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September 15, 1987

Mr. Carson Hoge

General Manager

Brazos River Authority
4400 Cobbs Drive

Waco, Texas 76714-7555

Dear Mr. Hoge:

HDR Infrastructure, Inc., is pleased to submit this report that
anaiyzes project alternatives for the Lake Bosque Project. Since
the Lake Bosque Project is linked with operation of Lake Waco, where
enlargement is planned, the report also addresses water demand as
influenced by water conservation in all of Bosque and McLennan
Counties where the project participants are located.

The demand for water supply in the two-county area, after accounting
for reasonable levels of water conservation, clearly supports the
need for construction of Lake Bosque as well as the planned Lake
Waco Enlargement. Long-term water demands could grow to more than
110,000 acre-feet per year by the yer 2040. Lake Waco's long-term
supply of 65,574 acre-feet per year is committed to the City of
Waco. According to projections of the City's growth in municipal
water demand and their role as the region's supplier to
manufacturing water uses, the existing yield of Lake Waco is
inadequate to serve additional municipal customers or more than a
near-term amount of additional manufacturing use.

Alternatives for water supply in the area must envision the
development of new surface-water sources. Groundwater pumpage has
overdrafted the available supply from the Trinity Aquifer underlying
the area. This has been recognized by the Texas Water Commission in
its inclusion of Bosque and McLennan Counties in a designated
Critical Groundwater Management Area. Surface water supplies in the
area are influenced by existing water supply projects and periodic
high levels of total dissolved solids in the Brazos River.

Five alternatives were fitted within the setting of availabie
surface water resources in the area to determine the most
economically feasible and environmentally acceptable project to
supply water for the eight participants’' long-term water demands.
The alternatives are:

- Bosque River Reservoir

- Leon River Reservoir

- Diversion and 0ff-Channel Storage, Brazos River
- Wastewater Reuse

- Lake Whitney
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Each alternative delivers the same amount of treated water, 17,900
acre-feet per year, to the same delivery points for the customers.
Treated water costs were selected as a basis of comparison because total
dissolved solids levels in the raw water from the Lake Whitney
alternative and the Brazos River alternative require a higher level of
water treatment than the other alternatives to be suitable sources of
supply.

This alternatives analysis found that all five alternatives appeared
technically feasible and environmentally acceptable. Therefore, the
participants' costs for development of the alternative supply sources was
used as a basis for selecting the recommended project. Lake Bosque,
sited on the North Bosque River four miles north of the City of Meridian
and storing 102,909 acre-feet of water at conservation pool level, is the
least costly alternative for the participants. The alternatives can be
compared as follows:

- Bosque River Reservoir $1.42/1,000 gallons
- Leon River Reservoir $2.43/1,000 gallons
- Diversion and 0ff-Channel

Storage, Brazos River $2.69/1,000 gallons
- Wastewater Reuse $1.72/1,000 gallons
- Lake Whitney $2.66/1,000 gallons

Unit water costs shown are weighted averages for all eight participants.
Qur analysis shows that construction of Lake Bosque is the best
alternative project to serve the participants. The assistance that you
and your staff have provided has been most helpful as we have worked
toward completing this project.

Sincerely,

HDR Infrastructure, I

G.£{ Kretzschmar, Jr., P.E.
Project Manager

GEK:bb
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SECTION 1 - INTRODUCTION

A dependable water supply source capable of meeting their long range
(50 year) water requirements is needed by the Cities of Clifton and
Meridian in Bosque County, Texas; by the Cities of Lacy-Lakeview, Hewitt,
Woodway, Bellmead, and Waco in McLennan County, Texas; and by McLennan
County WCID (E1m Mott) in McLennan County. The seven cities and the
district have agreed to participate in a regional water supply project
sponsored by the Brazos River Autority. At present, all these
participants, except the City of Waco, meet nearly all of their water
supply needs from groundwater.

The City of Waco has an adequate amount of surface water from Lake
Waco to meet its near term needs, but since the water supply demands for
Bosque and McLennan Counties far exceed the current yield of Lake Waco, the
City has agreed to participate in the Lake Bosque project to enable optimum
development of that reservoir site for long-term municipal needs of the
area. This action also assures the availability of water supply for
further industrial development in McLennan County. The other cities
realize that expansion of groundwater supply capacity would be the most
economical alternative water supply for them if the local groundwater
aquifer could meet their needs. However, the characteristics of the
aquifer inhibit transmissivity and recharge rates. Due to the aquifer's
characteristics and protonged overdrafting, groundwater cannot continue to
meet their needs. Existing surface water sources with suitable water
quality within reasonable distance to the project participants are already
contractually committed to other entities and are, therefore, not

available. Additionally, any uncommitted surface water available from the



implementation of water conservation measures and a more extensive use of
groundwater supplies, discussed in Sections 2 and 3 respectively. Neither
of these two alternatives individually nor both combined provide an
adequate, reliable supply to meet the demands of the project participants.
However, water conservation is expected to reduce the long range water
needs of the participants and its impact is included in water demand
projections for the entities.

Section 4 describes the various surface water alternatives that were
evaluated. These include four variations on the location of the Lake
Bosque site, an alternative for use of Leon River water, diversion and
off-channel storage of Brazos River flood waters, reuse of wastewater, and
use of Lake Whitney water. The various alternatives are compared and
discussed in Section 5. The recommended alternative is the Lake Bosque
reservoir project located at river mile 58.3 on the North Bosque River, 4
mites north of the City of Meridian. A detailed description of the project

follows in Section 4.1.4.



population growth versus projected high population growth and the related
difference in manufacturing water demands. Estimates of population growth
available from other sources, as discussed in the PPA Report, generally
track or exceed the TWDB's high population growth projection. The TWDB low
population growth projection indicates a 43% increase by 2040, while the
TWDB high growth projection indicates a 73% increase.

A review of per capita water use (in gallons per capita per day, GPCD)
by the Lake Bosque participants in 1980 indicates a wide disparity in

consumption rates according to TWDB data:

Year 1980
Participant Water Use (GPCD)
Clifton 197
Meridian 77
Lacy-Lakeview 207
Hewitt 144
Woodway 213
Bellmead 177
Waco 261
McLennan Co. WCID No. 2 126

Of the participants, the City of Waco has the best developed supply
and distribution system and since its water is not unreasonably costly, its
citizens were able to use essentially all of the water they needed. During
this same period, the City of Meridian's supply and distribution sytems
reached the maximum they were capable of delivering and water use was
restricted. In the 1984 short-term drought, some of the participants
experienced water shortages and had to implement emergency water use
restrictions.

With regard to future per capita demands, TWDB has projected that per
capita water use of all the participants will increase until about the year

2000 and then should remain constant due to the influence of water



conservation. The TWDB projected conservation influenced rates and the

rates without conservation after the year 2000 are as follows:

Normal/Brought Normal/Drought
Water Demand (GPCD) Water Demand (GPCD)
Participant With Conservation Without Conservation
Clifton 166/224 - - 182/240
Meridian 117/175 , 133/191
Lacy-Lakeview 127/185 .- 04 143/201
Hewitt 110/168 126/184
Woodway 148/206 164/222
Bellmead 106/164 /7=/ 122/180
Waco 227/285 243/301
McLennan County WCID No. 2 135/182 151/198

These conservation-influenced per capita water use rates have been
adopted for projecting water demand for the Bosque project.

The rates reflected as normal demands in the TWDB projections should
occur in most years and the drought demand rate will occur only in those
periods of severe rainfall reduction when water is needed most. The
demands presented earlier for 1980 were for a drought-like period extending
only slightly longer than one year. The drought of record for this area is
about five years, so water use can be expected to be greater than in 1980.
Note, however, that TWDB's drought usage projection for the City of Waco
for year 2040 is only 9% greater than actual usage in 1980 according to
their record of 261 gpcd. The City reports slightly greater average annual
per capita usage for 1980. High per capita use in 1980 is due, in large
part, to the City having water system capacity adequate to meet all
demands at that time.

The water demand projections presented in the PPA Report incorporate

drought per capita demands.



2.2 Water Conservation Effects

As increased water supplies become available to those participants now
depending on inadequate water supplies, increased water usage will occur,
since the influence of supply shortages will be removed. The trend toward
increasing per capita usage will necessitate a concerted water conservation
program to ensure that water is used wisely.

The Brazos River Authority (BRA), in accordance with its Water
Conservation Policy, is developing and will implement a specific water
conservation program for the recommended alternative project to ensure the
wise and efficient use of existing and future water supplies. The
applicable water conservation measures of the BRA, as a regional raw water
supplier, will be somewhat different from the specific water conservation
measures applicable within the participants' water systems. Implementation
of the participants' water conservation programs will be their individual
responsibilities.

The expected influence of water conservation programs incorporated

into the demand projections is shown below:

7

With/Without Conservation
Water Conservation Reduction Effect

McLennan County D\JJ)h

Normal Demand 185/201 GPCD 8.0 \ 4 AR

Drought Demand 242/258 GPCD 6.2% g)
Bosque County \M

Normal Demand 133/149 GPCD 10.7%

Drought Demand 187/203 GPCD 7.9%

The above figures are based on county-wide projections that include

the project participants as well as other entities.



TABLE 2-1

PROJECTED 2040 MUNICIPAL AND MANUFACTURING WATER NEEDS

PARTICIPANTS
— Project Participants

BelImead
Clifton
Hewitt
Lacy-Lakeview
Northcrest *
- McLennan Co. WCID #2
Meridian
Waco
- Beverly Hills *
Woodway

Subtotal
Potential Municipal Customers
— Bruceville-Eddy
Mart
Moody
West
Rural Bosque County
Rural McLennan County
- Subtotal
Manufacturing

Bosque County
Mclennan County

Subtotal
TOTAL

DROUGHT WATER
DEMAND WITH

CONSERVATION
POPULATION (gpcd)
7,388 <72 224 .’
8,83855&W 16877
5,012 27¢ 185 7+
5,169 * *¢ 165 7
3’303 - 175 )
160,199 - .-+ 285 <
4,006 e 308 e
19,858 L ED 206 17/
231,733 5 A0k
1,851 Lt 168 - 7
3,758 =4t 29 <37
2,643 710 167 7
4,059 PR 192 Iy
17,575 SELE 2. 166
329266 ol e 180 i
62,152 .4
293,885

=10~

* Water currently being supplied through a participant.

ALt

y
/

PROJECTED
WATER
DEMAND
(AF/Year) (mgd)

2973 2.65
/277 1,854 1.65
~#2 1,663 1.48
© 1,039 0.93
5 955 0.85

362 0.32

crs g47¢" (.58
.. 51,142 45.66
e 1,382 1.23

" 4,582 4.09

66,599 59.46

74 348 0.31
7~ 1,061 0.95
.o 494 0.44
873 0.78

zrxd 3,268 2.92
Zo2 6,505 5.81

12,549 11.20

: 356 0.32
26,231 23.42

26,587  23.74

S

105,735 94.40



Authority's permitted yield from the above percentage of Lake Whitney's
storage space is presently committed to meet the Brazos River Basin water
supply needs. Use of the remaining storage space in Lake Whitney for
future water supply needs would be contingent on the approval of the U.S.
Congress and the acquiring of a water right permit from the Texas Water
Commission. The storage is now used by the Corps of Engineers to generate
hydroelectric energy, which is marketed through the Southwestern Power
Administration to the Brazos Electric Power Cooperative. An additional
major factor to be considered is the fact that the waters of Lake Whitney
contain high levels of dissolved solids that represent an expensive water
treatment problem. Therefore, the allocation of existing and planned Lake
Whitney supplies to meet future demands in the Bosque-McLennan County
region by TWDB is probably not a viable alternative at this time.

The principal problem recognized by the project participants in the
TWDB's long-range projections is that of almost total reliance on Lake
Whitney for supplying manufacturing water demands. Due to the apparent
problems with using Lake Whitney as a supply source, it must be dismissed
if another source of fresh water is reasonably available.

TWDB's long-range projections also assign the water supply yield of
Aquilla Reservoir to meet demands in the project area. The total
dependable yield of Aquilla Reservoir has been contractually committed by
the Brazos River Authority to other entities in the Brazos River Basin.

Based on the information presented above concerning water supply
sources and demands for water supply presented in Table 2-1, Table 2-2 has
been developed to show the realistic allocation of the two county project
area's year 2040 high water demand projections for municipal use and

manufacturing use to an existing or proposed water supply source.

-11-



2.2 Mater Conservation Effects

As increased water supplies become available to those participants now
depending on inadequate water supplies, increased water usage will occur,
since the influence of supply shortages will be removed. The trend toward
increasing per capita usage will necessitate a concerted water conservation
program to ensure that water is used wisely.

The Brazos River Authority (BRA)}, in accordance with its Water
Conservation Policy, is developing and will implement a specific water
conservation program for the recommended alternative project to ensure the
wise and efficient use of existing and future water suppiies. The
applicable water conservation measures of the BRA, as a regional raw water
supplier, will be somewhat different from the specific water conservation
measures applicable within the participants' water systems. Implementation
of the participants' water conservation programs will be their individual
responsibilities.

The expected influence of water conservation programs incorporated

into the demand projections is shown below:

With/Without Conservation éy/b)/
Water Conservation Reduction Effect
McLennan County DNJJ}V
Normal Demand 185/201 GPCD 8.08 \ 4 AR
Drought Demand 242/258 GPCD 6.2% (3
Bosque County \h
Normal Demand 133/149 GPCD 10.7%
Drought Demand 187/203 GPCD 7.9%

The above figures are based on county-wide projections that include

the project participants as well as other entities.



