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EXECUTIVE SUMMARY

This report presents the results of studies pertaining to the development of a regional water supply
system to serve the Possum Kingdom Water Supply Corporation. The report evaluates the projected
water needs of the Corporation; provides a variety of alternatives to meet those needs; provides details
of the recommended regional system, and provides detailed cost estimates for all options evaluated.
The purpose of this study is to evaluate and recommend the most cost effective solution for a regional
water supply system in the Possum Kingdom Lake Area. It is also intended that the report provide the
necessary preliminary engineenng data to support a pre-application for funding assistance from a
variety of funding sources. Funding o;‘jtions are discussed in detail in Section VL

The study area includes approximately 310 miles of shoreline around Possum Kingdom Lake located
in the Brazos River Basin in Palo Pinto, Stephens and Young Counties. This area is shown more
specifically on Figure No. 1, in Section IL

It is estimated that the total number of potential system connections may be as high as 3,440,
generating a maximum daily water supply demand of approximately 2.96 million gallons. This number
of connections includes all the existing individual leased lots around the shores of the lake, many of
which are seasonal. There are approximately 54 commercial camps and businesses around the lake.
We have estimated these camps and businesses account for approximately 1,640 system connections.
As it seems impractical to assume that all individual leased lots will participate in a regional water
supply system, this study focused on several alternatives which consider various levels of individual
participation. A survey conducted by the Brazos River Authority indicated that approximately 50% of
the residences around the lake are interested in participating in the regional water supply system. Ata
50% individual participation level, it is estimated that there would be approximately 2,752 system
connections generating a maximum day system demand of approximately 2.37 million gallons.

Due to the seasonal nature of both the commercial operators and many of the residences around the
lake, it seemed appropriate to investigate a regional water supply system that addressed the needs of
the seasonal community it serves. Therefore, a system was evaluated which provided treatment plant
capacity for an average day demand, of 1.19 MGD, transfer pump station and booster pump station
for the maximum daily demand of 2.37 MGD, and a water distribution system designed for the
maximum hourly demand. The average day plant is estimated to have ample capacity for all but the
heaviest use days at the lake, which are typically Memorial Day, Fourth of July and Labor Day.
During these peak use times, shortfalls in treatment plant capacity is proposed to be overcome by
additional ground storage located at the treatment plant site. This non-traditional approach allows the




Possum Kingdom Water Supply Corporation to trade off expensive plant capacity for more
economical ground storage, saving an estimated $2,800,000 in capital cost and approximately
$244,000 on an annual cost basis.

Several sources of water supply were evaluated, for both treated water and raw water, in addition to
treating surface water available from Possum Kingdom Lake. Consideration was given to hauling
treated water from Graham, pumping treated water from Graham, Mineral Wells or Breckenridge;,
pumping raw water from Graham, and developing groundwater supplies. Evaluation of these options
along with the option of "no action" resulted in treated surface water from Possum Kingdom Lake as
the most economical and practical option for both the long term and short term.

Just as several water supply alternatives were evaluated, a variety of water distribution and
transmissions systems were considered. In most cases, the maximum hourly demands as defined by
the Texas Natural Resources Conservation Commission were utilized for sizing the proposed water
distribution systems. The recommended water distribution system includes approximately 67 miles of
water lines ranging in size from 2-1/2" diameter to 14" diameter as shown on Figure No. 5 in the
Appendix of this report.

It is important to note that in no case has the anticipated water distribution system been sized for fire
protection for either the individual or commercial customers. Fire protection requires systems to be
designed with a minimum of 6-inch water lines, and generally a looped water distribution system.
These requirements would increase the project cost well above the feasible level.

In brief, it has been concluded in this report that a regional water supply system designed to the
parameters listed below would provide the most economical system for the majority of the Possum
Kingdom Water Supply Corporation:

1.  Treat surface water from Possum Kingdom Lake.

2. Utilize a modular treatment plant design with advanced demineralization, located near the South
D & D Public Use Area (see Figures Nos. 3 and 4).

3.  Size treatment plant for the average day demand for all commercial customers and
approximately half of the individual leased lots around the lake (1.19 mgd).

4.  Provide excess ground storage at a centralized location to meet the peak demands of the system
during seasonal high demand periods (approximately 3.5 million gallons).



5. Size the water distribution system for the maximum hourly demands.

&

Size the transfer pump station, booster pump stations and elevated storage for the maximum
daily demand.

