in

meeting future water supply requirements for tiggare

To assist in development of reuse strategies, t@g Water Development Board (TWDB) has
provided funding to the Region C Water Planning @prdRCWPG) and its consultant team to
develop a guidance document for implementation ioéctl reuse projects. This guidance
document identifies technical and regulatory issodse addressed in the planning and design of
direct, non-potable reuse projects. Chapters 2 Zawkdnsist entirely of guidance information.
Guidance is included in the first section of othbapters, followed by case study information

where applicable.

To serve as a case study for the guidance docuntemtRCWPG has also refined the
implementation plans for two direct reuse projdotsthe City of Fort Worth: a Central System
to serve potential customers between the Villageekr Wastewater Treatment Plant
(VCWWTP) and the Central Business District and autBern System to serve potential
customers in the Southern industrial area locatad the intersection of Interstate Highways 20
and 35W. These projects were recommended in20@ Region C Water Plaand were

included in Fort Worth’s 200Reclaimed Water Priority and Implementation Pfan

1 Also called “reclaimed water” or “recycled water.

2 Freese and Nichols, Inc., Alan Plummer Assocjdtes, Chiang, Patel & Yerby, Inc., and Cooksey
Communications, Inc., January 20@606 Region C Water Plaprepared for the Region C Water Planning
Group, Fort Worth.

3 Alan Plummer Associates, Inc. and Chiang, Pat¥lefby, Inc., May 2007Reclaimed Water Priority and
Implementation Planprepared for the Fort Worth Water Departmentt Réorth.
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In the Reclaimed Water Priority and Implementation Rlahe Southern service area was
considered in both a stand-alone Southern Systmative and in combined Central/Southern
System alternatives. One of the combined Centrati&on System alternatives was preferred in
the Plan, because it was the lowest cost alternative. Hewethe Southern System alternative
was economically viable and could be implementedensiickly than a combined alternative to
provide water to the Southern service area. It aggpthat the demands in the Southern service
area may be more immediate than those in the Gesgirace area, so the stand-alone Southern
System concept has been refined for this report.

The next sections address Texas regulations fectdneuse, other guidance and regulations,
reclaimed water supply and quality, reclaimed watemands, reclaimed water production
facilities, the conceptual design of a reclaimedewaroduction facility, the conceptual design of
reclaimed water conveyance systems, costs anditsgmpefrmitting issues, selection of preferred

alternatives, and the implementation plan.
ES.1. Texas Regulations on Direct, Non-Potable Reuse

In Texas, the use of reclaimed water for benefipiaposes is regulated by the Texas Commission
on Environmental Quality (TCEQ). The specific reggidns are codified in Title 30, Chapter 210 of
the Texas Administrative Code (30 TAC 210). Cha@&0 defines two types of direct use of
reclaimed water based on the likelihood that th@éewavould come in contact with humans.
Regulations concerning the quality of the watersigie of reclaimed water storage facilities,
restrictions on the use of reclaimed water, andidguency of monitoring are different for the two

types of reclaimed water, Type | and TypeTlable ES-)
ES.2. Other Guidance and Regulations

There are currently no specific federal regulatitret address direct reuse. However, the U.S.
Environmental Protection Agency (EPA) has releaspdated guidelines for reu$&lhe EPA

* Guidelines for Water Reus®.S. Environmental Protection Agency, EPA/625/108, September 2004.

Direct Non-Potable Reuse Guidance Document ES-2
Region C Water Planning Group 4/23/2009



guidelines include recommendations for treatmerielte water quality, and monitoring for

direct reclaimed water uses.

Table ES-1

Texas Requirements for Type | and Type Il Direct Rese

Item

Type |

Type Il

Definition

Reclaimed water use where contact W
humans is likely

ifReclaimed water use where contact w
humans is ulikely

ith

Examples of Uses

Residential irrigation.

Irrigation of public parks, golf
courses, and athletic fields.

Fire protection.

Irrigation of food crops.
Irrigation of pastures for milking
animals.

Maintenance of impoundments or
natural waterbodies where
recreational activities are
anticipated.

Toilet or urinal flush water.
Other activities with potential for
unintentional human exposure.

Irrigation of sod farms, silviculture,
limited access and ROWs where
human access is restricted or
unlikely. Irrigation of food crops.

1. Remote site

2. Controlled access

3. Site not used by public when
irrigating (golf courses,
cemeteries, and landscaped
areas surrounding commercial
or industrial complexes)

4. Restricted by ordinance

Irrigation of food crops without
contact with edible part or with
pasteurization.

Irrigation of animal feed crops.

Maintenance of
impoundments/waterbodies whe
direct human contact is unlikely.

Soil compaction or dust control.

Cooling tower make-up water.

Irrigation or other nonpotable uses a
WWTP.

re

Quality Standards
(30-day averages)

Fecal coliforms:

<20 CFU/100 ml geometric mean ¢
<75 CFU/100ml single grab
BODs/CBODs = 5 mg/I

Turbidity = 3 NTU

pr

Fecal coliforms:

<200 CFU/100 ml geometric mean @
<800 CFU/100ml single grab

For a pond system, BQR 30 mg/l
For other systems, BGQB 20 mg/I
and CBOLR = 15 mg/l

=

Sampling and
Analysis

Twice per week

Once per week

Some states have regulations (enforceable ruldéis¢rohave guidelines (not enforceable but

could be used to develop programs), some have aothothers have neither. The states with the

most comprehensive regulations include Arizona,f@aia, Florida, Hawaii, Massachusetts,

Nevada, New Jersey, North Carolina, Oregon, Soatkok, Texas, Utah, and Washington.

Direct Non-Potable Reuse Guidance Document
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Regulations focus either on using reclaimed watea aesource or providing an alternative to a
stream discharge. The established regulations tedee a function of the potential for human

contact with the reclaimed water either throughgtsl contact or ingestion of food — the more
likely the contact, the more stringent the regoladi

ES.3. Reclaimed Water Supply and Quality

Fort Worth’s minimum monthly wastewater flow durinthe 2002-2006 period was
approximately 46 percent of the water use for ttestewater customers. Therefore, the Fort
Worth reclaimed water supply was estimated to b@e@ent of the projected water demands
for its wastewater customers. The projected avedsyereclaimed water supply ranges from
about 85 million gallons per day (mgd) in 2010 @2ngd in 2060.

Current treatment processes at the Village Creelst®Mater Treatment Plant (WWTP)
consistently meet Type | requirements. The turpiditgenerally an order of magnitude lower
than required, and the carbonaceous biochemicgearxgemand (CBOD) stays well below the 5
mg/l limit. However, as flows increase toward thesign capacity, some additional treatment
facilities (such as additional filters) may be regd to sustain Type | effluent quality. Additional
data are shown in Chapter 4.3 for evaluation adatron use (chlorides) and cooling tower use

(hardness and total alkalinity).
ES.4. Reclaimed Water Demands

Potential reclaimed water users were identifiedugh analysis of Fort Worth water billing
records, surveys of potential customers, meetingspotential customers, meetings with nearby
cities, meetings with developers, meetings witht Riorth Parks and Community Services
Department personnel, meetings with Trinity Rivesidnh Project staff, and review of other
studies. The potential reclaimed water users wenepared and ranked based on the amount of

reclaimed water that could potentially be suppliedeach user. Potential users were then

® Projected water demands obtained from: Freeséals, Inc., Alan Plummer Associates, Inc., CljaRatel &
Yerby, Inc., and Cooksey Communications, Inc., 3ap20062006 Region C Water Plaprepared for the
Region C Water Planning Group, Fort Worth.
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analyzed based on location to identify potentiajguts, or alternatives, for further analysis. The

potential users and demands that have been idehéifie further described in this chapter.

Potential reclaimed water users for the Centrateé®ysand the Southern System are discussed in
the following sections. Figure ES-1, taken from thReclaimed Water Priority and
Implementation Plaj shows the general service areas for all proposeldimed water projects

in Fort Worth.

Central System

The Central System service area extends west fnenvilage Creek WWTP to the downtown
Fort Worth area near the IH-35W and IH-30 intensectand as far south as Cobb Park (Figure

ES-1). Potential reclaimed water uses and usdteientral System include:

= Commercial irrigation (Trinity River Vision),

= Golf course irrigation (Meadowbrook, Sycamore Creid Woodhaven),

= Park and recreational facilities irrigation (GatgviRark and Sycamore Park),

= Cooling tower makeup water (Harris Methodist Haslp#nd Central Business District),
and

= Evaporative makeup water (Trinity River Vision).
Projected Central System reclaimed water demarmdsuanmarized in Table ES-2.

Southern System
The Southern System service area is an area loeagtaf IH-35W, to the north and to the south

of IH-20 (Figure ES-1). Potential reclaimed watsesiand users in the Southern System include:

= Commercial irrigation (Alcon Laboratories, Miller r&ving, Federal Correctional

Institution, Tarrant County Resource Connectiom Bolling Hills Tree Farm),

® Some of this analysis took place during previdusiss.

" Alan Plummer Associates, Inc. and Chiang, Pat¥lefby, Inc., May 2007Reclaimed Water Priority and
Implementation Planprepared for the Fort Worth Water Departmentt Réorth.
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Figure ES-1

City of Fort Worth Reclaimed Water Service Areas
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Table ES-2
Central System Projected Reclaimed Water Demands

Potential Customer Annual System Required | Available Use Reuse
Average | Demand* System Storage Type
Water (mgd) Pressure
Demand (psi)
(mgd)
Central Business District 0.49 1.23 60 No Cooliroyv€r Makeup Il
Cobb Park 0.17 3.96 60 No Park and Rec Irrigation
Gateway Park 0.15 3.48 60 No Park and Rec Irrigatio |
Glen Garden GC 0.09 0.46 0 Yes Golf Course Irragati Il
Harris Methodist Hospital 0.05 0.13 60 No Coolingver Makeup Il
Meadowbrook GC 0.06 1.73 0 Yes Golf Course Irrigyati Il
Sycamore Creek GC 0.03 0.74 0 Yes Golf Coursesltiog Il
Sycamore Park 0.04 0.86 60 No Park and Rec Irogati I
Trinity River Vision Project 0.76 2.50 17 Yes** Byarative Makeup, I
Commercial Irrigation
Woodhaven GC 0.09 1.16 0 Yes Golf Course Irrigation |l
Total 1.93 16.25

*For customers with available storage, the systemahd is the peak day demand. For customers with@ilable storage, the system
demand is the peak hour demand.

**To be constructed as part of project.
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= Commercial process (Ball Metal Container),

= Golf course irrigation (Glen Garden),

= Park and recreational facilities irrigation (Cobhbrle Rolling Hills Park soccer fields,
Rolling Hills Park north fields, Federal Correctarinstitution, Fort Worth Independent
School District (FWISD) athletic fields, Tarrant @dy Resource Connection, and Worth
Baptist Church),

= School and universities irrigation (Tarrant Cou@gllege and O.D. Wyatt High School),

= Cooling tower makeup water (Miller Brewing and MBaird’s Bakeries), and

= Gas well drilling.
Projected Southern System reclaimed water demaedsuenmarized in Table ES-3.
ES.5. Site Selection for the Southern Reclaimed Water Production Facility

Three potential sites for a Southern Reclaimed W&eoduction Facility (RWPF) were
considered (Figure ES-2). Site 3 is the recommersitedfor the Southern RWPF. Reasons to

favor this site over the other potential sitesune the following:

= Proximity to reclaimed water demands allows a kgsensive conveyance system with
lower pump horsepower requirements and shortesaraler pipelines.

= Gentler topography than other sites.

= Not located adjacent to parks or residences.

=  Proximity to major roads better suited for a trdidkng station to accommodate demand

for reclaimed water for gas well drilling.
ES.6. Conceptual Design of the Southern Reclaimed Water Production Facility

The treatment facilities recommended for the Saati®VPF include fine screens, membrane
bioreactors (MBRs), and ultraviolet (UV) disinfemii MBRs were selected because of their
small footprint and low turbidity in the produceeclaimed water. UV disinfection was selected
because it has a small footprint, it minimizes rd&sttion by-products, and it reduces chlorine
storage or delivery frequency. Other facilities Vabinclude odor control and reclaimed water

storage.
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Figure ES-2
Potential Southern RWPF Sites
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Table ES-3
Southern System Projected Reclaimed Water Demands

Potential Customer Annual System Required | Available Use Reuse
Average | Demand* System Storage Type
Water (mgd) Pressure
Demand (psi)
(mgd)

Alcon Laboratories 0.38 3.00 60 No Commercial ktign I

Ball Metal Container 0.01 0.01 60 No Commercialdess Il

Federal Correctional Institution 0.01 0.30 60 No nmeercial Irrigation I
Park and Rec Irrigation

FWISD Athletic Fields 0.03 0.68 60 No Park and Regation I

Gas Well Drilling 0.38 0.77 n/a No Gas Well Drillin Il

Miller Brewing Co. 0.19 0.53 60 No Cooling Tower kéaup I
Commercial Irrigation

Mrs. Baird’s Bakeries 0.10 0.25 60 No Cooling Towtkeup Il

0.D. Wyatt High School 0.01 0.26 60 No School ktign I

Rolling Hills Park North Fields 0.02 0.39 60 No Rand Rec Irrigation I

Rolling Hills Park Soccer Fields 0.15 3.65 60 No rikPand Rec Irrigation I

Rolling Hills Tree Farm 0.02 0.38 60 No Commerdiabation Il

Tarrant County College 0.01 0.31 60 No School #tiign I

Tarrant County Resource Connectio 0.0 0.5 60 No| Commercial Irrigation I
Park and Rec Irrigation

Worth Baptist Church 0.01 0.12 60 No Park and Regdtion [

Total 1.35 11.15

*System demand is the peak hour demand for eachroes.
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The Southern RWPF would provide a treatment capa€i5 MGD and reclaimed water storage
of 2 million gallons® This treatment and storage capacity would alloe RWPF to serve the
projected system demand of 11.15 MGD (Table E®B3ked on the projected annual average
demand of 1.35 MGD, the Southern RWPF would hapeak hour-to-annual average capacity
ratio of 8.26. The Southern RWPF is expected tdpece Type | reclaimed water.

It is anticipated that the Southern RWPF would mega minimum of 11 acres, assuming a 150-
foot buffer zone between the property line andtrahtment units. It is advisable to acquire a

larger site to allow for expansion and/or to allimwa larger buffer area.

ES.7. Conceptual Design of the Central and Southern Reclaimed Water

Conveyance Systems

The Central System would consist of about 22.4 snilepipe ranging in diameter from 6 to 36
inches and would be constructed in six phases.Sthehern System would consist of about 7.6
miles of pipe ranging in diameter from 6 to 24 iestand would be constructed in five phases.

Figures ES-3 and ES-4 show maps of these systemsnsyruction phase.
ES.8. Costs and Benefits of the Fort Worth Direct Reuse Projects

Opinions of probable cost for the Central and SewtlSystems are presented in Appendix A
and summarized in Table ES-4. These costs wereap®me using the same assumptions that
were used in th&eclaimed Water Priority and Implementation Paexcept that costs were
updated from fourth quarter 2006 dollars to secqudrter 2007 dollars using the Engineering
News Record (ENR) Construction Cost Index (CElUpdated cost tables are presented in
Appendix B.

8 This is a large storage facility. Design and Eoaping efforts should be made to reduce the visyzact of the
reclaimed water storage.

° Alan Plummer Associates, Inc. and Chiang, Pat¥lefby, Inc., May 2007Reclaimed Water Priority and
Implementation Planprepared for the Fort Worth Water Departmentt Réorth.

9 The December 2006 ENR CCI was 7888, and the J0@@ ENR CCl was 7939, a 0.6 percent increase.
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Figure ES-3
Central Reclaimed Water Conveyance System
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Figure ES-4
Southern Reclaimed Water Conveyance System
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Table ES-4
Opinions of Probable Cost for Central and SoutherrSystems (With Indirect Benefits and Costs)

System Annual Peak Capital | Avoided Debt Pipe and Reclaimed Energy Probable Unit Cost — | Unit Cost— | Weighted
Average | System Cost Capital Servicd Pump Water ($lyr) Net First 20 After 20 Unit
Demand | Demand | ($MM) Cost* ($lyr) Station Production Revenue Years Years Cost!
(MGD) | (MGD) (SMM) Maintenance Facility Loss’ ($/1,000 | ($/1,000gal)| ($/1,000
($lyr) O&M ($lyr) gal) gal)
($1yr)
Central 1.93 16.25 $32.81 $2.76 $2,515,000 $312,000 $0 $98,000 $338,000 $4.63 $1.06 $2.44
Southern 1.35 11.15 $290.11 $1.34 $2,320,00D $167,00  $208,000 $45,000 $119,000 $5.81 $1.10 $2.98
TOTAL 3.28 27.40 $61.92 $4.14 $4,835,000 $479,000 208300 $143,000 $457,000 $5.12 $1.08 $2.6P
& Credit for deferral of WTP expansions. The bengéis distributed on basis of the portion of the ahawerage reclaimed water demand that
otherwise would have been supplied with potableewat
b Assumes a capital recovery period of 20 years arghaual interest rate of 5.5 percent.
¢ See Section 9.3 for assumptions.
4 Weighted unit cost is the average unit cost oveyess.
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The values shown in Table ES-4 reflect the estithatest to construct and operate each project
to serve the projected demands defined in the pusvsections. For those systems that receive
treated effluent from the VCWWTP, no operationadtdor wastewater treatment was included.
This cost was attributed to the wastewater systemesthis treatment would have to occur
regardless of whether a reclaimed water systeravsldped. In addition, the cost of constructing
a truck filling station at the Southern RWPF to @lypgas well drilling demands was not
included in Table ES-4.

Potential benefits from implementation of the Cahéind Southern direct reuse projects include:

= Reduction of potable water demand
0 Reduced per capita potable water use
o Deferral of potable water treatment capacity exjans
o Deferral of potable water distribution capacity arpion
= Deferral of additional raw water supply
= Other benefits
o Expanded Availability of Reclaimed Water
o Dependable supply
0 Reduction of loads to receiving streams

It is anticipated that the Southern RWPF would bemitted under the new Reclaimed Water
Production Facility rule&® Since these rules do not permit a discharge ateceeffluent from
the RWPF and allow operation of the RWPF only whiere is a demand for reclaimed water,

downstream wastewater facilities must be desigoedhvey and treat the full wastewater flow.
ES.9. Permitting Issues for the Fort Worth Direct Reuse Projects

At a minimum, the new permits and/or authorizatiathstt are potentially required for
implementation of the Central and Southern diremise projects include: a Chapter 321

reclaimed water production facility authorizatidna Section 404 permit for construction of

1 Texas Administrative Code Title 30, Chapter 320h@apter P, effective November 27, 2008.
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pipelines, amendment of the Texas Pollutant Diggh&tlimination System (TPDES) discharge
permit for the Village Creek WWTP, and a stormwalescharge permit for construction that

takes place over more than one acre.
ES.10. Selection of Preferred Fort Worth Direct Reuse Alternatives

The Central and Southern direct reuse alternatieesmmended in th2006 Region C Water
Plan and in the 200Reclaimed Water Priority and Implementation Plaawve been refined and
updated as a case study for this guidance docurBased on evaluation of potential customer
demands, conceptual designs for treatment andesiglsystems, permitting issues, the opinions
of probable cost, and the potential benefits, bptbjects appear to be feasible, and it is
recommended that Fort Worth proceed with implentemtaof the Central and Southern
Systems. The City should continue to explore adtiwe financing approaches, including federal

or state grant or loan programs, and participdtiom customers and/or developers.

The Central and Southern reclaimed water projectddvprovide significant benefits to the City
by reducing per capita potable water usage, helfmngchieve water conservation goals, and
deferring water and wastewater system facility @spans. Implementation of these reclaimed
water systems would demonstrate Fort Worth’s comeniit to efficient use of its water
resources. This commitment is critical to the sascef acquiring new water supply sources

necessary to support future growth within the City.
ES.11. Implementation Plan for the Fort Worth Direct Reuse Project

Changes to the Central and Southern Systengs projected demands, pipeline routes, RWPF
location, project timing, etc.) have occurred sitike implementation plan presented in Fort
Worth’s Reclaimed Water Priority and Implementation Rldine plan was quite detailed, and
many of the elements of the plan remain unchangethé results of this study, particularly
administrative, testing, permitting, and marketegtions. For such matters, the plamains
unamended. Only the elements of the implementatian that specifically concern the Central

and Southern Systems are revised in this section.
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The next steps for implementation are outlined abl&@ ES-5. A summary of the proposed
construction phasing is provided in Figure ES-5¢ andetailed implementation timeline is

presented in Figure ES-6.

Table ES-5
Implementation Steps for Central and Southern Reclamed Water Systems

FISCAL YEAR 2010-2011
* Perform flow monitoring to verify that 5 mgd ofastewater is available for diversion from the ioggtor
(M275B/290+88).
* Perform routing delineation and surveying for 8min System, Phase 1, 2, and 3 pipelines.
* Perform environmental permitting for Southern t8ys, Phase 1, 2, and 3 pipelines.
FISCAL YEAR 2011-2012
* Begin and complete right-of-way acquisition aresiin for Southern System, Phase 1, 2, and 3 pg=li
* Perform routing delineation and surveying for 8mrn System, Phase 4 and 5 pipelines.
* Perform environmental permitting for Southern t®8ys, Phase 4 and 5 pipelines.
FISCAL YEAR 2012-2013
* Begin and complete construction of Southern Systehase 1, 2, and 3 pipelines.
* Begin and complete right-of-way acquisition arebin for Southern System, Phase 4 and 5 pipelines.
* Perform routing delineation and surveying for @ahSystem, Phase 1 pipeline and pump station.
* Perform environmental permitting for Central Syst Phase 1 pipeline and pump station.
FISCAL YEAR 2013-2014
* Begin and complete construction of Southern Systéhase 4 and 5 pipelines.
* Begin and complete right-of-way acquisition arebin for Central System, Phase 1 pipeline and mtatmon.
* Perform routing delineation and surveying for @ahSystem, Phase 2, 3 and 4 pipelines.
* Perform environmental permitting for Central Syst Phase 2, 3 and 4 pipelines.
FISCAL YEAR 2014-2015
* Begin construction of Central System, Phase Elpie and pump station.
* Begin and complete right-of-way acquisition aresin for Central System, Phase 2, 3 and 4 pipeline
FISCAL YEAR 2015-2016
* Complete construction of Central System, Phapgéline and pump station.
* Begin and complete construction of Central SystBhase 2 pipeline.
* Begin construction of Central System, Phase &lpip.
* Begin and complete construction of Central SystBhase 4 pipeline.
* Perform routing delineation and surveying for @ahSystem, Phase 5 and 6 pipelines.
* Perform environmental permitting for Central Syst Phase 5 and 6 pipelines.
FISCAL YEAR 2016-2017
* Complete construction of Central System, Phap@8line.
* Begin and complete right-of-way acquisition aresin for Central System, Phase 5 pipeline.
* Begin and complete right-of-way acquisition aresin for Central System, Phase 6 pipeline.
FISCAL YEAR 2017-2018
* Begin construction of Central System, Phase ®lpig.
* Begin and complete construction of Central SystBhrase 6 pipeline.
FISCAL YEAR 2018-2019
* Complete construction of Central System, Phapg8line.
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Figure ES-5
Construction Phasing for Central and Southern Reclamed Water Systems

Fiscal Year, Phase and Capital Costs in Millions obollars*

Project 1 ~5012-201; | 2013-201. | 2014-201' | 2015-2011 | 2016-201 | 2017-201i | 2018-201
Phase $ 08
Phase 4 ($0
Central Phase 4a ($0.19
Phase $6.0
Phase 5a ($0.16)
Phase 6.a (.$0..11

Phase 1 ($25.02)
Phase 2 ($0.77)
Phase 3 ($0.46)

Phase 3a ($0.12

Phase 4 ($1.94)

Phase 4a ($0.55)

Phase 5 ($0.25)
*Financed by Fort Worth Water Departm:
*Financed by Custom

The recommendation to implement the proposed reekdi water projects is based on the

Southern

likelihood of customer interest and feasibility thie projects. The City should pursue further

discussions with potential customers to finalizgitkommitment to reclaimed water use.
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Figure ES-6
Detailed Implementation Timeline for Central and Saithern Reclaimed Water Systems

2009 |

2010 |

2011 |

2012 |

2013 ]

2014 ]

2015 |

2016 |

2017 |

2018]

2019 | 2020 |

CENTRAL SYSTEM

Phase 1

Route Delineation/Survey

ROWI/Design

Construction

Phase 2

Route Delineation/Survey

ROW/Design

Construction

Phase 3

Route Delineation/Survey

ROW/Design

Construction

Phase 4

Route Delineation/Survey

ROW/Design

Construction

Phase 5

Route Delineation/Survey

ROWI/Design

Construction

Phase 6

Route Delineation/Survey

ROWI/Design

Construction

SOUTHERN SYSTEM

Phase 1

Route Delineation/Survey

ROW/Design

Construction

Phase 2

Route Delineation/Survey

ROW/Design

Construction

Phase 3

Route Delineation/Survey

ROWI/Design

Construction

Phase 4

Route Delineation/Survey

ROWI/Design

Construction

Phase 5

Route Delineation/Survey

ROWI/Design

Construction
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1. Introduction

Reuse of treated wastewater efflféis becoming an increasingly important source ofewin
Region C and across the state of Texas. Z0@ Region C Water Pl&hprojected that, by
2060, the reuse of reclaimed water would providgupply of 874,417 acre-feet per year (ac-
ft/yr) to Region C water user groups, or approxghaf6.4 percent of the 2060 Region C water
demand. There are a number of reuse projects ¢lyriggrerating in Region C, and many others
are currently in the planning and permitting preceé3bviously, reuse will serve a major role in

meeting future water supply requirements for tiggare
1.1. Types of Reuse

There are two types of reuse: direct reuse anddodreuse. Direct reuse occurs when treated
wastewater is delivered from a wastewater treatrpkmit to a water user, with no intervening
discharge to waters of the state. Direct reuse @stncommonly used to supply water for
landscape irrigation (especially golf courses) armdustrial uses (especially cooling for steam
electric power plants). Indirect reuse occurs wiieated wastewater effluent is discharged to a
stream or reservoir and is diverted downstreamubrod a reservoir for reuse. The discharged
water mixes with ambient water in the stream oemesir as it travels to the point of diversion.
Many of the water supplies within Region C havedrisally included return flows from treated
wastewater effluent as well as natural runoff. ledi reuse can provide water supplies for

municipal use, as well as irrigation and industsigbplies.
1.2. Recent Fort Worth Planning

The2006 Region C Water Plaiecommended that the City of Fort Worth (Fort Viptonstruct
facilities to transport reclaimed water from thelldde Creek Wastewater Treatment Plant
(VCWWTP) to four direct reuse projects:

12 Also called “reclaimed water” or “recycled water.

13 Freese and Nichols, Inc., Alan Plummer Assocjdtes, Chiang, Patel & Yerby, Inc., and Cooksey
Communications, Inc., January 20@606 Region C Water Plaprepared for the Region C Water Planning
Group, Fort Worth.
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* The Central/Southern System would serve potentiatoeners between the VCWWTP
and downtown, in the Central Business District, Bnthe Southern industrial area;

» The Eastern System would serve potential customeislington, Euless, Centerport,
and Dallas/Fort Worth International Airport; and

* The Northern System would serve potential custonmetise Alliance Gateway area.