According to guidelines for water conservation programs issued by TWDB
an effective program will normally reduce water demands from 5% to 15%,
with maximum reductions seldom exceeding 25%. The conservation reductions
shown above reduced the total water demand in Section 2.1 that would
otherwise be projected at the year 2040 by 5,266 AF/Year (4.70 MGD) or

4.8%. On a municipal water demand basis, the reduction is 6.4%.

N

2.3 Selected Water Demand

Long-term water supply project alternatives often have fixed, rather
than variable, ultimate capacities. Therefore, it is necessary to
establish a selected design water demand to guide the development of
alternative projects and project capacities. Several characteristics of
raw water supply projects should be considered in the process of
determining the appropriate level of design water demand. These are:

1) Project works are durable and long-lived, requiring substantial
capital outlays of public funds. The public's investment should
purchase an efficient, long-term water supply.

2) Ultimate capacities of facilities, particularly dams and
withdrawal structures, are built-in at construction and
modification is difficult and costly, if not impossible. The
initial facilities should be fully adequate for long-term service.

3) Surface water development reservoirs are normally sized to deliver
a dependable yield of water supply during a repeat of the drought
of record. Dependable yield for the proposed Lake Bosque project
means the maximum amount of water that can be withdrawn from the
reservoir every year without ever completely depleting reservoir
storage. The same below-average rainfall conditions that created
the critical period of low water runoff used to determine
dependable or firm yield also drive per capita water demand
upward. Therefore, drought condition water demands are
appropriate for evaluating municipal water demand projections.

4) Optimal development of water supply projects results in lowest,
long-term water costs and best serves the public interest.
Therefore, facilities should be designed for optimum capacity
whenever possible.

5) The raw water supply increment of a total water system's capital
outlays varies widely, but is generally about one-third of the



total cost. Other increments of the total system are dependent on
the adequacy of the raw water supply and can be implemented in
phases. Therefore, more conservative estimates of future demands
are more suitable for sizing treatment and some distribution
facilities, while more optimistic demands are appropriate for
sizing raw water facilities.

Based on the above characteristics, the adoption of high/optimistic
water demand projections is justified as a design goal for developing a
surface water supply source. Table 2-1 presents the high water demand
projection for the year 2040 for the project participants, other potential
municipal customers and manufacturing uses in the two county area. Section
5.0, beiow, discusses the recommended project alternative and justifies
its development as a surface water supply project in order to meet

projected future water demands in the Bosque and MclLennan County areas.

2.4 Existing Supplies

The TWDB's long-range projections allocate existing and planned
surface and ground water supply sources to the meeting of present and
projected water demands. According to TWDB projections, which now extend
only to the year 2030, Lake Waco is to supply nearly all of the municipal
water use for the area and Lake Whitney is to supply essentially all of the
area's manufacturing water use. Aquilla Creek Reservoir, the Trinity
Aquifer and other local supply sources (direct diversion) account for the
balance of the projected water supply to meet water demands. TWDB alsoc
includes some unmet shortages. Sources other than Lake Waco and Lake
Whitney, combined with the shortage in supply, or demand for other new
projects, amount to approximately 6.2% of the total supply (and demand) as
projected to the year 2040.

The Brazos River Authority has contracted with the Corps of Engineers

to use 22.017% of the usable storage space in Lake Whitney. The
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—_ TABLE 2-1
PROJECTED 2040 MUNICIPAL AND MANUFACTURING WATER NEEDS

DROUGHT WATER : PROJECTED
DEMAND WITH WATER
- CONSERVATION DEMAND
PARTICIPANTS PGPULATION (gpcd) (AF/Year) (mgd)
— Project Participants
Bellmead 16,183 - 164 e 2,973 2.65
__ Clifton 7,388 - 77 224 -7 /7 1.854"  1.65
Hewitt 8,838.2 s/ 168 722 521,663 1.48
Lacy-Lakeview 5,012 2774 1857+ S 1,039 0.93
Northcrest * 5,169 * 77 165 7 vy 9bb 0.85
- MclLennan Co. WCID #2 1,777 182 362 0.32
Meridian 3,303 175 /=7 <o 64777 0.58
Waco 160,199 - =7 285 - .. 51,142 45,66
— Beverly Hills * 4,006 -~ 308 - v 1,382 1.23
Woodway 19,858 = 206 '/ oo 4,582 4.09

Subtotal 231,733 . o <. 66,599 59.46

Potential Municipal Customers

— Bruceville-Eddy 1,851 « =/ 168 - “7C 348 0.31
Mart 3,758 zoic 252 /=7 71,061 0.95
Moody 2,643 i/ 167 2 oo 494 0.44

. West 4,059 ~‘*7 192 ,: o 873 0.78
Rural Bosque County 17,575 - 166 - - wr:¥ 3,268 2.92
Rural McLennan County 32,266 - 180 /- z-= 6,505 5.81

- Subtotal 62,152 a0 oo 12,549 11.20

Manufacturing

~ Bosque County . 356 0.32
McLennan County oo, rs 26,231 23.42
Subtotal , Ly sec 26,587 23.74

TOTAL 293,885 .o > 105,735 94.40

. * Water currently being supplied through a participant.
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Authority's permitted yield from the above percentage of Lake Whitney's
storage space is presently committed to meet the Brazos River Basin water
supply needs. Use of the remaining storage space in Lake Whitney for
future water supply needs would be contingent on the approval of the U.S.
Congress and the acquiring of a water right permit from the Texas Water
Commission. The storage is now used by the Corps of Engineers to generate
hydroelectric energy, which is marketed through the Southwestern Power
Administration to the Brazos Electric Power Cooperative. An additional
major factor to be considered is the fact that the waters of Lake Whitney
contain high levels of dissolved solids that represent an expensive water
treatment problem. Therefore, the allocation of existing and planned Lake
Whitney supplies to meet future demands in the Bosque-McLennan County
region by TWDB is probably not a viable alternative at this time.

The principal problem recognized by the project participants in the
TWDB's long-range projections is that of almost total reliance on Lake
Whitney for supplying manufacturing water demands. Due to the apparent
problems with using Lake Whitney as a supply source, it must be dismissed
if another source of fresh water is reasonably available.

TWDB's Tong-range projections also assign the water supply yield of
Aquilla Reservoir to meet demands in the project area. The total
dependable yield of Aquilla Reservoir has been contractually committed by
the Brazos River Authority to other entities in the Brazos River Basin.

Based on the information presented above concerning water supply
sources and demands for water supply presented in Table 2-1, Table 2-2 has
been developed to show the realistic allocation of the two county project
area's year 2040 high water demand projections for municipal use and

manufacturing use to an existing or proposed water supply source.

-11-~



TABLE 2-2

SUPPLY SOURCES PLANNED TO MEET PROJECTED 2040 MUNICIPAL
AND MANUFACTURING WATER NEEDS (AF/year)

PARTICIPANT
Municipal Customers

Belimead
Clifton
Hewitt
Lacy-Lakeview
Nerthcrest *
McLennan Co. WCID #2
Meridian
Waco
Beverly Hills *
Hoodway

Subtotal
Potential Municipal Customers

Brucevilie-Eddy
Mart

Moody
HWest
Rural Bosque County
Rural McLennan County
Subtotal
Non-Customer Municipalities
McGregor
Robinson
vValley Mills
Subtotal

Manufacturing

Bosque County
McLennan County

Subtotal
TOTAL MUMICIPAL & MANUFACTURING
Existing Irrigation Permit

TOTAL

TRINITY
AQUIFER

o O 000000000

o o 00

1,354
566

1,920

1,538
591

2,129

0
143

143

4,192

EXISTING
LAKE
WACC

(=K 2 — I — I — Y — =]

51,142
1,382

52,524

2 0 0 0o o

5,939

5,939

I
o

0
6,211

6,211

64,674

900

65,574

PROPOSED
LAKE PROPOSED
WACO LAKE
ENLARGEMENT BOSQUE
0 2,973
0 1,854
0 1,663
0 1,039
0 955
0 362
0 647
0 0
0 0
0 4,582
0 14,075
348 0
0 1,061
0 494
873 0
0 1,914
0 0
1,221 3,669
0 0
0 0
0 (]
0 0
0 356
13,075 0
13,075 356
14,296 17,900

* \ater currently being supplied through a participant.
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PLANNED
LOCAL
PROJECTS

[~ 20~ T — T — B . B Y = T = = I ]

oo ocCco o

2,698

2,698

@

2,698

UNMET
FUTURE
DEMANDS

OO0 000000 O CoC

o oo o0 o0 0

6,802
6,802

6,802

TOTAL
SUPPLY

2,973
1,854
1,663
1,039

955
362
647

51,142
1,382
4,582

66,599

348
1,061
494
873
3,268
6,505

12,549

1,538
2,698
591

4,827

356
26,231

26,587

110,562



As indicated in Section 1, above, the recommended alternative is the
Lake Bosque Reservoir Project which is described in Section 4.1.4. The
participating entities 1isted below have recognized the need for this
project and have agreed to share the dependable yield of the project and

the associated project costs on the following basis:

Participant Project Share %
Clifton 10.92
Meridian 7.71
Lacy-Lakeview 12.68
Hewitt 17.76
Woodway 18.16
Bellmead 17.52
Waco 12.33
McLennan County WCID No. 2 2.92

The practical aspect of adjusting contracted water supply with future
demands of potential municipal customers, as is suggested by Table 2-2, is
addressed in the participants' contracts for constructing and operating the
proposed project. According to their contracts, participants may buy and
sell treated water from Lake Bosque among themselves and to new customer
entities. This provision assures that this important supply project will

provide water service when and where it is needed.

2.5 Water Demand for Lake Bosque Alternatives Analyses

The 2040 projected water use of the participants, based on drought per
capita use rates, the projected demands of other potential surface water
users (immediate neighbors) who will eventually need to share in this
planned water supply project, and the projected manufacturing demands of
Bosque and McLennan Counties total 105,735 AF/Yr (94.41 mgd). This is the

quantity of water that is associated with the upper range of projections in
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the previously mentioned Paul Price Associates Report, after adjustments

for supplying the Cities of Beverly Hills and West, and was identified as a
design demand goal for sizing alternative projects. A comparison of 2040 v
water supply demands with existing and future surface water supplies is

shown in tabular form below:

2040 Project Area Water Demands 105,735 AF/Year
Less;

2040 Lake Waco (w/o enlargement) Supply 65,574 AF/Year

less existing irrigation permit 900 AF/Year

-64,674 AF/Year

2040 Demand for New Supplies 41,061 AF/Year
Less;
Proposed 2040 Lake Bosque Supply -17,900 AF/Year
Proposed 2040 Lake Waco Enlargement Supply -14,296 AF/Year
Unmet 2040 Demand 8,865 AF/Year

It is assumed that the unmet demands for water in 2040, totalling 8,865
AF/Year, will be met from safe pumpage of groundwater resources and future,
more expensive surface water development projects.

When the participant's project shares shown in Section 2.4, above, are
summed on a county-wide basis, the results show that 18.63% of the project
is contracted for by Bosque County entities and 81.37% by McLennan County
entities. Applying these percentages to the estimated firm yield of the

proposed Lake Bosque Project results in the following:

Equivalent Water Needs

% Ak /Year MGD
Bosque County 18.63 3,335 2.98
McLennan County 81.37 14,565 13.00
Total 100.00 17,900 15.98
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In subsequent discussions of Lake Bosque alternatives to meet the
participants' needs, those quantities listed above will be uniformly used

to evaluate various project alternatives.
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SECTION 3 - GROUNDWATER DEVELOPMENT

The economical development of existing groundwater resources within
proximity of the participants is the first water supply alternative to be
considered. All of the Lake Bosque participants, except for the City of
Waco, now rely almost wholly on groundwater for their water supplies.
Their well fields in Bosque and McLennan Counties are withdrawing water
much faster than the natural recharge into the Trinity Group Aquifer
that the area has been included in the Texas Water Commission's (TWC's)
recently designated Critical Groundwater Management Area (see Figure 3-1).
The TWC defines a critical area as one "that is experiencing serious
groundwater problems or is expected to during the next 20 years."

Bosque and McLennan Counties are underlain by the Travis Peak
formation of the aquifer. The Hensell and Hosston members of the Travis
Peak formation have a fresh water thickness of 50 to 120 feet and are the
primary source of groundwater throughout this portion of Central Texas.
The Texas Water Development Board (TWDB), in their report, "Ground Water
Resources of Central Texas, With Emphasis on the Antlers and Travis Peak
Formations," studied the aquifer over a 15-county area which included
Bosque and McLennan Counties. They used a computer model to determine the
availability of water in the aquifer based on 1966 pumpage rates. Their
findings regarding fully or overdeveloped areas of the aquifer and those
areas which they found to be available for further development are
illustrated in Figure 3-2. As can be seen from this map, the nearest
possible area for developing additional groundwater supplies for the
smaller cities surrounding the City of Waco is a strip along the eastern

edge of the aquifer's fresh water zone. At the time of the report in 1966,
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the TWDB determined that there was an additional 10,000 acre-feet per year
(8.9 MGD) of groundwater available in the study area.

