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EXECUTIVE SUMMARY

In July 1997, the City of Vernon authorized Freese and Nichols, Inc. to conduct a
water supply .study to meet the City’s growing demands through 2050, and evaluate the
City’s water distribution and wastewater system needs through 2020, This project was
performed in conjunction with the Texas Water Development Board, under a water and
wastewater regional grant. The purpose of the plan is to identify capital improvements to
Vernon’s water and wastewater systems that are needed to meet regulatory requirements
and future demands.

The City of Vernon is the largest city in Wilbarger County, located in North
Texas near the Texas-Oklahoma border. Vernon currently provides for most of the
county’s municipal and industrial water needs from wells located in the Seymour
Aquifer. Previous studies have indicated that the long-term reliable supply from the
City’s existing well fields may not meet increasing demands. The well fields have
consistently exceeded the U.S. EPA primary drinking water standard of 10 mg/] nitrate as
nitrogen. The development of this Water and Wastewater Comprehensive Plan included
evaluations of:

* Population, water and wastewater demands;
» Existing and potential ground water resources;
e Water supply alternatives;
¢ Nitrate removal alternatives;
e  Water distribution system; and
® Wastewater treatment system.
The study concluded with the development of a Capital Improvement Plan.

Population and water demand projections used in this study are consistent with
Senate Bill One planning. Water demands were developed for both drought of record
conditions (Senate Bill One projections) and normal rainfall. The City of Vernon
currently provides for all in-city water needs, the water needs of Box WSD, Hinds-
Wildcat, Northside and Oklaunion water supply systems and a portion of Lockett’s water
supply needs. By the year 2010, Vernon may provide for all of Lockett’s needs.
Historically Vernon has provided for nearly all the industrial needs of Wilbarger County

and this is expected to continue. As shown in Table ES-1, by 2050 the City of Vernon
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and its users are expected to require between 2 984 MGD of water for normal

precipitation years and 3,753 MGD of water for dry conditions.

Table ES-1
Vernon Total Requirements

Year In-City Industrial Normal Normal | Dry Year Dry Year |[Dry Year
Normal [Sales (MGD) Municipal Total Extra In- Extra Total
(MGD) Sales (MGD) (MGD) |City (MGD) Municipal MGD)
Sales (MGD)
2000 1.914 0.660 0.114 2,688 0.686 0.041 3.415
2010 1.837 0.757 0.192 2.786 0.670 0.070 3.525
2020 1.810 0.806 0.182 2.799 0.669 0.067 3.535
2030 1.793 0.866 0.177 2.836 0.696 0.068 3.600
2040 1.750 0.970 0.172 2,892 0.700 0.069 3.661
2050 1.738 1.076 0.170 2.984 0.701 0.069 3.753

The main water supply for the City is ground water from two well fields, the
Odell and Winston fields, located north of the City. The water produced by the Odell-
Winston wells generally meets Texas Drinking Water Standards for total dissolved solids
(TDS) but exceeds the limit for nitrate. During average precipitation periods the wells
can sustain a water pumpage rate of approximately 2.5 MGD. This rate may increase or

decrease, depending on rainfal] conditions.

normal precipitation conditions with conservation implemented, the City’s existing
supply will be adequate to meet 2050 demands. However during dry periods, shortages
in supply are imminent and other supply sources wiil be needed. Several alternative
supply sources were examined in this study including treated surface water from Wichita
Falls, raw surface water from Wichita Falis, desalination of water from Lake Diversion,
nitrate removal of current sources and ground water from Round Timber Ranch. Nitrate
removal and ground water from Round Timber Ranch are the recommended supply
alternatives.

Nitrate removal does not increase supply but can be used to bring the existing

supply into compliance with drinking water standards. Several alternative nitrate
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Figure ES-1
Comparison of Current Supply and Projected Demand

2030 2040 2050

for the following reasons:

*  Over the twenty year planning horizon, ion exchange is less costly;

* The ion exchange process produces a smaller waste stream which can be
treated without requiring expansions at the wastewater treatment facility;
and

¢ Based on preliminary discussions with the TNRCC, an ion exchange
process would be approved for the City without expensive and time-
consuming pilot plant testing.