* The Western System would serve potential custonmetie Mary's Creek watershed

from a satellite wastewater treatment plant (WWTP).

In 2007, Fort Worth developed Reclaimed Water Priority and Implementation Pfathat
contains preliminary planning information for theojects recommended in ti2006 Region C
Water Plan

1.3. Current Project

The Texas Water Development Board (TWDB) has pevitlinding to the Region C Water
Planning Group (RCWPG) and its consultant team éwebbp guidance documents for
implementing indirect and direct reuse projectasguidance document identifies technical and
regulatory issues to be addressed in the planmidglasign of direct, non-potable reuse projects.
To serve as a case study for the guidance docuntemtRCWPG has also refined the
implementation plans for two direct reuse projdotshe City of Fort Worth: the Central System

and the Southern System.

In the Reclaimed Water Priority and Implementation Rlahe Southern service area was
considered in both a stand-alone Southern Systesmative and in combined Central/Southern
System alternatives. One of the combined Centrati&on System alternatives was preferred in
the plan, because it was the lowest cost altermatiwever, the Southern System alternative
was economically viable and could be implementedenoiickly than a combined alternative to

provide water to the Southern service area. It afgpthat the demands in the Southern service

14 Alan Plummer Associates, Inc. and Chiang, Pat¥egby, Inc., May 2007Reclaimed Water Priority and
Implementation Planprepared for the Fort Worth Water Departmentt Béorth.
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area may be more immediate than those in the Gesinaice area, so the stand-alone Southern

System concept has been refined for this report.

In the next sections, Texas regulations for direase, other guidance and regulations, projected
reclaimed water supply and quality, projected reodal water demands, reclaimed water
production facilities, water quality and treatmesudnsiderations, the conceptual design of
reclaimed water conveyance systems, a feasibiligiuation, and implementation issues are

presented and discussed.

Chapters 2 and 3 consist entirely of guidance méiron. Guidance is included in the first
section of other chapters, followed by case staétyrmation where applicable.
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2. Texas Regulations on Direct, Non-Potable Reuse

In Texas, the use of reclaimed water for benefipiajposes is regulated by the Texas Commission
on Environmental Quality (TCEQ). The specific reagidns are codified in Title 30, Chapter 210 of
the Texas Administrative Code (30 TAC 210). Chapted defines two types of direct reuse based
on the likelihood that the water would come in @mbtwith humans. Regulations concerning the
quality of the water, design of reclaimed waterage facilities, restrictions on the use of reckdim
water, and the frequency of monitoring are différm the two types of direct reuse, Type | and
Type 1l (Table 2-). The following is a summary of potential reclaonater uses regulated by

reclaimed water type.
2.1. Type |l Reclaimed Water

Type | reclaimed water can be used in instancesemneidental contact with humans is likely

to occur. The following uses are identified as Typses:

* Residential irrigation

» Unrestricted urban irrigation, including parks, achyards, and athletic fields

» Fire protection systems

» Direct irrigation of food crops that will be peeledkinned, cooked, or thermally
processed

* lIrrigation of pastures for milking animals

* Maintenance of unrestricted recreational impoundsen

» Toilet or urinal flush water

» Other similar activities where the potential fointentional human exposure may occur

To be considered Type | Reclaimed Water, treatdldiezit must meet the specific quality
requirements in Table 2-1; specific treatment psees are not identified or required. These

parameters must be monitored twice per week amartepon a monthly basis.
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Table 2-1

Texas Requirements for Type | and Type Il Direct Rese

Item

Type |

Type Il

Definition

Reclaimed water use where contact W
humans is likely

ifReclaimed water use where contact w
humans is ulikely

ith

Examples of Uses

Residential irrigation.

< lIrrigation of public parks, golf

courses, and athletic fields.

«  Fire protection.
e lIrrigation of food crops.
e lIrrigation of pastures for milking

animals.

* Maintenance of impoundments or

natural waterbodies where
recreational activities are
anticipated.

¢ Toilet or urinal flush water.
e Other activities with potential for

unintentional human exposure.

Irrigation of sod farms, silviculture,
limited access and ROWs where
human access is restricted or
unlikely. Irrigation of food crops.

1. Remote site

2. Controlled access

3. Site not used by public when
irrigating (golf courses,
cemeteries, and landscaped
areas surrounding commercial
or industrial complexes)

4. Restricted by ordinance

Irrigation of food crops without
contact with edible part or with
pasteurization.

Irrigation of animal feed crops.

Maintenance of
impoundments/waterbodies whe
direct human contact is unlikely.

Soil compaction or dust control.

Cooling tower make-up water.

Irrigation or other nonpotable uses a
WWTP.

re

Quality Standards
(30-day averages)

Fecal coliforms:
<20 CFU/100 ml geometric mean ¢
<75 CFU/100ml single grab

e BODs/CBODs =5 mgl/l
e Turbidity =3 NTU

pr

Fecal coliforms:

<200 CFU/100 ml geometric mean @
<800 CFU/100ml single grab

For a pond system, BQBR 30 mg/l
For other systems, BGQB 20 mg/I
and CBOR = 15 mg/l

=

Sampling and
Analysis

Twice per week

Once per week

2.2.

Type Il Reclaimed Water

Type Il reclaimed water can be used in instancesra&vincidental contact with humans is not

likely to occur. The following uses are identifiad Type Il uses:

» Irrigation of restricted areas, such as golf cosirs®d farms, silviculture, or highway

rights-of-way

* Indirect irrigation of food crops that will be pedl skinned, cooked, or thermally

processed
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* lIrrigation of animal feed crops other than pastdoesnilking animals
* Maintenance of restricted recreational impoundments

» Soil compaction or dust control in construction\aties

» Cooling tower make-up water

* Nonpotable uses at wastewater treatment plants

» Other similar activities where the potential fointentional human exposure is not likely

To be considered Type Il Reclaimed Water, treatidemt must meet the specific quality
requirements in Table 2-1; specific treatment psees are not identified or required. These

parameters must be monitored once per week andteelpan a monthly basis.

2.3. Other Reclaimed Water Uses

The Texas regulations also include an alternatparaval process for uses or designs that are
not specifically identified in the rules. Projecejuiring an alternative approval are considered

on a case-by-case basis.

2.4. Notification Requirement

Reclaimed water providers must notify the TCEQhaf proposed direct reuse project and obtain
written approval to provide reclaimed water. At animmum, the notification must include a
detailed description of the intended use, a cleafication of the means for regulatory
compliance, evidence of the provider’s authorityeiominate noncompliant reclaimed water use,
an operation and maintenance plan, and a descriptithe reclaimed water quality.

2.5. Revision of Reclaimed Water Regulations

The rules for direct reclaimed water use have beegifect since 1997. A subcommittee of the
Texas American Water Works Association Water Corsg@n and Reuse Division is currently
reviewing them to identify rule revisions that méig needed based on implementation
constraints and technological changes. There has tiscussion of lowering the current Type |
turbidity limit of 3 nephelometric turbidity unitdNTU) to 2 NTU based on limits set by other

states. An investigation into the technological/andvater quality rationale for the lower limit
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will be part of the subcommittee’s review process.assessment is also being made of whether

the fecal coliform limits for either type of reuskeould be lowered.

Also under consideration is whether to include rtarimg requirements or limits for some

currently non-regulated contaminants, suckasoli. The timing on the potential rule changes is
unknown.
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3. Other Guidance and Regulations

During the planning, design, and construction afirect, non-potable reuse project, questions
may arise that are not explicitly addressed in Te&as regulations (Chapter 2). To assist in
addressing such issues, federal guidance and temseof other states are presented in this

chapter.
3.1. Federal Guidance

There are currently no specific federal regulatitret address direct reuse. However, the U.S.
Environmental Protection Agency (EPA) has releasgdated guidelines for reus€The EPA
guidelines include recommendations for treatmewelte water quality, and monitoring (Table

3-1) for direct reclaimed water uses such as:

= Unrestricted urban reuse — irrigation of areas lctv public access is not restricted, such
as parks, playgrounds, school yards, and residetaiks flushing, air conditioning, fire
protection, construction, ornamental fountains, aesthetic impoundments.

= Restricted urban reuse — irrigation of areas inctvipiublic access can be controlled, such
as golf sources, cemeteries, and highway medians.

= Agricultural reuse on food crops — irrigation obtbcrops which are intended for human
consumption, often further classified as to whetther food crop is to be processed or
consumed raw.

= Agricultural reuse on nonfood crops — irrigationfodder, fiber, and seed crops, pasture
land, commercial nurseries, and sod farms.

= Unrestricted recreational reuse - an impoundmenteafaimed water in which no
limitations are imposed on body-contact water ratoa activities.

» Restricted recreational reuse — an impoundmergaéimed water in which recreation is
limited to fishing, boating, and other non-contaetreational activities.

= Environmental reuse — reclaimed water used to er@eaanmade wetlands, enhance

natural wetlands, and to sustain stream flows.

15 Guidelines for Water Reusd.S. Environmental Protection Agency, EPA/6254108, September 2004.
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Table 3-1
EPA Suggested Guidelines for Direct Reus®

Types of Reuse Treatment | Reclaimed Water| Reclaimed Setback Comments
Quality Water Distances
Monitoring
Urban Reuse = Secondary | = pH=6-9 = pH — weekly = 50 ft (15 m)to | = At controlled-access irrigation sites where desigd operational
= Filtration = <10 mg/l BOD = BOD — weekly potable water measures significantly reduce the potential of jputmntact with
All types of = Disinfection | = <2 NTUY = Turbidity — supply wells reclaimed water, a lower level of treatment, esgcondary
landscape = No detectable fecal continuous treatment and disinfection to achievd4 fecal coli/100 ml, may be
irrigation, (e.g., coli/100 mf&1° = Coliforms — daily appropriate.
golf courses, parkg, = 1 mg/l Ch residual | = Cl, residual — = Chemical (coagulant and/or polymer) addition pteofiltration may
cemeteries) — also (minimumYy® continuous be necessary to meet water quality recommendations.
vehicle washing, = The reclaimed water should not contain measurabvies of viable
toilet flushing, use pathogens.
in fire protection = Reclaimed water should be clear and odorless.
systems and = A higher chlorine residual and/or a longer contawe may be
commercial air necessary to assure that viruses and parasit@satvated or
conditioners, and destroyed.
other uses with = A chlorine residual of 0.5 mg/l or greater in thstdbution system
similar access or is recommended to reduce odors, slime, and balctegeowth.
exposure to the
water

'8 Guidelines for Water Reus#.S. Environmental Protection Agency, EPA/6254108, September 2004.

" The recommended turbidity limit should be met ptidisinfection. The average turbidity shoulddasedon a 24-hour time period. The turbidity showit
exceed 5 NTU at any time. If TSS is used in lietuobidity, the TSS should not exceed 5 mg/l.

18 Unless otherwise noted, recommended coliform $iraie median values determined from the bacteiimbgesults of the last 7 days for which analyisage
been completed. Either the membrane filter or fertatéon-tube technique may be used.

¥ The number of fecal coliform organisms shouldexateed 14/100 ml in any sample.

20 Total chlorine residual should be met after a mimn contact time of 30 minutes.
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Table 3-1 (Continued)
EPA Suggested Guidelines for Direct Reu$®

Types of Reuse Treatment | Reclaimed Water| Reclaimed Setback Comments
Quality Water Distances
Monitoring
Restricted Access|= Secondary | = pH=6-9 = pH — weekly = 300 ft (90 m) to| = If spray irrigation, TSS less than 30 mg/l may leeassary to avoid
Area Irrigation = Disinfection | = <30 mg/l BOD = BOD — weekly potable water clogging of sprinkler heads.
= <30 mg/l TSS = TSS —daily supply wells
Sod farms, = <200 fecal coli/10Q = Coliforms — daily | = 100 ft (30 m) to
silviculture sites, m|8:21.22 = Cl, residual — areas accessiblé
and other areas = 1 mg/l C}, residual continuous to the public (if
where public (minimumY® spray irrigation)
access is
prohibited,
restricted or
infrequent
Agricultural Reuse|= Secondary | = pH=6-9 = pH — weekly = 50 ft (15m)to | = Chemical (coagulant and/or polymer) addition ptéofiltration may
— Food Crops Not |= Filtration = <10 mg/l BOD = BOD — weekly potable water be necessary to meet water quality recommendations.
Commercially = Disinfection | = <2 NTU = Turbidity — supply wells = The reclaimed water should not contain measurabield of viable
Processed = No detectable fecal continuous pathogens.
coli/100 mf81° = Coliforms — daily = A higher chlorine residual and/or a longer contewe may be
Surface or spray = 1 mg/l C} residual | = Cl, residual — necessary to assure that viruses and parasit@saatvated or
irrigation of any (minimum)?° continuous destroyed.

food crop,
including crops

eaten raw.

= High nutrient levels may adversely affect some srdpring certain
growth stages.

2L The number of fecal coliform organisms shouldexateed 800/100 ml in any sample.

22 Some stabilization pond systems may be able ta thisecoliform limit without disinfection.
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Table 3-1 (Continued)
EPA Suggested Guidelines for Direct Reu$®

Types of Reuse Treatment | Reclaimed Water| Reclaimed Setback Comments
Quality Water Distances
Monitoring
Agricultural Reuse|= Secondary | = pH=6-9 = pH — weekly = 300 ft (90 m) to If spray irrigation, TSS less than 30 mg/l may leeessary to avoid
— Food Crops = Disinfection | = <30 mg/l BOD = BOD — weekly potable water clogging of sprinkler heads.
Commercially = <30 mg/l TSS = TSS —daily supply wells High nutrient levels may adversely affect some srdpring certain
Processed = <200 fecal coli/10Q = Coliforms — daily | = 100 ft (30 m) to growth stages.
m|1821:22 = Cl, residual — areas accessible

Surface Irrigation = 1 mg/l C}, residual continuous to the public (if
of Orchards and (minimum)?° spray irrigation)
Vineyards
Agricultural Reuse|= Secondary | = pH=6-9 = pH — weekly = 300 ft (90 m) to If spray irrigation, TSS less than 30 mg/l may leeessary to avoid
— Nonfood Crops |= Disinfection | = <30 mg/l BOD = BOD — weekly potable water clogging of sprinkler heads.

= <30 mg/l TSS = TSS —daily supply wells High nutrient levels may adversely affect some srdpring certain
Pasture for milking = <200 fecal coli/10Q = Coliforms — daily | = 100 ft (30 m) to growth stages.
animals; fodder, m|*8-21.22 = Cl, residual — areas accessible = Milking animals should be prohibited from grazimg 15 days afte
fiber, and seed = 1 mg/l Ch, residual continuous to the public (if irrigation ceases. A higher level of disinfectieng., to achieve 14
crops (minimum)?° spray irrigation) fecal coli/100 ml, should be provided if this wagiperiod is not

adhered to.
Recreational = Secondary | = pH=6-9 = pH — weekly = 500 ft (150 m) to = Dechlorination may be necessary to protect aqsgagcies of flora
Impoundments = Filtration = <10 mg/l BOD = BOD — weekly potable water and fauna.
= Disinfection | = <2 NTU = Turbidity — supply wells Reclaimed water should be non-irritating to skid ages.

Incidental contact = No detectable fecal continuous (minimum) if Reclaimed water should be clear and odorless.
(e.g., fishing and coli/100 mf&1° = Coliforms — daily |  bottom not Nutrient removal may be necessary to avoid algee/trin
boating) and full = 1 mg/l Ch residual | = Cl, residual — sealed impoundments.
body contact with (minimum)?° continuous Chemical (coagulant and/or polymer) addition pt@filtration may|

reclaimed water

be necessary to meet water quality recommendations.

The reclaimed water should not contain measuratied of viable
pathogens.

A higher chlorine residual and/or a longer contewe may be
necessary to assure that viruses and parasit@saativated or
destroyed.

Fish caught in impoundments can be consumed.
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Table 3-1 (Continued)
EPA Suggested Guidelines for Direct Reu$®

Types of Reuse Treatment | Reclaimed Water| Reclaimed Setback Comments
Quality Water Distances
Monitoring
Landscape = Secondary | = <30 mg/l BOD = BOD — weekly = 500 ft (150 m) to = Nutrient removal may be necessary to avoid alga®sirin
Impoundments = Disinfection | = <30 mg/l TSS = TSS —daily potable water impoundments.
= <200 fecal coli/10Q = Coliforms — daily |  supply wells = Dechlorination may be necessary to protect agsptcies of flora
Aesthetic m|18:21:22 * Cl, residual — (minimum) if and fauna.
impoundment = 1 mg/l C}, residual continuous bottom not
where public (minimum)?° sealed
contact with
reclaimed water is
not allowed
Construction Use |= Secondary | = <30 mg/l BOD = BOD — weekly = Worker contact with reclaimed water should be minéd.
= Disinfection | = <30 mg/l TSS = TSS —daily = A higher levelof disinfection, e.g., to achieve < 14 fecal cd@lml,
Soil compaction, = <200 fecal coli/10Q = Coliforms — daily should be provided when frequent work contact wéttiaimed
dust control, m|18:21.22 = Cl, residual — water is likely.
washing aggregate, = 1 mg/l Ch, residual continuous
making concrete (minimum)?°
Industrial Use = Secondary | = pH=6-9 = pH — weekly = 300 ft (90 m) to | = Windblown spray should not reach areas accessibd@tkers or th
= Disinfection | = <30 mg/l BOD = BOD — weekly areas accessible  public.
Once-through = <30 mg/l TSS = TSS —daily to the public
cooling = <200 fecal coli/10Q = Coliforms — daily
m|1821:22 = Cl, residual —
= 1 mg/l C}, residual continuous
(minimum)?°
Industrial Use = Secondary | = Variable, depends | = pH — weekly = 300 ft (90 m) to | = Windblown spray should not reaeheas accessible to workers or
= Disinfection on recirculation = BOD — weekly areas accessible  public.
Recirculating (chemical ratio = TSS —daily to the public. = Additional treatment by user is usually providegtevent scaling,
cooling towers coagulation | = pH =6-9 = Coliforms — daily May be reduced corrosion, biological growths, fouling and foaming.
and filtration | = <30 mg/l BOD = Cl, residual — or eliminated if
may be = <30 mg/l TSS continuous high level of
needed) = <200 fecal coli/100 disinfection is
m|18:21:22 provided.

1 mg/l Ch residual

(minimum)?°

Other Industrial

Uses

Depends on site specific uses
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= Industrial reuse — reclaimed water used in indaistiacilities primarily for cooling

system make-up water, boiler-feed water, processrwand general washdown.
3.2. Focus of Reclaimed Water Regulations

Table 3-2 presents a summary of the number ofssteith regulations for various types of direct
reuse. Table 3-3 lists all states and presentgligtebution of reclaimed water guidelines or
regulations by reuse application type. Some stadée® regulations (enforceable rules), others
have guidelines (not enforceable but can be usettwelop programs), some have both, and
others have neither. The states with the most cehgmsive regulations include Arizona,
California, Florida, Hawaii, Massachusetts, Nevadew Jersey, North Carolina, Oregon, South

Dakota, Texas, Utah, and Washington.

Table 3-2
Number of States with Regulations or Guidelines bjReuse Typé®
Type of Reusé’ Number of Stateg

Unrestricted Urban 28

Irrigation 28

Toilet Flushing 10

Fire Protection 9

Construction 9

Landscape Irrigation 11

Street Cleaning 6
Restricted Urban 34
Agricultural (Food Crops) 21
Agricultural (Non-food Crops) 40
Unrestricted Recreational 7
Restricted Recreational 9
Environmental (Wetlands) 3
Industrial 9

% Guidelines for Water Reusd.S. Environmental Protection Agency, EPA/6254108, September 2004.

24 Just because a particular type of reuse is regtifigally mentioned in a State’s regulations dnesmean that it is
not allowed.
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Table 3-3
Summary of State Direct, Non-Potable Reuse Regulatis and Guideline§®

e N = [} [0 % %
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c — o) kel (3] o5 14 [0 g
» S, |ELCR |3 5 ELlE5|os s| @
S| % 18%1293|8 | |S2|Sc|&5|vs| &
2 E | 3E|ocx| = L 25|28 |2=s|&5| B
S |8 |83|285|88|58 32|23 |88|c¢8| &
> o xo 88 = PS5 1 53|28 | 2| 85| Bo >
(7] > [el=] c S c o L O D 0 o O c Qo [ORN] ©
Stat o O |Z0|002 |Dx|gx|<LI|<zZz|Dx|xox| £
Alabama . N . .
Alaska . NR .
Arizona . U . . . . .
Arkansas . N . . . .
Californig® . U . . . 5 o o o
Colorado . GR . . . . . .
Connecticut . N
Delaware . GR . . .
Florida . U . . . . .
Georgia . U . . .
Hawaii . U . . . . . .
Idaho . N . ) . .
lllinois . U . . .
Indiana . U . . o .
lowa . NR . .
Kansas . N . . o .
Kentucky . N
Louisiana . N
Maine . N
Maryland . N . .
Massachusetts . NG . . .
Michigan . N . .
Minnesota . N
Mississippi . N
Missouri . N . .
Montana . U . . o .
Nebraska . GR . .
Nevada . GR . . . . . .
New Hampshire . N
New Jersey . RG . . . . .
New Mexico . N . . o .
New York . N .
North Carolina . U . . o
North Dakota . U . . .
Ohio . NG . . .
Oklahoma . GR . . .
Oregon . N . . . . . . .
Pennsylvania . NG .
Rhode Island . N
South Carolina . GR . . .

% Guidelines for Water Reusd.S. Environmental Protection Agency, EPA/6254108, September 2004.
% gpecific regulations on reuse not adopted; howeeelamation may be approved on a case-by-casie.ba

2N - no change; GR - guidelines to regulations; N® guidelines or regulations to guidelines; updated
guidelines or regulations; NR - no guidelines aqulations to regulations; RG - regulations to glirks

% Has regulations for landscape irrigation exclgdiesidential irrigation; guidelines cover all athses.
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Table 3-3 (Continued)
Summary of State Direct, Non-Potable Reuse Regulatis and Guideline§’
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South Dakota . N . . .
Tennessee . N . . .
Texas . U . . . . o . o
Utah . U . . . 0 . . .
Vermont . N .
Virginia . N
Washington . U . . . . . 5 .
West Virginia . N . .
Wisconsin . N .
Wyoming . U . . . .

Regulations focus either on using reclaimed watea aesource or providing an alternative to a
stream discharge. The established regulations tier a function of the potential for human

contact with the reclaimed water either throughgitgl contact or ingestion of food — the more
likely the contact, the more stringent the regolagi Guidelines and regulations for direct, non-

potable reuse are typically divided by type of (8ection 3.1).
3.3. Comparison with Texas Regulations

Reuse regulations and guidelines may specify babktawater treatment and effluent quality
limitations. Generally, the greater the opporturfidty direct contact between people and the
reclaimed water, either through direct contact witigated areas or consumption of foods

irrigated with reclaimed water, the more stringéna regulations.

In this section, the ranges of effluent qualityitsnand wastewater treatment specifications for
the six states with the most stringent reuse stasd@r the direct reuse applications listed in

Table 3-2 are compared to the regulations in Téabe six states include Arizona, California,

# Guidelines for Water Reusd.S. Environmental Protection Agency, EPA/6254108, September 2004.

30 All material in the following sections taken frouidelines for Water Reusd.S. Environmental Protection
Agency, EPA/625/R-04/108, September 2004.
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Florida, Hawaii, Nevada, and Washington. The mastgdently limited parameters are
biochemical oxygen demand (BOD), total suspenddéidss¢TSS), turbidity, and total or fecal

coliforms.

Unrestricted Urban Reuse

In the unrestricted urban reuse regulations andlejjnies, several states specify secondary
treatment followed by filtration and disinfectioNevada does not require filtration. Texas does
not specify treatment requirements. For the st&B&£) limits range from 5 milligrams per liter
(mg/l) to 30 mg/l if they are specified. Texas sfies a limit of 5 mg/l. Texas does not specify
TSS limits but two states have limits of 5 and 3@ImSeveral states limit turbidity to 2 NTU.
Texas specifies a limit of 3 NTU. All states witmrastricted urban reuse regulations or
guidelines limit total or fecal coliforms to nontdet or 2.2 colony-forming units (CFUs) per 100
millileters (ml) on average, with maxima of abo&t @FUs/100 ml, with the exception of Texas.
Texas allows 20 CFUs/100 ml as an average with @muan of 75 CFUs/100 ml. No other
organisms are regulated in unrestricted urban rexgadations or guidelines, but Florida requires
monitoring of Cryptosporidiumand Giardia downstream of disinfection, with the frequency
based on treatment capacity.

Restricted Urban Reuse

Of the states specifying treatment requirementsréstricted urban reuse applications, only
Florida requires filtration in addition to secongldreatment and disinfection. Texas does not
specify treatment requirements. BOD limits varynir@0 mg/lI to 30 mg/l if they are specified.
Texas specifies a limit of 20 mg/l. TSS limits apecified by two states at 5 and 30 mg/l. Two
states limit turbidity to 2 NTU. Texas does notitiSS or turbidity for this application. Four
states with restricted urban reuse regulations wdeines limit total or fecal coliforms to
approximately 25 CFUs/100 ml on average with maxiaraging from 200 to 800 CFUs/100 ml.
Texas and Arizona allow 200 CFUs/100 ml as an &eeveth a maximum of 800 CFUs/100 ml.
Florida maintains more stringent limits, even festricted urban reuse. No other organisms are
regulated in restricted urban reuse regulationguidelines, but Florida requires monitoring of
CryptosporidiumandGiardia downstream of disinfection, with the frequencydzhen treatment

capacity.
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Agricultural Reuse — Food Crops

All the states allowing and specifying treatmermjuieements for agricultural reuse on food crops
require secondary treatment, filtration, and desttibn. Texas does not specify treatment
requirements. BOD limits range from 5 mg/l to 30/mfthey are specified. Texas does not
specify TSS limits, but two states specify limifsSioand 30 mg/Il. All states specifying turbidity
limits have adopted 2 NTU as the standard, excepiad, which allows 3 NTU. The Texas
regulations vary depending upon whether or notctlog is irrigated directly or some form of
drip irrigation is used. If the crop is to be iigd directly, Texas requires that the BOD be 5
mg/l, which is the most stringent, and that théiaity meet a 3 NTU, which is less stringent. In
addition, the crop must be skinned or pasteurizddrb consumption. If the crop is not directly
irrigated, the BOD can be 20 mg/l, and the turlyiditnot regulated.