The estimated initial capital cost of the system described above is approximately $8,507,000. This
system would provide potable water service to all of the commercial operators, and half of the
individual leases, on the north and east sides of Possum Kingdom Lake. Adding system improvements
for service to the Gaines Bend, Hog Bend and Possum Kingdom State Park brings the regional system
capital cost total to an estimated $10,144,000. We have estimated the annual operation and
maintenance cost for this system, including raw water cost for Possum Kingdom Lake water, to be
$601,000. Amortizing the capital cost over a 20 year period at an annual rate of 6%, and including
annual operation and maintenance cost, brings the total estimated annual cost of the recommended
system to approximately $1,485,000 per year. These cost estimates are presented for comparison in
tabular form along with the other evaluated options in Tables 16 and 17 in Section VII of this report.

Based on the implementation schedule presented in Section VII, the regional system could be in place
and operational in December of 1996. Careful planning is necessary to schedule right-of-way
acquisition, preliminary and final engineering, permit applications, staff recruitment, bidding,
construction and start up to meet this ambitious schedule.



I_- INTRODUCTION

BACKGROUND

Possum Kingdom Lake was completed in 1941, and since that time its water has been used for
many purposes such as power development, industry, recreation, irrigation and drinking water.
Many individual treatment systems have been utilized over the past 50 years to improve the
quality of the lake water for consumption. Over the same period of time, drinking water
regulations have become increasingly more stringent. In August of 1991, the Texas Department
of Health's Water Hygiene Division, now part of the Texas Water Commission (TWC), which is
now a part of the Texas Natural Resources Conservation Commission (TNRCC), began
notifying some of the public water supply systems around the lake that they did not comply with

the current rules and regulations. The Attorney General's office also became involved in a few
of these cases.

The water from the Lake 1s high in chlorides, sulfates and total dissolved solids, and requires
costly advanced treatment to conform to current regulations for public water supplies. In an
attempt to find economical solutions to provide acceptable potable water around the lake, the
Possum Kingdom Water Supply Corporation was formed. The Corporation was established by
several commercial operators in the area located around Possum Kingdom Lake. The
Corporation subsequently contracted with the Brazos River Authonity (BRA) to manage a
Preliminary Engineering Study for a regional water supply system. The study is funded by the

Corporation, the Texas Water Development Board (TWDB) and with in-kind services from the
BRA

On Apnl 21, 1992, a meeting of commercial camps/operators was held in response to
enforcement actions taken by the TWC and the Attorney General. At that time, the Corporation
was formed to provide the basis to conduct a regional study to investigate a solution to the
common problem of the commercial camps/operators, that of noncompliance with the TWC
rules and regulations for public water systems. To encourage the commercial camps/operators
as well as others to participate in this feasibility study, the TWC instituted bilateral compliance
agreements, which obligate the individual who signs the agreement to participate with the
Corporation, or face additional enforcement actions.

Several of the water systems have Attorney General action pending, and many more have

impending TWC enforcement action. Consensus of the board of the Corporation, as well as the

other area water systems, is that they do nof want to provide unsafe water to their customers

and patrons, and over the years, each system has individually tried to find a solution to the
I-1



potable water issue. Some compensate for a lack of complete treatment by providing, or making
available, bottled water and warning their customers not to drink the tap water. Some systems
installed and operate full reverse osmosis systems at considerable expense. Each system is
currently independent of all others, except in a few circumstances. Independent systems of such
small size do not lend themselves to economy of operation, nor to quality of treatment. Most
water system operators desire to "get out of the water business", and back to their primary
occupation, whether it be camp manager, or retail business owner.

Each lake property lessee or owner provides their own water, generating a large number of
individual systems around the lake. A majority of these individuals pump directly out of the lake
to provide water for bathing, toilets, and cleaning. Drinking water is either treated through the
use of an individual water softening and/or reverse osmosis system or brought in from other
sources such as bottled water or water hauled and stored in bulk tanks.

Possum Kingdom Lake water has been shown to be high in chlorides, sulfates, and total
dissolved solids, all violations of the TWC secondary standards applicable to potable water
systems placed in service after July, 1977. Additionally, all treatment processes for surface
water must achieve removal or inactivation of Giardia cysts and removal or inactivation of
viruses. However, as more extensively discussed in Section V, each of these constituents
(chlorides, sulfates, total dissolved solids, Giardia cysts, and viruses) have their own specific
health concerns. These health aspects are the primary issue behind the TWC rules and
regulations concerning the provision of water for human consumption. While each water
operator is legally required to provide safe, potable water for consumption by the public which
they serve, individual residences are not regulated. This does not exempt these individuals,
however, from any potential ill effects from the consumption of untreated water.