The ion exchange process would treat about 2,280 gpm of well water that would be
blended with 1,635 gpm of untreated well water to enable the City to meet the regulatory
limits for nitrate,

The City of Altus, Oklahoma leases the well field from Round Timber Ranch byt
has not used this source for several years. The City of Altus may consider leasing their
right to the City of Vernon. Available records indicate the Round Timber Ranch weli
field can produce approximately 1.2 MGD for a period exceeding five years, assuming

average recharge conditions. However, before the City of Vernon enters into an
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agreement with the City of Altus, a detailed study of the well field would need to be
performed.

The water distribution and wastewater systems were evaluated as part of this
study. The water distribution system generally is capable of meeting the City’s needs
through the year 2020, The primary recommendation is the addition of two loop lines
that are needed to better transport water from the booster pump stations to elevated
storage tanks and to remedy future pressure problems in the southern and western
portions of the City. Several improvements to the wastewater system are required for the
City to meet its 2020 needs including expansion to the southwest to provide sewer service
to residents currently using septic tanks, improvements to collection lines and
maintenance of smaller lines.

The Capital Improvement Plan is organized into four areas: water treatment;
water supply;, water distribution; and wastewater system. For each area, a brief
description of the projects, dates, and associated costs are listed.

¢ Water Treatment

© Installation of an ion exchange facility for nitrate removal, 2000-2002,
$4,513,691.

e  Water Supply

o Direct connection of in-city wells to the proposed treatment plant and
Rhodia Industries to supply its manufacturing needs with untreated
water, 2000-2001, $1,171,110.

o Replace existing 150,000-gallon Odell Well Field Storage Tank to
meet safety and sanitary requirements, 2000-2001, $222,600.

o Lease and develop water supply from Round Timber Ranch to meet
the City’s projected demands through 2050, 2001-2005, $4,425,400.

o Paint and upgrade 750,000-gallon Odell Well Field Storage Tank to
meet requirements, 2003-2004, $276,000. -

® Water Distribution System
o Six line improvements, 2000-2010, $2,158,798.
o Three storage tank improvements, 2001-2005, $1,443,250.
® Wastewater System
o Five line extensions and improvements, 2000-2006, $3,802,872.
o One lift station elimination, 2005-2006, $282,325.
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1.0 INTRODUCTION

The City of Vernon is located in Wilbarger County in north Texas near the Texas/Oklahoma
border. It is the largest city in the county with a population of about 12,500, which accounts for 80
percent of the total county population. As a result, the City of Vernon provides for a large portion
of the county’s municipal water needs and nearly all of the county’s industrial water needs. Vernon
currently obtains all of its water supply from wells in the Seymour Aquifer, mostly located north of
the city. Average-day water use between 1980 and 1996 ranged from a low of 2.2 mgd (1990) to
a high of 3.3 mgd (1991), with little indication of a trend in use. Previous studies have indicated that
the long-term reliable supply from the City’s existing well fields may not meet increasing demands.
Also, water from the City’s wells in the Seymour Aquifer has elevated nitrate levels, which is often
slightly in excess of the U.S. EPA primary drinking water standard of 10 milligrams per liter {(mg/1)
of nitrate as nitrogen. In response tc these concerns the City initiated the development of a Water and
Wastewater Comprehensive Plan. As part of this plan, assessments of the City’s water supply and
wastewater systems were conducted, including evaluations of

- Population, water and wastewater demands through 2050,

- Existing and potential ground water resources,

- Water supply alternatives,

- Nitrate removal alternatives,

- Water distribution system, and

- Wastewater treatment system.

Based on the findings of these evaluations, a Capital Improvement Plan was prepared and is presented
in Section 11. A listing of the various meetings and presentations held during the development of the

plan is included in Appendix A.