Based on continued declines in water levels in McLennan County water
wells and an increase in pumpage since 1966, it can be assumed that at
least part of this additional supply is now being used. For example, the
water level in the TWDB's monitoring well at Waco (#40-32-501) has declined
217 feet since 1965. Another well near Robinson (#40-40-401) has declined
347 feet in the last 20 years, from 375 ft. msl to 28 ft. msl.

Bosque County currently derives almost all of its water supply from
groundwater sources. The Hensell and Hosston members provide over 95% of
municipal and industrial water supply in the county. Projections of water
level decline for the Cities of Meridian and Clifton show that they have a
potential groundwater supply for the next 20 to 30 years. These
projections are based on the rate of water level declines since 1965 and on
the assumption that further demands will be met by additional groundwater
development. The conclusion that groundwater wiil meet Bosque County needs
for 20 to 30 years assumes that continued pumpage of existing wells,
expansion of well fields, and groundwater withdrawal in excess of safe
pumpage levels will continue to be permissible.

The previous water supply study HOR performed for the Bosque County
Water Committee evaluated groundwater recharge using spreading ponds and
injection wells. Spreading ponds to recharge the Paluxy Aquifer outcrop
north of the City of Meridian appeared to be feasible. However, field
tests utilizing in situ pressure tests indicated that aquifer
transmissivity characteristics were not adequate for an economically
feasible recharge project. Injection wells into the Travis Peak formation

were also considered as an alternative, however, capital costs and
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recurring operation and maintenance costs caused it to be more expensive
than other aiternatives, including the Lake Bosque alternative.

This study of injecting groundwater for future recovery addressed
meeting only the needs of Bosque County, and while an evaluation of
injection of groundwater to meet the needs of the MclLennan County entities
has not been performed, it can be assumed that the process would be at
least as expensive to meet their needs as it would be to meet the Bosque
County needs. Therefore, this alternative must be discarded since it would
be more expensive than the Lake Bosque alternative. Also, this
alternative, while technically feasible, would require extensive testing to
assure it would be workable in the Travis Peak formation.

The cumulative total of water supply sought by the participating
entities is 15.98 MGD. The existing supply available from the aquifer is
probably no more than one-half of this amount. Therefore, it must be
concluded that groundwater is not a dependable nor feasible long-term

source to meet the participants' projected water needs.
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SECTION 4 - SURFACE WATER DEVELOPMENT ALTERNATIVES

In order to evaluate the potential to provide the project participants
with a Tong-term water supply, a wide range of surface water development
alternatives were studied. These alternatives varied from the development
of conservation storage reservoirs to the reuse of wastewater effluent.
More specifically, the five alternatives considered were: (1) Bosque River
Reservoir, {2) use of water diverted from a new Leon River reservoir
identified as the Gatesville Reservoir, (3) diversion and off-channel
storage of unappropriated Brazos River water, (4) wastewater reuse, and (5)
release of stored Lake Whitney water and subsequent downstream diversion.

Raw water costs, treatment costs, and transmission costs were
developed for each alternative and these costs serve as the basis for
comparing the economic feasibility of the various alternatives. In all
cases, capital costs have been assumed to be financed at 8% interest for a
period of 25 years with uniform annual debt service payments. Costs
associated with issuing debt, capitalized interest, management fees, and
reserve fund requirement have not been inciuded in calculations. For each
alternative, costs were calculated for treated water delivered to
appropriate distribition points for the project participants. It was
assumed that the McLennan County participants' water would be treated and
delivered through the City of Waco's expanded facilities for all
alternatives. For some alternatives, the Bosque County entities would also
use the City of Waco's treatment facilities. Each alternative project,

including water treatment, is described in the following sections.
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4.1 BOSQUE RIVER RESERVOIR ALTERNATIVE

The Bosque River sub-basin is controlled by Lake Waco very near its
confluence with the Brazos River at Waco. Analysis of the hydrology of the
basin shows that existing conservation storage in Lake Waco at elevation
455 feet above mean sea level (ms1) or at the proposed enlargement to 462
feet ms1 does not fully develop the yield of the basin. Three tributaries
of the Bosque River, the North, Middle, and South Bosque Rivers, converge
in Lake Waco. Since the North Bosque River is the largest basin tributary,
development of additional conservation storage on this stream was studied.

A previous study, "Water Supply Alternatives for Bosque County" (May,
1982) by HDR, showed that a reservoir on the North Bosque River was the
most economical water supply project to meet the long term needs of Bosque
County. That study evaluated various reservoir sites and found a site
now identified as Lake Bosque to be the most economical. This study
evaluated three additional sites on the North Bosque River that have
favorable topographic characteristics while avoiding extensive relocations
and compares them with the originally recommended site. These sites were
selected after a thorough review of USGS maps which indicated these are the
only sites that can develop reasonable storage without incurring extensive
relocation costs. All of the selected sites are in Bosque County. (see
Figure 4-1} The conservation storage volumes for these sites range from
29,200 acre-feet to 102,909 acre-feet. Areal yields after 50 years of
sediment accumulation range from 17,500 (15.6 mgd) to 35,000 (31.25 mgd)
acre-feet per year.

The firm yield for each site was estimated and these ranged from a low
of 9.0 mgd to a high of 17.9 mgd. The estimates of firm yield were derived

assuming that the same ratio between areal and firm yield exists for the
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three new sites as was found through detailed studies for the recommended
Lake Bosque (Site 2) site. Since all four sites will require similar
treatment of the water before distribution, these costs will not be
addressed until the sites are compared for raw water costs and
environmental impacts. A cursory review (see Figure 4-1) does indicate
that the two most northerly sites are upstream of Meridian and Clifton and

will have lower transmission costs to serve those two cities.

4.1.1 Comparison Of Reservoir Sites

Table 4-1 presents a summary of statistics, yields, and costs for each
of the sites. Based on estimates of firm yield, a unit cost was computed
for each 1000 gallons of yield developed. The project costs for each site
include an estimate of major relocations plus an estimate for dam and

spillway construction.

4.1.2 Feasibility

As shown in Table 4-1, Site 2 offers the lowest cost per unit of yield
and is the most economically feasible of the four reservoir sites on the
North Bosque River. Its location is advantageous since all project
participants are located downstream from the reservoir and water can be
supplied with minimal capital investments and minimal operating costs for
diversion and transmission facilities. The site impounds water without
exposure to unreasonable evaporation and seepage losses. Furthermore, the
construction requirements are not unusual.

The McLennan County participants' releases from the reservoir will
flow down the North Bosque River for diversion from Lake Waco. While in
transit, the releases will be depleted by channel losses. These losses are
accounted for in yield calculations.

-24-



TABLE 4-1
COST COMPARISONS FOR
BOSQUE RIVER SITES

SITE 1 SITE 2% SITE 3 SITE 4

Normal Pool Elevation 860 830 680 620
(Ft. MSL)

Initial Capacity at 65,400 102,909 29,200 91,500
Normal Pool (Ac-Ft)

Surface Area (Ac) 3,083 4,564 2,018 4,938

50-Year Capacity at 62,777 100,509 19,879 71,826
Normal Pool (Ac-Ft)

Drainage Area at Dam 646 707 943 1,146
(Sq. mi.)

Initial Areal Yield 26,000 32,100 21,500 40,000
(Ac-Ft/Yr)

50-Year Areal Yield 25,000 31,800 17,500 35,000
(Ac-Ft/Yr)

50-Year Estimated 14,672 17,900 10,080 20,048
Firm Yield
Ac-Ft/Yr (mgd) (13.1) (15.98) (9.0) {17.9)

Project Cost Including $46,670,000 $37,529,000 $51,200,000 $52,260,000
Relocations (1987 $)

Annual Debt Service **  $4,372,050 $3,515,340 $4,796,420 $2,895,720

Annual Operation & 160,000 200,000 110,000 220,000
Maintenance Costs ($)

Total Annual Cost ($) $4,532,050 $3,715,340 $4,906,420 $5,115,720

Unit Cost of Raw Water $0.95 $0.64 $1.49 $0.78
(Per 1000 Gallons)

*  Proposed Lake Bosque

** Assumed 8% interest for 25 years
Excludes financing costs, capitalized interest, management fees, and reserve
funds.

-25-



Site 2 has been thoroughly investigated. Reports analyzing
developing this site into the recommended Lake Bosque project are "Baseline
Ecology Report: Lake Bosque Reservoir Site", October, 1985 prepared by
Technical Consulting Associates, "Geotechnical Investigation, Bosque
Reservoir Site, Bosque County, Texas" June 1983, NFS Services, Inc., and
"Reservoir Operation Studies for Proposed Lake Bosque Project and Lake Waco

Enlargement", June 1985, HDR Infrastructure, Inc.

4.1.3 Environmental Assessment

A1l four potential reservoir sites identified on the North Bosque
River encompass the same range of vegetational types and habitats:
bottomland, or mesic, woodland, cropland, native pasture, improved pasture
and upland woodland. The mesic woodlands in all four sites are confined to
narrow riparian strips along the North Bosque River and major tributaries.
These riparian strips are remnants of an essentially eastern hardwood
woodland that once covered much of the valley floor. The wooded valleys of
rivers such as the Bosque and Leon to the west were important components of
the transitional nature of the Texan Biotic Province. These valleys
represent a more eastern, mesic assemblage of plants and animals. Since
the valleys are interdigitated with the plains environment of the adjacent
uplands, a transitional environment existed.

A1l the cropland and most of the improved pasture on these sites has
been developed by clearing the mesic woodlands. Unlike East Texas
bottomlands, these areas experience flooding on only a two to five year
return interval; consequently they are not wetlands and, are well suited to
intensive agricultural development without extensive drainage, diking, or

other water management measures.
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Since these reservoir sites are located in areas that are very similar
in terms of soils, topography and vegetation, the primary predictor of
terrestrial impact is area of the conservation pool. Reservoirs at Sites 2
and 4 would have similar surface acreages (4,500 to 4,900 ac.), which is
substantially larger than the acreage of the remaining two sites. Site 3
at 2,000 acres would have by far the smallest conservation pool of the four
alternative reservoirs, followed by Site 1 (3,000 ac). Site 4 occupies a
reach of the North Bosque that may have undergone somewhat more extensive
agricultural development than Site 2, and consequently would presumably
have a lower wildlife value than a similar area of the Site 2 reach. As a
group, the four sites encompass a major tributary confluence (East Bosque,
Meridian Creek, Neils Creek), so are similar with respect to the complex of
fish and wildlife resources common to that situation.

Longitudinal migration in the North Bosque River does not appear to be
of particular importance to any of the resident species. For example,
Texas Parks and Wildlife biologists in Waco report only limited use of

either the river or the North Bosque arm of Lake Waco by white bass (Roccus

chrysops). Local fisherman in Valley Mills say white bass do not run above

the China Springs crossing {about 15 river miles below Site 4).

Tailwater effects would be a function of reservoir storage capacity
and operation. Since all four alternative reservoirs would be operated as
a system with Lake Waco to optimize yield, some similarity in release
regime can be assumed, except as site specific inflows and reservoir
capacity dictate more or less frequent spills. It is also assumed that all
four alternative dams would be equipped with multilevel outlets to aveid
impacts due to lTow dissolved oxygen levels in releases and drastic changes

in temperature regime. On the basis of the relative magnitude of change in
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existing hydrologic regime as a result of reservoir operation, it is
Togical that larger reservoirs and those higher in the basin would tend to
exert greater impacts.

It appears that the four alternative Bosque River reservoir sites can
be ranked in ascending order of probable fish and wildlife habitat impact
as follows: Site 3 < Site 1 < Site 4 = Site 2. The lesser impacts of
Sites 1 and 3 are primarily due to their smaller size, thus inundating

shorter reaches of the North Bosque River.

4.1.4 Detailed Description of The Recommended Lake Bosque Site and
Estimated Costs

The Lake Bosque project will impound water from 707.6 square miles of
the North and East Bosque River Drainage Basins (see Figure 4-2). The
impoundment will be located between the City of Meridian and the town of
Iredell in northwestern Bosque County at river mile 58.3 on the North
Bosque River, 4 miles north of the City of Meridian. The conservation pool
formed by the dam will inundate approximately 4,564 acres at an elevation
of 830 ft. above mean sea level (msl). An additional 192 acres will be
directly impacted by the dam and by the primary and emergency spillways.
Also, there are 1,387 acres between the conservation pool elevation of 830
ft. msl and the 100-year flood elevation of 841.3 feet, which will be
intermittently inundated.

The dam will be an earth-filled embankment approximately 14,000 feet
in length. The primary spiliway, with crest set at an elevation of 830 ft.
msl, will be an ungated, concrete ogee structure with 250 feet of crest

width. Flows greater than the 100-year flood will also flow through a 2000
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foot-wide emergency spillway with a crest elevation of 841.3 ft. msl. The
dam crest elevation is 860 ft. msl, which provides adequate freeboard above
the stage of the Probable Maximum Flood in the reservoir.

The yield of the proposed project has been determined on the basis
that Lake Bosque and Lake Waco will be operated as a two-reservoir system.
The Bosque County project participants are located on the North Bosque
River between the two reservoirs and can divert their allocation either
directly from Lake Bosque or from the North Bosque River. The MclLennan
County project participants can divert their allocation directly from Lake
Waco. In system operation, releases from Lake Bosque for the McLennan
County participants will be managed in concert with operation of Lake Waco
to curtail evaporation and other losses for the two-reservoir system,
consistent with water supply and environmental mitigation needs.