Two states limit fecal coliforms to below detection average with a maximum of about 25
CFUs/100 ml. Three states limit total or fecal fmlins to 2.2 CFUs/100 ml on average with
maxima of about 25 CFUs/100 ml. Texas and Arizolhawafecal coliforms of 20 and 200
CFUs/100 ml, respectively, on average, with maxwh&5 and 400 CFUs/100 ml. No other
organisms are restricted in agricultural reuse awdfcrops, but Florida requires monitoring of
CryptosporidiumandGiardia downstream of disinfection with the frequency liase treatment

capacity. Agricultural reuse on food crops is ideon some states.

Agricultural Reuse — Non-Food Crops

Many states allow and encourage agricultural reus@onfood crops. Of the states specifying
treatment requirements for agricultural reuse onfexad crops, only Florida requires filtration in
addition to secondary treatment and disinfectie@xab does not specify treatment requirements.
BOD limits range from 5 mg/l to 30 mg/l if they aspecified. Texas has a limit of 20 mg/l.
Texas does not specify TSS limits, but two stagdisiits of 20 and 30 mg/l. Two states limit
turbidity to 2 NTU. Texas does not have a turbidiryit for nonfood crops. Other states do not
specify turbidity limits. Total or fecal coliformnhits range from 2.2 to 200 CFUs/100 ml on
average, with maxima ranging from 20 to 800 CFUB/fd). Texas requires an average of 200
CFUs/100 ml and an 800 CFUs/100 ml maximum. Norabthganisms are restricted.
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Unrestricted Recreational Reuse

In unrestricted recreational reuse, contact with plublic is likely. Of the states specifying
treatment requirements for this application, onlprida requires filtration in addition to
secondary treatment and disinfection. Texas doésspecify treatment requirements. BOD
limits range from 5 mg/l to 30 mg/l if they are sged. Texas specifies a limit of 5 mg/l. Texas
does not specify TSS limits, but one state doeg laaimit of 30 mg/l. Two states limit turbidity
to 2 NTU. Texas specifies a limit of 3 NTU. Othéates do not specify turbidity limits. Three
states with unrestricted recreation reuse reguiat@ guidelines limit total or fecal coliforms to
about 2.2 CFUs/100 ml on average with maxima otiaB6 CFUs/100 ml, with the exception of
Texas. Texas allows 20 CFUs/100 ml as an averaigle,amaximum of 75 CFUs/100 ml. No
other organisms are restricted in restricted urtgrse regulations or guidelines, but Florida
requires monitoring ofCryptosporidiumand Giardia downstream of disinfection, with the
frequency based on treatment capacity.

Restricted Recreational Reuse

Of the states specifying treatment requirementsdstricted recreation reuse applications, only
Florida and Hawaii require filtration in addition secondary treatment and disinfection. Texas
does not specify treatment requirements. BOD limatgge from 20 mg/lI to 30 mg/l if they are
specified. Texas specifies a limit of 20 mg/l. Olfashington specifies TSS limits at 30 mg/I.
Other states do not. Three states limit turbidit tNTU. Texas does not specify turbidity limits.
Four states with restricted urban reuse regulat@nguidelines limit total or fecal coliforms to
about 2.2 CFUs/100 ml or non-detect on averagdy mexima of about 25 CFUs/100 ml. Texas
allows 200 CFUs/100 ml as an average, with a maxinai 800 CFUs/100 ml. No other

organisms are restricted in restricted recreaticaze.

Industrial Reuse

Several states have regulations for industrial geaygplications, including Texas. Regulations
vary as a function of the use of the reclaimed watexas limits BOD to 20 mg/l, turbidity to 3
NTU, and fecal coliforms to 200 CFUs/100 ml on aggr, with a maximum of 800 CFUs/100

ml.
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3.4. Other Requirements and Guidelines

In addition to wastewater treatment and effluelguneements, state regulations and guidelines

may also address some or all of the following:

= Water quality monitoring - Parameters and frequewasy greatly between states and
projects. The Texas requirements are shown in TaldleThe most frequently monitored
parameters are those covered in the regulationggai®lines although others may be
required at specific projects. Treatment facil@jiability requirements vary greatly from
state to state. Requirements may include redundatexyns, or sizes of units.

= Minimum storage requiremerits- These are set to minimize opportunities for acef
discharge rather than the seasonal irrigation dtimbhs. Requirements are highly
dependent upon geographic location and climatiditiams.

= Application rates - These are frequently basedhenhydraulic capacity of the system
and are set to maximize the volume of water that lba disposed. Texas requires
“reasonable control” of applications rates to prdvésurface runoff or excessive
percolation below the root zone” and to preventt@eass” conditions in unrestricted
areas’? Some states limit the nutrient loadings, partidylaitrogen.

= Groundwater monitoring - Many states require groundwater monitoring isaarwhere
reclaimed water is being used for irrigation. Tybicequirements are at least one
monitoring well up-gradient of the reuse site ameb tor more down-gradient. The
parameters and frequency of monitoring are gerneoalla case-by-case basis.

= Setback distances for irrigation - These are estadd to provide a buffer zone between
reclaimed water irrigation sites and facilities Isas potable water supply wells, property
lines, residential areas, and roadways. Thesehasgd on the quality of reclaimed water
and the method of application. The Texas regulatidm not include numerical setback
distances but focus on access to the irrigatedeptgpType | reclaimed water quality is
required for irrigation in areas with public accemssd Type |l reclaimed water quality is

31 Texas does not have regulations associated withdpic.
32 Texas Administrative Code, Title 30, Chapter 220.2
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required in areas with restricted public accessarfga with restricted public access may

be “remote” or located a “sufficient distance” frahe irrigation®

% Texas Administrative Code, Title 30, Chapter 220.3
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4, Reclaimed Water Supply and Quality

The first step in evaluating the potential amouindlicect reuse is to determine the quantity and
the quality of the available reclaimed water. Thejgcted reclaimed water supply and quality

for Fort Worth is discussed in the sections thhbvfa

4.1. Guidance

To characterize the full range of historical flotas and concentrations, at least five years of
water quality data should be evaluated for thetébavastewater effluent. At a minimum, the

water quality evaluation should include parametegulated in 30 TAC Chapter 210, such as
carbonaceous biochemical oxygen demand (CBOD),| feodforms, and turbidity. Other

parameters will depend on the projected uses. Ebempclude:

= Irrigation uses (nitrogen, phosphorus, total dissdl solids, sodium, magnesium,
calcium, carbonate, bicarbonate, boron, selenitinapd others)
= Cooling water (total dissolved solids (TDS), tdtafdness and total alkalinity)

= Evaporative makeup water (bacteria and viruses).

Other parameters are shown by type of use in Tafile

The water supply evaluation should be used to enthat sufficient supply is available to meet
projected reclaimed water demands. The water gualitluation should be used to determine
recommended treatment processes at a reclaimed wetduction facility (RWPF). The
reclaimed water supply and quality evaluation fortFVorth is described below.

4.2. Projected Reclaimed Water Supply

Fort Worth provides wastewater treatment at thdayd Creek Wastewater Treatment Plant
(VCWWTP) for its residents and for 23 wholesale toogers. The VCWWTP is currently
permitted to treat up to 166 million gallons pey dangd) on an annual average basis. Currently,
the annual average flowrate is approximately 12@.nkgprt Worth already provides reclaimed
water from the VCWWTP for golf course irrigation thie nearby Waterchase Golf Club. The
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VCWWTP would be a source of additional reclaimeden#or direct reuse. Table 4-1 shows the

projected population for Fort Worth and its wholesaustomers.

Table 4-2 shows the projected water demand for Wamtth’s wholesale wastewater customers.
Over the long term, it appears that a return fldwe® percent of the water demand for the
wholesale wastewater customers matches recent pamtbrage flowrates at the VCWWTP
reasonably well (Figure 4-1). Actual flowrates be tVCWWTP depend on the amount of
infiltration and inflow of stormwater to the colkan system. In dry years, the annual average
flowrate will be less than in wet years. To bettsisure that the reclaimed water would be
available during dry months, a 46 percent retuowflvas used to project the reclaimed water
supply through 2060 (Figure 4-1).

The 2005 Fort Worth Water Master Plaprojected faster population growth for Fort Worth,
suggesting that the reclaimed water supply may daster than shown in Figure 4-1. At this
time, no attempt has been made to reconcile thesgctions, because there is sufficient
reclaimed water available for all reuse projectat thort Worth is currently considering.
Reclaimed water demands for the Central System Sowthern System are projected in
Chapter 5.

4.3. Reclaimed Water Quality

The VCWWTP currently employs conventional liquideatment processes consisting of
screening, primary clarification, biological treant, final clarification, filtration, and
disinfection. Unless otherwise noted, it is antitgd that future reclaimed water quality will be

similar to recent reclaimed water quality.

Comparison to Type | Requirements

Current treatment processes consistently meet Typguirements. The turbidity is generally an
order of magnitude lower than required, and the OBSlays well below the 5 mg/l limit.
However, as flows increase toward the design capamme additional treatment capacity (such
as additional filters) may be required to sustaypd | effluent quality. Figure 4-2 shows
VCWWTP effluent quality data for the relevant repseameters for 2006.
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Table 4-1
TWDB Population Projections for Fort Worth Wholesale Wastewater Customers

Entity 2000 2010 2020 2030 2040 2050 206(
Benbrool 20,20¢ 21,00( 25,00( 30,00 36,00( 43,00( 51,00(
Blue Mownd 2,38¢ 2,50( 2,50( 2,50( 2,50( 2,50( 2,50(
Burlesor 3,46: 4,88t 6,21¢ 7,58¢ 9,03t 10,77( 12,82(
Crowley 7,461 9,00( 11,00( 14,00( 19,00( 23,00( 25,00(
Dalworthington Gardet 2,18¢ 2,461 2,65( 2,771 2,85( 2,90z 2,93t
Edgecliff Village 2,55( 2,55( 2,550 2,55( 2,55( 2,55( 2,55(
Evermai 5,83¢ 6,50( 7,10( 7,70( 8,30( 8,90( 9,00(
Forest Hil 12,94¢ 14,33¢ 15,64: 16,98( 18,39. 20,00( 21,00(
Fort Wortt 534,69 632,941 786,30t 953,23"| 1,168,90| 1,477,26| 1,848,755
Haltom City 39,01¢ 44,85t 50,32: 53,05¢ 54,42¢ 55,11 55,45¢
Hurst 36,27: 38,82¢ 41,22¢ 42,84: 43,93: 44,66¢ 45,16"
Kennedal 5,85( 7,50¢ 9,06¢ 10,11 10,82: 11,30¢ 11,62¢
Lake Wortt 4,61¢ 4,85¢ 5,40( 6,00( 6,60( 7,20( 7,50(
North Richland Hill: 55,63t 64,86 73,50: 79,34: 83,28t 85,95: 87,75:
Panteg 2,31¢ 2,31¢ 2,31¢ 2,31¢ 2,31¢ 2,31¢ 2,31¢
Richland Hills 8,13: 8,40( 9,00( 9,60( 10,30( 10,70( 10,85(
River Oak: 6,98¢ 7,10( 7,10( 7,10( 7,10( 7,10( 7,10C
Saginav 12,37 15,99t 19,38: 21,85¢ 23,66( 24,97 25,93(
Sansom Pa 4,181 4,37¢ 4,527 4,64¢ 4,73¢ 4,80« 4,857
Tarrant County MUD #* 5,78¢ 5,73t 5,751 5,761 5,78¢ 5,79¢ 5,81¢f
Wataugi 21,90¢ 23,42 24,63: 25,59¢ 26,36! 26,97¢ 27,46¢
Westover Hill: 65¢ 65¢ 65¢ 65¢ 65¢ 65¢ 65¢
Westworth Villagr 2,12¢ 2,25( 2,37t 2,52¢ 2,70( 2,90( 3,20(
White Settlemer 14,83: 15,80( 17,00( 18,50( 19,00( 20,50( 22,00(
TOTAL 812,43 943,14, 1,131,22( 1,327,24i] 1,569,21 1,901,85| 2,293,26!

% Through 2020, the projections for Tarrant CountyM#1 are taken from the 1999 North Central Texasr@il of Governments Water Quality Management
Plan. A uniform growth rate was applied for latecddes.
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Table 4-2
Water Demand Projections for Fort Worth Wholesale Wastewater Customers (ac-ft)

Entity 2000 2010 2020 2030 2040 2050 2060
Benbrook 4,776 4,893 5,685 6,721 7,984 9,489 11,254
Blue Mound 259 297 300 294 286 283 283
Burleson 3,526 4,119 4,741 5,430 6,159 7,099 8,293
Crowley 1,179 1,361 1,614 2,023 2,703 3,24 3,528
Dalworthington Gardens 693 771 816 847 862 874 884
Edgecliff Village 451 460 451 443 434 428 428
Everman 699 808 859 906 948 1,007 1,018
Forest Hill 1508 1,783 1,892 1,997 2,122 2,285 2,399
Fort Worth 128,77[1149,59¢ 182,321 218,891 265,795 334,259 418,317
Haltom City 6,381 7,135 7,835 8,142 8,231 8,273 8,324
Hurst 7,151 7,524 7,850 8,014 8,070 8,154 8,247
Kennedale 1,081 1,349 1594 1,75 1,867 1,937 1,992
Lake Worth 859 9300 1,010 1,102 1,190 1,290 1,344
North Richland Hills 10,158 12,496 13,832 14,753 15,300 15,693 16,022
Pantego 657 649 641 634 626 621 621
Richland Hills 1,120 1,327 1,381 1,441 1,511 1,558 1,580
River Oaks 1,025 1,010 986 954 931 923 923
Saginaw 2,10y 2,885 3,540 3,942 4,240 4,448 4,618
Sansom Park 576 603 609 609 605 608| 615
Tarrant County MUD #¥ 216 214 215 215 216 216 217
Watauga 2920 3,437 3,532 3,584 3,603 3,657 3,723
Westover Hills 279 276 274 272 270 268 268
Westworth Village 188 244 287 297 308 328 362
White Settlement 2,425 2531 2647 2,818 2,831 3,031 3,253
TOTAL 178,999 206,695 244,912 286,085 337,092 409,976 498,513
60 Percent Return Flow (mgd) 959 110.7 131.2 153.2 180. 219.4 267.0
46 Percent Return Flow (mgd) 736 849 100.4 117.5 138.4 168.4 204.7

%2006 Region C Water Plan for 2000 then uniformgaguita use
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Figure 4-1
Projected Reclaimed Water Supply
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Figure 4-2
Village Creek WWTP Effluent Quality for Regulated Reuse Constitueits
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Irrigation Parameters

Many reuse applications involve using reclaimedew#dr irrigation. In these applications, it is
beneficial and desirable for the effluent to comtautrients (such as nitrogen and phosphorous)
that contribute positively to the health of lawnsdagreen spaces. Figure 4-3 shows the
concentrations of total phosphorus and nitratéen"MCWWTP effluent.

Figure 4-3
Village Creek WWTP Effluent Quality for Nutrients
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In high concentrations, total dissolved solids (JDi&ave adverse effects on vegetation.
Dissolved solids can inhibit the uptake of wateplants or contribute to the inadvertent uptake
of high concentrations of salts, which damage pigsties. A commonly used surrogate for TDS
is chloride, which can begin to adversely affe@ kiealth of plants at levels approximating the
200 to 300 mg/l range. VCWWTP data, not shown handjcate that average chloride

concentrations reach only 100 mg/l. Because of amecerns surrounding solids and salts,
restrictions may be placed on golf course irrigatieater when TDS concentrations exceed 450
mg/l. At concentrations greater than 2,000 mg/e o reclaimed water may be discontinued

altogether until the levels of solids are reduced.
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Other parameters(g, sodium, magnesium, calcium, carbonate, bicarleoriairon, selenium,

pH, and others) may also be important to speaifigation uses.

Cooling Tower Parameters

For use in industrial cooling towers, it may be essary to provide polishing treatment of the
reclaimed water from the VCWWTP. Dissolved solid® @recipitate and result in clogging or
corrosion of pipes. Often, membrane filtration igrarequisite for making reuse water attractive
to industry for these purposes. One of the moréicali parameters for industrial reuse
applications is total hardness, a function of thleiom and magnesium concentrations, because
it often dictates the extent to which deposits farened in cooling tower piping. The average
total hardness of the Village Creek effluent in 2@@as approximately 165 mg/l as Cag tr
2006 it was slightly higher at 176 mg/l as CaClRdustries may have on-site softening systems
that can treat the reclaimed water to acceptabelde Other cations should not be present in
significant quantities, as the alkalinity of theterawas comparable to the hardness levels: 133
mg/l as CaC@and 132 mg/l as CaGQ@or 2005 and 2006, respectively. For other metalsh

as copper and zinc, acceptable levels should rdeted by individual industrial customers,
but these elements were not present at concemtsatat are hazardous to aquatic or human life.
Again, it is likely that specific testing will beenessary, depending on the reclaimed water
customer and the reclaimed water use. Figure 4edvstihe total alkalinity and hardness for
VCWWTP effluent.

Evaporative Makeup Water Parameters

Another application of Type | reclaimed water is Hugmentation of recreational impoundments
and aesthetic water features such as park fountBesause of the high potential for human
exposure in recreational waters, additional testorgoacteria or viruses(g, E. coli) or more
frequent testing may be warranted. In additionjghahg treatment to remove nutrients may be
necessary to minimize algae growth in ponds ordake
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Figure 4-4
Village Creek WWTP Effluent Total Alkalinity and To tal Hardness
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Potential Future Requirements

It is difficult to predict what new federal or statequirements may be applied to discharge
permits in the future. As entities develop mordaieced water projects, total dissolved solids
(TDS) levels may become an issue; some existin@J €ollutant Discharge Elimination System
(TPDES) permits limit TDS concentrations. The EP#s lalso required all states to incorporate
some form of nutrient standards into surface wagtglity standards. Thus, future discharge
permits will likely include a phosphorous limit apdssibly a nitrogen limit; however, this has a
greater impact on conventional discharges than ost meuse applications. As these regulations
are implemented, several types of treatment tedgned, such as denitrification filters, will be

more readily available.
Direct reuse programs reduce the nutrient loadingteiving streams. Therefore, even with the

possible tightening of effluent permit limits, reusould help reduce the impact that more
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stringent permitting requirements would have on YW@&WVWWTP with regard to the requisite

treatment process alterations to meet future limits
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5. Reclaimed Water Demands

Fort Worth’'s 2007Reclaimed Water Priority and Implementation Platentified potential
reclaimed water uses, service areas, reclaimedrwsters, and projected reclaimed water
demands for the Central System and the Southertei8ysThese have been reviewed and

expanded and are summarized in the following sestio
5.1. Guidance

Existing and future water uses should be screematkntify potential direct reuse opportunities.
The screening process may include review of knoangel water users, well records, aerial

photographs, and other information. Potential iewa water uses include:

= Commercial irrigation,

= Commercial process use,

= Golf course irrigation,

= Park and recreational facility irrigation,
= Public facility irrigation,

» Residential irrigation,

= Schools and university irrigation,
= Cooling tower makeup water,

= Gas well drilling use,

= Evaporative makeup water,

= Dust control, and

=  QOther uses.

Once a potential user has been identified, additionformation must be developed, including
the location of use, the type of water use, reaaiiwater quality requirements, annual demand,
and peak demand. This information should be usel@sgn the capacity and treatment facilities
at reclaimed water production facilities and toigeshe reclaimed water conveyance system.

Direct Non-Potable Reuse Guidance Document 5-1
Region C Water Planning Group 4/23/2009



5.2. Potential Reclaimed Water Uses

Potential reclaimed water uses in Fort Worth ineledmmercial irrigation, commercial process
use, golf course irrigation, park and recreatiofaility irrigation, public facility irrigation,

residential irrigation, schools and university gaiion, cooling tower makeup water, gas well
drilling use, and evaporative makeup water. Eatgray has different water use characteristics
such as seasonal variation and frequency of usgessibed below. These characteristics were
used to help define monthly, daily, and hourly pegkfactors that are necessary in design of

transmission facilities.

Definitions

The following definitions are used to quantify derds:

Annual Demand Total annual water demand divided by 365 dayss T$ the average
demand throughout a year.

Peak Month The month with the greatest water demand.

Peak Month Demandrlotal water demand for the Peak Month dividedths number of
days in the month. This is the average demand gltine Peak Month.

Peak Month FactoPeak Month Demand divided by the Annual Averagen@nd.
Peak DayThe day in the Peak Month with the greatest waésnand.

Peak Day Demandrotal water demand for the Peak Day divided byh@drs. This is the
average demand on the Peak Day.

Peak Day FactoPeak Day Demand divided by the Peak Month Demand.

Peak HourThe hour in the Peak Day with the greatest wad¢enand.

Peak Hour Demand otal water demand for the Peak Hour divided bg bour. This is the
average demand during the Peak Hour.

Peak Hour FactoiPeak Hour Demand divided by Peak Day Demand.

Direct Non-Potable Reuse Guidance Document 5-2
Region C Water Planning Group 4/23/2009



System Demand~or customers with available storage, the systemand is the peak day

demand. For customers without available storage,stystem demand is the peak hour

demand.
These definitions can also be written in equatamt

Peak Month Demand = Peak Month Factor * Annual Daina

Peak Day Demand = Peak Day Factor * Peak Monthddem
= Peak Day Factor * Peak Month Factor * Annual vage Demand

Peak Hour Demand = Peak Hour Factor * Peak Daydbéem
= Peak Hour Factor * Peak Day Factor * Peak Mdtabtor
* Annual Average Demand

Impact of Storage

The peaking factors described in the previous eeatiere defined based on projected reclaimed
water demands. These peaking factors will be usedesign transmission facilities to convey
reclaimed water to meet the peak demands. If meeldiwater storage is available, the peak
demands on the transmission system can be redaicéddhe facilities can be designed to convey
lesser flowrates. Storage does not affect the ddnf@mnwater, only the timing with which the

water is provided.

Consider an irrigation user with a Peak Day Dem&rfDD. If this user does not have available
storage and runs the irrigation system Kohours per day, then the Peak Hour Factor i& 24/
and the transmission system must be designed t6 anBeak Hour Demand of 2BBDD/N. If

this user can store reclaimed water, then the mmasson system can be designed to meet a lesser
Peak Hour Demand. The Peak Hour Demandhe transmission systezan be reduced ©DD

with a storage volume of at least (R¥-hours time$’DD.

As a numerical example, assume that the Peak Dayabeé is 0.5 mgd and that the user runs the
irrigation system for 6 hours per day. Without at, the Peak Hour Factor is 4.0 (24 hours/6
hours), and the transmission system must be designmeet a Peak Hour Demand of 2.0 mgd
(4*0.5 mgd). If the user can provide 375,000 gallofstorage [(2 mgd — 0.5 mgd)*6 hours], the
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transmission system can be designed to meet aH@aakDemand of 0.5 mgd (in this situation,

the Peak Hour Demarah the transmission systamthe same as the Peak Day Demand).

Storage can also be placed at key points in aimeethwater distribution system to reduce the
required pipe sizes and pumping capacities in @ustiof the system. As future peak hour
demands increase, storage and pumping capacitg beuhdded to the system to maximize the
system capacity.

Demand Seasonality (Peak Month Factor)

Irrigation use typically peaks during the monthslohe through September, and may sometimes
include May and October as well. The volume of watsed for irrigation during the Peak
Month is projected to be 22 percent of the Annuaihiand volume. Thus, the Peak Month Factor
for irrigation uses is assumed to be 2.64, unless-specific data are available. This Peak Month
Factor is consistent with previous studies prepdoedrort Worth. Most of the reclaimed water
uses considered in this report are irrigation usles; exceptions are commercial processes,

cooling tower makeup, gas well drilling uses, andp®rative makeup water.

Commercial Processes

For most commercial processes, water demand iscigeo remain relatively constant
throughout the year. Therefore, the Peak Monthdfdot commercial process use is assumed to
be 1.0.

Cooling Tower Makeup Water

Demand for cooling tower makeup water is seasomadldepends on the wet bulb temperature,
the cooling tower capacity, and the number of cwpliowers. It was assumed that the Peak

Month Factor for cooling tower makeup water is 2.0.

Gas Well Drilling

Gas well drilling takes place year-round. Sinceehe no apparent seasonality in water demand,
it was assumed that the Peak Month Factor for gdisdnilling demand is 1.0.
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Evaporative Makeup Water

The purpose of evaporative makeup water is to ceplaater lost to evaporation from large
water features. Since evaporative losses deperair temperature, they are highly seasonal and
highly dependent on geographic location. AnalysisT@&/DB net evaporation (evaporation
minus precipitation) daff suggests that an appropriate average Peak MowtbrFar Tarrant
County is 3.06.

Distribution of Peak Month Demands (Peak Day and Peak Hour Factors)

Peak day and peak hour demands may be greatep#fanmonth demands, depending on the
demand characteristics of individual users, desigimrigation systems, and other factors. Peak

Day and Peak Hour Factors are discussed belovatir anticipated reclaimed water use.

Commercial Irrigation

Business or commercial enterprises utilize wateirfa@ation purposes. All customers identified
in the commercial irrigation category were assuneenrigate on a daily basis for a period of 4
hours per day, unless specific information was lalég. This results in a Peak Day Factor of
1.0*” and a Peak Hour Factor of 6.0.

Commercial Processes

Business or commercial enterprises also use watireir processes. All customers identified in
the commercial processes category were assumesketwvater at a constant rate, regardless of
the time of year or time of day, unless user-spedidita were available. For commercial process
use, the Peak Day Factor is 1.0, and the Peak IFamior is 1.0.

% Texas Water Development Board, “Texas Evapora®i@vipitation.” Available URL:
http://midgewater.twdb.state.tx.us/Evaporation/ettpl

7 with a Peak Day Factor of 1.0, the irrigator dtils some discretion regarding the distributiothefirrigation
water. For example, the irrigator could distribate day’s supply over the entire irrigated areal)atdistribute
two days’ supply over one-half the irrigated arta,
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This consistent demand will help to ensure contiusuoperation of the system and reduce the
need for flushing operations. However, many ofdbemercial process demands identified were

small in comparison to the larger users in othéggaries.

Golf Course Irrigation

Golf courses are typically ideal places to initiegelaimed water practices. Golf courses tend to
be large water users due to heavy irrigation. Mainthe courses have water features, or ponds,
that can be used as storage facilities for recldimater. If existing ponds were to be used for
reclaimed water storage, then the peaking factortlie reclaimed water system would be
reduced. However, many courses will not allow digant variations in the water surface
elevation of these ponds, as this could affecta&thetics of the course. For this reason, ponds
are not considered for storage in this analysig, iamvas assumed that golf courses would be
irrigated on a daily basis for 12 hours per daylesm specified otherwise. This assumption
results in a Peak Day Factor of 1.0 and Peak HaatdF of 2.0. If it is determined by the City
and the respective golf course, that its waterufeat could be used as temporary storage, then

the peaking factors should be adjusted, resultirgmore economical design.