2.0 POPULATION, WATER AND WASTEWATER USE

In order to assess the ability of the City of Vernon’s current water and wastewater systems
to meet existing and future demands, an evaluation of the City’s growth and water use demands was
conducted. The City of Vernon currently provides water for in-city customers, surrounding
communities (contract customers) and most of the county’s industrial and manufacturing needs. It
is anticipated that the City will continue to provide water to these entities. Vernon’s wastewater

System serves in-city municipal and commercial customers.

2.1  Historical and Projected Population

The historical and projected populations for the City of Vernon are based on data obtained
from the Texas Water Development Board (TWDB), and are shown on Table 2-1. As part of the
Senate Bill One regional water planning efforts, the projected populations for cities and counties were
reviewed and modified if warranted. For the City of Vernon, there were no changes to projected
population. However, there were significant changes to the rural county other population in
Wilbarger County. For consistency with Senate Bill One planning, the Senate Bill One population
projections are presented in this report.

Historical data from 1980 through 1996 indicate that the population of the City of Vernon
decreased from 1986 through 1990, but increased slightly after 1990. Projections of future
populations for the City of Vernon show a continuing growth trend. Figure 2-1 displays these
historical and projected population trends for Vernon.

The projected population for Wilbarger County-Other is expected to increase from 2,925 in
year 2000 to 3,527 in year 2050. The populations for Vernon’s municipal customers are expected to

remain approximately the same through the planning period.
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Figure 2-1
Historical and Projected City of Vernon Population
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Table 2-1
Historical and Projected Population
Historical Projected

Year Population Year Population
1980 12,695 2000 12,590
1981 12,752 2010 12,755
1982 12,808 2020 13,215
1983 13,159 2030 13,480
1984 13,520 2040 13,568
1985 13,430 2050 13,576
1986 13,340

1987 12,773

1988 12,230

1989 12,069

1990 12,001

1991 12,195

1992 12,400

1993 12,371

1994 12,246

1995 12,460

1996 12,481

Source: TWDB (1999) and Biggs and Mathews, Inc.et al (2000)



2.2 Historical Water Use

The historical annual water use for the City of Vernon from 1980 through 1996 is summarized
on Table 2-2. The information in this table is from TWDB records based on data reported by
Vernon. The industrial water use values represent sales of potable water for manufacturing purposes,
Municipal sales are wholesale sales to other water suppliers. The in-

average per capita use values include all in-

city municipal use and in-city

city use not counted as industrial sales, These values show

that the water use has remained relatively steady over the period from 1980 through 1996,

Table 2-2
Historical Water Use and per Capita In-City Municipal Use

Water Use in MGD In-City
Year | Estimated Municipal
Population | Total | Industrial Municipal | In-City | Gallons per
Sales Sales Municipal Capita
1980 12,695 3.047 0.653 0.168 2227 175
1981 12,752 3.102 0.720 0.150 2,232 175
1982 12,808 2.987 0.413 0.186 2.388 186
1983 13,159 2.489 0.337 0.201 1.952 148
1984 13,520 2.765 0.420 0.217 2.128 157
1985 13,430 2.781 0.426 0.305 2.050 153
1986 13,340 2.388 0.374 0.192 1.822 137
1987 12,773 2375 0.380 0.184 1.811 142
1988 12,230 2512 0.351 0.174 1.987 162
1989 12,069 2.445 0.402 0.165 1.878 156
1990 12,001 2211 0.581 0.134 1.496 125
1991 12,195 3.322 0.469 0.222 2,631 216
1992 12,400 2.669 0.567 0.103 1.999 161
1993 12,371 2.671 0.729 0.130 1.811 146
1994 12,246 2.675 0.600 0.162 1.912 156
1995 12,460 2.503 0.546 0.127 1.831 147
1996 12,481 2.843 0.607 0.113 2.122 170




2.3 Projected Water Use
2.3.1 Projected Municipal Water Needs

Municipal requirements are a function of population and per capita use. Table 2-3 shows the
average per capita use (1987-1996) and Senate Bill One projected per capita use. TWDB “without
conservation” values assume that normal per capita municipal demand will be constant at the average
level experienced in recent years. The dry year “without conservation” value is based on the highest
per capita use in recent years with a maximum value of 25 percent greater than the average use. This
value is less than the actual recorded use of 216 gped in 1991, Therefore, the drought per capita
values with conservation are based on an initial per capita of 216 gpcd, which reflects the per capita

values used in the Senate Bill One planning.