As previously discussed, many commercial operators and individuals use lake water for washing,
bathing and sanitary plumbing facilities, and use bottled or hauled water for drinking, However,
the separate supply of water for drinking does not satisfy current TWC régulations‘ The TWC
definition of drinking water is "all water distributed by any agency or individual, public or
private, for the purpose of human consumption or which may be used in the preparation of foods
or beverages or for the cleaning of any utensil or article used in the course of preparation or
consumption of food or beverages for human beings." Human consumption is defined by the
TWC as "uses by humans in which water can be ingested into or absorbed by the human body.
Examples of these uses include, but are not limited to drinking, cooking, brushing teeth, bathing,
washing hands, washing dishes, and preparing foods."
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Generally, complete treatment systems are limited to commercial operators. Most treatment
systems on the lake which can meet current TWC standards for drinking water contain the
following equipment:

(1) Raw water supply pumps and water lines to bring the water from the lake to the treatment
facilities.

(2) Conventional treatment facilities to filter the water.

(3) Advanced treatment facilities to demineralize the water.
(4) Chemical disinfection facilities.

(5) Clear water storage for trea;(ed water.

(6) Water distribution pumps.

(7) Water distribution pipelines.

(8) Elevated water storage tanks or pressure tanks to maintain system pressure.

It is the desire of the TWC that all water users in Texas have drinking water which meets current
standards. However, the TWC only regulates the public water systems. The TWC regulations
state that a public water system "must have a potential for at least 15 service connections or
serve at least 25 individuals at least 60 days out of the year." Although the definition excludes
all the individual users around the lake, and even some of the commercial suppliers, it does
include many commercial suppliers at camps, motels, restaurants, etc. This report addresses the
feasibility of providing potable water meeting current and anticipated future regulations for users
around Possum Kingdom Lake.

SCOPE OF STUDY

Shimek, Jacobs & Finklea, in association with Reynolds-Hibbs & Associates and Wastewater
Technology Service, Inc., was retained by the BRA to perform the preliminary engineering
study. In general, the scope of the Preliminary Engineering Study is as follows:

(1) Audit existing water supply systems operating in the Possum Kingdom Lake vicinity.
(2) Investigate alternative sources of water supply.

(3) Evaluate treatment processes available to treated water from Possum Kingdom Lake.
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(4)
(5)
(6)

Evaluate water distribution system alternatives.
Prepare cost estimates for potential regional water supply systems.

Evaluate funding alternatives and estimated costs to water customers.

Public meetings are to be held to review the draft report and receive public comments.

STUDY APPROACH

The following approach was used to evaluate the feasibility of a regional water supply system
for the Possum Kingdom area:

(1

(2)

)
4)

()

(6)
(M

(8)
®
(10)

Meet with the Possum Kingdom Water Supply Corporation and the BRA to confirm study
parameters and objections.

Obtain information from the TWC to confirm current rules and regulations for public
water systems.

Review existing lake water quality information,

Inventory existing water treatment, transmission, distribution and storage facilities utilizing
American Water Works Association audit procedures.

Obtain information concerning existing large water supply systems in the region and
evaluate their potential for service at the lake.

Identify and evaluate water treatment alternatives.

Determine existing and future water system demands and computer model potential
distribution systems to serve the lake area.

Meet with BRA Possum Kingdom Lake project manager to discuss potential systems.
Compile data obtained during study for inclusion in report.

Analyze funding alternatives and determine proposed system cost with the assistance of
the BRA staff.

A substantial amount of time was spent during the study visiting each commercial operations

around the lake which have public water systems as identified by the TWC. Equipment was

inventoried and information was obtained concerning the system's capacity and customer use.
Information obtained during the field visits is summarized in Section IV of this report and is

shown in more detail in the field survey summary in the Appendix of this report.
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II. - PROJECT PLANNING AREA

INTRODUCTION

The project planning area is defined in the Application to Texas Water Development Board,
Austin, Texas, for Regional Water Supply Planning Grant for Possum Kingdom Regional
Water Supply System, August, 1992, by the Brazos River Authority, to include the 310 miles of
shoreline of Possum Kingdom Lake. This is located in the Brazos River Basin, specifically in
Palo Pinto, Stephens, and Young Counties.

This project was initiated in response to enforcement actions by the Texas Water Commission
and the Attorney General against several public water systems within the planning area.
Consequently, the project area was more narrowly defined to include the systems under the
TWC bilateral compliance as well as commercial contributors to the Possum Kingdom Water
Supply Corporation. Residential participation is included in a generalized manner, and will need
to be more fully developed in a focused feasibility study.