The results of system operation are evident in the following
comparison of estimated reservoir yields at the year 2040. By contractual
agreement, the benefit of system operation yield increase is attributed to

L.ake Bosque.

Independent System Operation
Reservoir Yield Yield
Lake Waco, enlarged 79,870 AF/Year 79,870 AF/Year
Lake Bosque 10,570 AF/Year 17,900 AF/Year
Total 90,440 AF/Year 97,770 AF/Year

The yield increase of 7,330 AF/Year {6.54 MGD) is attributable to
system operation which is a "practice....that will....improve the
efficiency in the use of water........ so that a water supply is.made
available for future or alternative uses" as water conservation is defined,

in part, in the Texas Water Code (V.T.C.A., Water Code § 11.002). This
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yield increase is 6.6% of the total water demand for the area at year 2040
as presented in Table 2.2.

With Lake Bosque operated as a system with Lake Waco at 462 ft. msl,
the combined yield for the system in the year 2040 will be 97,770 ac-ft/yr
(87.29 mgd) with 17,900 ac-ft/yr (15.98 mgd) attributable to Lake Bosque.
Of the 15.98 mgd, 2.98 mgd will be diverted for use in Bosque County, and
the remaining yield will be released from Lake Bosque for diversion from
Lake Waco for use in McLennan County. It is anticipated that a diversion
averaging 13.00 mgd for these entities will be made from Lake Waco via the
City of Waco's water system.

The estimated construction cost of the Lake Bosque Project is
#EZlggﬁiPOO (see Table 4-2}. This sum includes acquisition of land, dam
construction, construction of all relocations, professional services for
permitting, design, and construction management work, and contingencies.
Estimated costs for the delivery and treatment systems for the 2040 needs

T T

of the participants amount to $32,329,000.
—

The cost of facilities to treat and deliver the total yield of Lake
the total yield of Lake

Bosque are being presented for this and all other alternatives, since
—

ultimate total costs provide the only equitable means of uniformly
comparing alternative projects. O0f course, the treatment and transmission
facilities may actually be constructed in phases, but presenting data on
phasing at this time unneccesarily complicates the comparison of
alternatives.

Since the MclLennan County participants will receive Lake Bosque water
through Lake Waco via the City of Waco's water system, minimal raw water
delivery facilities are necessary for them, and these costs have been

included in the cost for the treatment plant expansion. Ultimate costs for
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COSTS FOR LAKE BOSQUE ALTERNATIVE

TABLE 4-2

(1987 DOLLARS)

Lake Bosque

Embankment

Spillway & Outlet Works
Land Acquisition
Relocations

Subtotal
Contingencies @ 15%

Subtotal
Services B 15%

TOTAL COST

Capital Cost

$11,600,000
4,912,000
8,520,000

3,342,000

$28,374,000

4,256,000

$32,630,000

4,895,000

$37,525,000

Bosque County Treatment and Transmission System

Intake/Pump Station $ 745,000
6 MGD Treatment Plant 4,500,000
Pipelines 3,200,000
Subtotal $ 8,445,000
Contingencies @ 15% 1,267,000
Subtotal $ 9,712,000
Professional Services @ 15% 1,457,000
TOTAL COST $11,169,000
McLennan County Treatment System
26 MGD Treatment Plant $16,000,000
Contingencies @ 15% 2,400,000
Subtotal $18,400,000
Professional Services @ 15% 2,760,000
TOTAL COST $21,160,000
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adding 26 MGD of capacity to the City's existing plant or constructing a new 26
MGD plant are estimated to be comparable. Treatment plant

capacities for the participants have been sized assuming that required peak
treatment capacity will be twice the average-day water use of the participants.
A peaking factor of 2.0 is typical for communities similar to the project
participants. Thus the Bosque County participants will need a 6 MGD plant and
the McLennan County participants will need a 26 MGD plant. The McLennan County
customers will receive treated water from the City of Waco's expanded treatment
facilities in the near future via the City's expanded distribution system.
Water distribution costs for the Mclennan County participants are equal for all
alternatives, so treated water distribution costs are not included for the
McLennan County customers. Unit treated water costs are shown in Table 4-3,

assuming the entire yield of Lake Bosque is treated and delivered.
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TABLE 4-3

SUMMARY OF TREATED WATER UNIT COSTS (1987 DOLLARS)
FOR LAKE BOSQUE ALTERNATIVE, ASSUMING ALL FACILITIES
CONSTRUCTED INITIALLY

Total Shared Bosque McLennan
Cost Participants Participants
Capital Cost for Lake Bosque $ 37,525,000 $ 6,998,000 $30,527,000
Capital Cost for Treatment and :
Transmission Systems 11,169,000 21,160,000
Total Capital Cost $18,167,000 $51,687,000

Annual Debt Service *
Annual Reservoir 0&M 200,000

Annual Treatment and Transmission
System 0&M

Total Annual Cost

Yield (MGD)

Unit Cost for Treating and
Delivering Yield ($/1000 gallons)

* Assumed B% interest for 25 years

$ 1,702,000
37,000

496,000

$ 4,842,000
163,000

1,044,000

$ 2,235,000

2.98

$2.05

$ 6,049,000

13.00

$1.27

Excludes financing costs, capitalized interest management fees, and reserve

funds
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4.2 GATESVILLE RESERYOIR ALTERNATIVE

The Leon River drains the sub-basin immediately south and west of the
Bosque River sub-basin. Although the runoff from the Leon River watershed
is currently developed with conservation storage capacity at Lakes Proctor
and Belton, it is estimated that additional storage could develop
additional water supply on a firm yield basis.

The Leon River site selected for study is located approximately 4
river miles upstream of the City of Gatesville in Coryell County, Texas
(see Figure 4-3). The selection of the Gatesville site is based on
close proximity to the Bosque County project participants without
inundating federal lands or impacting population centers.

The proposed Gatesville Reservoir would have an optimum conservation
pool elevation of 864 ft ms]l. At this elevation, the reservoir would have
an initial conservation storage space of 500,000 acre-feet and a surface
area of 14,400 acres. The dam would be an earth-filled embankment
approximately 17,000 feet Tong with a 400-foot concrete primary spillway
and a 3,000 foot-wide emergency spillway. Approximately 10.0 million cubic
yards of material would be required to construct the embankment.

The construction of the proposed Gatesville Reservoir would result in
a third major reservoir on the Leon River. Proctor Lake, constructed in
1964, is located approximately 75 miles upstream of the Gatesville site,
while Lake Belton, constructed in 1954, is located approximately 40 miles
downstream of the site. There are significant benefits associated with
system operation of Gatesville Reservoir with Lake Belton. These benefits
parallel those for system operation of Lake Bosque with Lake Waco discussed

previously in Section 4.1.4.
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In the analysis of the ability of the proposed Leon River system to
meet the demands of the project participants, it was assumed that the 2.98
mgd demand for the Bosque County entities would be met through direct
withdrawals from the proposed Gatesville Reservoir, whereas the 13.00 mgd
demand for the McLennan County entities would be met through withdrawals
from Lake Belton of water released to it from Gatesville Reservoir.
Separate raw water transmission systems are proposed for the two withdrawal
points and their respective destinations.

Reservoir operation studies were performed for the Leon River basin
with and without the Gatesville Reservoir for the critical drought period
of 1945 through 1957. The yield of Lake Proctor was held constant at its
permitted yield of 19,658 AF/Year in all cases. Gatesville Reservoir and
Lake Belton were operated as a two-reservoir system. Yield increases
attributable to the Gatesville Reservoir were determined by subtracting the
system yield without the Gatesville reservoir from the system yield with
the new reservoir.

The selection of an optimal size for the Gatesville Reservoir was
determined by varying the storage capacity of the proposed reservoir and
computing the incremental system yield associated with each size reservoir.
Review of yield computations for various storage capacities shows a 500,000
acre-feet reservoir to be about the optimum for the Gatesville site. At
this capacity, an incremental system yield of 27,409 AF/Year (24.47 MGD) is
obtainable for 2040 conditions.

Since the Gatesville Reservoir is sized for site and hydrologic
conditions, and not merely to meet the demands of the participants, excess
yield is available from the system. Table 4-4 gives a yield summary for

the system for year 2040 conditions.
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TABLE 4-4

YIELD SUMMARY FOR GATESVILLE RESERVOIR ALTERNATIVE

2040 CONDITIONS

AF/Year (MGD)
Without Gatesville
Lake Proctor Yield 19,658 (17.55)
Lake Belton Yield 96,568 (86.21)
Total System Yield 116,226 (103.75)
With Gatesville
Lake Proctor Yield 19,658 (17.55)
Lake Gatesville Yield 3,394 (3.03)
Lake Belton Yield 120,583 (107.64)
Total System Yield 143,635 (128.22)
Yield Increase Attributable
To Gatesville 27,409 (24.47)
Bosque County Supply 3,338 (2.98)*
McLennan County Supply 15,568 (13.90)
Total Supply 18,906 (16.88)
Excess System Yield 8,503 (7.59)

* Includes additional yield to account for channel losses in delivery to

Lake Waco.
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4.2.1 Costs

Costs to construct the Leon River alternative and deliver treated
water to the participants are divided into three components: Gatesville
Reservoir, Bosque County treatment and transmission system, and McLennan
County treatment and transmission system. Reservoir costs include capital
costs for site preparation, diversion facilities, embankment, outlet works,
spillways, and relocations as well as operation and maintenance costs.
These costs are summarized in Table 4-5.

The Bosque County transmission system would include an intake, pump
station, and treatment plant at the proposed Gatesville Reservoir and
approximately 40 miles of transmission pipeline for delivery of treated
water to the Cities of Meridian and Clifton. The Lake Waco transmission
system includes an intake and pump station at Lake Belton and approximately
20 miles of transmission pipeline to deliver raw water to the South Bosque
River. The pipeline would discharge into the South Bosque River
approximately 12 river miles upstream of Lake Waco. It is assumed the
Cities of Lacy-Lakeview, Hewitt, Woodway, Bellmeade, and Waco, and MclLennan
County WCID would have their water treated and delivered through the City

of Waco expanded water plant and distribution system.
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TABLE 4-5

SUMMARY OF COSTS FOR GATESVILLE RESERVOIR ALTERNATIVE

(1987 Dollars)

Capital Costs

Gatesville Reservoir

Embankment $ 34,650,000
Spiliways 7,000,000
Outlet Works 800,000
Land Acquisition 21,478,000
Relocations 22,435,000
Subtotal . .
Contingencies 8 15% 12,955,000
Subtotal ¥ 99,318,000
Professional Services @ 15% 14,898,000
Total Cost $11%,216,000

Bosque County Transmission System

Intake/Pump Station $ 745,000
6 MGD Treatment Plant 4,500,000
Pipeline 7,758,000
Subtotal . ,
Contingencies @ 15% 1,950,000
Subtotal ¥ 13,953,000
Professional Services ® 15% 2,243,000
Total Cost $ 17,196,000

McLennan County Transmission System

Intake/Pump Station $ 1,211,000
26 MGD Treatment Plant 16,000,000
Pipeline 5,177,000
Subtotal . .
Contingencies @ 15% 3,358,000
Subtotal $ 25,746,000
Professional Services @ 15% 3,862,000
Total Cost $ 29,608,000

-40-
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Maintenance Cost

$ 300,000

$ 200,000
329,000

$1,044,000
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4.2.2 Feasibility

Table 4-6 presents unit water costs for Bosque County and McLennan
County participants for the Leon River Alternative. This alternative
appears to be feasible based on currently available information. Technical
issues which need to be addressed in a more detailed study of the
Gatesville Reservoir are dam foundation adequacy, local availability of
suitable borrow material, and the current and future status of water rights

in this portion of the Brazos River Basin.

4.2.3 Environmental Assessment

This reservoir would be situated in an area very similar to that of
the Lake Bosque project; both are in the Western Cross Timbers Vegetational
Region, on the border between the Balconian and Texan Biotic Provinces, in
the Lampasas Cut-Plain Physiographic Region and have similar valley and
channel morphologies. Available information indicates the same vegetation
and wildlife habitat to be present and that a similar degree and type of
agricultural development have impacted those resources. Land use is
dominated by pasture and cropland, and woodlands are largely restricted to
riparian strips and juniper-oak uplands. The Gatesville site is larger
than any of the Bosque sites, by factors of 3 (Site 2) to 8 (Site 3). Like
the Bosque River, the Leon River is being affected by nutrient and sediment
loading and appears to support a similar fish community.