Table 2-3
TWDB Projected per Capita Municipal Demand

Year Historical per TWDB Projected per Capita per Day Demand in Gallons
Capita per . . . ]
Day Use Without Conservation With Conservation
(Gallons) Normal Drought Normal Drought
Average 158
1987-1996
2000 160 200 152 206
2010 160 200 144 196
2020 160 200 137 188
2030 160 200 133 185
2040 160 200 129 181
2050 160 200 128 180

Generally, the TWDB has assumed that projected per capita demands “with conservation”
are more likely to occur. The projected demands allow for reductions due to additional conservation
measures. The historical values for Vernon show no sign of decreasing, and significant reduction in
water use through conservation may not be realized. However, for consistency with Senate Bill One
planning the per capita demand with conservation values were used. Table 2-4 compares the normal

year and dry year water use projections.




Table 2-4
Projected Municipal In-City Use

Year | Population | Per Capita | Normal | Dry Year | Dry Year
Use Year Use | Additional Use
(gped) | MGD) | (MGD) (MGD)
2000 12,590 152 1.914 0.686 2.600
2010 12,755 144 1.837 0.670 2.506
2020 13,215 137 1.810 0.669 2.479
2030 13,480 133 1.793 0.696 2.488
2040 13,568 129 1.750 0.700 2.450
2050 13,576 128 1.738 0.701 2.438

2.3.2 Projected Other Municipal Use

Table 2-5 displays the projected municipal sales by Vernon for other municipa! use in
Wilbarger County. The City of Vernon sells water to five water supply systems in the county: Box
WSD, Hinds-Wildcat, Lockett, Northside and Oklaunion. Vernon generally provides for all these
districts’ water needs with the exception of Lockett. Currently, Vernon supplies only a small portion
of Lockett’s water supply, but it is projected that Vernon will provide for all of Lockett’s needs by
2010. The projected populations and water use for these districts are expected to remain fairly
constant through the planning period. Based on Senate Bill One population projections and Vernon’s

per capita water use, the projected municipal sales are summarized on Table 2-5.

2.3.3 Projected Industrial Sales

The City of Vernon provides industrial water to local users. Historically, Vernon has
provided essentially all of the industrial use in the county, and this is expected to continue. Table 2-6
shows the projected county industrial sales based on Senate Bill One projections for Wilbarger
County. The industrial water use is expected to increase steadily over the 50-year time frame. Recent
discussions with local industries indicate that some growth may occur earlier than projected on Table

2-6. However, the total industrial growth over the planning pericd should remain the same.



Table 2-5

Projected Municipal Sales

Source: Biggs and Mathews, Inc. et al (2000)

2.3.4 Projected Vernon Total Requirements

Table 2-7 lists the projected water use for the City of Vernon. Municipal and industrial uses

are included in the total water use. Figure 2-2 represents the historical and projected water use, for

normal and dry conditions, for Vernon.

Normal Year Dry Year Additional
Year [7 acre-Feet) (MGD) (Acre-Feet) MGD)
2000 128 0.114 46.1 0.041
2010 215 0.192 78.3 0.070
2020 205 0.182 75.6 0.067
2030 199 0.177 76.8 0.068
2040 193 0.172 77.1 0.06%
2050 191 0.170 77.1 0.069
Table 2-6
Projected Industrial Use
Year Industrial Use | Industrial Use
(Acre-Feet) (MGD)