B. LOCATION
Table 1 lists the commercial camps/businesses which participated in the study. Participant
locations are shown graphically on Figure 1, Location Map of Study Participants.
TABLE 1
STUDY PARTICIPANTS
Map Map
LD. # Commercial Operator LD, # Commercial Operator
21 | Bailey's Camp 45 [ Malt Shop
27 | Bass Hollow Lodge 24 | McDonald Investments
4 | The Bend Condominiums 53 [ Ole Smokey Restaurant & Rainbow RV Park &
) Lodge
28 | Bobby Holder Memorial FFA Camp 38 | One Mountain Place
2 | Brazos River Authority - Sheppard Dam 61 | Pat & Uncle Herman's Camp
3 | The Cliffs 30 | Phantom Hollow Marine
13 | Camp Constantin 54 | Pickwick Homeowner's Association
23 | Cruse Lake Store 44 | P.K. Lions Club
46 | Erath County Electric Co-op 65 | P.K. Lodge
32 | Faith in Action 51 | Ponderosa Condominiums
29 { Fox Hollow Camp 31 | Possum Hollow Camp
26 | Gordon Simmons Service/Hardware Plus 20 | Possum Kingdom State Recreational Area
11 | Camp Grady Spruce: Main Camp and Ray Bean 39 | Possum Point Restaurant
- YMCA
16 | Camp Grady Spruce: Frontier Unit - YMCA 66 | Rock Creek Camp
40 | Groves Mechanical 18 | Sandbar Village
S8 | Jessie's Acres 5 | Scenic Point Lodge
25 | Jones MH Park 22 | Shaker's Trailer Park/West Side Water Group
56 | KOA Campground (PROPOSED) 63 | Sky Camp
36 | Lakeshore Marina & RV Park 42 | The Trading Post
10 | Lakeview Lodge 8 | Villa Marina
48 | The Landing Condominiums 57 | Willow Beach Trailer Park & Resort
62 | Lefty's Camp 50 | Willow Condominiums
49 | Log Cabin Lodge 52 | The Winds Restaurant
59 | Long's Camp

The final study area includes only Stephens and Palo Pinto counties, since no participating
commercial camps/businesses listed above are located in Young county. However, the City of
Graham and Fort Belknap Water Supply Corporation, both located in Young County, are
included for the option of providing potable water to the Possum Kingdom Water Supply
Corporation.

-2



GROWTH AREAS

Growth potential is limited around Possum Kingdom Lake. The Brazos River Authority
controls leasing of the majority of the waterfront property and has indicated that there is no
immediate plan to issue new leases for previously unleased property. Currently, canceled leases
reverted back to the Brazos River Authority, and are not reissued. There are five future public
areas planned, but once again, not in the immediate future. Privately owned areas, such as
Gaines Bend, still have large amounts of undeveloped property and appear to have the largest
growth potential around the lake.

Ultimate development of these areas, as well as any unused capacity of the commercial areas,
have been included in the ultimate demand of a regional system. Areas with undeveloped
shoreline could also be developed.in the future in response to demand, if approved by the BRA.

The Brazos River Authority has indicated that only 50 to 75% of desirable shoreline has been
developed (subdivided), and development of all or part of the remaining 25 to 50% could occur.
It is difficult to speculate which, if any, of the potential growth areas will develop. The
feasibility of a regional potable water supply system will therefore, be evaluated based on the
current level of development (including any unused capacity of commercial areas) within the
planning area. Future development can then be served by a regional system through properly
planned phases. This approach, typically used in the development of rural water supply systems,
protects the system's charter membership from the financial and operational problems associated
with a system oversized to accommodate growth that never occurs.

1i-3




RJL

PI_5000.0WG  2/10/94

0

STEPWERS CoTY

5000

SCALE IN FEET

PALD PINTO COUMTY

100(?'/»
e ——

;
S

MAP_LEGEND

MAP
NUMBER  PARTICIPANT

Baily's Camp

Bass Hollow Lodge
Bobby Halder Comp
The Bend Condo.
8RA — Sheppard Dem
Carr Treiler Park
Century 1 and |l

The Cliffs

Comp Constontin
Cook’s Trailer Park
Crume Lake Stors
Erath Counly Electric
Faith In Actlon

Fex Hellow

Frontier Camp

Ft, Sill Recreqgtion Areo
Gerdon Simmons
Camp Grody Spruce
Groves MWechanical
Jessie's Acres