Parks and Recreational Facilities

This category includes public and private parks @wdeational areas such as sports complexes.
These areas usually have substantial green spaiceetjuires irrigation to maintain public areas
and sports fields. Parks and recreational areasasito golf courses, are usually excellent
locations to implement reclaimed water projectsk®and recreational areas were assumed to
irrigate once every three days for a period of 8repunless specific information was available.
This results in a Peak Day Factor of 3.0, and & Paur Factor of 3.0.

Public Facilities

Public facilities are government-owned facilitissich as public libraries or courthouses. This
category does not include City-owned parks or golfirses, which are included in separate
categories. Public facilities were assumed to ategonce every three days for a period of 8

hours, unless specific information was availableisTschedule is similar to the parks and
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recreational areas, but the annual average wateankk is typically much less. This results in a
Peak Day Factor of 3.0, and Peak Hour Factor of 3.0

Residential Irrigation

Installation of a reclaimed water system in a prvasly developed residential area would be a
costly endeavor. However, installing a dual watgstem during initial development could be
feasible. The City has had previous discussionk deévelopers in the Mary’s Creek Basin (not
located in the Central or Southern service areagarding installation of a dual water system
during development. In these areas, the residantigation demand was estimated based on the
total acreage of residential areas. Residentialsaneere assumed to irrigate on a daily basis for a
period of 4 hours per day, unless specific inforaratvas available. This results in a Peak Day

Factor of 1.0, and Peak Hour Factor of 6.0.

These assumptions are made based on considerirentine residential area as a whole rather
than considering individual homes. In the abserfceegulations, individual homeowners will

irrigate on different days and at different times.

Schools and Universities

Potential reclaimed water customers also inclutteasls and universities, where reclaimed water
could be used for irrigation purposes. Schools vasseimed to irrigate once every three days for
a period of 8 hours, unless specific informatiors\amailable. This results in a Peak Day Factor
of 3.0, and a Peak Hour Factor of 3.0.

Cooling Tower Makeup Water

Cooling towers remove heat from air-conditioningsteyns or industrial processes by
evaporating water and discharge (or blowdown) &mttid water to maintain target maximum
dissolved solids concentrations. Reclaimed water lma provided to replace the water that is
evaporated and blown down.

Demand for cooling tower makeup water is seasomadldepends on the wet bulb temperature,
the cooling tower capacity, and the number of ewpliowers. It was assumed that the Peak
Month Factor is 2.0, the Peak Day Factor is 1.88,the Peak Hour Factor is 1.0.
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Gas Well Drilling

Recent advances in gas drilling technology havewadtl the natural gas industry to mine gas
deposits in the Barnett Shale formation, locatedlamrant County and several surrounding
counties. As part of the drilling operations, waiteiused to fracture the formation so that the
deposits of natural gas are released. The water fosehis process, referred to as “frac water,”
can be non-potable. Both the Texas Railroad Comomisand the TCEQ have approved use of
reclaimed water for hydraulic fracturing. Approxitely 3 to 4 million gallons of water are
required during the fracturing process for eachl.wlac water is typically stored in “frac
ponds” on site.

It is possible that several drillers will want wagt the same time, but it is not possible to piedi
the timing of gas well drilling demands, and itnist economical to design for a high peaking
factor. Therefore, it was assumed that the Peak E2ayor is 2.0, and the Peak Hour Factor is
1.0.

Evaporative Makeup Water

Large water features generally have sufficientagjerto dampen out the differences between
peak hour and peak month demands. Therefore, alPaakactor of 1.0 and a Peak Hour Factor

of 1.0 were assumed for evaporative makeup water.

Summary of Peaking Factors

The typical peaking factors for monthly, daily, ahdurly water demands are summarized in
Table 5-1. These peaking factors are used unlessfigpnformation is available for a particular

customer.

5.3. Potential Reclaimed Water Service Areas, Users, and Demands

Potential reclaimed water users were identifiedugh analysis of Fort Worth water billing
records, surveys of potential customers, meetingspotential customers, meetings with nearby
cities, meetings with developers, meetings witht Rtiorth Parks and Community Services

Department personnel, meetings with Trinity Rivasi®n Project staff, and review of other
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Table 5-1

Typical Peaking Factors

Category Peak Month | Peak Day | Peak Hour
Factor Factor Factor
Commercial Irrigation 2.64 1.00 6.0
Commercial Process 1.00 1.00 1.0
Golf Course Irrigation 2.64 1.00 2.0
Parks and Rec Irrigatio 2.64 3.00 3.0
Public Facility Irrigation 2.64 3.00 3.0
Residential Irrigation 2.64 1.00 6.0
School Irrigation 2.64 3.00 3.0
Cooling Tower Makeup 2.00 1.25 1.0
Gas Well Drilling 1.00 2.00 1.0
Evaporative Makeup 3.06* 1.00 1.0

*For Tarrant County. This factor should be reevidddor other geographic locations.

studies. The potential reclaimed water users wengpared and ranked based on the amount of
reclaimed water that could potentially be suppltedeach user. Potential users were then
analyzed based on location to identify potentiajguts, or alternatives, for further analysis. The

potential users and demands that have been idhtfie further described in this chapter.

Potential reclaimed water users for the Centrateé®ysand the Southern System are discussed in
the following sections. Figure 5-1, taken from Beclaimed Water Priority and Implementation

Plan,*® shows the general service areas for all propasglidimed water projects in Fort Worth.

Central System

The Central System service area extends west fnenvilage Creek WWTP to the downtown
Fort Worth area near the IH-35W and IH-30 intensectand as far south as Cobb Park (Figure

5-1). Potential reclaimed water uses and usetsarCentral System include:

=  Commercial irrigation (Trinity River Vision),
= Golf course irrigation (Meadowbrook, Sycamore Creeid Woodhaven),

= Park and recreational facilities irrigation (GateviRark, and Sycamore Park),

3 Alan Plummer Associates, Inc. and Chiang, Pat¥efby, Inc., May 2007Reclaimed Water Priority and
Implementation Planprepared for the Fort Worth Water Departmentt Béorth.
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Figure 5-1
City of Fort Worth Reclaimed Water Service Areas
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= Cooling tower makeup water (Harris Methodist Hoslpénd Central Business District),
and

= Evaporative makeup water (Trinity River Vision).

Projected reclaimed water demands are summarizédhte 5-2. The largest potential single use
for the Central System is the Trinity River Visidétroject, a major flood control project in
downtown Fort Worth, which is scheduled to be catgd by about 2015. The Project will
isolate a portion of the current river and estdibbs urban lake to be used for a variety of
boating and water activities. Preliminary infornoatiprovided by Project staff indicates that the
Project could require the following reclaimed watapplies to offset evaporative losses from the
urban lake or other water features and to provaderoercial irrigation water:

= 0.76 mgd annual average
= 2.50 mgd peak month (and peak day)
= 7.50 mgd peak hour

As shown in Table 5-2, storage and pumping capaeityld be provided to limit the peak hour

demand on the reclaimed water system to 2.5 mgd.

The Gateway Park demand has been increased froamtbant shown in thReclaimed Water
Priority and Implementation Plai because the latest planning information for Gage®ark

shows 20 new soccer fields, 2 new baseball fieldd,2 new softball fields.

The demand for cooling tower makeup water was eséchfrom the current square footage of
Class A (4,913,805 square feet) and Class B (3B585square feet) office space in the Fort
Worth Central Business Distritt. Assumptions included 1 ton of cooling capacity B&0

39 Alan Plummer Associates, Inc. and Chiang, Pat¥lefby, Inc., May 2007Reclaimed Water Priority and
Implementation Planprepared for the Fort Worth Water Departmentt Kéorth.

0 Fort Worth Chamber of Commerce, “General MarketiStics,” January 2008. Available URL:
http://www.fortworthchamber.com/eco/docs/GeneralkésBtatistics 000.pdiThere are 7 Class A office
buildings in the Central Business District: the DHdrton Tower (City Center), the Wells Fargo Toy@ity
Center), Burnett Plaza, Carter & Burgess PlazaJEh#organ Chase Bank Building, the Pier 1 Imports
headquarters, and the Radio Shack campus (reqantthased by Tarrant County College). There ar€lags B
office buildings in the Central Business District.
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Table 5-2
Central System Projected Reclaimed Water Demands

Potential Customer Annual System Required | Available Use Reuse
Average | Demand* System Storage Type
Water (mgd) Pressure
Demand (psi)
(mgd)
Central Business District 0.49 1.23 60 No Cooliroyv€r Makeup Il
Cobb Park 0.17 3.96 60 No Park and Rec Irrigation
Gateway Park 0.15 3.48 60 No Park and Rec Irrigatio |
Glen Garden GC 0.09 0.46 0 Yes Golf Course Irragati Il
Harris Methodist Hospital 0.05 0.13 60 No Coolingver Makeup Il
Meadowbrook GC 0.06 1.73 0 Yes Golf Course Irrigyati Il
Sycamore Creek GC 0.03 0.74 0 Yes Golf Coursesltiog Il
Sycamore Park 0.04 0.86 60 No Park and Rec Irogati I
Trinity River Vision Project 0.76 2.50 17 Yes** Byarative Makeup, I
Commercial Irrigation
Woodhaven GC 0.09 1.16 0 Yes Golf Course Irrigation |l
Total 1.93 16.25

*For customers with available storage, the systemahd is the peak day demand. For customers with@ilable storage, the system
demand is the peak hour demand.

**To be constructed as part of project.
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square feet, annual average load factor of 40 perdéet4 gallons of water evaporated per ton-

hour, and 3 cycles of concentration.

Fort Worth has had some initial discussions witk gall drillers regarding the use of reclaimed
water for their operations. Fort Worth has congada@ truck filling station at the Village Creek
WWTP from which trucks can obtain reclaimed water fise in fracturing operations. The
Central System has been designed to accommodatdethands from Table 5-2 and has not
been designed with additional capacity to meetvgabdrilling water demands. Should there be
unused capacity in the Central System after impigation, it may be possible to supply water
for gas well drilling through the Central System antemporary basis. Fort Worth could
potentially serve more demand from the Central&ysf users provide on-site storage.

Other projected demands were taken from Reelaimed Water Priority and Implementation

Plan.

Southern System

The Southern System service area is an area loeageaf IH-35W, to the north and to the south

of IH-20 (Figure 5-1). Potential reclaimed wateesisind users in the Southern System include:

= Commercial irrigation (Alcon Laboratories, Miller r&ving, Federal Correctional
Institution, Tarrant County Resource Connectiom Bolling Hills Tree Farm),

= Commercial process (Ball Metal Container),

= Golf course irrigation (Glen Garden),

= Park and recreational facilities irrigation (Cobhbrle Rolling Hills Park soccer fields,
Rolling Hills Park north fields, Federal Correctarinstitution, Fort Worth Independent
School District (FWISD) athletic fields, Tarrant @dy Resource Connection, and Worth
Baptist Church),

= School and universities irrigation (Tarrant Cou@igllege and O.D. Wyatt High School),

= Cooling tower makeup water (Miller Brewing and MBaird’s Bakeries), and

= Gas well drilling.

Projected reclaimed water demands for the SoutBgstem are summarized in Table 5-3.

Direct Non-Potable Reuse Guidance Document 5-13
Region C Water Planning Group 4/23/2009



Table 5-3
Southern System Projected Reclaimed Water Demands

Region C Water Planning Group

Potential Customer Annual System Required | Available Use Reuse
Average | Demand* System Storage Type
Water (mgd) Pressure
Demand (psi)
(mgd)

Alcon Laboratories 0.38 3.00 60 No Commercial ktign I

Ball Metal Container 0.01 0.01 60 No Commercialdess Il

Federal Correctional Institution 0.01 0.30 60 No nmeercial Irrigation I
Park and Rec Irrigation

FWISD Athletic Fields 0.03 0.68 60 No Park and Regation I

Gas Well Drilling 0.38 0.77 n/a No Gas Well Drillin Il

Miller Brewing Co. 0.19 0.53 60 No Commercial latgn, I
Cooling Water Makeup

Mrs. Baird’s Bakeries 0.10 0.25 60 No Cooling Watkakeup Il

0.D. Wyatt High School 0.01 0.26 60 No School ktign I

Rolling Hills Park North Fields 0.02 0.39 60 No Rand Rec Irrigation I

Rolling Hills Park Soccer Fields 0.15 3.65 60 No rikPand Rec Irrigation I

Rolling Hills Tree Farm 0.02 0.38 60 No Commerdiabation Il

Tarrant County College 0.01 0.31 60 No School #tiign I

Tarrant County Resource Connectio 0.0 0.5 60 No| Commercial Irrigation I
Park and Rec Irrigation

Worth Baptist Church 0.01 0.12 60 No Park and Regdtion [

Total 1.35 11.15

*System demand is the peak hour demand for eachroes.
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The largest potential single peak use for thisesysis for irrigation of the 19 soccer fields at
Rolling Hills Park. Planning information providedy b-ort Worth indicates that the annual
average demand for these fields is 0.15 mgd, wigleak hour demand of approximately 3.65
mgd.

Gas well drilling demands were estimated using is¢\@&ssumptions:

= Water would be supplied to drillers’ trucks at l&rfg station located at the RWPF;
= Cost-effective trucking distance of 30 mifs;

= Horizontal well length of 3,000 feet;

= 3 million gallons water demand for each well;

= 75 percent of area within this radius is accessibkrillers;

= 8 percent of potential wells have already beenedkjland

=  Fort Worth will serve 10 percent of the gas welllidig water demand within this radius.

The potential gas well drilling demands were dmited in time taking into account the

following information:

= Historical well completions,
» Projected maximum completion rate of 360 wellsysr,
= Total potential wells in the radius, and

= A 60-year development period.

With these assumptions, the potential gas wellimgilwater demand is projected to reach a
maximum annual average rate of 0.85 mgd duringpéreod 2010-2014. After this time, the
potential gas well drilling demand is projecteddecline to a steady rate of 0.38 mgd for the
period 2021 through 2067. The demand shown in Tai8es the later, steady rate. Additional
analysis should be performed to determine whethisrgost-effective for Fort Worth to design
infrastructure to meet more of the projected dem®&wséhk demands for gas well drillers depend

on whether drillers are fracturing multiple wellstae same time. A Peak Month Factor of 1.0

1 Some of the demand within the 30-mile radius cdoddnet with reclaimed water from the VCWWTP.
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and a Peak Day Factor of 2.0 have been assumedafomwell drilling water demand, but

additional analysis may be necessary to refinestagsumptions.

The reclaimed water conveyance portion of the SmuthSystem has been designed to
accommodate the demands from Table 5-3 and hdseeotdesigned with additional capacity to
meet gas well drilling water demands. Should thkee unused capacity in the Southern
conveyance system after implementation, it maydssiple to supply water for gas well drilling
through the Southern conveyance system on a temypbesis. Fort Worth could potentially

serve more demand from the Southern conveyancersystisers provide on-site storage.

Irrigation demands at the Federal Correctionalituntsdn, the FWISD Fields, the Rolling Hills
Tree Farm, the Tarrant County Resource Connecéind,Worth Baptist Church were based on
estimated irrigated acreage and an annual irrigatide of 30 inches per year. Other projected

demands were taken from tReclaimed Water Priority and Implementation Plan
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6. Site Selection for a Reclaimed Water Production Facility

Rather than pumping reclaimed water from the VCWWa Rarious reclaimed water demand
locations, it may be more economical to construactaimed water production facility (RWPF)
closer to the reclaimed water demands. RWPFs agdl sreatment facilities located near an
existing trunk sewer that can treat a portion & tlow in the line and deliver it to a nearby
reclaimed water user. Solids generated at an RW&Hdwbe returned to the collection system
and handled at the main WWTP. RWPFs can have deadrantages, including:

= RWPFs can be located close to the point of service;

= RWPFs can treat only the flow needed for reclainvater sales;
6.1. Guidance

Guidance for site selection criteria and discussibthe new TCEQ rules for Reclaimed Water

Production Facilities are presented in this section

RWPF Site Selection Criteria

Factors that should be considered when selectin@R\AfPF site are listed in Table 6-1 and
summarized in the following sections.

Acreage for Treatment Units, Storage, Conveyanadikas, and Buffers

An RWPF site should have sufficient acreage fonpéal wastewater treatment units, reclaimed
water storage, reclaimed water conveyance fad|itd required buffer distances. The size of
the treatment units, storage, and conveyance tfasilwill depend on the wastewater and

reclaimed water design flowrates. The followingfbufiistances applf?

*2 Texas Administrative Code Title 30, Chapter 309
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Table 6-1
Reclaimed Water Production Facility Site SelectiorCriteria

Criterion Criterion Type
Engineering | Environmental Public Regulatory/
Acceptance | Permitting
Acreage for Treatment Units, Storage, Conveyanceiliies, and X X
Buffers
Acreage for Future Expansion X
Minimum Distance from Wells, Potable Water Storaaya] WTPs X X
Proximity to Wastewater Collection System Infrastawe with X
Sufficient Wastewater Supply
Proximity to Reclaimed Water Demands X
Gently Sloping Terrain

Proximity to Existing Roadways

Proximity to Power Supply

Proximity to Permissible Effluent Discharge Locatio
Percentage of Undeveloped Acreage X
Distance from Developed Areas/Property X
Potential for USACE 404 Permitting Issues (FloodplaNetlands, X X X
Endangered Species, Cultural Resources)
Potential for Other Adverse Environmental Condision X X
Predominant Wind Direction X X
Desirability of Site for Other Uses X
Relative Land Costs
Minimal Number of Highway and River Crossings X X
Relative Elevations of Site and Wastewater Intetiarep X
Minimal Number of Property Owners X

*If the RWPF is to be permitted as a Reclaimed WRteduction Facility under TCEQ rules (Chapter ,32dbchapter P), no discharge of effluent is
allowed, and this criterion should not be considefischarge of effluent would require an indivildamestic wastewater permit.

XX | X | X
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=  Wastewater treatment units must be located:

o

(0]

(0]

Outside the 100-year floodplaff.

At least 150 feet from a property line. Additionaquirements may apply to
RWPFs; see Chapter 6.1 for discussion of the RWIRIS r

At least 500 feet from a public water well, sprimy, similar source of public
drinking water.

At least 250 feet from a private water well.

At least 500 feet from an elevated or ground petatdter storage tank.

At least 500 feet from a surface water treatmeaupl

= A wet well or pump station at a wastewater treatnfigcility must be located at least 300

feet from a public water well, spring, or similausce of public drinking water.

= Lagoons with anaerobic activity may not be locatéthin 500 feet of a property line.

In addition, other requirements may apply.

Acreage for Future Expansion

An ideal RWPF site should have sufficient acreagditure expansions to meet projected future

demands.

Proximity to Wastewater Collection System withiSefit Wastewater Supply

An ideal RWPF site would be located adjacent tostexy wastewater collection system

infrastructure, either an interceptor or a lifttsta, which has a sufficient supply of wastewater

to meet projected reclaimed water demands. Thaduthe RWPF site is from such a location,

the more expensive it would be to convey the rastamater to the RWPF.

*3|f any treatment facilities are to be located witthe 100-year floodplain, they must be protedteth
inundation, typically by levees. Construction withihe 100-year floodplain is subject to review by U. S.
Army Corps of Engineers (USACE) under Section 4Dthe Clean Water Act if the land is determinedbéo
within USACE jurisdiction. Construction of leveesthe 100-year floodplain would effectively redube
available valley storage. The USACE will acceptass of valley storage within the 100-year floodplainless
that loss is mitigated. In addition, it must be dastrated that the final project configuration widit increase the
100-year flood water surface elevation. See maeudision on Section 404 permitting in Section PA.1
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Proximity to Reclaimed Water Demands

An ideal RWPF site would be located close to rectal water demands. The further the RWPF
site is from the reclaimed water demands, the neeensive it would be to convey the

reclaimed water to the users.

Gently Sloping Terrain

An ideal RWPF site would have gently sloping terrdiat is conducive to plant construction and
overall hydraulic operation of the plant. Sites véhmore grading would be necessary to prepare

the site would be more expensive.

Proximity to Existing Roadways

An ideal RWPF site would be adjacent to existingdways with the capacity to allow trucks
and construction equipment access to the site.flittber the RWPF site from existing road

access, the more expensive it would be to provigerbad access.

Proximity to Power Supply

An ideal RWPF site would be located adjacent thrag-phase power supply line with adequate
supply. The further the RWPF site is from such @atlmn, the more expensive it would be to

convey power to the RWPF.

Proximity to Permissible Effluent Discharge Locatio

If a wastewater treatment facility is to be peredttwith an individual domestic wastewater
permit, an ideal site would be located adjacerat stream that is a permissible effluent discharge
location. There may be times when the treated eftidrom the treatment facility exceeds the
demand for reclaimed water and/or storage capalitguch situations, it may be desirable to
discharge the treated effluent to a nearby stréfamreceive an effluent discharge permit, Fort
Worth would have to show that dissolved oxygen eotr@tions in the stream will meet the

Direct Non-Potable Reuse Guidance Document 6-4
Region C Water Planning Group 4/23/2009



Texas Surface Water Quality StandattiShe further the site is from a permissible disgear

location, the more expensive it would be to conwvegted effluent to such a location.

If the wastewater treatment facility is to be pdted as a Reclaimed Water Production Facility
under TCEQ rules (Chapter 321, Subchapter P), aterplated for the Southern System, no
discharge of effluent is allowed, and this critarghould not be considered in selecting a site for
an RWPF.

Percentage of Undeveloped Acreage

An ideal RWPF site would be completely undevelopg&ublic acceptance issues may arise if all
or part of the site is already developed.

Distance from Developed Areas/Property

An ideal RWPF site would be distant from developegias or property, particularly residences.
Unfortunately, such a site may also be distant frealaimed water demands. The distance from

developed areas must be balanced with the distameelaimed water demands.

Potential for USACE 404 Permitting Issues

An ideal RWPF site would not impact waters of theited States, threatened or endangered
species, or cultural resources. The implicationsugh impacts are discussed below.

Impacts to Waters of the United States (IncludingtMhds)

Under Section 404 of the Clean Water Act, the WABny Corps of Engineers (USACE) is
responsible for regulating dredged and fill aciegtwhich impact waters of the United States,
including wetlands. Typically, excavation activéido not require authorization by a Section 404
permit. However, projects that involve excavatiah\aties with associated fill activities would
be reviewed for total impacts. The permitting optionclude general permits (both nationwide
and regional) and individual permits. The USACEaremended sequencing is: avoidance of

impacts where practicable, minimization of unavbidaimpacts, and then development of

** Texas Administrative Code Title 30, Chapter 307
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compensatory mitigation to replace the functionghef impacted jurisdictional area. Efforts to
avoid and minimize impacts to delineated jurisdictl areas may facilitate permitting the

proposed project under a general permit.

On-site investigation is necessary to delineatsdistional waters of the U.S. Submittal to the
USACE of a preliminary determination of jurisdiatal waters of the U.S., as well as proposed
project plans, quantification of impacts to jurigthnal areas as a result of the proposed project,
analysis of practicable alternatives for the pragbgroject, and a proposed compensatory
mitigation plan for unavoidable impacts to juridgthoal areas is required for a Section 404
permit application. Determination of the impactstbé proposed facilities to floodplain and
valley storage will be required by the USACE ptimissuance of a Section 404 permit.

Impacts to Threatened or Endangered Species

An evaluation of potential impacts to species tistes endangered or threatened under the
Endangered Species Act or to designated critichltéiawill also be required as part of the
Section 404 permit application review. The StateTekas is also included in the 404 permit
review process and maintains a list of protectextigs that includes the Federally-listed species
but also contains other State-listed species ofc@wn An on-site survey for habitat or
observation of protected species can be coordingitixdthe on-site investigation for delineation
of jurisdictional waters. Copies of coordinationrrespondence with the U.S. Fish and Wildlife
Service (USFWS) and the Texas Parks and Wildlifpddenent (TPWD) should be included
with the 404 permit application submittal to theACE.

In the event that a 404 permit review is not reeglirdisturbance of more than 5 acres of a
project site also triggers the requirement for amsibe survey for protected species and
correspondence with the USFWS and TPWD for assegsmheotential impacts.

Impacts to Cultural Resources

A review for potential impacts to cultural resowscprotected under the National Historic
Preservation Act must be coordinated with the $ac#04 permitting. A search for sites

previously recorded for the area should be conduatea minimum indication of the potential
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for archaeological sites within the project sitep@destrian survey by a qualified archeologist or
a more intensive survey could be required.

Potential for Other Adverse Environmental Condison

An ideal RWPF site would be free of other adverswirenmental conditions, such as
contaminated soil, contaminated groundwater, bugjsliwith asbestos, etc.

Predominant Wind Direction

Predominant winds at an ideal RWPF site would béovay from developed areas, particularly
residences. This would help reduce odor complaantd help address public acceptance
concerns. If the predominant wind direction is wofable at an otherwise-suitable RWPF site,

odor control facilities may be necessary.

Desirability of Site for Other Uses

An ideal RWPF site would be relatively undesiratae other uses but still suitable under other
site criteria. Examples could include sites withanty overhead power lines, gas wells, or

significant industrial development.

Relative Land Costs

An ideal RWPF site would be inexpensive compareather potential sites.

Minimal Number of Highway and River Crossings

An ideal RWPF site would require no highway or rieeossings to convey wastewater from the
collection system to the site and to convey rect@irnwater from the site to the users. The more
highway and river crossings, the more expensive Wastewater and reclaimed water

conveyance facilities would be.

Relative Elevations of Site and Wastewater Intdoorep

An ideal RWPF site would have a minimal differerineelevation between the site and the
wastewater source. The higher the site elevatitative to the wastewater source, the more

expensive it would be to convey wastewater to itee s

Direct Non-Potable Reuse Guidance Document 6-7
Region C Water Planning Group 4/23/2009



Minimal Number of Property Owners

An ideal RWPF site would be owned by only one owiieis more convenient for a utility to

negotiate with one owner than with several ownedsraay speed property acquisition.

Based on the site evaluation criteria shown in @@bl, several potential sites should be selected
for further analysis. A preferred site should blected after consideration of other site-specific
factors (including relative land costs and the intpaf the site choice on conveyance system

pumping requirements and costs).

The TCEQ has recently enacted new rules for “rewdi water production facilities”. The rules

and site selection criteria are discussed below.

Rules for Reclaimed Water Production Facilities

Historically, domestic wastewater permittees weguired to apply for an individual domestic
wastewater permit to construct and operate Recthiviater Production Facilities (or RWPFs).
The review and approval process for an individumhdstic wastewater permit is expensive and
time-consuming for both the applicant and the TCHRe TCEQ has enacted new rdfes
allowing a streamlined authorization process forcl&ened Water Production Facilities at
locations other than the permitted wastewaterrreat facility. Under the rules, WWTP owners
that have an individual domestic wastewater peamit a Chapter 210 reuse authorizafi@an

obtain an authorization to construct and oper&e&aimed Water Production Facility.
The following restrictions would apply to Reclaim@tater Production Faciliti€’s:

= “A reclaimed water production facility may not disrge wastewater or pollutants into
[waters of the state].