Habitat values impacted by the construction and operation of
Gatesville Reservoir would be greater than the impacts expected for the
Bosque River sites because of the much larger area inundated. Tailwater
effects are expected to be similar, as the Gatesville Reservoir will

utilize channel conveyance and a system type operating regime.
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TABLE 4-6

SUMMARY OF TREATED WATER UNIT COSTS (1987 DOLLARS)

FOR GATESVILLE RESERVOIR ALTERNATIVE, ASSUMING ALL FACILITIES

CONSTRUCTED INITIALLY

Total Shared
Cost

Capital Cost for Gatesville
Reservoir

Capital Cost for Treatment
and Transmission Systems

Total Capital Cost

Annual Debt Service **
Annual Reservoir 0&M

Annual Treatment and
Transmission System 0&M

Total Annual Cost

Yield (MGD)

Unit Cost for Treating and
Delivering Yield ($/1000 gallons)

$78,809,000 *

207,000 *

Bosque MclLennan
Entities Entities
$13,913,000 $64,896,000
17,196,000 29,608,000
$31,109,000 $94,504,000

$ 2,914,000

$ 8,853,000

37,000 170,000
529,000 1,644,000

$ 3,480,000 $10,667,000
2.98 13.00

$3.20 $2.25

* Assumes excess yield can be sold to other unidentified entities for

31.0% of project cost

**  Assumes 8% interest for 25 years

Excludes financing costs, capitalized interest, management fees, and

reserve funds
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Pipeline construction and operation associated with Gatesville
Reservoir are not expected to contribute substantial additional
environmental impacts. Pipeline right-of-way would probably have to be
surveyed for cultural resources and unique or critical habitats. For
example, mature ash juniper stands occur in this region that are critical

habitat for the golden-cheeked warbler (Dendroica chrysoparia) and might

need to be avoided. Environmental impacts may occur where the South Bosque
channel is used to deliver water to Lake Waco. Potential environmental
impacts, favorable and adverse, depend on the adequacy of channel capacity
and proposed operation.

Although habitat values have not been compared in detail because of
the lack of site specific studies. Since the Gatesville and Bosque
Reservoir sites have similar vegetation and wildlife characteristics the
much larger conservation pool of the Gatesville site should result in

larger net impacts than at the Bosque River sites.
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4.3 BRAZOS RIVER DIVERSION AND OFF-CHANNEL STORAGE ALTERNATIVE

Since the Brazos River flows through the immediate vicinity of some of
the participants, diverting unappropriated water from this major Texas
river was studied as an alternative water supply (see Figure 4-4). Use of
this source does present unusual treatment requirements due to the salinity
of the river. Removal of the natural salt in the Brazos River water is
technically feasible using demineralization. The general concept for use
of unappropriated flood flows from the Brazos River would be to divert raw
water from the river, into an off-channel storage reservoir. The stored
water would then be pumped as needed from the reservoir to a water
treatment plant immediately downstream of Lake Waco for conventional
treatment and demineralization. Treated water would then be delivered to
the participating project entities' distribution points.

To determine if sufficient water is available to meet the entities
needs, streamflow measurements recorded at USGS gage number 08096500 on the
Brazos River at Waco, Texas, were analyzed for the period beginning 1950
and ending in 1957. This period includes the drought of record for this
location. It was assumed that diversions from the Brazos River would be
restricted to periods in which flows were available as indicated in a
recently issued water rights permit which anticipated a similar method of
diversion, off channel storage, and treatment of Brazos River water. The
authorized diversion point for this permit is immediately downstream of the
diversion point proposed for this alternative. Using the above factors, a
diversion rate and reservoir size needed to meet the demand of the
participants was determined. The results indicated that a total raw water
supply of 19.4 mgd can be developed using diversion facilities capable of

pumping up to 4,000 acre-feet per month (AF/Mo.) into an off-channel
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storage reservoir with a capacity of 16,300 AF. A 19.4 MGD raw water
supply is needed to deliver 15.98 MGD of treated water to account for the
feed water rejection rate in the demineralization process. A suitable
tocation for the proposed diversion point and the off-channel storage
reservoir was identified approximately 5.5 river miles upstream from the
confluence of the Bosque and Brazos Rivers. The off-channel reservoir
would be located above the 400 foot contour elevation about one-quarter
miTe north of the Brazos River. The wet well at the diversion point would
contain five pumps capable of meeting the required diversion rate of 4,000
AF/Mo by pumping at a combined rate of 124 mgd for approximately one-third
of the month. In this analysis, the storage reservoir was held at 500
surface acres, and the depth was adjusted to provide the yield required.
When needed, the water is pumped through approximately 2.7 miles of
pipeline to a treatment plant site immediately downstream of Lake Waco.
The facilities for development of this alternative were selected to be near
the greater concentration of water demand between the two groups of
participants. The treatment plant would inciude demineralization
facilities, assumed to be reverse osmosis (R/0) units. After conventional
treatment in the plant, part of the water would be demineralized so that
the treated water quantity delivered to participants would be a blend of
50% demineralized water and 50% conventionally treated water. The
demineralization process rejects about 30% of the raw water to be treated.
Using these factors, a 38.8 MGD peak capacity treatment plant is required
to meet the 32 MGD peak demand. For this analysis, RO was the
demineralization process evaluated since its capital cost is lower than the

other commonly used demineralization processes.
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4.3.1 Costs

Capital and operating costs for the Brazos River Alternative's river
diversion, off-channel storage, treatment facilities, and transmission
system are presented in Table 4-7. The facilities are capable of
delivering an average of 2.98 mgd to the Bosque County entities and 13.00
mgd to the McLennan County entities as in other alternatives. Capacity was
provided to allow the system to meet a maximum daily need which is
estimated to be two times the average daily demand. These costs were
calculated assuming a 50%-50% blend ratio and a 30% reject water rate
because of the demineralization process discussed previously. This
alternative assumes that the reject water will be returned to the Brazos
River.

Table 4-8 presents a summary of capital cost, 0&M cost and annual cost
based on the assumption that the project can be financed for 25 years at 8%
as discussed previously. The unit costs per 1,000 gallons of treated water

was calculated, assuming all of this alternative's yield is used.

4.3.2 Feasibility

Diversion of unappropriated Brazos River flows appears advantageous
due to the location of the river. Construction of parts of this
alternative can be accomplished with ordinary earthwork, pumping plant, and
transmission facilities. However, use of Brazos River water does require
expensive demineralization of the water in order to comply with the Federal
Safe Drinking Water Act and the requirements of the Texas Department of
Health. Demineralization facilities are expensive to construct and, more
importantly, they are extremely expensive to operate since they are so

energy intensive. As electrical costs rise, demineralization 0&M costs
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TABLE 4-7

COSTS FOR BRAZOS RIVER ALTERNATIVE

(1987 Dollars)

Diversion, Storage & Treatment System

Raw Water Pumps and River Intake
Raw Water Storage
Raw Water Pipeline

Raw Water Pumps and Storage
Reservoir Intake

32 MGD Water Treatment Plant;

38.8 MGD Conventional Water
Treatment Facilities

22.8 MGD Desalination Facilities

Subtotal
Contingencies @ 15%

Subtotal
Professional Services 0 15%

TOTAL

Bosque County Transmission System

Pump Stations and Pipeline
Contingencies @ 15%

Subtotal
Professional Services 0 15%

TOTAL

McLennan County Transmission System

Pump Station and Pipeline
Contingencies @ 15%

Subtotal
Professional Services @ 15%

TOTAL
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Capital
Costs

$ 1,747,000
9,430,000
1,118,000

894,000

23,000,000

22,200,000

$58,389,000

8,758,000

$67,147,000

10,072,000

$77,219,000

$16,933,000

2,540,000

$19,473,000

2,921,000

$22,394,000

$ 539,000

81,000

$ 620,000

93,000

$ 713,000

Annual
Operation and
Maintenance Costs

$ 102,000
50,000

440,000

1,487,000
3,537,000

$5,616,000

$ 152,000

$ 152,000

$ 165,000

$ 165,000



TABLE 4-8

SUMMARY OF TREATED WATER UNIT COSTS (1987 Dollars)
FOR BRAZOS RIVER DIVERSION ALTERNATIVE, ASSUMING

ALL FACILITIES CONSTRUCTED INITIALLY

Total
Shared Bosque McLennan
Cost Participants Participants
Capital Cost for Diversion,
Storage, & Treatment System $ 77,219,000 $14,400,000 $62,819,000
Capital Cost for Transmission
Systems 22,394,000 713,000
Total Capital Cost $36,794,000 $63,532,000
Annual Debt Service * $ 3,447,000 §$ 5,952,000
Annual 0&M for Diversion, Storage,
& Treatment System 5,616,000 1,047,000 4,952,000
Annual 0&M for Transmission
System 152,000 165,000
Total Annual Cost $ 4,646,000 $11,069,000
Yield (MGD) 2.98 13.00
Unit Cost for Treating and
Delivering Yield ($/1000 gallons) $4.27 $2.33

* Assumed 8% interest for 25 years

Excludes financing costs, capitalized interest, management fees, and

reserve funds
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increase dramatically. It can generally be stated that any raw water
supply alternative that requires demineralization is not the best
alternative if there is a nearby water supply source that requires only

conventional treatment.

4.3.3 Environmental Assessment

Construction of an off-channel reservoir would have limited impacts to
bottomland communities since suitable floodplain areas appear to be
available that have long since been cleared and converted to agricultural
use, mining, and residential uses.

Demineratizer reject water discharges would be about 5.0 cfs for the
average finished water yield of 15.98 mgd, and total dissolved solids (7DS)
concentrations of the reject water would be about three times ambient
Brazos River levels. Since TDS levels are not critical for survival of
aquatic tife in this segment of the Brazos River, discharge would have to
be managed only to avoid violations of stream standards for the segments.
With reject water flows not large compared to the average Brazos River
flows at Waco, it is unlikely that any impacts would be significant.

The total land area required for the construction of storage,
treatment and distribution facilities would probably total less than 700

acres.
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4.4 WASTEWATER REUSE ALTERNATIVE

The BRA Regional Wastewater Treatment Plant at Waco is currently
discharging approximately 21 MGD. Therefore, the firm yield of Lake Waco
can be increased by using adequately treated wastewater effluent to develop
the needed additional water supply. Although wastewater reuse has not yet
been widely implemented, it appears technically feasible and could become a
more frequently used alternative water supply in the future.

For this alternative, costs associated with upgrading a portion of the
37.8 mgd regional wastewater treatment facility at Waco have been
estimated. The estimate is based on upgrading the current secondary
treatment process to tertiary treatment levels which include phosphorus
removal. These improvements will upgrade effluent quality from 20
milligrams per liter (mg/1) of biochemical oxygen demand (BOD) and 20 mg/1
of total dissolved solids (TDS) to 5 mg/1 BOD, 5 mg/1 ammonia, and 1 mg/1
phosphorous. As shown in Figure 4-5, this treated wastewater would then be
pumped back into the headwaters of Lake Waco, where it would contribute
directly to increasing reservoir yield. Bosque and McLennan County
entities would utilize this yield by withdrawing raw water from Lake Waco,
processing it through conventional treatment, and pumping treated water to
their distribution points. It is assumed the most economical treatment
alternative would result if all water treatment occurred in the City of
Waco's water treatment plant.

The wastewater treatment plant upgrade would consist of: (1) flow
diversion works (2) 1ime and alum addition for phosphorus removal, (3)
separate stage biological nitrification, (4) clarification, (5) filtration,

(6) chlorination, and (7) sludge handling facilities. The finished
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wastewater effluent would then be pumped 14 miles to Lake Waco through a
30-inch diameter force main at 275 feet of total dynamic head (TDH). The
raw water would then be withdrawn from Lake Waco through the City of Waco's
existing pump station located just below the dam and pumped to a similar
treatment system as described in the Bosque Alternative except for upsizing
needed in this alternative to include the Bosque County participants.

The McLennan County entities would be served through the City of Waco's
expanded water system, while service to the Bosque County entities would
require that a pump station and transmission pipeline be constructed to the

Cities of Clifton and Meridian.

4.4.1 Costs

The preliminary estimated costs associated with the wastewater
treatment plant improvements for 15.98 mgd of tertiary treatment capacity
added to the existing secendary treatment plant, a transmission main to
Lake Waco, a 32 mgd water treatment plant sized for peak demands, and the
pumps and pipelines to serve the Cities of Clifton and Meridian are shown
in Table 4-9. These values are used to calculate total annual costs and

unit water costs (see Table 4-10).

4.4.2 Feasibility

The planned use of wastewater for increasing reservoir yield has few
precedents. Therefore in analyzing wastewater reuse by the participants
via Lake Waco, effluent Timits from a wastewater discharge permit for 24
MGD of effluent returned to Lake Lavon, a municipal water supply reservoir,
were used. The referenced permit was granted by the Texas Water Commission

to the North Texas Municipal Water District. In this permit, along with
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TABLE 4-9

COSTS FOR WASTEWATER REUSE ALTERNATIVE
(1987 Dollars)

Annual
Operation &
Wastewater Treatment Improvements Capital Costs Maintenance Costs
Wastewater Treatment Improvements $12,750,000 $1,550,000
Effluent Pump Station and Pipeline
to Lake Waco 6,812,000 170,000
Subtotal $19,562,000
Contingencies @ 15% 2,934,000
Subtotal $22,496,000
Professional Services @ 15% 3,374,000
TOTAL $25,870,000 $1,720,000
Water Treatment System
32 MGD Water Treatment Plant $19,000,000 $1,256,000
Contingencies B 15% 2,850,000
Subtotal $21,850,000
Professional Services 6 15% 3,278,000
TOTAL $25,128,000 $1,256,000
Bosque County Transmission System
Pump Stations and Pipeline $16,933,000 $ 152,000
Contingencies @ 15% 2,540,000
Subtotal $19,473,000
Professional Services @15% 2,921,000
TOTAL $22,394,000 $ 152,000
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TABLE 4-10

SUMMARY OF TREATED WATER UNIT COSTS (1987 Dollars)

FOR WASTEWATER REUSE

ALTERNATIVE, ASSUMING ALL

FACILITIES CONSTRUCTED INITIALLY

Capital Cost for Wastewater
Treatment Improvements

Capital Cost for Water
Treatment System

Capital Cost for Transmission
System

Total Capital Cost

Annual Debt Service *

Annual 0&M for Wastewater
Treatment

Annual 08M for Wastewater
Pumping

Annual 0&M for Water Treatment
System

Annual 0&M for Transmission System

Total Annual Cost

Yield (MGD)

Unit Cost for Treating and
Delivering Yield ($/1000 gallons)

* Assumed 8% interest for 25 years

Total
Shared Bosque McLennan
Cost Participants Participants
$25,870,000 $ 4,824,000 $21,046,000
25,128,000 4,686,000 20,442,000

22,394,000

$31,904,000

$ 2,989,000

$ 1,550,000 § 289,000

170,000 32,000

1,256,000 234,000
152,000

$41,488,000

$ 3,887,000

$ 1,261,000

138,000

1,022,000

$3,696,000

2.98

$3.40

$ 6,308,000

13.00

$1.33

Excludes financing costs, capitalized interest, management fees, and

reserve funds
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the stated tertiary treatment effluent quality limits, TWC also required an
extensive monitoring program to routinely check the plant effluent and the
reservoir. They also required intensive monitoring of the reservoir and
special studies of reservoir water quality to determine its response to the
wastewater discharge.