Jones Wobile Homa
K.0.A Campground
Lakeshore Mating
Lakeview Lodge

Tha Landing Conde
Larry (oyland

Lefty's

MAP
NUMBER  PARTICIPANT

Log Cabin Lodge

Long's Camp

Walt' Sho [ YOG COUNTY
McDonald invest. PO FNTO COUNTY
North Fol

Cla Smiokey Rest/Ry

One Mountoin Place
P K Liona Club

P K Lodge

P K Stefe Pork

Paot & Hermon's
Phantem Hollow

Pickwick Homeowners
Pondercsa Condominiums
Posaum Hollow

Posaum Point Restaurant
Rock Creek Camp
Sondbar Viliage

Scenic Point Lodge
Shaker's Troiler Park
Sky Camp

The Trading Post

vila Condas

Yilla Moring

Willow Baach

Willows Condo

The Winds Restauront

S

(Y

FIGURE No. 1

POSSUM KINGDOM WATER SUPPLY CORPORATION

LOCATION MAP
OF
STUDY PARTICIPANTS

SHIMEK, JACOBS & FINKLEA
REYNOLDS-HIBBS & ASSOCIATES
WASTEWATER TECHNOLOGY SERWVICE, INC.

FEBRUARY. 1994




II. - WATER REQUIREMENTS

INTRODUCTION

Water requirements for a regional water supply system depends on many different factors. In
fact, the presence of a reliable regionai water system will likely increase the population
growth trends in the area and likewise the potable water requirements. Historical population
and water usage records provide indications of future regional demands; however, these
shouild be used as a trend guide only. Actual population projections and water use
requirements for a system of this type require specific targets for the population to be served
and for the ultimate system capacities. Therefore, it is important to analyze the water
requirements accurately and concisely to properly determine the feasibility of a regional
system. To that end, considerable effort has been extended to determine both water use
requirements and projected system requirements within the planning area.

REGIONAL POPULATION PROJECTIONS

The estimating of future population growth for this region is difficult; past trends appear to
be of little value since future changes in population will be influenced by many factors,
including the development of adequate and reliable supplies of treated water. Additionally,
population within the planning area is influenced by the BRA. Leasing of most waterfront
property is controlled by the BRA, which also limits the size of commercial operations.

The Texas Water Development Board, Planning Division, Water Use and Projections
Section, has expended considerable effort in projecting future population and water needs
throughout the State, and their studies are currently the best information available on
estimated population growth.

The rural population figures of the three county areas around Possum Kingdom Lake as
developed by the Texas Water Development Board in their 1989 report are shown in Table 2.
However, their projections of population were made for the purpose of arriving at overall
water needs and may, or may not, be appropriate for use in designing and financing a
Possum Kingdom Regionai Water System.
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TABLE 2

AREA POPULATION PROJECTIONS

Year Palo Pinto County | Stephens County Young County Regional Totals
1985 10,326 3,093 6,044 19,463
1990 10,589 3,050 6,245 19,884
2000 13,122 3,503 6,967 23,592
2020 19,116 4,360 7,930 31,406
2040 22,078 5,366 8247 35,691

There is a practical limit to the debt the Possum Kingdom Water Supply Corporation can
obligate itself to serve future growth. Of course, these population estimates include areas of
each County which are well outside the practical limits of the Possum Kingdom Water Supply
Corporation service area. For this reason, the regional population projections for the study
planning area are limited to those individual BRA leased lots immediately around Possum
Kingdom Lake, businesses and developments around the lake, the Possum Kingdom State Park,
Camp Constintin, the YMCA, Camp Grady Spruce and Frontier Camp.

Regional population figures, presented in Table 3, are derived from surveys of participating
businesses and developments around the lake, 1992 maximum day headcount numbers at the
public use facilities provided by the Brazos River Authonty, and an estimated density of three
(3) persons per unit on the individual leased lots. Surveys of businesses/developments
participating in the study were conducted in the field using audit procedures provided by the
American Water Works Association (AWWA). Population equivalents reported during the
survey were verified against TWC and BRA records.

TABLE 3

PLANNING ARFA POPULATION

No. of Connections Estimated Population Equivalent
Commercial Operators 1,640 8,794
Residential Customers 1,800 5,400
Totals 3,440 14,194

Again, it is important to note that the Brazos River Authority has indicated that it does not
anticipate opening up any new areas in the near future for the purpose of individual leases
around Possum Kingdom Lake. Further, as individual leased lots revert back to the control of
the BRA, those lots are currently not available for leased use again. The BRA has indicated that
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the five (5) remaining public use areas will be developed in the near future. Those areas have
been included in the regional populations projections. For these reasons, the regional population
projections tabulated above constitute the maximum population the Possum Kingdom Water
Supply Corporation will likely serve.

REGIONAL WATER USE PROJECTIONS

During the course of this study, meetings were held with a representative of the Possum
Kingdom Water Supply Corporation study participants to review available records and make an
inspection of existing facilities. As previously discussed, AWWA audit materials were utilized
during the on-site inspection of the commercial operators.