= The hydraulic capacity of the reclaimed water puatin facilities may not individually
nor collectively exceed the permitted hydraulic a@fy of the associated domestic

wastewater treatment facility.

> Texas Administrative Code Title 30, Chapter 32db&apter P, effective November 27, 2008.
“® Texas Administrative Code Title 30, Chapter 210
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= A reclaimed water production facility may not betrarized at a flow rate that could
cause interference with the operation of the doimegistewater treatment facility or a
violation of the domestic wastewater treatmentlitgts permit.

= A reclaimed water production facility may not treatdispose of sludge. All sludge must
be conveyed through the collection system to themped domestic wastewater
treatment facility, treated, and disposed of inoadance with the facility's permit and all
applicable rules.

= The owner may not accept trucked or hauled wadtes raclaimed water production
facility.”

The new rules offer two alternatives for meetindféruzone requirements:

= Treatment units must be located at least 150 feat the nearest property line, or

= The RWPF must meet an alternative “enhanced” buftere designation that requires
one of the following: “(1) a treatment unit not &ed in a building may not be located
closer than 300 feet to the nearest property [Bea treatment unit located within an
enclosed building that is not equipped with exhaaist systems and odor control
technology may not be located closer than 150dééhe nearest property line; or (3) a
treatment unit located within an enclosed buildaagiipped with exhaust air systems and
odor control technology may not be located clobant50 feet of the nearest property

line.”

The TCEQ adopted the RWPF rules on November 5, ,2808 the rules became effective
November 27, 2008.

In the sections below, potential Southern RWPFss#dee described, and the recommended
Southern RWPF site is presented.

6.2. Potential RWPF Sites for Southern System

In previous planning, it was assumed that the Swouottsystem would be supplied from the

VCWWTP. However, it may be more economical to cardtan RWPF near the Southern
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System demands. Using the site selection critageudsed above, three potential RWPF sites

are shown in Figure 6-1.

Site 1

Site 1 is located near the southeast corner ointieesection of I-20 and I-35W. The property is
54.6 acres in size and is mostly undeveloped, thighexception of a gas well in the southwest
guadrant. The center of Site 1 is located withioutli,200 feet of sewer main M-275C, which is
anticipated to have sufficient flow to support auhern RWPFE! Site 1 is owned by Golden
Investments. Surrounding land use includes sirggtedfy residential to the east, Alcon

Laboratories to the south, I-35W to the west, aartisand gravel mining to the north.

Site 2

Site 2 is located north of I-20 near Carter Parklennorth side of the Tarrant County Resource
Connection. The property is 39.9 acres in sizeianhdeveloped. The center of Site 2 is located
within about 1,700 feet of sewer main M-275B, whishanticipated to have sufficient flow to
support a Southern RWPFESite 2 is owned by Tarrant County. Adjacent pareeke owned by
Tarrant County and the City of Fort Worth. Surromgdand use includes park/open space to the

east, north, and west, and the Tarrant County Resdonnection to the south.

Site 3

Site 3 is located north of I-20, along Campus Diawel south of Circle Drive, on the southeast
side of the Tarrant County Resource Connection. fioperty is 25.469 acres in size and is
undeveloped. The center of Site 3 is located widbout 5,200 feet of sewer main M-275B,
which is anticipated to have sufficient flow to popt a Southern RWPE.Site 3 is owned by

Tarrant County. The ownership and land use for cadja parcels are listed below:

" Fort Worth’s calibrated dry-weather flow under 2afbnditions indicates the following flows in theveer
interceptors: approximately 6.8 mgd near Site 1appuroximately 7.3 mgd near Sites 2 and 3. Singe th
contributing population has grown significantly 2000, existing dry-weather flows are expectduketgreater.

8 Assuming that the wastewater diversion pipelinailgidollow Circle Drive.
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Figure 6-1
Potential Southern RWPF Sites
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6.3.

Tarrant County owns the parcels to the west ariddsoutheast of the site. These parcels
are undeveloped. Beyond the west parcel is theama@ounty Resource Connection.
Tarrant Appraisal District records list “Marbur D&8useum Dist” as the owner of a
parcel on the north side of the site (5000 Camptigeld This property contains the
Tarrant County Campus Dialysis center.

Worth Baptist Church owns another parcel to themof the site. This parcel is used for
church and athletic activities.

The City of Fort Worth owns the parcel to the gastross Campus Drive). Fort Worth
operates the Rolling Hills Tree Farm on this parcel

Tarrant Appraisal District records show that themaening parcels to the east and south of
the site are owned by Fossil Creek Realty, Inc.oMwmn Meador Estate; and D & K
Family. The majority of this area is undevelopedt, there are parking lots covering the
southern portions of two parcels. Two automobileleeships and Interstate Highway 20

are located further to the south.

Recommended Site for Southern RWPF

Site 3 is the recommended site for the Southern RVIR@asons to favor this site over the other

potential sites include the following:

Proximity to reclaimed water demands allows a kgensive conveyance system with
lower pump horsepower requirements and shortesaraller pipelines.

Gentler topography than other sites.

Not located adjacent to parks or residences.

Proximity to major roads better suited for a trditling station to accommodate demand

for reclaimed water for gas well drilling.

However, for some of the same reasons, this latidikely be more expensive to acquire than

the other site&’

9 Tarrant Appraisal District data indicate that #ppraised value of Sitel is $8,712 per acre, tpaiapd value of
Site 2 is $10,000 per acre, and the appraised wl8é&e 3 is $32,670 per acre.
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7. Conceptual Design of a Reclaimed Water Production Facility

In this chapter, reclaimed water quality requireteg@advanced treatment technologies, and a

conceptual design for the Southern RWPF are disdussd presented.

7.1. Guidance

The water quality required for each potential reckd water use should be identified, using site-
specific information where it is available. The #afale reclaimed water quality should be
compared to the water quality requirements to dater whether additional polishing treatment
is necessary. In addition, advanced wastewateintezd technologies that minimize the required
treatment footprint and produce the required wateity should be considered for new RWPFs.
Finally, conceptual designs should be developedNovTP/RWPF improvements or for new
RWPFs based on the projected reclaimed water desrearatiquality requirements.

For the Fort Worth direct reuse project, reclainveater quality requirements are described,
existing wastewater treatment processes are icahtipotential advanced treatment technologies
for an RWPF are discussed, and a conceptual désighe Southern RWPF is presented in the

following sections.

7.2. Reclaimed Water Quality Requirements

Texas Administrative Code Title 30, Chapter 210umegs limits on turbidity, fecal coliforms,
and BOD for Type | and Type Il reclaimed water,pedively (Table 2-1). Each potential
reclaimed water demand has been classified as Typelype Il (Tables 5-2 and 5-3). It has
been assumed that reclaimed water users with @#efic water quality requirements will be

responsible for on-site polishing treatment oftbeaimed water prior to use.

7.3. Description of Existing Wastewater Treatment Processes

The VCWWTP currently employs conventional liquideatment processes consisting of
screening, primary clarification, biological treant, final clarification, filtration, and
disinfection. Unless otherwise noted, it is an@ten that future reclaimed water quality from the
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VCWWTP will be similar to recent reclaimed wateratjty. Recent reclaimed water quality is

discussed in Section 4.3.

Current treatment processes consistently meet Tygpguirements. The turbidity is generally an
order of magnitude lower than required, and the OBSlays well below the 5 mg/l limit.
However, as flows increase toward the design capaomme additional treatment facilities (such
as additional filters) may be required to sustaypd’| effluent quality.

7.4. Advanced Treatment Technologies for an RWPF

Selection of treatment technologies for an RWPF tnooesisider aesthetics, reclaimed water
quality requirements, space requirements, lifeeydsts, potential for odor, and operation and
maintenance issues. Advanced treatment technoldigéésshould be considered for oxidation

and clarification at an RWPF include: biologicalated filters, integrated fixed-film activated

sludge systems, moving bed biofilm reactors, secjungnbatch reactors, and membrane
bioreactors. Disinfection through ultraviolet ligtttould also be considered. A summary of these
processes and the conventional facilities that #rdyance or replace is shown in Table 7-1, and

a summary of the treatment efficiencies relativedoventional facilities is shown in Table 7-2.

Oxidation and Clarification

Each advanced oxidation and/or clarification predssliscussed in detail below.

Biological Aerated Filters (BAF)

Biological aerated filters are attached-growth psses that can remove suspended solids and
organics with high efficiency. Nitrification, denfication, and phosphate removal are also
possible with such systems. They combine aerolitodical treatment and biomass solids
separation by depth filtration. Biological aeratéiters have a smaller footprint than for
conventional aeration basins and do not requireecrslary clarifier. They also have low
operating costs, convenient operation, and aresteggi to shock loadings. The main
disadvantages include a more complex instrumemtana controls system and a higher capital

cost than activated sludge treatment.
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Table 7-1
Installation of Advanced Treatment Technologies Wi Respect to Conventional Facilities

Technology Technology Installed by Insertion into Technology Replaces Conventional Facilities
Conventional Facilities
Aeration Secondary | Disinfection Aeration Secondary | Disinfection
Basins Clarifiers Basins Clarifiers
Biological Aerated Filters X X
Integrated Fixed-Film Activated Sludge X
Systems
Moving Bed Biofilm Reactor X
Sequencing Batch Reactors X X
Membrane Bioreactors X
Ultraviolet Light X
Table 7-2
Treatment Efficiency?® of Advanced Wastewater Treatment Technologies Relae to Conventional Technology
Process BAP | IFAS® [ MBBR’ | sBR® | MBR’ uv®
Oxidation and Clarification greater greater greatergreater greater n/a
Denitrification greater greater greater greater esam n/a
Phosphorus Removal same prsame or| same or| same or| same or n/a
greater | greater | greater | greater | greater
Organics Removal same Qr same or| same or| same or| same or n/a
greater | greater | greater | greater | greater
Disinfection n/a n/a n/a n/a n/a samg

& A process has “greater” efficiency if it can pide the same level of treatment with a smaller gdat. For
some processes, the relative efficiency dependBeodesign; such cases are denoted “same or gteate
® Compared to aeration basins followed by clarfier

¢ Compared to chlorination.
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Integrated Fixed-Film Activated Sludge Systems §FA

This process incorporates a fixed-film system thi conventional activated sludge process. The
fixed-film is placed in the aerobic zone of an &erabasin, providing a large surface area for
microorganism growth. The IFAS system results iditahal biomass, increasing the treatment
capacity for a given aeration basin size. Volunseatitrification rates can be improved by these
systems, and denitrification is also possible. Thpital cost for aeration basins with IFAS is
typically 20 to 25 percent greater than for aerati@msins alone, and the operating costs are
similar to those for conventional treatment. Fipalleration basins with IFAS media are more
resistant to shock loadings.

Types of fixed-film media include structured sheeknitted fabric. Free-floating media retained
by screens in the aerobic zone, such as sponges ampoleother types of plastic sections, are also
used. Designs for IFAS systems are largely empidecee to a limited understanding of the

complex issues related to the biofilm.

Moving Bed Biofilm Reactor (MBBR)

Like the IFAS process, the Moving Bed Biofilm Reagprocess is based on the aerobic biofilm
principle. Small polyethylene cylinders are addedan aeration basin to promote biofilm

growth. The MBBR process is similar to an IFAS syst but there is no return activated sludge.
Instead, all of the microbiological treatment tak@ace in the biofiim. The MBBR process

results in additional biomass, increasing the tnesit capacity for a given aeration basin size.
The capital cost for aeration basins with MBBRypitally 20 to 25 percent greater than for
aeration basins alone, and the operating costsirarkar to those for conventional treatment.

Sequencing Batch Reactors (SBRS)

Sequencing batch reactors are activated sludgegses that have multiple processes occurring
in a single basin in a batch process. Wastewatsided to a batch reactor, and the processes of
equalization, aeration and mixing, and settlingetplace for a given time. At the end of the time
period, the treated supernatant is decanted fremeéctor and conveyed to the filtration and/or
disinfection processes. SBRs have a smaller foutpinan conventional treatment facilities. In

addition to oxidation and nitrification, SBRs car hsed for denitrification and phosphorus
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removal by modifying the length of the aeration leycShould regulations change to include
nutrient limits, SBRs would be a feasible treatmtahnology. The capital cost for SBRs is
similar to the capital cost for comparable convamai facilities, and operating costs are similar
to those for conventional treatment. However, SB&giire a sophisticated instrumentation and

controls system.

Membrane Bioreactors (MBRS)

MBRs can achieve advanced organic and suspendel$ seinoval rates via a combination of
membrane filtration and biological activated sluggecesses. Their ability to fit well into small

sites makes them an excellent treatment choicRWPFs. Enhanced nutrient removal is also
possible. Compared to conventional treatment fasli the MBR process allows for smaller
aeration basins and replaces secondary clarifi¢rs.absence of a clarifier results in high mixed
liquor concentrations (between 8,000 to 15,000 InlyIBRs have higher solids retention times

than conventional facilities and produce less studg

Wastewater flows into grit removal and screeningnohers before the biological process. A
mesh screen (1 to 3 mm) removes debris. An aefasth maintains the solids in suspension
and provides oxygen for the microorganisms. If tidimation is necessary, an anoxic zone can
be created within the basin. Biomass is retainedsudymerged membranes with flat-sheet or
hollow fiber configurations. Also, breakdown of ader range of carbon sources is possible, as
many enzymes and soluble oxidants are retainedhdyntembranes, making for a more active
biological mix. A return activated sludge line rel®s concentrated mixed liquor back to the

aeration basin.

The MBR process produces a high quality effluertiable for reclaimed water applications with
biochemical oxygen demands (BOD) and total suspesdéds concentrations less than 2 mgl/l.
Easy automation, reduced odor generation, and eedsgasceptibility to upsets due to flow

variations are some of the other benefits of usiBRs.

The main disadvantage is the relatively high céstroMBR unit. Aeration increases the energy

costs, and membranes are susceptible to foulingshwhay require cleaning. Skilled personnel
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are often required for operation and maintenancere@dtly, there is no standard configuration;

all manufacturers have a proprietary design.

Disinfection

A disinfection unit must succeed each of the adednmxidation and clarification technologies
discussed in the previous section. UltraviolettlighV) is an advanced disinfection technology
that can be used in place of chlorination. A sntdllorine system would be necessary to

maintain a chlorine residual in the reclaimed water

Advantages of UV disinfection over chlorination lude a smaller footprint, minimization of
disinfection by-products, and reduced chlorine ajeror delivery frequency. However, a UV

disinfection system is more costly to install ape@te.

The advantages and disadvantages of the advancgeweder treatment technologies discussed

in this section are summarized in Table 7-3.

Table 7-3
Advantages and Disadvantages of Advanced Wastewat€reatment Technologies
Advanced Treatment Advantages Disadvantages
Technology
Biological Aerated Filter « Small footprint * More complex
(BAF) « No secondary clarifier instrumentation and control
required  Higher capital costs than
» Shock-load resistance conventional activated
« Nitrogen and phosphorus ~ sludge process
removal possible » Mainly used for industrial
» Low operating costs processes
Direct Non-Potable Reuse Guidance Document 7-6
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Table 7-3 (Continued)
Advantages and Disadvantages of Advanced Wastewatéreatment Technologies

Advanced Treatment Advantages Disadvantages
Technology
Integrated Fixed-Film ¢ Increased treatment » Empirical design due to
Activated Sludge capacity due to additional limited understanding of
System (IFAS) biomass complex issues related to
» Can achieve higher the biofilm
organic loadings with » Media can become clogged
smaller basin volumes due to biomass overgrowth

» Shock-load resistance * Fixed media can impede
« Longer sludge age results  proper mixing in the basin
in improved nitrification | < 20 to 25 percent greater

[

rates capital costs for aeration
* Denitrification possible basins
» Decreased clarifier solidg
loading
Moving Bed Biofilm * Increased treatment « Empirical design due to
Reactor (MBBR) capacity due to additional  limited understanding of
biomass complex issues related to
» Can achieve higher the biofilm
organic loadings with » Media can become clogged
smaller basin volumes due to biomass overgrowth

» Shock-load resistance » Mainly used for industrial
» Longer sludge age results processes
in improved nitrification « 20 to 25 percent greater

[92)

rates capital costs for aeration
* No sludge return basins
Sequencing Batch » Oxidation and » Sophisticated
Reactor (SBR) clarification processes instrumentation and
take place in a single controls
reactor * Requires a high level of
e Can be used for operator training, process
denitrification and efficiency dependant on
phosphorus removal operation
» Smaller footprint » Shock-load resistance

* Process flexibility to
control filamentous
bulking
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Table 7-3 (Continued)

Advantages and Disadvantages of Advanced Wastewatéreatment Technologies

Advanced Treatment
Technology

Advantages

Disadvantages

Membrane Bioreactor
(MBR)

 Combines a bioreactor

and microfiltration as one
unit process.

Can replace or
supplement secondary
clarification and effluent
filtration.

Achieve higher
volumetric loading rates
and shorter reactor
hydraulic retention times
Longer sludge retention
times resulting in less
sludge production
Operation at low DO
concentrations with
potential for simultaneous
nitrification-
denitrification in long
sludge retention time
designs

Phosphorus removal
High-quality effluent in
terms of low turbidity,
bacteria, TSS, and BOD
Small footprint making it
very suitable for RWPFs
Less odor generated

* Higher capital and

operating costs
Increased energy costs
Membranes are subject to
fouling. Maintenance and
cleaning of membrane is
expensive and time-
consuming.

Requires significant pre-
treatment to protect the
membranes (grit removal,
etc.)

Requires skilled personne
for operation and
maintenance

UV Disinfection

Small footprint
Minimization of
disinfection by-products

Reduced chlorine storage

or delivery frequency

D

Chlorine addition
necessary to maintain
residual in treated water
More costly to install and
operate
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7.5. Conceptual Design of the Southern RWPF

The treatment facilities recommended for the Sautf®VPF include fine screens, membrane
bioreactors (MBRs), and ultraviolet (UV) disinfemii. MBRs were selected because of their
small footprint and low turbidity in the produceeclaimed water. UV disinfection was selected
because it has a small footprint, it minimizes rdesttion by-products, and it reduces chlorine
storage or delivery frequency. Other facilities wbinclude odor control and reclaimed water

storage.

The Southern RWPF would provide a peak-day treatroapacity of 5 MGD and reclaimed
water storage of 2 million gallon$ This treatment and storage capacity would allosvRWPF

to serve the projected peak hour demand of 10.7DNi&ble 5-3 and Figure 7-1). Based on the
projected annual average demand of 1.35 MGD, theh®mn RWPF would have a peak day-to-
annual average capacity ratio of 3.71. The Soutf®MPF is expected to produce Type |

reclaimed water.

It is anticipated that the Southern RWPF would nega minimum of 11 acres, assuming a 150-
foot buffer zone between the property line andrahtment units’ It is advisable to acquire a
larger site to allow for expansion and/or to allimwva larger buffer area.

* This is a large storage facility. Design and Eoaping efforts should be made to reduce the visyzdct of the
reclaimed water storage.

*1 Texas Administrative Code Title 30, Chapter 32db&apter P, effective November 27, 2008.
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Figure 7-1
Southern RWPF Storage Requirement
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8. Conceptual Design of the Reclaimed Water Conveyance Systems

In this chapter, pipeline routing considerations discussed, and the conceptual designs for the

reclaimed water conveyance systems are presented.

8.1. Guidance

All requirements of a reclaimed water conveyancestesy should be identified. These
requirements may include: WWTP/RWPF location(s)iveey location(s), polishing treatment
location(s), phasing of the system to reflect timeirtg of water needs or water availability,
existing easements, availability of additional @asets, cost minimization, pumping

requirements, reclaimed water blending requiremems other requirements.

The reclaimed water conveyance system should beriebs to meet peak demands, as
determined in Chapter 5. Some direct reuses, péatlyg irrigation, can have relatively low
annual demands but relatively high peak hour demanhere it is cost-effective, storage should
be included to reduce system costs and/or incrgaesetional flexibility.

After the requirements for a reclaimed water comweg system have been identified,
conceptual designs for the system should be desdlops discussed in Chapter 9, the
conceptual designs for the reclaimed water convey/aystem will be used to develop opinions
of probable cost for these facilities. For the Rafdrth direct reuse project, the pipeline routing
evaluation and the conceptual design of the red@dinvater conveyance system are presented

below.

8.2. Pipeline Routing Considerations

The reclaimed water conveyance systems must cormagimed water from the VCWWTP to
the customers for the Central System and from ihetHern RWPF to the customers for the
Southern System. To minimize system costs, thecteglepipeline routes were as direct as

possible and minimize the number of highway aneastr crossings.
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8.3. Conceptual Design of Reclaimed Water Conveyance Systems

This section describes the planned facilities amgh@sed project phasing for the Central System
and Southern System service areas. Constructiba tmmpleted by the City has been separated
into phases denoted by a number (i.e. Phase 16.2, Ripelines to be constructed by a customer

are included as separate phases denoted by a nambeharacter (i.e. Phase 4a, 5a, etc.).

Central System

The main trunk line of the Central System is anlitile long, 36/30/24-inch diameter
transmission main constructed primarily within éxig City easements and right-of-way
(ROW). The Central System is proposed to be coct&dun six phases. Figure 8-1 shows a map
of the construction phasing for the Central Sys8arvice Area.

= Phase 1 includes a 1,785-hp pump station constratt¢éhe Village Creek WWTP, 5.8
miles of 36-inch transmission main along Randoll Ribad, and a 10-inch pipeline to the
Woodhaven Golf Course.

= Phase 2 includes a 0.5-mile long, 30-inch diamexension of the transmission main
along Randol Mill Road, and a 10-inch pipelineite Meadowbrook Golf Course.

» Phase 3 includes 2.3 miles of 30-inch transmissioain, 2.5 miles of 24-inch
transmission main along 1st Street and Beach/MitSteeet, and a 16-inch pipeline to
provide reclaimed water to Gateway Park.

» Phase 4 includes a 0.5-mile long, 18-inch trangomssain along Vickery Blvd.

o Phase 4A includes 8-inch pipelines, to be constdidily others, to distribute
reclaimed water to Sycamore Park and the SycamolfeGsurse.

= Phase 5 includes construction of a 2.4-mile lon@;inth transmission main along
Vickery Blvd, and a 2.3-mile long, 16-inch pipeliadong Henderson Street and Main
Street to provide reclaimed water to the TrinitywéiVision project corridor. A 2-MG
ground storage tank and 7.5-MGD booster pump statith be constructed at the Trinity
River Vision project location. Construction of aognd storage tank will allow for a
decreased pumping and pipeline capacity from VCWWTRe savings in reduced
pipeline and pumping costs was determined to muae tompensate for the additional

cost of a ground storage tank and booster pumjostat
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Figure 8-1
Central Reclaimed Water Conveyance System
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o Phase 5A, to be constructed by Harris Methodistpltals is a 6-inch pipeline
from the Phase 5 pipeline to the Harris Methodisspital on Pennsylvania Road.

= Phase 6 includes a 16-inch pipeline to Cobb PankgaBerry Street.
0 Phase 6A, to be constructed by the Glen Garden Gailirse, includes a 6-inch

pipeline to supply reclaimed water to the Glen @arGolf Course.

Southern System

The Southern System is proposed to be construatidei phases. Figure 8-2 shows a map of the

construction phasing for the Southern System SeArea.

= Phase 1 includes a 105-hp pump station and 0.% mofl&6-inch diameter force main to
convey wastewater from interceptor M275B to the FBVB 5-MGD RWPF located
along Campus Drive south of Circle Drive (Site 3)nillion gallons of reclaimed water
storage; a 604-hp pump station to supply the nexdediwater conveyance system; and a
truck filling station to accommodate demand fordasoed water for gas well drilling.

= Phase 2 includes 0.1 miles of 30-inch diameterstrassion main proceeding east from
the RWPF to Campus Drive, 0.9 miles of 10-inch digentransmission main proceeding
north on Campus Drive, and 0.3 miles of 6-inch ditantransmission main to serve the
Tarrant County Resource Connection. Phase 2 vad abrve O.D. Wyatt High School,
Worth Baptist Church, and Rolling Hills Tree Farm.

= Phase 3 includes 0.5 miles of 18-inch diameterstrassion main proceeding east along
Joe B. Rushing Road to serve the Rolling Hills Paogcer fields.

o Phase 3A, to be constructed by Tarrant County Gelland the Fort Worth
Independent School District (FWISD), includes améh pipeline along C. A.
Robertson Boulevard to supply Tarrant County Calemd FWISD athletic
fields.

*» Phase 4 includes 2.1 miles of 16-inch transmissi@in and 0.2 miles of 14-inch
transmission main south along Campus Drive to Alcaboratories.

o Phase 4A, to be constructed by others, includesclé-ipipelines to supply
reclaimed water to Ball Metal Container Corporatittiller Brewery, and Mrs.

Baird’s Bakery.
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Figure 8-2
Southern Reclaimed Water Conveyance System
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= Phase 5 includes 0.5 miles of 8-inch and 0.2 mife&-inch diameter transmission main
proceeding east along East Seminary Drive to sr@edRrolling Hills Park North Fields
and the Federal Correction Institution.
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9. Costs and Benefits

This chapter presents a summary of probable cartgiruand operation and maintenance costs

for each system and an evaluation of potential fitsref the reclaimed water systems.
9.1. Guidance

To assess the feasibility of a potential directseeproject, project costs and benefits should be
considered. Opinions of probable capital, annuadl anit costs should be developed for the
conceptual treatment and reclaimed water conveyapstem designs discussed in Chapters 7
and 8. The costs that are included and excludedldhoe stated, the assumptions used in
developing the costs should be stated, detailediams of cost should be presented, and a basis

for comparing costs for different alternatives dddae established.
Additional costs and benefits that can be evalumteldde:

= Deferral of capital costs
o0 Water system capacity expansion,
0 Wastewater system capacity expansion, and
o Raw water supplies.
= Avoidance of operating expenses
o Purchase of treated water
o Purchase of raw water
o0 Water treatment expenses

= Loss of revenue from potable water sales

The value of deferring capital costs can be esanhas the present value of the difference in
debt service payments with and without deferrak Value of avoided operating expenses can be
estimated as a unit cost multiplied by all or pafrtthe projected reclaimed water demand, as

appropriate.

Opinions of probable costs and benefits are desgritelow for the Fort Worth direct reuse
project.
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9.2. Opinions of Probable Cost

Opinions of probable cost for the Central and SewtlSystems are presented in Appendix A
and summarized in Table 9-1. These costs were aleeelusing the same assumptions that were
used in the 200Reclaimed Water Priority and Implementation PtArexcept that costs were
updated from fourth quarter 2006 dollars to secqudrter 2007 dollars using the Engineering
News Record (ENR) Construction Cost Index (CClUpdated cost tables are presented in
Appendix B.