The permit for discharge into Lake Lavon is considered to be a
reasonable model for analyzing the use of wastewater to increase the yield
of Lake Waco. From an engineering standpoint, this option is feasible,
with the 1imiting factor being public acceptance and regulatory approval.
From an environmental standpoint, constant monitoring of plant effluent as
well as continued studies on Lake Waco itself would be advisable to assure
sound operations. It should be noted that wastewater reuse under the
somewhat similar circumstances at Lake Lavon has been accomplished.
However, there could be adverse public reaction in this particular case.
Additionally, possible impairment of downstream water rights has not been

analyzed.

4.4.3 Environmental Assessment

Additional treatment facilities at the existing wastewater treatment
plant site and a transmission pipeline would cause little disruption of
existing biological communities or of human uses. Possibly 100 acres might
be utilized in treatment facilities and pipeline right-of-way.

Lake Waco is already being impacted by nutrient loading to the extent
that the City of Waco now operates two aeration systems in the North Bosque
arm of the reservoir for the purpose of eliminating taste and odor
problems. If the anticipated wastewater effluent 1imits were consistently

achieved, this plan would add another 50 to 65 kilograms per day (kg/d} of
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phosphorus and 227 to 257 (kg/d) of inorganic nitrogen to an already
enriched system. Other project considerations, including sludge disposal,

do not appear to be substantial environmental problems.
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4.5 LAKE WHITNEY ALTERNATIVE

Lake Whitney is an existing Corps of Engineers' multi-purpose project
upstream of the City of Waco on the Brazos River and astride the eastern
boundary of Bosque County. TWDB in its "Water for Texas" plan has
projected that surface water from Lake Whitney will be used to meet water
demands in the Bosque and McLennan County area. (See Section 2.4). For
the purpose of evaluating this alternative, it is assumed that additional
Lake Whitney storage space could be purchased and used to develop a firm
yield water supply to meet the needs of the participants.

The required treated water supply for the project entities is 15.98
mgd. Use of Lake Whitney as a raw water source will require both
conventional and demineralization treatment because of the natural salt
problems associated with Brazos River water. The Bosque County entities,
needing 2.98 mgd of treated water, would require a 3.62 mgd raw water
supply in order to account for the reject water produced in the
demineralization process. Similarly, the McLennan County entities, needing
13.00 mgd, would require a 15.79 mgd raw water supply source to account for
demineralization reject water losses plus an additional 0.62 mgd to account
for an estimated 4% channel loss expected for releases down the Brazos
River from Lake Whitney to the raw water pumping station in the City of
Waco. The total McLennan County participants' raw water requirement is
16.41 MGD. Therefore, the combined participants would need to purchase
sufficient storage in Lake Whitney to provide a firm yield of 20.03 mgd
(22,434 acre-feet per year).

According to current data from the Corps of Engineers (Fort Worth
District), Lake Whitney's existing conservation storage capacity of 627,100

acre-feet provides a firm yield of 108,498 acre-feet per year. The
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resulting yield to storage ratic is 0.173. Applying this ratio to the
22,434 AF/Year firm yield needed by the participants, indicates a storage
volume of 129,676 acre-feet would need to be acquired in Lake Whitney. Of
this volume, the McLennan County participants would use 105,494 acre-feet,
and the Bosque County participants would use 24,182 acre-feet. This
simplified method of determining needed storage space should provide a
storage requirement that is slightly less than would be derived from
detailed firm yield studies and probably leads to a slight understatement
of unit water cost for this alternative.

This alternative would include a raw water diversion point for the
McLennan County participants immediately downstream of Lake Waco on the
Bosque River with the treatment plant sited immediately downstream of the
Lakeshore Drive bridge. The required raw water pump station would include
a wet well and pump platform sized for pumps to divert a maximum daily rate
of 31.6 mgd. Four vertical turbine pumps, each capable of pumping 8 mgd,
with one additional 8 mgd pump for standby capacity, would be installed.
The raw water would supply a 31.6 mgd water treatment plant, which would
incTude RO demineralization facilities.

The Bosque County entities would construct a raw water intake
structure in Lake Whitney, diverting 3.62 mgd through a four mile long
pipeline to treatment and demineralization facilities. Treated water would
then be transmitted to the Cities of Clifton and Meridian for delivery to
their distribution systems. A booster pump station is required at the
treatment plant site to pump water 8.5 miles to Meridian and then an
additional 11.5 miles to Clifton. A brine discharge pipeline to return
reject water from the treatment plant to Lake Whitney would also be

required (see Figure 4-7).
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4.5.1 Costs

For the Lake Whitney alternative, costs to purchase storage capacity
and construct the facilities to supply the McLennan County demands totalled
$74,296,000 and for Bosque County totalled $27,056,000. These sums are
used to calculate total annual costs and unit water costs {see Table 4-11
and 4-12). Annual costs for debt service assume an 8% interest rate for 25
years. Although not used in the cost analysis of this alternative, it is
understood that the purchase of storage in Lake Whitney could be financed
through the Corps of Engineers at 8-7/8% interest for 45 years.

The cost of the additional storage in Lake Whitney was calculated by
the following formula.

(Total Construction Cost - Specific Cost) (Storage Reallocated)
TotaTl UsabTe Storage

The total joint use cost (total construction cost less specific costs) was
$35,402,559, based on the original investment. The needed storage
reallocation is 129,676 acre-feet. Since the total usable storage in Lake
Whitney is 1,999,500 acre-feet the proposed reallocation involves nearly
6.49% of the total usable storage. Therefore, as calculated below, the
cost for needed storage is $2,296,005.

129,676 AF
($35,402,559) 1,999,500 AF = $2,296,005

Adjusting this cost from 1949 price levels at the midpoint of Lake Whitney
construction to January 1987 price levels using a ratio of the ENR index
for each respective point in time gives an updated cost of storage of
$20,946,679.

4,351.90
($2,296,005) —377pr = $20,946,679
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TABLE 4-11

COSTS FOR LAKE WHITNEY ALTERNATIVE
(1987 Dollars)

Annual
Operation &
Mcl.ennan County System Capital Costs Maintenance
Costs
Water Purchase (81.9% of
Capital Cost) $17,161,000 $ 212,000
Raw Water Pumps and River Intake 878,000 140,000
31.6 MGD Water Treatment Plant 19,000,000 1,240,000
18.6 MGD Desalination Plant 18,600,000 2,919,000
Pump Station and Pipeline 539,000 165,000
Subtotal $56,178,000
Contingencies @ 15% 8,427,000
Subtotal $64,605,000
Professional Services @ 15% 9,691,000
TOTAL $74,296,000 $4,676,000
Bosque County System
Water Purchase L18.1% of
Capital Cost) $ 3,786,000 $ 47,000
Raw Water Pumps and Reservoir
Intake 850,000 138,000
7.3 MGD Water Treatment Plant 5,400,000 373,000
4.3 MGD Desalination Plant 4,700,000 683,000
Pump Station & Pipeline 5,722,000 94,000
Subtotal $20,458,000
Contingencies @ 15% 3,069,000
Subtotal $23,527,000
Professional Services @ 15% 3,529,000
TOTAL $27,056,000 $1,335,000
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TABLE 4-12

SUMMARY OF TREATED WATER UNIT COSTS (1987 Dollars)
FOR LAKE WHITNEY ALTERNATIVE, ASSUMING ALL FACILITIES
CONSTRUCTED INITIALLY

Total
Shared Bosque McLennan
Cost Participants Participants

Capital Cost for Water Purchase $20,947,000 $ 3,786,000 $17,161,000

Capital Cost for Complete Raw &

Treated Water Systems 16,672,000 39,017,000
Professional Services & Contingencies 6,598,000 18,118,000
Total $27,056,000 $74,296,000

Annual Debt Service *

Annual 0&M 1,335,000 4,676,000
Total Annual Cost $ 3,870,000 $11,636,000
Yield (MGD) 2.98 13.00
Unit Cost for Treating and
Delivering Yield ($/1000 gallons) $3.56 $2.45

* Assumed 8% interest for 25 years

$ 2,535,000

$ 6,960,000

Excludes financing costs, capitalized interest, management fees, and reserve

funds
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4.5.2 Feasibility

If it is assumed that the U.S. Congress' approval of purchasing reallocated
storage can be obtained, the Lake Whitney alternative is a viable water supply
option. The purchasing of storage space in Lake Whitney provides a reliable
source of water to the participants without requiring construction for new
conservation storage capacity. This alternative can be completed using current
water treatment technology and standard pumping and transmission facilities. In
addition, when compared to the Lake Bosque or Gatesville Reservoir alternatives,
large land acquisitions are not needed.

Use of the Brazos River flows, however, requires expensive demineralization
in order to comply with the Federal Safe Drinking Water Act and requirements of
the Texas Department of Health. Costs of demineralization are high, and similar
to the Brazos River Diversion Alternative, such a project should not be
undertaken if a reasonable alternative can be found.

Although the cost of purchasing storage in Lake Whitney is reascnable
compared to new reservoir construction, the process to acquire reallocated
storage space could present overwhelming difficulties. Whether or not the
storage space is available for purchase is dependent on the U.S. Congress.

Water rights would have to be obtained from the Texas Commission. Environmental
considerations discussed in the following section could require the construction
of a multi-level release works. The cost and feasibility of this additional

facility at Lake Whitney has not been evaluated.

4.5.8 Environmental Assessment
Environmental considerations for this alternative would be similar to those
noted for the Brazos River Diversion Alternative with respect to

demineralization discharges. Channel conveyance of relteases from Lake Whitney
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SECTION 5 - RECOMMENDED ALTERNATIVE

Each of the five alternatives has been analyzed from the standpoint of
capital cost as well as operation and maintenance costs. These costs,
stated on an annual basis, can be compared to the annual yield of the
alternative project to provide an average unit cost for delivering treated
water to each participant. Table 5-1 provides a comparison summary of
costs, yields, and unit water costs.

As shown in this table, the most economical alternative is the
construction of Lake Bosque. The Gatesville Reservoir Alternative and the
Wastewater Reuse Alternative would be the next two most economical
alternatives. The remaining alternatives, Brazos River Diversion and Lake
Whitney, require the construction and operation of desalinization
facilities which make them more expensive than constructing a new surface
water source with associated conventional treatment facilities.

Other than cost, the only other major factor to be considered in
selection of the final alternative is the comparison of environmental
impacts created by each alternative. Table 5-2 presents a summary of
environmental characteristics for the five alternatives. The Gatesville
Reservoir, due to size, has the most significant on-site impact to the
natural environment, and the Bosque Reservoir has the second most
significant impact. None of the alternative projects involve irretrievable
committment of resources or affect unique or critical species or habitats.

The selected project will add sufficient water supply in Bosque and
McLennan Counties to meet approximately 94% of the counties' demands in the
year 2040, assuming that the planned enlargement of Lake Waco occurs. The
practical aspect of adjusting contracted water supply with demands in the

future is addressed in the participants' contracts for the selected
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RAW WATER SUPPLIED (MGD)

TOTAL CAPITAL COST BOSQUE
MCLENNAN

ANNUAL DEBT SERVICE BOSQUE

(25 YR. 2 8%) MCLENNAN

ANNUAL O&M BOSQUE
MCLENNAN

TOTAL ANNUAL COST BOSQUE
MCLENNAN

ANNUAL YIELD (MGD) BOSQUE

MCLENNAN
UNIT COST BOSQUE
($/1000 GALLONS) MCLENNAK

AVERAGE UNIT COST (%/1000 GALLONS)

BOSQUE
RESERVOIR

$18, 167,000
$51, 687,000

$1,702,000
$4,842,000

$533,000
$1,207,000

$2,235,000
$6,049,000

2.98
13.00

$2.05
$1.27

$1.42

TABLE 5-1

COST SUMMARY
WATER SUPPLY ALTERNATIVES
BOSQUE AND McLENNAN COUNTIES

BRAZOS
GATESVILLE RIVER

RESERVOIR DIVERSION
26.47 * 19.40
$31,109, 000 $36, 794,000
$94, 504,000 $63,532,000
$2,914,000 $3,447,000
$8,853,000 $5,952,000
$566,000 $1,199,000
$1,814,000 $5,117,000
$3,480,000 $4, 646,000
$10, 667,000 $11, 069,000
2.98 2.98
13.00 13.00
$3.20 $4.27
$2.25 $2.33
$2.43 $2.69

* project uses 16.88 mgd, costs are calculated based on selling 7.59 mgd.