Almost all of the commercial operations that were surveyed do not maintain water use records.
Similarly, since most residences provide their own water either by pumping lake water, using
well water, or hauling water, there is no way to accurately identify the historical residential
water use. Complicating the development of reliable water use projections is the wide
fluctuation between commercial usage identified during the on-site survey and calculated usage
based on TWC criteria as shown in Table 4. Additionally, a majority of residential properties
around Possum Kingdom Lake are "weekend" users (estimated at 80%). Maximum demand,
therefore, will most likely occur during only a few summer weekends.

TABLE 4

COMMERCIAL WATER USAGE COMPARISONS

Study Calculated Usage % of
Participant Actual Usage - (TWC Criteria) Calculated Usage |
A 3.4 gpm 29.2 gpm 12 %
AD 6.9 gpm 258 gpm 27 %
AN 10.4 gpm 17.4 gpm 60 %
AS 32.7 gpm 918 gpm 36 %
AV 345 gpm 90.8 gpm 38 %
BC 0.7 gpm 2.5 gpm 28 %
N 0.8 gpm 144 gpm 6 %
Q 20.2 gpm 14.5 gpm 139 %
R <0.1 gpm 0.6 gpm 17 %
A\ 4.7 gpm 7.0 gpm 67 %
W 35.8 gpm 12.8 gpm 280 %
X 200_@ 8.2 _Epm 244 %

Because of the variable commercial demands, it was concluded that the Texas Water
Commission's minimum standards for maximum daily demands for supply and peak hourly
demands for distribution be used for this study. Based on a review of the available records, this
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is believed to be a conservative approach to the maximum daily and peak hourly demands on a
regional water supply system.

In order to fully analyze the best approach for a regional water supply system, several
alternatives were considered for the maximum number of participants in the system. In all
approaches, it was assumed that 100 percent of the commercial operators such as businesses,
camps, marinas, iodges and resorts will be customers of the system. Individual leased lots,

representing residential use, were analyzed at participation levels of 0%, 20%, 50%, 80% and
100%.

Table 5 presents the water demand, associated with various levels of residential participation,
that has been adopted for the design purposes of supply and distribution for each option
evaluated. These values were determined by applying the Texas Water Commission's minimum
standards to the number of potential system connections for each alternative.

TABLE 5

REGIONAL WATER USE PROJECTIONS
(All Options Assume 100% Participation by Commercial Operations)

Alternate Percent of Leased Lot Number of Equivalent Maximum Day
Number Participation System Connections Demand
] 100 % 3,440 2.96 MGD
2 80 % 3,170 274 MGD
3 50 % 2,752 2.37 MGD
4 20 % 2,686 2.20 MGD
5 0 % 1,640 1.42 MGD

A more detailed summary of the water use calculations for each option is shown in the
Appendix.

The Possum Kingdom Water Supply Corporation, with the assistance of the Brazos River
Authority, conducted a survey of residential leases to evaluate the support for a regional water
supply system. The survey was conducted by mail, and results received indicate the most likely
scenario is a 50 percent participation level in the regional water system by individuals. For that
reason, the detailed analyses have focused in on a 50% level of participation. However, analyses
were performed on individual participation at levels of 0%, 20%, 80% and 100%, which will be
useful for the development of a focused feasibility study when residential participation is firmly
established.
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Commercial Operator Water Use Projections

The water usage of most commercial businesses/camps is limited by the Brazos River
Authority through commercial lease, which establishes the number and type of units, or by
water contract, which establishes the maximum amount of water allowed to be taken from
Possum Kingdom Lake annually. Some of these leases and water contracts allow for
additional units, such as mobile home or recreational vehicle sites. These additional units
have been included in the calculated usage. Commercial water use projections are based
as discussed in Paragraph C above on the TWC minimum standards for average daily
demand. Projections range from a low of 0.1 gpm (144 gpd) up to a high of 91.8 gpm
(132,192 gpd). Commercial camps/businesses were calculated individually to aid in the
conceptual design of a regional distribution system discussed in Section V of this report.

Residential Water Use Projections

Residential water usage in this regional study is limited to the lots ieased to individuals
around the shoreline of the lake by the Brazos River Authority and those lots along the
shoreline in the Gaines Bend area. The Cliffs residential development, located on the
southern shore of the lake, just west of Morris Sheppard Dam, is not included in the
regional water use projection calculations. The Cliffs is served by a water treatment plant
designed with an ultimate capacity adequate to meet the needs of the development. To
develop excess capacity to serve the entire lake as a regional treatment facility would
require extensive plant expansion in addition to approximately one mile of additional large
diameter water line (12" to 14" diameter) and an additional lake crossing. For these
reasons, it is recommended that the regional system is best served by allowing the Cliff's
development to continue to operate as an individual water system, separate from the
regional system. Section IV-C of this report discusses the Cliff's treatment facility in
greater detail.