The values shown in Table 9-1 reflect the estimatesd to construct and operate each project to
serve the projected demands defined in ChapteioSopérational cost for wastewater treatment
was included for the Central System. This cost ataguted to the wastewater system since this
treatment would have to occur regardless of whedherclaimed water system is developed. In
addition, the cost of constructing a truck fillistation at the Southern RWPF to supply gas well

drilling demands was not included in Table 9-1.

The Central System is similar to Alternative Cltive 2007Reclaimed Water Priority and
Implementation Plaf’ except that it would provide cooling tower makeuater in the Central
Business District, would serve additional demamd&ateway Park, and would serve the Glen
Garden Golf Course (Table 5-2). Although the capitsst for the Central System is slightly
greater than for Alternative C1, the annual averdgmand is much greater, resulting in a

weighted unit cost that is approximately 33 perdewer.

The Southern System is similar to Alternative Sltha 2007Reclaimed Water Priority and
Implementation Plaf® except that it does not serve Cobb Park or Glenl&aGolf Course and
does serve several additional customers in thaitycof the RWPF (Table 5-3). Although the
capital cost for the Southern System is greaten tlwat Alternative S1, the annual average

demand is also greater, resulting in a weightetiagst that is slightly lower.

%2 Alan Plummer Associates, Inc. and Chiang, Pat¥lefby, Inc., May 2007Reclaimed Water Priority and
Implementation Planprepared for the Fort Worth Water Departmentt Réorth.

3 The December 2006 ENR CCI was 7888, and the J0@@ ENR CCI was 7939, a 0.6 percent increase.
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Opinions of Probable Cost for Central and SoutherrSystems

Table 9-1

System | Annual | Peak | Capital Debt Pipe and Reclaimed Energy Unit Cost | Unit Cost | Weighted
Average | System | Cost Servic€ Pump Water (Blyr) — First 20 | — After Unit
Demand | Demand | ($MM) ($lyr) Station Production Years 20 Years Cost’
(MGD) | (MGD) Maintenance| Facility ($/1,000 | ($/1,000 | ($/1,000
($lyr) O&M gal) gal) gal)
($1yr)
Central 1.93 16.25 $32.81 $2,746,000 $312,000 $0 8,089 $4.48 $0.58 $2.14
Southern 1.35 11.15 $29.11 $2,435,000 $167,000 ,8208 $45,000 $5.80 $0.85 $2.83
TOTAL 3.28 27.40 $61.92 $5,181,00( $479,000 $208,00 $143,000 $5.02 $0.69 $2.42
®Assumes a capital recovery period of 20 years armhaual interest rate of 5.5 percent.
PWeighted unit cost is the average unit cost oveyesrs
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9.3. Indirect Benefits and Costs

As new water resources become more costly andculiffto obtain, the benefits of using

reclaimed water are becoming widely recognized hiesc and utilities around the world.

Although negative public perception of reclaimedteavause can sometimes hinder or delay
efforts to implement reclaimed water programs, éhy@srceptions are often alleviated with public
education and information programs that emphasfetys and the benefits of reclaimed water
use to the community. The following sections ddmcsome of the potential benefits to the City
of Fort Worth and its current and future water syppquirements. The monetary value of these

benefits was not estimated.

Reduction of Potable Water Demand

A leading driver for the implementation of reusejpcts is the reduction of potable water
demand. Potable water can be replaced by reuse foaigrigation of crops, parks, golf courses,
and other green spaces. This is particularly relfeivastates such as Texas, when summer usage
can be significantly greater than that of wintensumption due to irrigation demands. Water
reuse has also been identified as a Best ManageRrantice for water conservation by the
Water Conservation Implementation Task Force estaddl by the 78th Texas Legislature.
Reducing the potable water demand would help tiye €@inserve its potable water supply, defer
expansion of water treatment plants, and deferresipa of the water distribution system. These
topics are discussed in the next sections.

Reduced Per Capita Potable Water Use

Reduction of potable water demand is critical tgquigng permits for future water supplies,
particularly those that would require an interbasiansfer. To obtain interbasin transfer
authorization, applicants must demonstrate that Have “developed and implemented a water
conservation plan that will result in the highesaqticable levels of water conservation and
efficiency achievable within the jurisdiction ofetlapplicant.> Implementation of the reclaimed

water system would demonstrate the City’'s commitnterefficient use of its water resources

** Texas Administrative Code, Title 30, Chapter 287d)(2).
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and could put the City and/or its raw water suppll@rrant Regional Water District (TRWD), in

a position to obtain grants or low-interest-ratedung from the TWDB. Therefore, in addition to
other water conservation efforts, development whter reuse program will provide for efficient
use of the City's water resources and will as$ist TRWD in securing necessary future water
supplies to meet anticipated growth within the @tyFort Worth and surrounding areas. Figure
9-1 shows projections of the per capita reductiopatable demand (3 to 4 gallons per capita per
day after full implementation) that would resulbrn development of Central and Southern
Systems.

Figure 9-1
Projected Reduction in Per Capita Potable Water Usge Due to Reuse
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Deferral of Potable Water Treatment Capacity Expams

The reduction in potable water demand has impbaoatifor the potential improvements needed
at Fort Worth water treatment plants. The North NHdVater Treatment Plant (WTP) has no
space for further expansion and space at the Sdatty WTP is limited. The 2005 Water

Direct Non-Potable Reuse Guidance Document 9-5
Region C Water Planning Group 4/23/2009



Master Plan predicts that several expansion pmjecnew facilities will be needed in the next

two decades.

Figure 9-2 shows projected potable water demangrbgsure plane through the planning year
2025. The required water treatment capacity of Méorth WTPs, as determined by the 2005
Water Master Plan (MP), is denoted by the red lihe;capacity needed after implementation of
the Central and Southern Systems is shown in é®ygan be seen, there is a difference between
the capacity required with and without the reclaimeater system. Some of the required
capacity expansions can be delayed by approximatety years. It was assumed that all
reclaimed water supplied to meet the demands ihe$di2 and 5-3 would replace potable water
supplied from Fort Worth WTPs, with the exceptidrgas well drilling demands.

Deferral of WTP improvements results in deferracoéts that would otherwise be incurred by
the City of Fort Worth. Based on costs presenteth@2005 Fort Worth Water Master Plathe
benefit to the City of deferring the WTP improverterdentified above was determined to be
approximately $4.14 million in 2007 dollars. Desadf this benefit calculation are provided in
Appendix C.

Deferral of Potable Water Distribution Capacity Exgsion

Additionally, improvements needed for potable waterage and pumping facilities, piping, and
other water distribution system facilities bendfim a reduced potable demand, particularly
when this demand is reduced during peak usagedser@ue to the difficulty of identifying
specific facility deferrals within the water didtution system, and their relatively low

anticipated value, no quantitative evaluation deding these facilities was performed.

Deferral of Wastewater System Capacity Expansion

It has been assumed throughout this document ltleaSbuthern RWPF would be permitted
under the new Reclaimed Water Production Facilitgs® Since these rules do not permit a

discharge of treated effluent from the RWPF andvalbperation of the RWPF only when there

% Texas Administrative Code Title 30, Chapter 32dbchapter P, effective November 27, 2008.
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Figure 9-2
City of Fort Worth Projected Water Treatment NeedsWith and Without Reuse Projects
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is a demand for reclaimed water, downstream wasésviacilities must be designed to convey
and treat the full wastewater flow. Therefore, nefedral of wastewater system capacity

expansion is projected due to the Southern RWPF.

However, if Fort Worth were to obtain a TPDES de&de permit for the Southern RWPF, some

deferral of wastewater system capacity expansionbmegossible.

Deferral of Additional Raw Water Supply

In addition to replacing potable water demands wettlaimed water, reuse projects can defer the
need for new raw water supplies. TA@06 Region C Water Plgprojects that Fort Worth will
obtain additional raw water from TRWD and that TRWID obtain additional water with the
water management strategies shown in Table 9-ZrBfof these raw water supply strategies
would reduce costs for TRWD as a whole and alsefueffrort Worth indirectly.

Table 9-2
Projected Future TRWD Capital Costs for Additional Raw Water Supply
Strategy Development Dates Quantity TRWD
for TRWD | Share of the
(ac-ftlyr) Capital
Cost
($MM)
Third East Texas Pipeline and Reuge 2010, 2018 7688, $626.35
Marvin Nichols Reservoir 2030, 2050 280,00d $1,432,
Toledo Bend Reservoir 2050, after 2060 200,000 3ELO®
Oklahoma Water 2060 50,000 $287.35

However, the Fort Worth Central and Southern Systara projected to provide relatively small

amounts of water (approximately 3,677 ac-ft/yr) pamed to the strategies in Table 9-2.
Therefore, it appears unlikely that any of thesmydaprojects, many of which would be

developed in partnership with other regional wateoviders, would be delayed based on
implementation of the Fort Worth Central and Southeuse projects, and no estimates of the

benefit of deferral of additional raw water supphg presented.

9-8
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Other Benefits

Other benefits include the expanded availabilityr@tlaimed water, the dependability of the
reclaimed water supply, and reduction of loadset®iving streams. These benefits are discussed

in the following sections.

Expanded Availability of Reclaimed Water

The proposed Central and Southern Systems wouddblestt reclaimed water infrastructure that
could make reclaimed water available and attractivenew customers that have not been
considered in this analysis. Sales of additionalaimed water to new customers would help
defray the system cost and result in additionadlpletwater savings. In addition, the Central and
Southern Systems would establish multiple publianeples of irrigation with reclaimed water

and other reuse applications. This could raisgtbéle of direct reuse, provide public education

opportunities, and attract new customers.

Dependable Supply

Reuse water provides a new water supply sourcesti@mild be compared on an equal basis to
other potential surface and groundwater sourcediding new reservoirs. As a water supply
source, reclaimed water is particularly attractregause the supply is relatively consistent, even

during periods of drought, and actually increasepapulation increases.

Reduction of Load to Receiving Streams

Direct reuse projects reduce loads of BOD and ottmstituents to receiving streams. In
addition, the reduction in load is likely to be aest during dry weather when irrigation
demands are high, flow in the receiving streanovs, land the assimilative capacity of the stream
is at its minimum. This load reduction can havenp#ng implications for dischargers, who
may be able to defer future permit requirements @r@ more stringent. The impact is
particularly important in light of the EPA’s curieeffort to begin incorporating nutrient criteria
into surface water quality standards. AlthoughTRHEQ is still exploring different strategies for
the development of nutrient criteria, it is likelyat these criteria will be established within the

next several years.
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For irrigation uses, elevated nutrient levels gpacally desirable and can decrease the amount
of required fertilization. Therefore, even with ra@tringent requirements for receiving streams,

it is likely that nutrient reduction would not beaessary for reclaimed water primarily used for

irrigation, potentially resulting in reduced treamt costs in the future.

Net Loss of Potable Water Revenue

Since direct reuse projects reduce potable waterthey also reduce revenue from the sale of
potable water. The lost revenue would be partiaffget by reduced raw water purchase, raw
water treatment, and potable water distributiontscoafter full implementation of the Central

and Southern Systems, the probable net annuabfogstable water revenue is approximately

$472,000, based on the following assumptions:

» Potable water rate of $1.80 per 100 cubic fee) foefindustrial users.

» Potable water rate of $2.15 per ccf for commenasars.

» Potable water rate of $0.00 per ccf for City usdgges assumed that payment from one
City department to another does not truly represargnue.

» Rate of $1.00 per ccf to purchase raw water, ta@atwater, and distribute treated water.

= Cobb Park and Rolling Hills North not currentlyigated.

= Gas well drillers and Trinity River Vision not cently using potable water.

= Net loss of revenue based on a mix of actual hestbuse and projected demands.

Summary of Indirect Benefits and Costs

As discussed in the previous section, a numbelenéfits can be attributed to the development
of reclaimed water systems. Many of these bendétaot have a direct monetary value and are
difficult to quantify in terms of a cost savingsttee City. However, as referenced above, deferral
of WTP facility expansions and net loss of potabkger revenue are quantifiable and can be
included in the cost of the reclaimed water syst@able 9-3 provides a summary of the net

opinion of probable cost with these indirect betsedind costs included.

With indirect benefits and costs, the systemwideégimted-average unit cost of the reclaimed
water is approximately $2.69 per thousand galloasetd on full utilization of the projected

demands.
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Table 9-3
Opinions of Probable Cost for Central and SoutherrSystems (With Indirect Benefits and Costs)

System Annual Peak Capital | Avoided Debt Pipe and Reclaimed Energy Probable Unit Cost — | Unit Cost— | Weighted
Average | System Cost Capital Servicd Pump Water ($lyr) Net First 20 After 20 Unit
Demand | Demand | ($MM) Cost* ($lyr) Station Production Revenue Years Years Cost!
(MGD) | (MGD) (SMM) Maintenance Facility Loss’ ($/1,000 | ($/1,000gal)| ($/1,000
($lyr) O&M ($lyr) gal) gal)
($1yr)
Central 1.93 16.25 $32.81 $2.76 $2,515,000 $312,000 $0 $98,000 $338,000 $4.63 $1.06 $2.44
Southern 1.35 11.15 $290.11 $1.34 $2,320,00D $167,00  $208,000 $45,000 $119,000 $5.81 $1.10 $2.98
TOTAL 3.28 27.40 $61.92 $4.14 $4,835,000 $479,000 208300 $143,000 $457,000 $5.12 $1.08 $2.6P
& Credit for deferral of WTP expansions. The bengéis distributed on basis of the portion of the ahawerage reclaimed water demand that
otherwise would have been supplied with potableewat
b Assumes a capital recovery period of 20 years arghaual interest rate of 5.5 percent.
¢ See Section 9.3 for assumptions.
4 Weighted unit cost is the average unit cost oveyess.
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10. Permitting Issues

General guidance on permitting issues for direaseeand a discussion of specific permitting

issues for the Fort Worth direct reuse projectpaesented below.
10.1. Guidance
Permits and authorizations required to implemetitect reuse project may include:

= Chapter 321 reclaimed water production facilityreuization,

= Section 404 permit that allows discharge of dredgedill material into waters of the
United States,

= Chapter 210 reuse authorization that allows directse to be incorporated into the
project,

= Stormwater discharge permits if construction widitdrb more than one acre, and

= Other permits and authorizations.

The reasons for each of these permits and authionsashould be discussed, and any particular

difficulties should be identified.

Permits or authorizations that are potentially rezplifor the Fort Worth direct reuse project are

discussed below.
10.2. Chapter 321 Reclaimed Water Production Facility Authorization

Fort Worth must obtain a Chapter 321 authorizafienom the TCEQ to construct an RWPF. To
do so, the City must demonstrate that it will méa¢ general, design, and buffer zone
requirements and restrictions that the rules requir

% Texas Administrative Code Title 30, Chapter 321.
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10.3. Section 404 Permit

Under Section 404 of the Clean Water Act, the WABny Corps of Engineers (USACE) has
jurisdiction over discharge of dredged or fill nmadé into waters of the United States.
Construction of pipelines and an RWPF for the rememded project will probably require a
Section 404 permit from the USACE.

10.4. TPDES Discharge Permit

The City discharges treated wastewater effluenthftbe Village Creek WWTP (TPDES Permit

No. 10494-013) to the West Fork Trinity River. Usfereclaimed water as evaporative makeup
water for the Trinity River Vision Project would mstitute a second discharge of treated effluent.
Therefore, the TPDES discharge permit for the gél&reek WWTP would have to be amended

to include the additional discharge location.

Although it has been assumed throughout this doourtteat the Southern RWPF would be
permitted according to the TCEQ’s RWPF rules (®ecti0.2), it may be possible to obtain a
TPDES discharge permit for the Southern RWPF. TWosld add flexibility by allowing the

MBR to maintain more consistent operation during ttiemand periods and could allow flushing

of remote lines if two or more outfalls are desigaia
10.5. Chapter 210 Reuse Authorization

Fort Worth has obtained a Chapter Z1@use authorization from the TCEQ that would allow
direct reuse from the Central and Southern Systdimsobtain this authorization, Fort Worth
demonstrated that it would meet the general remergs, quality criteria, design, and

operational requirements that Chapter 210 reqtimedirect reuse projects.

" Texas Administrative Code Title 30 Chapter 210¢&\d$ Reclaimed Water.”
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10.6. Stormwater Discharge Permit

If construction is required over an area greatentbne acre, a stormwater permit will be needed
from the TCEQ. It is likely that the project woultk covered under General Permit No.
TXR150000. To obtain this coverage, Fort Worth wionéed to file a notice of intent to begin
construction, prepare pollution prevention plansgl amaterials, and notify TCEQ staff upon

completion of construction.
10.7. Miscellaneous Authorizations

There may be other miscellaneous approvals requirech the TCEQ before pursuing
construction of any facilities. For instance, thigy@vould need to obtain approval for the design
of any wastewater treatment facilities contempldigdhese options. The wastewater treatment
design requirements are located in Title 30 Texdsifistrative Code Chapter 217. There may
also be permits associated with obtaining rightsvay for conveyance pipelines. These and
other authorizations would need to be fully addedsm the preliminary design report for the

project.
10.8. Other Regulatory Issues

As discussed elsewhere in this document, implertientaf direct reuse projects could help Fort
Worth (or its wholesale supplier) obtain an inteibharansfer authorization for future raw water
supplies (Chapter 9.3) and could potentially hedffed more stringent future TPDES effluent
quality requirements (Chapter 9.3).

In addition, new TCEQ rules (discussed in Chaptdr @&llow a streamlined authorization
process for Reclaimed Water Production Facilitieslacations other than the permitted
wastewater treatment facility for WWTP owners thave an individual domestic wastewater

permit and a Chapter 210 reuse authorization.
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11. Selection of Preferred Alternatives

Guidance on selecting the preferred direct reusernatives and selection of the preferred

alternatives for the Fort Worth direct reuse progee presented below.

11.1. Guidance

From the various direct reuse alternatives thaehasen evaluated to this point, the preferred

alternative(s) should be selected, based on camasgides such as:

= Opinions of probable cost,

= Ancillary benefits,

= Anticipated treatment performance,

= Ease of operation and maintenance,

= Probability of public acceptance,

= Implementation timing,

= Legall/institutional considerations,

= Uncertainties (in projected water quality, opiniaigprobable cost, permitting, etc.), and

= Other considerations.

Selection of the preferred direct reuse alternatfee Fort Worth is discussed below.

11.2. Selection of the Preferred Direct Reuse Alternatives for Fort Worth

The Central and Southern direct reuse alternatieesmmended in th2006 Region C Water

Plan and in the 200Reclaimed Water Priority and Implementation Plaawve been refined and

updated as a case study for this document. Basevalnation of potential customer demands,
conceptual designs for treatment and delivery systepermitting issues, the opinions of
probable cost, and the potential benefits, bothjepts appear to be feasible, and it is
recommended that Fort Worth proceed with implentemiaof the Central and Southern
Systems. The City should continue to explore adtiwe financing approaches, including federal

or state grant or loan programs, and participdtiom customers and/or developers.
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The Central and Southern reclaimed water projectddvprovide significant benefits to the City
by reducing per capita potable water usage, helfmngchieve water conservation goals, and
deferring water and wastewater system facility @spans. Implementation of these reclaimed
water systems would demonstrate Fort Worth’s comenit to efficient use of its water
resources. This commitment is critical to the sascef acquiring new water supply sources
necessary to support future growth within the Gihd in other communities within TRWD’s

service area.

The cost analysis presented in Chapter 9 was baseithe projected demands presented in
Chapter 5. Experience with other established neddi water systems suggests that once
facilities are in place, demand for reclaimed watken exceeds projected values. Although the
“if we build it, they will come” strategy is not #iout risk, most reclaimed water systems must,

to some extent, rely on uncommitted future demaadisstify initial implementation.
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12. Implementation Plan

Guidance on developing an implementation plan aedrhiplementation plan for the Fort Worth

direct reuse project are discussed below.
12.1. Guidance

The implementation plan should consist of a scledflactions to be taken and an associated
schedule of capital expenditures. Implementatidioas should be scheduled in a logical order

and should show the critical path and any decipmnts.

When a direct reuse project includes customerssacnaultiple cities and/or CCNs, there are
significant permitting and cost-sharing issues tmaist be resolved prior to implementation.
Consider an example where City A is the reclaimedewproducer and the potential users are
located in City A and City B. City A would provideclaimed water to retail customers (within
City A) and a wholesale customer (City B). City Buwid resell the reclaimed water to its retail
customers (within City B). In this case, both Giti& and B would have to obtain authorizations
for direct reuse of reclaimed water under Chaptéd. 2n addition, issues such as sharing of

capital costs, system ownership, and reclaimedrwates must be resolved.
12.2. Implementation Plan for Fort Worth

Changes in the Central and Southern Systentg projected demands, pipeline routes, RWPF
location, project timing, etc.) have occurred sirtike implementation plan presented in Fort
Worth’s Reclaimed Water Priority and Implementation PtThe plan was quite detailed, and
many of the elements of the plan remain unchangethé results of this study, particularly
administrative, testing, permitting, and marketegtions. For such matters, the plamains
unamended. Only the elements of the implementatian that specifically concern the Central

and Southern Systems are revised in this section.

%8 Alan Plummer Associates, Inc. and Chiang, Pat¥lefby, Inc., May 2007Reclaimed Water Priority and
Implementation Planprepared for the Fort Worth Water Departmentt Béorth.

Direct Non-Potable Reuse Guidance Document 12-1
Region C Water Planning Group 4/23/2009



The next steps for implementation are outlined abl& 12-1. A summary of the proposed
construction phasing is provided in Figure 12-1¢d an detailed implementation timeline is

presented in Figure 12-2.

Table 12-1
Implementation Steps for Central and Southern Reclamed Water Systems

FISCAL YEAR 2010-2011
* Perform flow monitoring to verify that 5 mgd ofastewater is available for diversion from the ioggtor
(M275B/290+88).
* Perform routing delineation and surveying for 8min System, Phase 1, 2, and 3 pipelines.
* Perform environmental permitting for Southern t8ys, Phase 1, 2, and 3 pipelines.
FISCAL YEAR 2011-2012
* Begin and complete right-of-way acquisition aresiin for Southern System, Phase 1, 2, and 3 pg=li
* Perform routing delineation and surveying for 8mrn System, Phase 4 and 5 pipelines.
* Perform environmental permitting for Southern t®8ys, Phase 4 and 5 pipelines.
FISCAL YEAR 2012-2013
* Begin and complete construction of Southern Systehase 1, 2, and 3 pipelines.
* Begin and complete right-of-way acquisition arebin for Southern System, Phase 4 and 5 pipelines.
* Perform routing delineation and surveying for @ahSystem, Phase 1 pipeline and pump station.
* Perform environmental permitting for Central Syst Phase 1 pipeline and pump station.
FISCAL YEAR 2013-2014
* Begin and complete construction of Southern Systéhase 4 and 5 pipelines.
* Begin and complete right-of-way acquisition arebin for Central System, Phase 1 pipeline and mtatmon.
* Perform routing delineation and surveying for @ahSystem, Phase 2, 3 and 4 pipelines.
* Perform environmental permitting for Central Syst Phase 2, 3 and 4 pipelines.
FISCAL YEAR 2014-2015
* Begin construction of Central System, Phase Elpie and pump station.
* Begin and complete right-of-way acquisition aresin for Central System, Phase 2, 3 and 4 pipeline
FISCAL YEAR 2015-2016
* Complete construction of Central System, Phapgéline and pump station.
* Begin and complete construction of Central SystBhase 2 pipeline.
* Begin construction of Central System, Phase &lpip.
* Begin and complete construction of Central SystBhase 4 pipeline.
* Perform routing delineation and surveying for @ahSystem, Phase 5 and 6 pipelines.
* Perform environmental permitting for Central Syst Phase 5 and 6 pipelines.
FISCAL YEAR 2016-2017
* Complete construction of Central System, Phap@8line.
* Begin and complete right-of-way acquisition aresin for Central System, Phase 5 pipeline.
* Begin and complete right-of-way acquisition aresin for Central System, Phase 6 pipeline.
FISCAL YEAR 2017-2018
* Begin construction of Central System, Phase ®lpig.
* Begin and complete construction of Central SystBhrase 6 pipeline.
FISCAL YEAR 2018-2019
* Complete construction of Central System, Phapg8line.
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Figure 12-1
Construction Phasing for Central and Southern Reclamed Water Systems

Fiscal Year, Phase and Capital Costs in Millions obollars*

Project 1 ~5012-201; | 2013-201. | 2014-201' | 2015-2011 | 2016-201 | 2017-201i | 2018-201
Phase $ 08
Phase 4 ($0
Central Phase 4a ($0.19
Phase $6.0
Phase 5a ($0.16)
Phase 6.a (;BO..ll

Phase 1 ($25.02)
Phase 2 ($0.77)
Phase 3 ($0.46)

Phase 3a ($0.12

Phase 4 ($1.94)

Phase 4a ($0.55)

Phase 5 ($0.25)
*Financed by Fort Worth Water Departm:
*Financed by Custom

The recommendation to implement the proposed reekdi water projects is based on the

Southern

likelihood of customer interest and feasibility thie projects. The City should pursue further
discussions with potential customers to finalizeitltommitment to reclaimed water use. Other
potential customers identified in this report shibalso be contacted directly to confirm their

interest, needs, and expectations.
12.3. Construction and Startup Issues

No significant construction or startup issues watentified for the Central and Southern

Systems.
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Figure 12-2
Detailed Implementation Timeline for Central and Saithern Reclaimed Water Systems

2009 |

2010 |

2011 |

2012 |

2013 ]

2014 ]

2015 |

2016 |

2017 |

2018]

2019 | 2020 |

CENTRAL SYSTEM

Phase 1

Route Delineation/Survey

ROWI/Design

Construction

Phase 2

Route Delineation/Survey

ROW/Design

Construction

Phase 3

Route Delineation/Survey

ROW/Design

Construction

Phase 4

Route Delineation/Survey

ROW/Design

Construction

Phase 5

Route Delineation/Survey

ROWI/Design

Construction

Phase 6

Route Delineation/Survey

ROWI/Design

Construction

SOUTHERN SYSTEM

Phase 1

Route Delineation/Survey

ROW/Design

Construction

Phase 2

Route Delineation/Survey

ROW/Design

Construction

Phase 3

Route Delineation/Survey

ROWI/Design

Construction

Phase 4

Route Delineation/Survey

ROWI/Design

Construction

Phase 5

Route Delineation/Survey

ROWI/Design

Construction
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Appendix A: Opinions of Probable Cost for Central and Southern Systems



Hydraulic Evaluation and Opinions of Probable Cost
Fort Worth Central Reclaimed Water System