WASTEWATER
RE-USE

$31,904,000
$41,488,000

$2,989,000
$3,887,000

$707,000
$2,421,000

$3,696,000
36,308,000

2.98
13.00

$3.40
$1.33

$1.72

LAKE
WHITNEY
DEMINERALIZATION

................

$27,056,000
$74,296,000

$2,535,000
$6,960, 000

1,335,000
$4,676,000

$3,870,000
$11,636,000

2.98
13.00

$3.56
$2.45

$2.66



TABLE 5-2

SUMMARY OF ENVIRONMENTAL CHARACTERISTICS FOR ALTERNATIVE WATER
SUPPLY PROJECTS FOR BOSQUE AND MCLENNAN COUNTIES, TEXAS

Wildlife Pipeline Water Quality Impacts

Alternative Impacts Required Reservoir N .
Projects (ac) (mi) D.0. Load Stream Flow *
Lake Bosque 4564 16 SS -3 -17.9
Gatesville

Reservoir 14400 60 SS -3 -14.0
Brazos River

Division and

0ff-Channel

Storage 500 48 NS t] <1.0
Wastewater Reuse NA 60 AS +1 <1.0
Lake Whitney NA 25 NA 0 <1.0

D.0. = Dissolved Oxygen

NA = Not Applicable

SS = Potential summer stratification and D.0. depletion in hyppolimnion

NS = Stratification unlikely to be stable enough for D.0. depletion

AS = Already stratifying and experiencing low D.0O.

* = Effect on nutrients and dissolved carbon in tailwater reach, projects
ranked from greatest increase (+1) to greatest decrease (-3); nutrient
removal limited by epilimnitic discharges

** = Streamflow impact: yield/discharge = percent change

<1.0 = Little change because of the location of withdrawal and return flow

points, and/or high average Brazos flow.
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project. According to their contracts, participants may buy and sell
treated water from Lake Bosque among themselves and to new customer
entities. This provision assures that this important supply project will
provide water service when and where it is needed.

The best available project to meet the participant's needs is Lake
Bosque, constructed to have a year 2040 firm yield of 17,900 ac-ft (15.98
mgd). This recommendation is affirmed by the participants previous
execution of contracts sufficient to enable the Brazos River Authority to
finance construction of the project upon receipt of all necessary

regulatory approvals.
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June 4, 1982

Mr. John B. Stroud
Chairman

Bosque County Water

Study Executive Committee
P.0. Box 351
Clifton, Texas

76634
Dear Mr. Stroud:

In accordance with the terms of our Agreement for Professional
Services, dated April 13, 1981, we have enclosed 20 copies of
this final report entitled, "Water Supply Atlernatives for
Bosque County". This report includes revisions and additions
to the previous draft report as a result of additional geotech-
nical and hydrological studies conducted these past months near
the proposed Lake Bosque site.

The results of these additional studies indicate two previous
alternatives considered are no longer feasible. These alter-
natives include:

* Recharge of the Paluxy Aquifer by Spreading
Ponds; and

* Pipeline to Lake Agquilla.

The first of these alternatives was determined economically in-
feasible for the county based on field pressure testing of the
Paluxy Aquifer north of Meridian. These tests indicated the re-
charge characteristics of the aquifer were not conducive for the
installation of spreading ponds.

The alternative which considered Lake Aquilla as a water source
has also been determined infeasible, as all water from this
source is now under contract.

With respect to our on going work on the proposed Lake Bosque
site, we are now in the process of evaluating the firm yield of
the site in light of water rights considerations both upstream
and downstream of the proposed reservoir. We should have some
results from this study in the near future.
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Mr. John B. Stroud
June 4, 1982
Page 2

It has been a pleasure working with you and the other members
of the Bosque County Water Study Committee on this critical
county wide issue. We look forward to continuing our work with
you in assisting Bosque County in obtaining a good quality
long-term water supply.

Sincerely,

HENNINGSON, DURHAM & RICHARDSON, INC.

O T y

James K. "Haney, P.EZ R. Anne Smith
Manager - Austin Project Engineer
RAS:bb

Enclosure
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EXECUTIVE SUMMARY
AND

RECOMMENDATIONS

The purpose of this project was to evaluate the feasibility
of developing and securing a long-term dependable water supply for
Bosque County, Texas. During the course of this project numerous water
development plans were examined in detail. In addition, population and
water use projections for the county were performed for a fifty year
planning period.

Bosque County's total fifty year water need is estimated at
9.81 million gallons o% water per day (mgd). This is inclusive for
municipalt, manufacturing, mining, livestock, and irrigation water re-
quirements. O0f this total, it is estimated that it would be feasible
to supply 4 mgd, the amount required to satisfy the municipal and manu-
facturing needs and a proportion of the rural and mining needs of the
county at the end of the fifty year planning period. This water demand
is centered in and around the cities of Meridian, Clifton, and Valley
Mills.

The county presently derives most of its water supply from ground-
water sources, primarily originating from the Hensell and Hosston aquifer
formations. These aquifers are being mined and based on current trends
in water level declines, compounded with increasing future water demands,
the long term outlook for these aquifers is not favorable. It is estimated
that the Hensell and Hosston aquifers will provide a twenty to thirty year

supply for the study area. The county could possibly extend the dependable

ii



life of their groundwater reserves, through regional management
practices., At a minimum, Ciifton, Meridian, and Valley Mills should
adopt groundwater management practices with respect to well spacing,
capacities, and pumping schedules. |

Due to the Tong time frame required to develop major water
supply projects, complex surface water rights issues, and spiraliing
costs, it is recommended that the county take immediate steps towards
securing supplemental water supplies. Nine water development plans
were evaluated in detail in this project. These involved augmentation
of groundwater. through artificial recharge, using existing surface
water resources, and developing new surface water resources. All of
the alternatives evaluated in this study could provide at least the
fifty year water needs of the county. However, project costs appear to
be outside the financial capacity of individual cities in the county,
without formation of a water district and/or without "outside" county
participation in a project.

The most attractive water resources development project appears
to be the construction of a large dam (Lake Bosque) on the Bosque River
upstream from Meridian. Lake Bosque has the potential of providing a
Tong term water supply for the county at the least long term cost, if
other communities such as Waco, participate in its development. The
effects of the proposed Lake Bosgque on Lake Waco and its site suitability
must be investigated.

Based on the findings, results and conclusions of this study,
Henningson, Durham and Richardson offers the following recommendations to

Bosque County:



1. Implement Groundwater Management;

2. Pursue the Lake Bosque Project by:

A.
B.

Seeking Support from other Communities;
Seeking Sponsaorship of the Project by the
Brazos River Authcrity; and

Pefforming a Detailed Hydrologic, Hydraulic,

and Geologic Investigation of Site Suitability;

iv
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WATER SUPPLY ALTERNATIVES FOR
BOSQUE COUNTY

1.0 INTRODUCTION

1.1 PURPOSE AND OBJECTIVES
This study was prepared for and funded by Bosque County, Texas to
determine the feasibility of developing supplemental water supplies for the

county. The objectives of this study were as follows:

1. Determine Future Water Demands for Bosque County;

2. Evaluate Surface and Ground Water Development Alter-
natives to Satisfy Future Demands; and

3. Make Recommendations te the County as to the
Potential of Developing & Long Term Supplemental

Water Supply.

1.2 PROJECT LOCATION AND DESCRIPTION

The study area for this project is inclusive of Bosque County, which
is in East Central Texas about 20 miles Northwest of Waco and 75 miles Southwest
of Dallas (see Fig. 1.2-1). The county covers an area of 990 square miles and
its elevation varies from 500 to 1200 feet above mean sea level. The county-
wide population was 13,263 in 1980. Over 40% of that population is centered
in the three towns of Meridian, Clifton, and Valley Mills. These three towns
are all located on State Highway 6 and are adjacent to the North Bosgque River,
which is the principal stream in the county. The county is primarily rural and

the economy is based on agriculture and retail trade.
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2.0 POPULATION AND WATER PROJECTIONS

2.1 INTRODUCTION

The future water requirements for Bosque County are discussed in
this section. Water use projections (Section 2.3) are based on population
growth. Therefore it is important to prepare sound population projections
for the study area (Section 2.2). Manufacturing water requirements (Section
2.4) are directly related to population or labor force. Other water require-
ments for Bosque County, such as mining, Tivestock, and irrigation, make up

a significant part of the county's total water requirements (Section 2.4).

2.2 POPULATION PROJECTIONS

The determination of the future water needs for Bosque County and its
communities was based on past trends of popu]afion and water use and consider-
ation of the probable future growth of those communities and their attendant
industries (manufacturing sector). The study of population growth was depen-
dent upon records of the U.S. Bureau of the Census of Population and Housing
from 1860-1980, the Texas Almanac 1978, and the Texas Department of Water
Resources Computer Printout, 1981.

Historically, the major portion of Bosque County's economy has been
based on agriculturally related business. This is evident from the trends
in the population records. When agribusiness was a fairly large part of the
national economy, Bosque County showed a period of growth. In the fifty years
from 1860 to 1910 the county population grew from 2,003 to 19,013 due to in-
creased migration to Texas during this period. However, the following 50 years,

Bosque County showed a decline as agriculture's dominance of the economy waned.




The 1imit of this decline appeared to be reached in the sixties and the popu-
lation remained relatively static for a decade.

In the decade of the 1970's, Bosque County reflected a strong growth
pattern, with an average growth of 1.92% per annum. This was primarily due
to residential development on the western shores of Lake Whitney, and a steady
increase in the municipal population in Clifton, Meridian, and Valley Mills.

It is difficult to project a rate at which the county will continue to expand
because the county figures include both municipal and rural populations, which
have a relatively large disparity in growth patterns. The future population
estimate based on the historical rate of increase is indicated in Tables 2.2-1
and 2.2-2 and in Figs. 2.2-1, 2.2-2, and 2.2-3. This projection is based on
the average rate of increase in population between the years 1960 and 1980.
Another set of population projections for Bosque County were obtained from

the Texas Department of Water Resources (TDWR) Computer Printout of Projections,
1981. TDWR projections were based on.numerous demographic and migration para-
meters. As illustrated in Fig. 2.2-1, the TDWR projections and HDR's correlate
very closely, although they were obtained through separate analyses.

Clifton, Meridian, and Valley Mills have shown an overall increase in
population since 1910, while the smaller communities suffered a decline until
1960. Al1 have exhibited a growth since the sixties and it appears they will
continue to do so, if Bosque County follows the economic expansion shown by
neighboring counties.

Average trend population projections for the county as a whole are
presented in Fig. 2.2-1, and are based on a continuation of the 1960-1980
growth rate. These projections do not reflect the preceeding period of decline.
Based on these estimates, Bosque County population is projected to grow from

13,260 people in 1980 to 22,700 people by the year 2030.



Table 2.2-1

HISTORIC AND PROJECTED POPULATION ESTIMATES FOR BOSQUE COUNTY

Historical HDR TDUR

Year Figures Projection Projection
1860 2005

1870 4981

1880 11217

1890 14224

1900 17390

1910 19013

1920 18032

1930 15750

1940 15761

1950 11836

1960 10809

1970 10966

1980 13263 . 13401
1990 15163 . 14962
2000 _ 17063 15980
2010 18963 19200
2020 20863 21800
2030 22763 25000

Sources: Texas Almanac, 1978
Texas Department of Water Resources, 198]



HISTORICAL AND PROJECTED MUNICIPAL PQOPULATION

Table 2.2-2

Pogulation Clifton Meridian Valley Mills Cranfills Gap Iredell Morgan Walnut Springs

ear
1910 * 1137 718 708 -—- - 831 1340
1920 * 1327 1024 855 ——— _— 672 1449
1930 * 1367 759 936 -—- - 509 765
1940 * 1732 1016 803 -— -—- 503 723
1950 * 1837 1146 1037 - - 424 623
1960 * 2335 993 1047 - 366 381 490
1970 * 2578 1162 1002 256 316 415 495
1980 * 3062 1303 1151 337 409 488 621
1990 ** 3472 1443 1241 377 469 558 691
2000 ** 3882 1583 1331 417 529 628 761
2010 ** 4292 1723 1421 457 589 698 831
2020 ** 4702 1863 1511 497 649 768 901
2030 ** 5112 2003 1601 537 709 838 971

* Source: United States Bureau of the Census, 1910-1980

** HDR's Projections
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2.3 WATER SUPPLY DEMAND CRITERIA

Before realistic water supply development alternatives for Bosque
County can be assessed, the future water requirements of the municipal
centers, rural areas, and manufacturing demands must be determined. In
considering the demands to be placed on the water supply, it is necessary to
establish both the total quantity and the rate at which water will be used.

The more significant rates and their definitions are as follows:

Average Daily Demand - This rate is generally expressed in

million gallons per day (mgd} and represents the average

daily use by the entire service area over a period of one -

year.

Maximum Daily Demand - This is the total amount of water

used during the one day of the heaviest consumption in any
given year, expressed in mgd. ‘This indicates the total
amount of water that must be treated or supplied in one
day in order to meet the maximum demand. The maximum
daily demand is usually found to be about 1.7 to 2.3 times

the average daily demand.