An attempt was made to serve every leased lot around the lake. However, the southern
portion of the Caddo Creek area, located at the western end of the lake, was not included
due to the isolation of the area and sparsity of subdivided lots. Utilizing the Brazos River
Authority's Map of Leased Land at Possum Kingdom Lake, regional water systems were
designed to reach the lots for every alternative except the scenarios which serve the
commercial operators only.

The total number of individual leased lots around the shores of Possum Kingdom Lake,

including the lots available for lease in the Gaines Bend area, is approximately 1,800.
Using the minimum 0.6 gallons per minute (gpm) per connection (TWC regulation)
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generates a maximum daily residential demand of 1,080 gallons per minute or 1.56 million
gallons per day (MGD).

Of course, a substantial portion of these leased lots are seasonal in use and would not
consistently contribute to the maximum dailly demand. However, it is reasonable to
conclude that the maximum daily demand will occur during peak recreational times at the
lake and a vast majority of the leased property will be occupied during those times.

Given the numerous factors that affect residential participation (including the results of the
BRA's residential survey discussed in Paragraph C above) and water use projections in a
regional water system such as the one proposed for the Possum Kingdom Lake Area, the
residential water use projections were difficult to predict. Therefore, several alternatives
were analyzed utilizing various levels of residential participation and consequently
residential maximum daily and maximum hourly demands. Table 6 summarizes the
residential water usage for maximum daily and peak hourly demands for the various
scenarios considered.

TABLE 6

RESIDENTIAL WATER USE PROJECTIONS

Option Percent of Residential No. of Residential Maximum Day Peak Hour
Number Participation* Connections Usgge Usage
1 100 % 1,824 1.6 MGD 3.9 MGD
2 80 % 1,548 1.3 MGD 3.3 MGD
3 50 % 1,136 1.0 MGD 2.5 MGD
4 20 % 723 0.6 MGD 1.6 MGD
5 0 % 0 0 MGD 0 MGD

*NOTE: All options assume 100% participation by residential customers in the Hog Bend and Gaines Bend

arcas.

PROJECTED DEMANDS ON WATER TREATMENT FACILITIES

The projected demands on the water treatment facilities for the regional water supply system
depends on the numerous alternatives which are under consideration in this study. In general,
the calculated maximum daily water demand on the regional system ranges from a low of 1.4
MGD to a high of 3.0 MGD. In order to serve all of the commercial operations and at least half
of the residential customers from a single source treatment facility, a maximum day capacity of
2.37 MGD is required. These capacities are based on the Texas Water Commissions minimum
requirements for treatment capacities. In general, a maximum daily demand of 0.6 gpm per
connection was used to generate the maximum day treatment capacities.
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Developing a regional system to meet the varying demands of potential customers of the Possum
Kingdom Water Supply Corporation provides a unique challenge. Commercial
camps/businesses depend on the summer vacation months to fill their areas. Residential lots
(with approximately 80% considered as "weekend" users) are also utilized more during the
summer months, with peak occupancy over long holiday weekends. Peak demand is, therefore,
likely to occur only 2 - 3 times per year over a 3 - 4 day period. During the winter months,
particularly weekdays, the demand for potable water will be minimal.

Distribution systems must be capable of meeting peak demands. Water treatment facilities must
provide adequate quantities of potable water for distribution. However, the traditional design of
treatment facilities to provide maximum day demand will result in a facility that is under utilized
during the majority of the year. In Section V, consideration will be given to developing the
treatment facilities to meet average day demand, with increased storage to provide adequate
supplies of potable water to meet maximum day conditions.



IV. - EXISTING WATER SUPPLY SYSTEMS

INTRODUCTION

The existing commercial operator's water supply systems were surveyed to determine their
current treatment capabilities and associated deficiencies, according to the latest Texas Water
Commission criteria. Materials used in the surveys were the American Water Works
Association water audit forms, a preliminary survey conducted by the Brazos River Authority
on commercial operators, and other available information including Texas Water Commission
annual sanitary surveys.

Over 48 site interviews were coﬁducted, as well as numerous phone calls, to obtain accurate
information on each system. Information obtained in these surveys is located in various
forms throughout this report. This section provides a summary of the information available
on existing commercial water supply systems within the planning area. Residential systems
used by individuals were not evaluated. A discussion of a "typical” residential system is
presented in paragraph G.2 of Section V.