Velocity: 5 ft/sec C= 130
. . — Total Pipeline
Annual Avg. | Peak Demand Desng.n Cf?lculaletli I?eS|gn Pipeline Land Cost -
ID # From To Phase Demand (mgd) (mgd) Capacity Diameter Diameter Elpellne Start End Max. Cap.
(mgd) (in) (in) Distance Length Unit Cost? Cost ROW (ft) Area® Unit Cost Cost Maintenance | Elevation | Elevation |Static Head Velocity Head |Req. Pressure
(mile) (ft) (acre) Costs* (ft) (ft) (ft) (mgd) __Loss (ft) Head (ft) TDH
1 VCWWTP 1 1 1.93 16.25 16.25 30.4 36 5.80 30,600 $ 231.49 $7,084,000 0 0.0 $30,000 $0 $7,084,000 $78,000 472 496 24 3.6 32.7 0 57
2 1 2 2 1.84 15.09 15.09 29.3 30 0.49 2,600 $ 201.29 $523,000 0 0.0 $30,000 $0 $523,000 $6,000 496 499 3 4.8 5.9 0 9
3 2 3 3 1.78 13.36 13.36 27.5 30 2.31 12,200 $ 201.29 $2,456,000 0 0.0 $30,000 $0 $2,456,000 $27,000 499 506 7 4.2 22.1 0 29
4 3 4 3 1.63 9.88 9.88 23.7 24 2.52 13,300 $ 171.10 $2,276,000 20 6.1 $30,000 $183,000 $2,459,000 $25,000 506 576 70 4.9 40.8 0 111
5 4 5 6 0.26 4.42 4.42 15.8 16 1.02 5,400 $ 104.67 $565,000 20 25 $30,000 $75,000 $640,000 $6,000 576 575 -1 4.9 26.9 0 26
6 4 6 4 1.37 5.46 5.46 17.6 18 0.34 1,800 $ 124.80 $225,000 20 0.8 $30,000 $24,000 $249,000 $2,000 576 530 -46 4.8 7.5 0 -39
7 6 7 4 1.33 4.60 4.60 16.1 18 0.19 1,000 $ 124.80 $125,000 20 0.5 $30,000 $15,000 $140,000 $1,000 530 563 33 4.0 3.0 0 36
8 7 8 5 1.30 3.86 3.86 14.8 16 2.42 12,800 $ 104.67 $1,340,000 20 5.9 $30,000 $177,000 $1,517,000 $15,000 563 620 57 4.3 49.5 0 107,
9 1 Woodhaven GC 1 0.09 1.16 1.16 8.1 10 0.08 400 $ 67.43 $27,000 0 0.0 $30,000 $0 $27,000 $0 496 510 14 3.3 1.7 0 16
10 2 Meadowbrook GC 2 0.06 1.73 1.73 9.9 10 1.08 5,700 $ 67.43 $384,000 20 2.6 $30,000 $78,000 $462,000 $4,000 499 530 31 4.9 49.3 26 106
11 3 Gateway Park 3 0.15 3.48 3.48 14.1 16 0.57 3,000 $ 104.67 $314,000 0 0.0 $30,000 $0 $314,000 $3,000 506 522 16 3.9 9.6 138 164
12 5 Cobb Park (A) 6 0.17 3.96 3.96 15.0 16 0.15 800 $ 104.67 $84,000 20 0.4 $30,000 $12,000 $96,000 $1,000 575 552 -23 4.4 3.3 138 118
13 20 Cobb Park (B) 6 0.17 3.96 3.96 15.0 16 0.45 2,400 $ 104.67 $251,000 20 1.1 $30,000 $33,000 $284,000 $3,000 642 630 -12 4.4 9.8 138 136
14 6 Sycamore GC (A) 4A 0.03 0.74 0.74 6.5 8 0.08 400 $ 45.29 $18,000 0 0.0 $30,000 $0 $18,000 $0 530 525 -5 3.3 21 0 -3
15 7 Sycamore GC (B) 4A 0.03 0.74 0.74 6.5 8 0.44 2,300 $ 45.29 $104,000 0 0.0 $30,000 $0 $104,000 $1,000 563 555 -8 3.3 12.2 4 8|
16 6 Sycamore Park 4A 0.04 0.86 0.86 7.0 8 0.08 400 $ 45.29 $18,000 0 0.0 $30,000 $0 $18,000 $0 530 532 2 3.8 2.8 138 143
17 8 Harris Meth. Hosp. 5A 0.05 0.13 0.13 2.7 6 0.45 2,400 $ 39.25 $94,000 15 0.8 $30,000 $24,000 $118,000 $1,000 620 640 20 1.0 1.9 138 160
18 8 TRV/CBD 5 1.25 3.73 3.73 14.5 16 2.27 12,000 $ 104.67 $1,256,000 20 5.5 $30,000 $165,000 $1,421,000 $14,000 620 529 -91 4.1 43.7 40 -7
19 21 Glen Garden GC 6A 0.09 0.46 0.46 5.1 6 0.30 1,600 $ 39.25 $63,000 15 0.6 $30,000 $18,000 $81,000 $1,000 625 640 15 3.6 14.3 4 33
20 5 20 6 0.26 4.42 4.42 15.8 16 0.59 3,100 $ 104.67 $324,000 20 1.4 $30,000 $42,000 $366,000 $4,000 575 642 67 4.9 15.5 0 82
21 20 21 6A 0.09 0.46 0.46 5.1 6 0.78 4,100 $ 39.25 $161,000 15 1.4 $30,000 $42,000 $203,000 $2,000 642 625 -17 3.6 36.8 0 20
118,300 $17,692,000 29.6 $888,000/ $18,580,000 $194,000

Onit
Pump Station No Name Capacity Design N::iéf:;" Headloss _ Req. R:qunresd R:qunresd Pump Station AVAS:;ZInd : Design Diameter C:;:ge Headloss Static R:quwesd R:quwesd Power A
. (mgd) Diameter (in) (mgd) Static Head Pressure TDH ower ower Cost® : Pipe Length (in) Yy (ft) Head TDH ower ower Cost | Annual Power | Annual Maint.
ID# (mgd) (ft) Head (ft) (ft) (hp) (kw) (mgd) (ft) (ft/sec) (ft) (ft) (hp) W) | (gkwh) Cost Cost’
WRC 0.0

0 TRV Pump Station 7.50 0 0 40 40 70 52 $513,000 0.76 0.00 0 40 7 5 $0.10 $5,000 $15,000

1g VCWWTP to Harris Methodist 16.25 163 168 138 469 1785 1331 $3,432,000 1.93 10.58 168 317 143 107 $0.10 $93,000 $103,000
1 VCWWTP 1 16.25 36 3.6 32.7 24.0 412.7 1.93 30600 36 0.42 0.63 24.0
2 1 2 15.09 30 4.8 5.9 3.0 403.8 1.84 2600 30 0.58 0.12 3.0
3 2 3 13.36 30 4.2 22.1 7.0 374.7 1.78 12200 30 0.56 0.53 7.0
4 3 4 9.88 24 4.9 40.8 70.0 263.9 1.63 13300 24 0.80 1.45 70.0
6 4 6 5.46 18 4.8 7.5 -46.0 302.5 1.37 1800 18 1.20 0.58 -46.0
7 6 7 4.60 18 4.0 3.0 33.0 266.5 1.33 1000 18 1.16 0.30 33.0
8 7 8 3.86 16 4.3 49.5 57.0 159.9 1.30 12800 16 1.44 6.62 57.0
17 8 Harris Meth. Hosp. 0.13 6 1.0 1.9 20.0 138.0 0.05 2400 6 0.39 0.35 20.0

TRV Storage 2.00 $845,000
Total: $4,790,000 Total: $98,000 $118,000
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Hydraulic Evaluation and Opinions of Probable Cost
Fort Worth Central Reclaimed Water System

ID # From To Design Capacity Capital Cost Annual Operation and Maintenance Cost
WRC Cost Pump Station & Storage Pipeline Land Contingency | Permitting & |Interest During| Total Capital Debt Service Energy Cost Pipe Maint. | PS Equip. Maint. [ Total Annual
Storage Tank & Fees Mitigation Construction Cost (First Years)

1 VCWWTP 1 16.25 $3,432,000 $0 $7,084,000 0| $3,326,000 $105,000 $1,093,000 $15,040,000 $1,259,000 $93,000 $78,000 $103,000 $1,533,000
2 1 2 15.09 $523,000 0 157,000 $5,000 $26,000 $711,000 $59,000 $6,000 $65,000
3 2 3 13.36 $2,456,000 0 737,000 $25,000 $252,000 $3,470,000 $290,000 $27,000 $317,000
4 3 4 9.88 $2,276,000 $183,000 683,000 $23,000 $248,000 $3,413,000 $286,000 $25,000 $311,000
5 4 5 4.42 565,000 75,000 170,000 6,000 $31,000 847,000 71,000 6,000 77,000
6 4 6 5.46 225,000 24,000 $68,000 2,000 $12,000 331,000 28,000 2,000 30,000
7 6 7 4.60 125,000 15,000 $38,000 1,000 $7,000 186,000 16,000 1,000 17,000
8 7 8 3.86 $1,340,000 $177,000 $402,000 $13,000 $151,000 $2,083,000 $174,000 $15,000 $189,000
9 1 Woodhaven GC 1.16 $27,000 $0 $8,000 $0 $3,000 $38,000 $3,000 $0 $3,000
10 2 Meadowbrook GC 1.73 $384,000 $78,000 $115,000 4,000 $22,000 603,000 50,000 4,000 54,000
11 3 Gateway Park 3.48 $314,000 $0 94,000 3,000 $32,000 443,000 37,000 3,000 40,000
12 5 Cobb Park (A) 3.96 $84,000 $12,000 25,000 1,000 $5,000 127,000 11,000 1,000 12,000
13 20 Cobb Park (B) 3.96 $0 $251,000 $33,000 75,000 3,000 $14,000 376,000 31,000 3,000 34,000
14 6 Sycamore GC (A) 0.74 $18,000 0 $5,000 $0 1,000 $24,000 $2,000 $0 $2,000
15 7 Sycamore GC (B) 0.74 $104,000 0 $31,000 $1,000 5,000 $141,000 $12,000 $1,000 $13,000
16 6 Sycamore Park 0.86 $18,000 0 $5,000 $0 1,000 $24,000 $2,000 $0 $2,000
17 8 Harris Meth. Hosp. 0.13 $94,000 $24,000 $28,000 $1,000 $12,000 $159,000 $13,000 $1,000 $14,000
18 8 TRV/CBD 3.73 $513,000 $845,000 $1,256,000 $165,000 $852,000 $26,000 $286,000 $3,943,000 $330,000 $5,000 $14,000 $15,000 $364,000
19 21 Glen Garden GC 0.46 $0 $63,000 18,000 19,000 1,000 $4,000 105,000 $9,000 1,000 10,000
20 5 20 4.42 $324,000 42,000 97,000 3,000 $18,000 484,000 $41,000 4,000 45,000
21 20 21 0.46 $161,000 42,000 48,000 2,000 $10,000 263,000 $22,000 2,000 24,000
$0 $3,945,000 $845,000 [ $17,692,000 $888,000 [ $6,983,000 $225,000 $2,233,000 $32,811,000 $2,746,000 $98,000 $194,000 $118,000 $3,156,000

Years Amortized Capital Annual Power Cost | Annual O&M Total Annual Unit Cost
Costs, 20 Yrs @ 5.5% $) Cost (Excluding (6] ($/1,000 gal)
Power)
1-20 $2,746,000 $98,000 $312,000 $63,120,000 $4.48
20-50 0 $98,000 $312,000 $12,300,000 $0.58
TOTAL Total = $75,420,000
AVERAGE $1,508,000 $2.14
Average Cost=  $1,508,000 Per Year
Average Cost = $2.14 Per 1000 Gallons

Assumptions: Maximum pipeline velocity is 5 ft/s.

Pipeline costs from Reclaimed Water Priority and Implementation Plan, adjusted to 2nd quarter 2007 with ENR CCI.
Land costs from Reclaimed Water Priority and Implementation Plan, adjusted to 2nd quarter 2007 with ENR CCI.
Pipeline maintenance costs assumed 1% of construction cost.

Power based upon pump wire to water efficiency of 75%.

Pump station costs from Reclaimed Water Priority and Implementation Plan, adjusted to 2nd quarter 2007 with ENR CCI.
PS equipment maintenance costs 2.5% of PS construction costs.

NOoO O AWNE
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Hydraulic Evaluation and Opinions of Probable Cost
Fort Worth Southern Reclaimed Water System

Velocity: 5 ft/sec C= 130
. P Total Pipeline
Annual Avg. Peak Demand Desng.n Ca_dcume? Design Diameter Pipeline Land Cost -
ID # From To Phase Demand (mgd) (mgd) Capacity Diameter (in) F"Pe""e End Max. Cap. Req.
(mgd) (in) Distance Length Unit Cost? Cost ROW (ft) Area® Unit Cost Cost Maintenance Start Elevation |Static Head Velocity Head Pressure
(mile) (ft) (acre) Costs* Elevation (ft) (ft) (ft) (mgd) Loss (ft) Head (ft) TDH
2 4 2 5 0.03 0.69 0.69 6.3 8 0.49 2,600 $ 45.29 $118,000 15 0.9 30,000 $27,000 $145,000 $1,000 680 675 -5 3.1 12.2 7
4 30 4 2 0.07 1.45 1.45 9.1 10 0.91 4,800 $ 67.43 $324,000 20 2.2 30,000 $66,000 $390,000 $4,000 672 680 8 4.1 30.0 138 176
5 30 5 4 0.68 3.79 3.79 14.7 16 2.08 11,000 $ 104.67 $1,151,000 20 5.1 30,000 $153,000 $1,304,000 $13,000 672 707 35 4.2 41.2 76
6 5 6 4A 0.30 0.79 0.79 6.7 8 0.23 1,200 $ 45.29 $54,000 15 0.4 30,000 $12,000 $66,000 $1,000 707 705 -2 3.5 7.2 5
7 6 7 4A 0.29 0.78 0.78 6.6 8 0.78 4,100 $ 45.29 $186,000 15 1.4 30,000 $42,000 $228,000 $2,000 705 710 5 3.5 24.0 29
8 2 Correctional Facility 5 0.01 0.30 0.30 4.1 6 0.21 1,100 $ 39.25 $43,000 0 0.0 30,000 $0 $43,000 $0 675 685 10 2.4 4.5 138 152
11 30 11 3 0.19 4.64 4.64 16.2 18 0.47 2,500 $ 124.80 $312,000 20 1.1 30,000 $33,000 $345,000 $3,000 672 668 -4 4.1 7.7 138 142
12 11 TCC/FWISD Fields 3A 0.04 0.99 0.99 7.5 8 0.30 1,600 $ 45.29 $72,000 15 0.6 30,000 $18,000 $90,000 $1,000 668 665 -3 4.4 14.6 138 150
13 5 Alcon Laboratories 4 0.38 3.00 3.00 13.0 14 0.21 1,100 $ 85.55 $94,000 20 0.5 30,000 $15,000 $109,000 $1,000 707 710 3 4.3 5.1 138 146
14 6 Ball Metal 4A 0.01 0.01 0.01 0.8 6 0.09 500 $ 39.25 $20,000 0 0.0 30,000 $0 $20,000 $0 705 700 -5 0.1 0.0 138 133
15 7 Miller Brewery 4A 0.19 0.53 0.53 5.5 6 0.09 500 $ 39.25 $20,000 0 0.0 30,000 $0 $20,000 $0 710 711 1 4.2 5.8 138 145
16 7 16 4A 0.10 0.25 0.25 3.8 6 0.28 1,500 $ 39.25 $59,000 15 0.5 30,000 $15,000 $74,000 $1,000 710 711 1 2.0 4.3 5
28 30 Tarrant Co. Resource 2 0.03 0.50 0.50 53 6 0.15 800 $ 39.25 $31,000 15 0.3 $30,000 $9,000 $40,000 $0 665 681 16 3.9 8.4 138 162
Connection
30 WRC 30 2 0.97 10.38 10.38 24.3 30 0.13 700 $ 201.29 $141,000 20 0.3 $30,000 $9,000 $150,000 $2,000 671 672 1 3.3 0.8 2
32 Sewer WRC 1 1.35 4.20 4.20 15.4 16 0.89 4,700 $ 104.67 $492,000 20 2.2 $30,000 $66,000 $558,000 $5,000 600 671 71 4.7 21.3 8 100
72,000 $3,117,000 155 $465,000]  $3,582,000 $34,000

Unit
Pump Station No Name Capacity Design N\IZ(I;)(c:iT)[/)l Headloss ) Req. R:qulresd Requlreﬁd Pump Station AVASQ;ZInd _ Design Diameter /\x/\:;:ge Headloss _ Requlresd Requlresd Power _
: (mgd) Diameter (in) (mgd) Static Head Pressure TDH ower Power Cost® . Pipe Length (in) y (ft) Static Head TDH Power Power Cost Annual  [Annual Maint.
ID# (mgd) (ft) Head (ft) (ft) (hp) (kw) (mgd) (ft) (fsec) (ft) (ft) (hp) (kW) | ($/kwh) | Power Cost Cost”
WRC 5.0

0 Sewer to WRC 4.20 21 71 8 100 99 74 $643,000 1.35 2.60 71 82 26 19 $0.10 $17,000 $19,000
32 Sewer WRC 4.20 16 4.7 21.3 71.0 8.0 1.35 4700 16 1.49 2.60 71.0

1i WRC to Miller 10.38 79 40 138 257 624 466 $1,919,000 0.97 7.64 40 186 42 31 $0.10 $28,000 $58,000
30 WRC 30 10.38 30 3.3 0.8 1.0 255.2 0.97 700 30 0.31 0.01 1.0
5 30 5 3.79 16 4.2 41.2 35.0 179.0 0.68 11000 16 0.75 1.71 35.0
6 5 6 0.79 8 3.5 7.2 -2.0 173.8 0.30 1200 8 1.33 1.20 -2.0
7 6 7 0.78 8 3.5 24.0 5.0 144.8 0.29 4100 8 1.29 3.85 5.0
15 7 Miller Brewery 0.53 6 4.2 5.8 1.0 138.0 0.19 500 6 1.50 0.87 1.0

Additional WRC Storage 2.00 $845,000
Total: $3,407,000 Total: $45,000 $77,000
Appendix A
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Hydraulic Evaluation and Opinions of Probable Cost
Fort Worth Southern Reclaimed Water System

ID# From To Design Capacity Capital Cost Annual Operation and Maintenance Cost
WRC Cost Pump Station & Storage Pipeline Land Contingency | Permitting & |Interest During| Total Capital Debt Service Energy Cost Pipe Maint. [ PS Equip. Maint. [ Total Annual
Storage Tank & Fees Mitigation Construction Cost (First Years)
2 4 2 0.69 $118,000 $27,000 $35,000 $1,000 $7,000 $188,000 $16,000 $1,000 $17,000
4 30 4 1.45 $324,000 $66,000 $97,000 $3,000 $19,000 $509,000 $43,000 $236,000 $4,000 $114,000 $397,000
5 30 5 3.79 $1,151,000 $153,000 $345,000 $12,000 $130,000 $1,791,000 $150,000 $13,000 $163,000
6 5 6 0.79 $54,000 $12,000 $16,000 $1,000 $7,000 $90,000 $8,000 $1,000 $9,000
7 6 7 0.78 $186,000 $42,000 $56,000 $2,000 $22,000 $308,000 $26,000 $2,000 $28,000
8 2 Correctional Facility 0.30 $43,000 $0 $13,000 $0 $2,000 $58,000 $5,000 $0 $5,000
11 30 11 4.64 $312,000 $33,000 $94,000 $3,000 $17,000 $459,000 $38,000 $3,000 $41,000
12 11 TCC/FWISD Fields 0.99 $72,000 $18,000 $22,000 $1,000 $4,000 $117,000 $10,000 $1,000 $11,000
13 5 Alcon Laboratories 3.00 $94,000 $15,000 $28,000 $1,000 $11,000 $149,000 $12,000 $1,000 $13,000
14 6 Ball Metal 0.01 $20,000 $0 $6,000 $0 $2,000 $28,000 $2,000 $0 $2,000
15 7 Miller Brewery 0.53 $0 $20,000 $0 $6,000 $0 $2,000 $28,000 $2,000 $0 $2,000
28 30 Tarrant Co. Resource 0.50 $31,000 $9,000 $9,000 $0 $2,000 $51,000 $4,000 $0 $4,000
Connection
30 WRC 30 10.38 $141,000 $9,000 $42,000 $1,000 $15,000 $208,000 $17,000 $2,000 $19,000
32 Sewer WRC 4.20 $12,889,000 $2,562,000 $845,000 $492,000 $396,000| $5,851,000 $168,000 $1,818,000 $25,021,000 $2,094,000 $17,000 $5,000 $19,000 $2,135,000
16 7 16 0.25 $59,000 $15,000 $18,000 $1,000 $7,000 $100,000 $8,000 $1,000 $9,000
$12,889,000 $2,562,000 $845,000 | $3,117,000 $795,000 | $6,638,000 $194,000 $2,065,000 $29,105,000 $2,435,000 $253,000 $34,000 $133,000]  $2,855,000
~ AnnualandUnitCostSummary
Years Amortized Capital Annual Power Cost | Annual O&M Total Annual Unit Cost
Costs, 20 Yrs @ 5.5% $) Cost (Excluding (%) ($/1,000 gal)
Power)
1-20 $2,435,000 $253,000 $167,000 $57,100,000 $5.80
20-50 0 $253,000 $167,000 $12,600,000 $0.85
TOTAL Total = $69,700,000
AVERAGE $1,394,000 $2.83
Average Cost=  $1,394,000 Per Year
Average Cost = $2.83 Per 1000 Gallons
Assumptions: . Maximum pipeline velocity is 5 ft/s.

1
2. Pipeline costs from Reclaimed Water Priority and Implementation Plan, adjusted to 2nd quarter 2007 with ENR CCI.
3. Land costs from Reclaimed Water Priority and Implementation Plan, adjusted to 2nd quarter 2007 with ENR CCI.
4. Pipeline maintenance costs assumed 1% of construction cost.
5. Power based upon pump wire to water efficiency of 75%.

6. Pump station costs from Reclaimed Water Priority and Implementation Plan, adjusted to 2nd quarter 2007 with ENR CCI.
7. PS equipment maintenance costs 2.5% of PS construction costs.
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Cost Estimation for Recycled Water Alternatives

Opinions of probable cost for the Central and SexurtlSystems were developed using the same
assumptions that were used in fReclaimed Water Priority and Implementation Piamexcept
that costs were updated from fourth quarter 200Budoto second quarter 2007 dollars using the
Engineering News Record (ENR) Construction Cosesxn(CCl)%°

A copy of the technical memorandum that describhesdevelopment of opinions of probable

cost for theReclaimed Water Priority and Implementation Plamttached*

%9 Alan Plummer Associates, Inc. and Chiang, Pat¥lefby, Inc., May 2007Reclaimed Water Priority and
Implementation Planprepared for the Fort Worth Water Departmentt Kéorth.

0 The December 2006 ENR CCI was 7888, and the JO@@ ENR CCI was 7939, a 0.6 percent increase.

®1 The attached technical memorandum is AppendixtReéfReclaimed Water Priority and Implementation Plan

Direct Non-Potable Reuse Guidance Document B-1
Region C Water Planning Group 4/23/2009



TECHNICAL MEMORANDUM 1

COST PROJECTIONS FOR RECYCLED WATER ALTERNATIVES

CITY OF FORT WORTH — WATER REUSE PRIORITY AND
IMPLEMENTATION PLAN

TO: Alan Plummer Associates, Inc. (APAI)
FROM: Chiang, Patel & Yerby, Inc. (CP&Y)

This document is issued for interim review only under the authority of Richard L. Shaffer,

P.E.
Date: February 26, 2007
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1 INTRODUCTION

1. Evaluation of water reuse alternatives required development of cost projections.
Costs were projected in fourth quarter 2006 dollars.

2. All cost projections were reviewed by construction services and division leaders of
CP&Y.

3. The cost projection procedure used to evaluate the alternatives is generally

consistent with the cost estimating procedure used by Region C for evaluating water
supply alternatives. Unit costs may have been adjusted to reflect updated estimates.

4, All unit costs include the contractor’'s mobilization, overhead and profit. The unit
costs do not include engineering, contingency, financial and legal services, costs for
land and rights-of-way, permits, environmental and archeological studies, or
mitigation.

5. The cost estimates have two components:
a. Initial capital costs, including engineering and construction costs, and

b. Average annual costs, including annual operation and maintenance costs and
debt service.

|
City of Fort Worth — Water Reuse Priority and Implementation Plan February 20, 2006
Technical Memorandum 1 Page -1
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TECHNICAL MEMORANDUM 1

2 ASSUMPTIONS FOR CAPITAL COSTS

Conveyance Systems

Standard pipeline costs used for these cost projections are shown in Table TM1-1. Pump
station costs were based on required horsepower capacity and are listed in Table TM1-2. The
power capacity was determined from the hydraulic analyses conducted from a planning level
hydraulic grade line evaluation.

Pipelines and pump stations were sized for peak pumping capacity. It was assumed that
conveyance systems would convey the peak month demand for users with available storage
and peak hour demand for users without any available storage. Golf course ponds are not
considered available storage, since the golf course operators would not likely permit pond levels
to significantly fluctuate.

e Maximum pipeline velocity for design was 5 feet per second.
e Pump efficiency was assumed to be 75%.
e Peaking factors:

0 Peak Month Factor = 2.64, unless more site specific data was available. This
assumption was intended to be consistent with the City of Fort Worth’'s (COFW)
Draft Feasibility Study — Mary’s Creek Water Recycling Center.

0 Peak Day Factor was based on the number of days recycled water would be
utilized — “1” for everyday use, “2” for every other day use, “3” for use every third
day, etc., unless more site specific data was available.

o0 Peak Hour Factor was based on the number of hours during the day that
recycled water would be utilized — “1” for 24 hours per day use, “2” for 12 hours
per day use, “3” for 8 hours per day use, “6” for 4 hours per day use, etc., unless
more site specific data was available.

Water Reclamation Centers / Satellite Wastewater Treatment Plants

Water reclamation centers (WRCs) were sized for the peak day capacity. The WRC facility was
assumed to be a highly compact facility designed to treat base loads with minimal peaking
factors and minimal redundant equipment. Since wet weather flows continue through the
collection system to the regional treatment facility, this configuration differs from typical
wastewater treatment plants that are designed to treat significant peak flows. Since peaking
flows and high levels of redundancy were not critical to the design, significant construction cost
savings were achieved. Probable cost projections for new water reclamation centers are listed
in Table TM1-3.