Peak Hourly Demand - This is expressed in mgd and represents

the rate at which water was used during the hour of maximum
usage in a given year. This rate is usually about 2 times
the maximum daily demand.

Per Capita Demand - This rate is generally expressed in gallions

per capita per day (gpcd) and represents the average daily

amount used per person during an entire year. When this

10



11

rate is multiplied by the population of the service area,

the average daily demand is obtained.

These water usages were established through an assessment of histor-
ical water use data for all major municipal, industrial, and agricultural
water customers in the study area. Historical water use trends were estab-
lished and water use projections were made based on population and water use
per capita estimates. In this study, water use projections were made by
decades i.e., 1980, 1990, 2000, 2010, 2020, and 2030, with 1980 considered as
present conditions. The two most important projections were those for the
20 year (year 2000) and 50 year (year 2030) planning base. ~The 20 year plan-
ning base was used for waterworks facility design such as pipelihes and, to
a certain extent, water treatment plant design capacities. For this study,
the water treatment plants were designed for ten year projected water demands

with provisions for expansion. The water requirement projecticns for the
SOAyear planning base were used to determine the total amount of water which
should be reserved or secured.

The average daily demand is generally used to size the supply source.
The maximum daily demand is used to determine raw water pumping and treatment
capacity. The peak hourly demand is used to determine storage requirements
and size distribution pumps and piping.

For estimating purposes, the most useful demand rate is the per capita
demand. In jts purest sense, this rate is generally considered to be only the
water that is used in the households in a city. The major water use in the
home is for lawn watering and during dry years, per capita water use is sub-

stantially higher than in wet years. But regardless of the influence of a
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lack or abundance of rainfall, the per capita use rate has consistently in-
creased. Dishwashers, garbage disposals, larger shower nozzles, and other
water intensive appliances have all contributed to this increase in per capita
use.

In the towns within Bosque County, the commercial and industrial water
supply is generally obtained from the municipal system. Therefore, the per
capita use rate will be higher in those areas with the most industry. In
Clifton, Meridian, and Valley Mills, the 1980 average per capita rate was 153
gallons per day. This compares with a gpcd rate of 81 gallons in Cranfills Gap,
Walnut Springs, Morgan, and Iredell. These rates were determined from water
usage data obtained from the Heart of Texas Council of Governments (HQTCOG)
Report, 1980. The per capita rate has increased in all of the preceeding
towns and is expected to do so for the planning period. Clifton, Meridian,
and Valley Mills average per capita rate was 108 ga1loﬁs per day in 1970 and
increased by more.than 40 percent by 1980. Based on this trend, the average
per capita use is éxpected to reach 215 gallons per day by the yeér 2030, in
the larger communities of Bosque County. In the other more rural towns of
Cranfills Gap, Walnut Springs, Morgan, and Iredell, the 1370 average rate was
69 gallons per day, and the growth rate was less than 20 percent by the year
1980. By 2030, those towns are expected to reach an average per capita use

rate of about 120 gallons per day.

2.4 FUTURE WATER DEMANDS

Water demands for the project area were determined by analyzing his-
torical water usage trends, per capita water use, and population growth poten-
tial. For this study, future water demands were estimated on an average daily

basis in million gallons per day (mgd). The future municipal and rural water
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requirements for Bosaue County are determined by multiplying the population
estimates by the projected per capita use rates for each sector. Table 2.4-1
reflects the historic and projected municipal water use for the seven largest
towns in Bosque County. The tabulated data is shown grephically in Fig. 2.4-1
for Valley Mills and Clifton. Also, graphic representations of municipal
water use for Meridian, Morgan, Iredell, Walnut Springs, and Cranfills Gap

are shown in Fig. 2.4-2. The total water use by the seven municipalities was
about 1 mgd in 1980, and by the year 2030, the projected water use is expected
to be almost 2.3 mgd.

Similarly, historic and projected municipal water use for the balance
of Bosque County is shown in Table 2.4-2. From the present usage of approxi-
mately 0.4 mgd, it is anticipated that use by the balance of the county will
grow to about 1.2 mgd. As noted earlier, the remainder of the county is pre-
dominantly rural and is expected to have a lower per capita use rate than
the towns listed above. A graphic preeentation of the historic and projected
rural use is shown in Fig. 2.4-3.

The sum of the water use by all of the populace of Bosque County is
the county-wide municipal water use. From the present (1980) average water
usage of 1.45 mgd, it is anticipated that growth will require an average
usage of 3.50 mgd by the end of the fifty year planning period. The pro-
jected average annual increase in municipal water use between 1980
and 2030 is about 5 percent per year.

Records of industrial and manufacturing water use in Bosque County were
obtained from the Texas Department of Water Resources. Also, TDWR provided
projections of industrial water use by decade for the fifty year planning period.

The historic industrial demands presented in Table 2.4-3 reflect the usage of




HISTORICAL AND PROJECTED MUNICIPAL WATER USE

Table 2.4-1

Average Daily Water Use (mgd)

Total
Projected

Year Clifton Meridian Valley Mills Cranfills Gap Iredell Morgan Walnut Springs Water Use
1955 0.24 0.11 0.11 0.03 0.01 0.02 0.07
1957 0.21 0.11 0.12 0.03 0.01 0.02 0.07
1959 0.21 0.11 0.12 0.04 0.02 0.02 -
1961 0.23 0.10 0.06 0.01 0.01 0.02 0.03
1963 0.30 - 0.12 0.01 0.01 0.03 0.04
1965 0.28 0.08 0.11 0.01 0.01 0.03 0.05
1967 0.30 0.23 0.11 0.01 0.02 0.02 0.05
1969 0.33 0.68 0.10 0.01 0.02 0.03 0.05
1971 0.37 0.50 0.07 0.02 0.1 0.02 0.05
1973 0.38 0.16 0.07° 0.02 0.02 0.02 0.09
1975 0.38 0.12 0.14 0.02 0.02 0.03 0.04
1977 0.54 0.15 0.19 0.02 0.03 0.03 0.05
1978 0.52 0.14 0.19 0.02 0.03 0.03 0.05
1980 0.54 0.18 0.16 0.03 0.04 0.04 0.05 1.04
1990 0.66 0.23 0.19 0.03 0.05 0.05 0.06 1.27
2000 0.77 0.27 0.24 0.04 0.07 0.07 0.07 1.53
2010 0.89 0.31 0.28 0.05 .0.09 0.09. 0.08 1.79
2020 1.01 0.34 0.33 0.06 0.10 0.1 0.09 2.04
2030 1.12 0.38 0.36 0.07 0.12 0.13 0.11 2.29
Source: Heart of Texas Council of Governments, 1980 (Historical data)

TDWR

4!
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Table 2.4-2

HISTORICAL AND PROJECTED RURAL WATER USE

Historical Projected
Water Use Water Use
Year {mgd) (mgd)
1971 0.21
1972 0.26
1973 0.48
1974 0.31
1975 0.30
1976 0.24
1977 0.36
1978 0.38
1880 0.41
1990 0.57
2000 0.73
2010 0.89
2020 1.05
2030 1.21

Source: Heart of Texas Council of Governments, 1980
(Historical Data)
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AVERAGE DAILY WATER USE (MGD)

FIGURE 2.4-3
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only one industry, Chemical Lime Company, Clifton, since all other industrial
facilities receive their water supplies through municipal service systems.

The manufacturing usage shown is fairly consistent until 1977 and then re-
flects a sudden increase in water use for 1978. Coupled with that increased
water usage was a reported employee increase of 70 percent, so it is thought
that the growth will continue to be reflected in the future. TDWR projec-
tions for 1980 and subsequent decades did not reflect that increase and,
therefore, the growth of existing industry has been modified (see Table 2.4-3).

One of the major factors which contributes to the industrial growth
of an area is the ability to provide a dependable, quality water supply.

This study -is evidence that Bosque County is interested in developing such a

water supply. When developed, such a supply should attract additional indus-
try into the county. Thus, projections of industrial water use attributable

to new industries attracted to a reliable water supply are included in

Table 2.4-3 and illustrated graphically in Fig. 2.4-4.

Mining, livestock, and irrigation water demand projectien figures are-
presented in Table 2.4-4 and illustrated in Fig. 2.4-5. These projections
were obtained from the Texas Department of Water Resources, 1977. The irri-
gation usage varies widely depending upon the crops which are irrigated and
the rainfall which occurs during the growing season. Also, the distribution
of rainfall during the growing season impacts the farmers' decision to irrigate
crops. Livestock water needs shown are based on the total numbers of livestock
and poultry in the county and the average usage by the various animal classes.
Mining water use projections by TOWR are based on the census of mining per-
formed by the U.S. Bureau of Mines. At present, the only reported mining in

the county is for Timestone.




Table 2.4-3

Historical and Projected Water Demand for
Existing and Potential Industry

HDR Growth
TDWR HDR Of Existing
Growth Of Growth Of And Potential
Projections Existing Industry Existing Industry Industry
Year (mgd) (mad) {mgd)
1972 0.18
1973 0.20
1974 0.20
1975 Q.20
1976 0.20
1977 - 0.20
1978 0.33
1980 0.21 0.34 0.52
1990 0.22 0.38 0.60
2000 0.27 0.42 0.69
2010 0.33 ' 0.46 0.77
2020 0.40 0.49 0.85
2030 0.50 0.53 0.94

Source: Texas Department of Water Resources Computer Printouts, 1980.
Heart of Texas Council of Governments, 1980 (Historical Data).
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only one industry, Chemical Lime Company, Clifton, since all other industrial
facilities receive their water supplies through municipal service systems.

The manufacturing usage shown is fairly consistent until 1977 and then re-
flects a sudden increase in water use for 1978. Coupled with that increased
water usage was a reported employee increase of 70 percent, so it is thought
that the growth will continue to be reflected in the future. TDWR projec-
tions for 1980 and subsequent decades did not refiect that increase and,
therefore, the growth of existing industry has been modified (see Table 2.4-3).

One of the major factors which contributes to the industrial growth
of an area is the ability to provide a dependable, quality water supply.

This study -is evidence that Bosque County is interested in developing such a

water supply. When developed, such a supply should attract additional indus-
try into the county. Thus, projections of industrial water use attributable

to new industries attracted to a reliable water supply are included in

Table 2.4-3 and illustrated graphically in Fig. 2.4-4.

Mining, livestock, and irrigation water demand projection figures are.
presented in Table 2.4-4 and illustrated in Fig. 2.4-5. These projections
were obtained from the Texas Department of Water Resources, 1977. The irri-
gation usage varies widely depending upon the crops which are irrigated and
the rainfall which occurs during the growing season. Also, the distribution
of rainfall during the growing season impacts the farmers' decision to irrigate
crops. Livestock water needs shown are based on the total numbers of livestock
and poultry jn the county and the average usage by the various animal classes.
Mining water use projections by TDWR are based on the census of mining per-
formed by the U.S. Bureau of Mines. At present, the only reported mining in

the county is for limestone.
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FIGURE 2.4-4

HISTORICAL AND PROJECTED WATER DEMAND FOR
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Table 2.4-4

Mining, Livestock and Irrigation Water Use Projections

Year 1980 1990 2000 2010 2020 2030
(mgd)
Mining 0.09 0.13 0.17 0.22 0.26 0.31
Livestock 1.27 1.82 2.37 2.57 2.78 3.00
Irrigation 1.40 1.53 1.67 1.80 1.93 2.06

Source: Texas Department of Water Resources Computer Printouts, 1977.

22
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AVERAGE DAILY WATER USE (MGD)

FIGURE 2.4-5
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The total water use projections (average daily mgd) including munici-
pal, manufacturing, mining, livestock, and irrigation categories, by decade
for Bosque County are as follows:

1980 1990 2000 2010 2020 2030

4.73 5.92 7.16 8.04 8.91 g.81

As can be seen, the total average daily water demand projections range
from 4.73 mgd in 1980 to 9.81 mgd in the year 2030. If these water require-
ments are met through groundwater sources, existing aquifers would be greatly
overdrafted and depleted within several decades (see Sections 3.1 and 3.1.1).
Also, it is impractical to assume all these water demands could be satisfied
from surface water sources, due to such factors as distribution and water -
availability. During the 1970 to 1980 period about 50 percent of the total
water needs in Bosque County were satisfied from groundwater sources and 50
percent from surface water sources, according to TDWR water use data. Also,
it was considered infeasible to use the total county future municipal water
demand projections as a basis for sizing the design alternatives investigated.
Many factors influenced this decision including the distribution of popula-
tion, topography, and type of existing water supply systems and resources.
In all cases considered, the cost of supplying the smaller, more remote
communities in the county is very prohibitive. It is thus recommended to use
only a porportion of the total future demand for design purposes. The recom-
mended volume will supply the total municipal and manufacturing water demands,
one-haif the rural and mining water demands and all of the projected additional
manufacturing ademands estimated to occur due to the influx of new industries.
These demand requirements are presented in Table 2.4-5. It is estimated that
this proportional average daily water use for the county will be 2.67 mgd in

2000 and will reach 4 mgd by the year 2030.
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3.0 POTENTIAL WATER RESOQURCE DEVELOPMENT

There are three basic alternatives for potential development of
water supply sources: groundwater, surface water, and a combined operation
using bot