EXISTING WATER SUPPLIES

The commercial camps/businesses surveyed receive water from a variety of sources. Most
use Possum Kingdom Lake water, treated or otherwise. A significant number of operators
provide drinking water through the use of bottled water, such as Ozarka, or by hauling water
from the City of Graham (water is stored in bulk storage tanks on-site). A small number of
operators on the east side of Possum Kingdom Lake utilize groundwater, either primarily or
as a secondary source. This groundwater is very shallow (15' to 60' in depth).
Combinations of each of these sources is common, as operators try to comply with Texas
Water Commission criteria, as well as provide water for the convenience of their customers.

EXISTING POTABLE WATER PRODUCTION FACILITIES

All water supply systems were evaluated using the latest Texas Water Commission Water
Utilities Division Rules and Regulations for Public Wazer Systems, 1992. The first criteria
applied to each system was to determine the specific type of water system. The following
definitions were utilized:

PUBLIC WATER SYSTEM - "A system for the provision to the
public of piped water for human consumption, which includes all uses
described under the definition for drinking water. Such a system
must have a potential for at least 1S service connections or serve at
least 25 individuals at least 60 days out of the year . .."
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COMMUNITY WATER SYSTEM - defined as "A public water
system which has a potential to serve at least 15 residential service
connections on a year-round basis or serves at least 25 residents
on a year-round basis."

NON-COMMUNITY WATER SYSTEM - "Any public water
system which 1s not a community system."

Following these guidelines, the following table summarizes the water systems at Possum
Kingdom Lake.

TABLE 7

SUMMARY OF EXISTING COMMERCIAL WATER SYSTEMS

Type Of System Number Of Systems | Estimated Population Served
Groundwater/Community 6 788
Groundwater/Noncommunity 2 287
Surface Water/Community 13 1,746
Surface Water/Noncommunity 25 5,557
Not a Public Water System 8 381

Identifying the type of system is important in determining which Texas Water Commission
criteria is applicable. For instance, while 200 gallons per connection of ground storage is
required for all surface water systems, small groundwater systems, which have less than 50
connections, are not required to have ground storage capabilities, as long as other criteria are
met.

While there is no such thing as a "typical”" Possum Kingdom Lake commercial water
treatment system, some generalities can be made. Most of the groundwater systems have
more than one well, and chlorinate the water prior to distribution. The surface water systems
are more varied, and can be further divided into two types of systems: (1) surface water
treatment systems using one or more raw water pump to deliver the water to pressure tanks,
which is then chlorinated, occasionally filtered but with insufficient size filters, and
distributed; and (2) those systems which provide "advanced” treatment. Advanced treatment
includes systems which utilize a water softener, a reverse osmosis system, or both. These
advanced treatment systems commonly include numerous filters, as well as bulk storage
capabilities. Systems identified as not meeting the definition of a public water supply



typically have water supply systems which range from no treatment to advanced treatment
using water softening/reverse osmosis technology.

A majority of the commercial systems were in place prior to June, 1977, theoretically
eliminating the required compliance with secondary standards such as chlorides, sulfates, and
total dissolved solids. However, if any major upgrades or expansions are implemented at any
of these existing facilities, compliance with current TWC regulations for secondary treatment
will be required. Of all the systems surveyed, none were found to be in total compliance
with Texas Water Commission criteria. Deficiencies varied from a total lack of water

treatment to easily correctable defects such as color coding pipe and placing signs restricting
access around the raw water intake.

Evaluation of the effectiveness of each of the water treatment systems could not be conducted
due to a lack of water quality chemical analysis results. Therefore, the conclusion is drawn
that conventional treatment, properly operated, will provide water that will meet primary
standards, and advanced treatment, properly operated, will provide water that will meet
secondary standards. Under this assumption, systems with facilities which meet Texas Water
Commission criteria will be in compliance with State law, and capable of providing safe,
potable water.

Complete treatment for surface water (Section 290.42.(d)) ". . . provides facilities for
pretreatment disinfection, taste and odor control, continuous coagulation, sedimentation,
filtration, covered clearwell storage and terminal disinfection of the water with chlorine or
suitable chlorine compounds.” Groundwater requires only disinfection if the water meets the
drinking water standards (290.42.(b)). Facilities required if the groundwater does not meet
the drinking water standards may include filtration, iron and manganese removal, or terminal
disinfection.

Table 8 provides a summary of the deficiencies associated with the existing commercial water
supply systems.
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TABLE 8

SURVEY SUMMARY OF COMM