Other Costs

Additional costs, associated with the development and construction of alternatives, are
described below. Except for the amount of annual interest accrued on unspent funds during
construction, these costs are consistent with the Region C cost estimating procedure. The
annual interest rate included for each alternative is based on data provided by the COFW.

e Engineering, contingency, construction management, financial and legal costs were
estimated at 30 percent of construction costs for pipelines and 35 percent of
construction costs for pump stations, storage tanks and water reclamation centers.

. _______________________________________________________________________________________________________________________________________________________________|]
City of Fort Worth — Water Reuse Priority and Implementation Plan February 26, 2007
Technical Memorandum 1 Page - 2
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TECHNICAL MEMORANDUM 1

3

Permitting and mitigation for transmission and treatment projects were estimated at 1
percent of the total construction costs.

Right-of-way costs for transmission pipelines were estimated at $3,000 per acre of
ROW for rural pipelines and $30,000 per acre of ROW for urban pipelines. If a small
pipeline follows existing right-of ways (such as highways), no additional right-of-way
cost was assumed. Large pipelines required ROW costs regardless of routing.

Interest during construction was the total of interest accrued at the end of the
construction period, using a 5.5 percent annual interest rate on total borrowed funds,
less a 4 percent rate of return on investment of unspent funds. This was calculated
assuming that the total estimated project cost (excluding interest during construction)
would be drawn down at a constant rate per month during the construction period.
Factors were determined for different lengths of time for project construction, and are
presented in Table TM1-4.

ASSUMPTIONS FOR ANNUAL COSTS

Annual costs were projected using the following assumptions:

Debt service for all transmission and treatment facilities was annualized over 20
years, but not longer than the life of the project. If state participation was used to
fund a portion of the project, then debt service for all, or a portion, of the transmission
and treatment facilities may be annualized over a period of 34 years, in accordance
with state participation guidelines.

Annual interest rate for debt service was assumed to be 5.5 percent, based on
COFW data.

Operation and Maintenance costs were calculated based on the construction costs of
the capital improvement. Engineering, permitting, etc. was not included as a basis for
this calculation. However, a 20% allowance for construction contingencies was
included for all O&M calculations. O&M was calculated at:

0 1 percent of the construction costs for pipelines and storage tanks,
0 2.5 percent of the construction costs for pump stations, and

o O&M for water reclamation centers should be based on unit costs as shown in
Table TM1-3.

Pumping costs were projected using an electricity rate of $0.10 per Kilowatt Hour.
This rate is greater than the rate included in the Region C cost estimating procedure,
however, is more consistent with local electricity rates.

. _______________________________________________________________________________________________________________________________________________________________|]
City of Fort Worth — Water Reuse Priority and Implementation Plan February 26, 2007
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TECHNICAL MEMORANDUM 1

Table TM1-1
Pipeline Costs (does not include ROW)

Diameter Base Installed Cost Rural Cost with Urban Cost with Assumed ROW
Appurtenances Appurtenances Width

(inches)
6 $ 30.00] $ 33.00] $ 39.00 15
8 $ 34.00] $ 38.00] $ 45.00 15
10 $ 51.50] $ 57.00] $ 67.00 20
12 $ 62.00] $ 69.00] $ 81.00 20
14 $ 65.00] $ 72.00] $ 85.00 20
16 $ 80.00] $ 88.00| $ 104.00 20
18 $ 95.00] $ 105.00] $ 124.00 20
20 $ 107.00| $ 118.00] $ 140.00 20
24 $ 130.50| $ 144.00] $ 170.00 20
30 $ 153.50| $ 169.00] $ 200.00 20
36 $ 176.50| $ 195.00] $ 230.00 20
42 $ 241.00] $ 266.00| $ 314.00 30
48 $ 270.00] $ 297.00] $ 351.00 30

Notes:

1. Pipeline costs developed by CP&Y were based on cost data from pipeline suppliers
2. Pipeline material and depth are as follows:
a.6"-12" C900 - PVC DR-18, 5'to 6' depth of cover
b. 14" - 24" C905 - PVC DR-25, 6' to 7' depth of cover
c.30"-48" RCCP, 6'to 7' depth of cover
3. Appurtenances assumed to be 10% of installed pipe costs
4. 15% Contractor's OH&P included in Base Cost

. _______________________________________________________________________________________________________________________________________________________________|]
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Table TM1-2
Pump Station Costs for Transmission Systems
25 $261,000
50 $418,000
100 $648,000
200 $972,000
300 $1,254,000
400 $1,568,000
500 $1,777,000
600 $1,881,000
700 $1,986,000
800 $2,195,000
900 $2,299,000
1,000 $2,508,000
2,000 $3,658,000
3,000 $4,389,000
4,000 $5,330,000
5,000 $6,061,000
6,000 $6,897,000
7,000 $7,524,000
8,000 $8,151,000
9,000 $8,883,000
10,000 $9,405,000

Note: Pump Station costs were based on Region C cost
projections and have been adjusted for inflation

. _______________________________________________________________________________________________________________________________________________________________|]
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Table TM1-3
Costs for Satellite WRC

WRC Flowrate

Screen $240,000 $320,000 $400,000 $480,000 $560,000
MBR $1,767,000 $3,131,000 $4,501,000 $5,849,000 $7,196,000
UV Disinfection $160,000 $220,000 $280,000 $340,000 $400,000
Electrical $250,000 $443,000 $635,000 $828,000 $1,020,000
Building $135,000 $175,000 $205,000 $235,000 $255,000
SCADA $125,000 $222,000 $318,000 $414,000 $510,000
Lift Station $350,000 $668,000 $975,000 $1,250,000 $1,500,000
Storage Tank Size (gal) 500,000 1,000,000 1,500,000 2,000,000 2,500,000
Cost $380,000 $500,000 $680,000 $840,000 $990,000
Odor Control $100,000 $180,000 $255,000 $320,000 $375,000
Capital Cost $3,507,000 $5,859,000 $8,249,000 $10,556,000 $12,806,000
Annual Maint. ($/1000gal) $0.24 $0.18 $0.15 $0.13 $0.11
Annual O&M ($lyear) $87,000 $134,000 $160,000 $186,000 $206,000
Annual Energy ($/1000gal) $0.56 $0.51 $0.47 $0.44 $0.42
Annual Energy ($/year) $204,000 $372,000 $514,000 $640,000 $764,000
Total Annual O&M $291,000 $506,000 $674,000 $826,000 $970,000

Note: Cost projections for WRC facilities were developed by CP&Y, and are based on data received from process
equipment suppliers.

Table TM1-3 (cont.)
Costs for Satellite WRC

WRC Flowrate
Screen $800,000 $960,000 $1,152,000 $1,440,000
MBR $10,761,000 $13,142,000 $15,709,000 $19,560,000
UV Disinfection $592,000 $720,000 $864,000 $1,080,000
Electrical $1,548,000 $1,900,000 $2,280,000 $2,850,000
Building $295,000 $320,000 $345,000 $385,000
SCADA $774,000 $950,000 $1,140,000 $1,425,000
Lift Station $2,160,000 $2,500,000 $2,760,000 $3,000,000
Storage Tank Size (gal) 4,000,000 4,500,000 4,750,000 5,000,000
Cost $1,740,000 $2,020,000 $2,170,000 $2,310,000
Odor Control $480,000 $500,000 $600,000 $750,000
Capital Cost $19,150,000 $23,012,000 $27,020,000 $32,800,000
Annual Maint. ($/1000gal) $0.11 $0.11 $0.11 $0.11
Annual O&M ($/year) $317,000 $392,000 $466,000 $577,000
Annual Energy ($/1000gal) $0.42 $0.42 $0.42 $0.42
Annual Energy ($/year) $1,220,000 $1,523,000 $1,827,000 $2,282,000
Total Annual O&M $1,537,000 $1,915,000 $2,293,000 $2,859,000

. _______________________________________________________________________________________________________________________________________________________________|]
City of Fort Worth — Water Reuse Priority and Implementation Plan February 26, 2007
Technical Memorandum 1 Page - 6
Issue: 2



TECHNICAL MEMORANDUM 1

Table TM1-4

Factors for Interest During Construction

Construction Period | Factor

6 months 0.018333

12 months 0.038333

18 months 0.058333

24 months 0.078333

36 months 0.118333

48 months 0.158333
City of Fort Worth — Water Reuse Priority and Implementation Plan February 26, 2007
Technical Memorandum 1 Page - 7

Issue: 2



Appendix C: Deferral of Potable Water Distribution Capacity Expansion



Inflation Rate 4.0%
Financing Period (years) 20
Loan/bond Interest Rate 5.5%
Investment Return Rate 5.0%
Southwest WTP
Capital 2016 Debt 2017 Debt Benefit of [2007 Benefit
Cost Service Service Deferral of Deferral
2005] $42,702,000
2006]| $44,410,080
2007] $46,186,483
2008] $48,033,943
2009] $49,955,300
2010] $51,953,512
2011] $54,031,653
2012] $56,192,919
2013] $58,440,636
2014] $60,778,261
2015] $63,209,391
2016| $65,737,767| $5,500,892 $5,500,892 | $3,545,924
2017 $68,367,278| $5,500,892 $5,720,928 ($220,036) | ($135,083)
2018($71,101,969| $5,500,892 $5,720,928 ($220,036) | ($128,650)
2019 $5,500,892 $5,720,928 ($220,036) | ($122,524)
2020 $5,500,892 $5,720,928 ($220,036) | ($116,690)
2021 $5,500,892 $5,720,928 ($220,036) | ($111,133)
2022 $5,500,892 $5,720,928 ($220,036) | ($105,841)
2023 $5,500,892 $5,720,928 ($220,036) | ($100,801)
2024 $5,500,892 $5,720,928 ($220,036) ($96,001)
2025 $5,500,892 $5,720,928 ($220,036) ($91,429)
2026 $5,500,892 $5,720,928 ($220,036) ($87,076)
2027 $5,500,892 $5,720,928 ($220,036) ($82,929)
2028 $5,500,892 $5,720,928 ($220,036) ($78,980)
2029 $5,500,892 $5,720,928 ($220,036) ($75,219)
2030 $5,500,892 $5,720,928 ($220,036) ($71,637)
2031 $5,500,892 $5,720,928 ($220,036) ($68,226)
2032 $5,500,892 $5,720,928 ($220,036) ($64,977)
2033 $5,500,892 $5,720,928 ($220,036) ($61,883)
2034 $5,500,892 $5,720,928 ($220,036) ($58,936)
2035 $5,500,892 $5,720,928 ($220,036) ($56,130)
2036 $5,720,928 | ($5,720,928) | ($1,389,878)
2037 $0 $0
2040 $0 $0
2041 $0 $0
2042 $0 $0
2043 $0 $0
2044 $0 $0
2045 $0 $0
2046 $0 $0
TOTAL $110,017,846 $114,418560 ($4,400,714)[_$441,901 |

Direct Non-Potable Reuse Guidance Document
Region C Water Planning Group
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Inflation Rate 4.0%
Financing Period (years) 20

Loan/bond Interest Rate 5.5%
Investment Return Rate 5.0%
Eagle Mountain WTP Expansion; Expand High Service PS 1
Capital Cost | 2018 Debt 2019 Debt Benefit of | 2007 Benefit
Service Service Deferral of Deferral
2005( $56,160,000
2006{ $58,406,400
2007| $60,742,656
2008| $63,172,362
2009| $65,699,257
2010| $68,327,227
2011{ $71,060,316
2012| $73,902,729
2013 $76,858,838
2014{ $79,933,191
2015 $83,130,519
2016{ $86,455,740
2017{ $89,913,969
2018| $93,510,528 | $7,824,898 $7,824,898 [ $4,575,056
2019| $97,250,949 | $7,824,898 $8,137,894 ($312,996) ($174,288)
2020] $101,140,987| $7,824,898 $8,137,894 ($312,996) ($165,988)
2021($105,186,627| $7,824,898 $8,137,894 ($312,996) ($158,084)
2022 $7,824,898 $8,137,894 ($312,996) ($150,556)
2023 $7,824,898 $8,137,894 ($312,996) ($143,387)
2024 $7,824,898 $8,137,894 ($312,996) ($136,559)
2025 $7,824,898 $8,137,894 ($312,996) ($130,056)
2026 $7,824,898 $8,137,894 ($312,996) ($123,863)
2027 $7,824,898 $8,137,894 ($312,996) ($117,965)
2028 $7,824,898 $8,137,894 ($312,996) ($112,348)
2029 $7,824,898 $8,137,894 ($312,996) ($106,998)
2030 $7,824,898 $8,137,894 ($312,996) ($101,902)
2031 $7,824,898 $8,137,894 ($312,996) ($97,050)
2032 $7,824,898 $8,137,894 ($312,996) ($92,429)
2033 $7,824,898 $8,137,894 ($312,996) ($88,027)
2034 $7,824,898 $8,137,894 ($312,996) ($83,835)
2035 $7,824,898 $8,137,894 ($312,996) ($79,843)
2036 $7,824,898 $8,137,894 ($312,996) ($76,041)
2037 $7,824,898 $8,137,894 ($312,996) ($72,420)
2040 $0 $0
2041 $0 $0
2042 $0 $0
2043 $0 $0
2044 $0 $0
2045 $0 $0
2046 $0 $0
TOTAL $156,497,967 $162,757,886  ($6,259,919)[__$570,153 ]

Direct Non-Potable Reuse Guidance Document
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Inflation Rate 4.0%
Financing Period (years) 20

Loan/bond Interest Rate 5.5%
Investment Return Rate 5.0%
Expand Northwest WTP and High Service PS
Capital Cost | 2020 Debt 2022 Debt Benefit of |2007 Benefit
Service Service Deferral of Deferral
2005| $51,246,000
2006| $53,295,840
2007| $55,427,674
2008| $57,644,781
2009| $59,950,572
2010| $62,348,595
2011| $64,842,538
2012| $67,436,240
2013| $70,133,690
2014| $72,939,037
2015| $75,856,599
2016| $78,890,863
2017| $82,046,497
2018| $85,328,357
2019| $88,741,491
2020| $92,291,151 | $7,722,862 $7,722,862 | $4,095,598
2021| $95,982,797 | $7,722,862 $7,722,862 | $3,900,570
2022] $99,822,109 | $7,722,862 $8,353,047 ($630,186) ($303,130)
2023|$103,814,993| $7,722,862 $8,353,047 ($630,186) ($288,695)
2024|$107,967,593| $7,722,862 $8,353,047 ($630,186) ($274,948)
2025 $7,722,862 $8,353,047 ($630,186) ($261,855)
2026 $7,722,862 $8,353,047 ($630,186) ($249,386)
2027 $7,722,862 $8,353,047 ($630,186) ($237,510)
2028 $7,722,862 $8,353,047 ($630,186) ($226,200)
2029 $7,722,862 $8,353,047 ($630,186) ($215,429)
2030 $7,722,862 $8,353,047 ($630,186) ($205,170)
2031 $7,722,862 $8,353,047 ($630,186) ($195,400)
2032 $7,722,862 $8,353,047 ($630,186) ($186,096)
2033 $7,722,862 $8,353,047 ($630,186) ($177,234)
2034 $7,722,862 $8,353,047 ($630,186) ($168,794)
2035 $7,722,862 $8,353,047 ($630,186) ($160,756)
2036 $7,722,862 $8,353,047 ($630,186) ($153,101)
2037 $7,722,862 $8,353,047 ($630,186) ($145,811)
2040 $8,353,047 | ($8,353,047) | ($1,669,545)
2041 $8,353,047 | ($8,353,047) | ($1,590,043)
2042 $0 $0
2043 $0 $0
2044 $0 $0
2045 $0 $0
2046 $0 $0
TOTAL $154,457,233 $167,060,944 ($12,603,710)[_$1,015,943 ]
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Inflation Rate 4.0%
Financing Period (years) 20

Loan/bond Interest Rate 5.5%
Investment Return Rate 5.0%
Eagle Mountain WTP Expansion; Expand High Service PS 2
Capital Cost | 2023 Debt 2025 Debt Benefit of | 2007 Benefit
Service Service Deferral of Deferral
2005( $109,512,000
2006 $113,892,480
2007($118,448,179
2008 $123,186,106
2009 $128,113,551
2010( $133,238,093
2011{$138,567,616
2012($144,110,321
2013($149,874,734
2014 $155,869,723
2015( $162,104,512
2016 $168,588,693
2017{$175,332,240
2018 $182,345,530
2019( $189,639,351
2020( $197,224,925
2021{$205,113,922
2022($213,318,479
2023($221,851,218| $18,564,361 $18,564,361 | $8,504,548
2024) $230,725,267| $18,564,361 $18,564,361 | $8,099,569
2025($239,954,278| $18,564,361 | $20,079,213 | ($1,514,852) | ($629,452)
2026 $249,552,449| $18,564,361 | $20,079,213 [ ($1,514,852) | ($599,478)
2027($259,534,547| $18,564,361 | $20,079,213 | ($1,514,852) | ($570,932)
2028 $18,564,361 | $20,079,213 | ($1,514,852) | ($543,745)
2029 $18,564,361 [ $20,079,213 | ($1,514,852) | ($517,852)
2030 $18,564,361 | $20,079,213 | ($1,514,852) | ($493,192)
2031 $18,564,361 [ $20,079,213 | ($1,514,852) | ($469,707)
2032 $18,564,361 | $20,079,213 | ($1,514,852) | ($447,340)
2033 $18,564,361 [ $20,079,213 | ($1,514,852) | ($426,038)
2034 $18,564,361 | $20,079,213 | ($1,514,852) [ ($405,751)
2035 $18,564,361 [ $20,079,213 | ($1,514,852) | ($386,429)
2036 $18,564,361 | $20,079,213 | ($1,514,852) | ($368,028)
2037 $18,564,361 [ $20,079,213 | ($1,514,852) | ($350,503)
2040 $18,564,361 | $20,079,213 | ($1,514,852) | ($302,777)
2041 $18,564,361 [ $20,079,213 | ($1,514,852) | ($288,359)
2042 $18,564,361 | $20,079,213 | ($1,514,852) | ($274,628)
2043 $20,079,213 | ($20,079,213) | ($3,466,825)
2044 $20,079,213 | ($20,079,213) | ($3,301,738)
2045 $0 $0
2046 $0 $0
TOTAL $371,287,226 $401,584,264 ($30,297,038)[_$2,109,615 |
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Inflation Rate

Financing Period (years)
Loan/bond Interest Rate
Investment Return Rate

4.0%

20
5.5%
5.0%

Summary of All Projects

Capital Cost | 2023 Debt 2025 Debt Benefit of | 2007 Benefit
Service Service Deferral of Deferral
2005( $259,620,000
2006 $270,004,800
2007 $280,804,992
2008( $292,037,192
2009( $303,718,679
2010( $315,867,427
2011 $328,502,124
2012{ $341,642,209
2013( $355,307,897
2014 $369,520,213
2015( $384,301,021
2016] $399,673,062| $5,500,892 $5,500,892 $3,545,924
2017) $415,659,985( $5,500,892 $5,720,928 ($220,036) ($135,083)
2018( $432,286,384| $13,325,791 | $5,720,928 $7,604,863 $4,446,406
2019( $375,631,792| $13,325,791 | $13,858,822 ($533,032) ($296,812)
2020] $390,657,063| $21,048,652 | $13,858,822 | $7,189,830 $3,812,920
2021)| $406,283,346| $21,048,652 | $13,858,822 | $7,189,830 $3,631,353
2022($313,140,588| $21,048,652 | $22,211,869 | ($1,163,217) | ($559,527)
2023[ $325,666,211 | $39,613,014 | $22,211,869 [ $17,401,144 | $7,971,665
2024{$338,692,860( $39,613,014 | $22,211,869 [ $17,401,144 | $7,592,062
2025($239,954,278| $39,613,014 | $42,291,083 | ($2,678,069) | ($1,112,793)
2026 $249,552,449| $39,613,014 | $42,291,083 [ ($2,678,069) | ($1,059,803)
2027($259,534,547| $39,613,014 | $42,291,083 | ($2,678,069) | ($1,009,336)
2028 $39,613,014 | $42,291,083 | ($2,678,069) | ($961,272)
2029 $39,613,014 | $42,291,083 | ($2,678,069) | ($915,498)
2030 $39,613,014 | $42,291,083 | ($2,678,069) | ($871,902)
2031 $39,613,014 | $42,291,083 | ($2,678,069) | ($830,383)
2032 $39,613,014 | $42,291,083 | ($2,678,069) | ($790,841)
2033 $39,613,014 | $42,291,083 | ($2,678,069) | ($753,182)
2034 $39,613,014 | $42,291,083 | ($2,678,069) | ($717,316)
2035 $39,613,014 | $42,291,083 | ($2,678,069) | ($683,158)
2036 $34,112,121 | $42,291,083 | ($8,178,961) | ($1,987,049)
2037 $34,112,121 | $36,570,155 | ($2,458,033) | ($568,733)
2040 $18,564,361 | $28,432,260 | ($9,867,899) | ($1,972,322)
2041 $18,564,361 | $28,432,260 | ($9,867,899) | ($1,878,402)
2042 $18,564,361 | $20,079,213 | ($1,514,852) | ($274,628)
2043 $20,079,213 | ($20,079,213) | ($3,466,825)
2044 $20,079,213 | ($20,079,213) | ($3,301,738)
2045 $0 $0
2046 $0 $0
TOTAL $792,260,273 $845,821,653 ($53,561,380)[_$4,137,612 |
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Appendix D: Response to TWDB Comments on Direct, NePotable Reuse Guidance

Document



Response to TWDB Comments on Draft Direct, Non-Potde Reuse Guidance Document

The Region C Water Planning Group (RCWPG) recemeitken comments from the Texas
Water Development Board (TWDB). Each TWDB commaenlisted in italicized text below and
followed with the RCWPG response.

a.

In addition to submitting an electronic copy of fireal report, please submit electronic
copies of all appendices as well as all figureshie report, as required by the contract
between TWDB and Region C.

Electronic copies of all materials in the final ogpwill be submitted to the TWDB.

Blank pages are present throughout the report. 8é¢eeemove the blank pages in the
final report.

All blank pages have been removed in the final repo

Scope of Work Task 2 Item D states that the stillgather and analyze data required
to determine the cost avoidance/deferment assatiaith each of the benefits identified
for the selected Water Reuse projects. The repat bt appear to address this

requirement. Please include this analysis in thalfreport.

Additional cost avoidance/deferral information hbsen added to Section 9.3 and

Appendix C.

Page ES-1 of the Executive Summary and Page ke dfitroduction state that the 2006
Region C Water Plan projects that reuse of reclaimater will supply 874,417 acre-
feet/year in 2060. However, the Region C Water Rtmes on page 4B.20 that the
volume of reuse recommended in Region C is 795466 feet/year in 2060. Please

clarify this discrepancy in the final report.

Direct Non-Potable Reuse Guidance Document D-1
Region C Water Planning Group 4/23/2009



Table D-1 shows projected 2060 reuse supplies rdxdairom the2006 Region C Water
Plan. The 2006 Plan recommends development of 795,d@6faet per year (ac-ft/yr) of
new Region C reuse supplies by 266@f this amount, approximately 770,998 ac-ft/yr
would be used in Region C, with the remainder beusgd in other regions. The
projected 2060 Region C supply from currently aataig reuse sources is 103,429 ac-
ftlyr.%® Therefore, the total projected 2060 reuse supplpe used in Region C, from
currently available and recommended new sourcé&¥4s117 ac-ft/yr.

Table D-1: Projected 2060 Reuse Supply for Region C

Item Quantity | Calculation
(ac-ftlyr)
Recommended Water Reuse Projects in Regfon C
Total Reuse Projects in Region C 795,466 [A]
Total Amount Used in Region C 770,998 [B]
Currently Available Reuse Supplies Used in Regith C 103,429 [C]
Total Projected Reuse Supply Used in Region C an,4  [B]+[C]

The text on pages ES-1 and 1-1 has been modifiedatdy that the 874,417 ac-ft/yr
would be supplied to Region C water user groups.

e. In Chapter 4 on Page 4-7 and& the most common unit used for expressing hardness
and alkalinity is mg/L as CaCO3. However, inste&deporting the hardness values in
mg/L as CaCO3, the report expressed the valuesgith..nPlease clarify the constituent
being reported for total hardness.

The units for total hardness and total alkaliniwé been changed from mg/l to mg/l as
CaCaQ.

%2 Freese and Nichols, Inc., Alan Plummer Associdtes, Chiang, Patel & Yerby, Inc., and Cooksey
Communications, Inc., January 202606 Region C Water Plaprepared for the Region C Water Planning
Group, Fort Worth. Table 4B.6, Page 4B.20.

832006 Region C Water Plaifable 3.1, Page 3.2.

Direct Non-Potable Reuse Guidance Document D-2
Region C Water Planning Group 4/23/2009



f. In Chapter 4, according to Figure 4-4, the valudshardness were greater than 150
mg/L from Jun-05 to Jun-06. However, for Jul-06 akub-06, the values of hardness
were zero. Please review the figure to confirmrdsalts shown or clarify the results in
the text.

Figure 4-4 has been corrected, and explanatoryhexbeen added to the figure.

g. In Chapter 7, beginning on Page 7-2, within thecdssion and comparison of the
different advanced treatment technologies and autweal treatment technologies, it is
important to know whether the advanced technologied conventional technologies
have the same treatment capacities. During theudson of BAF, IFAS, MBBR, SBRs,
MBRs, and UV light disinfection, please considecliding a comparison of the

capacities of these technologies with the capacidfeconventional technologies.

Verbal clarification of this comment indicates thatis addressed toward the relative
treatment efficiencies of the various treatmenthmetogies. In Section 7.4, the text
describes various advanced treatment technologids@ng a smaller footprint or not
requiring a clarifier. These are indications tha¢ aadvanced treatment technology has
greater efficiency than conventional facilities hwitespect to the space required for the
facilities. Using this definition of efficiency, ¢hefficiency of the advanced treatment
technologies relative to conventional technology summarized in a qualitative fashion
in Table 7-2.

h. In Chapter 7, beginning on Page 7-2, the report paras the cost of BAFs, MBRs, and
UV light disinfection with the cost of conventiomigatment technologies. However, the
cost of IFAs, MBBRs, and SBRs were not compareld thi¢ cost of conventional
treatment technologies. Please consider includingoenparison of the costs of IFAs,
MBBRs, and SBRs with the cost of conventional ireat technologies in the final

report.

Additional text has been added to Section 7.4 topare the costs of IFAS, MMBRS,

and SBRs with conventional treatment technologies.
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i. Table 7-1 has a table heading titled, “Insert iffmnventional Facilities”. The Title is

confusing. Please clarify or reconsider the titfdlas heading.

Column headings for Table 7-1 have been changeddaty.

J. In Chapter 7, it would be useful to include a tatilat summarizes the advantages and
disadvantages of the different advanced treatnmeatirtologies. Please consider adding a

Table in Section 7.4 with this information in tieaf report.

Table 7-3, which summarizes the advantages anddwistages of the advanced
wastewater treatment technologies, has been addgelction 7.4.
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