2000 740 0.660

2010 849 0.757

2020 904 0.806

2030 971 0.866

2040 1,087 0.970

2050 1,206 1.076




Table 2-7
Vernon Total Requirements

Year In-City Industrial Normal Normal | Dry Year Dry Year |Dry Year
Normal Sales Municipal Total Extra In- Extra Total
(MGD) (MGD) |Sales (MGD)| (MGD) {City (MGD) Municipal | (MGD)
Sales (MGD)
2000 1.914 0.660 0.114 2.688 0.686 0.041 3.415
2010 1.837 0.757 0.192 2.786 0.670 0.070 3.525
2020 1.810 0.806 0,182 2.799 0.669 0.067 3.535
2030 1.793 0.866 0.177 2.836 0.696 0.068 3.600
2040 1.750 0.970 0.172 2.892 0.700 0.069 3.661
2050 1.738 1.076 0.170 2.984 0.701 0.069 3.753

2.3.5 Projected Wilbarger County Requirements

Table 2-8 is the summary of the projected total average-day requirements by decade from

2000 through 2050 for Wilbarger County. The values shown in Table 2-8 are based on the Senate

Bill One projections.

Table 2-8

Wilbarger County Projected Total Average-Day Needs Under Dry Conditions
Year Projected Dry Year Average-Day Demand in MGD Dry Year

Vemmon Other Industrial | Irrigation Steam Mining and (i?(t'?]lj)

Municipal Municipal Electric Livestock
Power

2000 2.600 0.433 0.660 17.013 7.226 1.624 29.556
2010 2,506 0.457 0.757 16.502 10.705 1.624 32.551
2020 2.479 0.461 0.806 16.007 14273 1.624 35.650
2030 2.488 0.464 0.866 15.527 17.841 1.624 38.810
2040 2.450 0.463 0.970 15.062 17.841 1.624 38.410
2050 2.438 0.478 1.076 14.609 17.841 1.624 38.066




Figure 2-2
Historical and Projected Water Use
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2.4  Wastewater Projections

The wastewater flows in a municipal collection system are quite variable, depending on time,
wastewater discharge origin, and weather. To better identify the magnitude of these variations, the
components of the wastewater flow were assessed separately using historical information and
projected growth patterns. These components include base flow (domestic or industrial), time
variations (peak hour and average day), and wet weather inflow/infiltration.

A detailed evaluation of the historic patterns and extent of the variation is required to establish
a reliable basis for projecting future flow rates. Monthly average day and maximum day wastewater
flows along with rainfall records for the years 1996 through 1998 are summarized in Table 2-9. The
per capita wastewater flows were determined using the historical populations over the last three
years. The monthly maximum day flows ranged from a low of 1.370 MGD in November 1998 to a
high of 2.920 MGD in August 1996.

2.4.1 Industrial Wastewater Flows

In the City of Vernon, the industrial wastewater flows were estimated using a percentage
return flow of the water used by these industrial and commercial customers. An approximate
estimate of the wastewater flows is 75 percent of the water usage. The primary industrial wastewater
customers are shown in Table 2-10 along with projected average and peak wastewater flows for the
year 1999. A 2.0 peaking factor was used as an approximate estimate of the peak two-hour
industrial flow for all industrial and commercial customers. These peaking factors should represent
a conservative estimate of the total peak industrial flow for the City of Vernon. The future industrial
wastewater flows were estimated as a 30 percent increase of the 1999 industrial wastewater flows.
The 1999 peak two-hour industrial flow is estimated at 0.322 MGD. The projected 2020 peak two-
hour industrial flow is 0.419 MGD.

10



Table 2-9

Historical Wastewater Flows

Month/Year

Jan., 1996
Feb., 1996
Mar,, 1996
Apr., 1996
May, 1996
Jun,, 1996
Jul,, 1996
Ang., 1996
Sep., 1996
Oct., 1996
Nov., 1996
Dec., 1996

Average for Year

Jan., 1997
Feb., 1997
Mar., 1997
Apr., 1997
May, 1997
Jun,, 1997
Jul, 1997
Aug., 1997
Sep., 1997
Oct., 1997
Nov., 1997
Dec., 1997

Average for Year

Jan., 1998
Feb., 1998
Mar., 1998
Apr., 1998
May, 1998
Jun,, 1998
Jul,, 1998
Aug., 1998
Sep., 1998
Oct., 1998
Nov., 1998
Dec., 1998

Average for Year

Population

12,481

12,500

12,515

Avg. Day
Wastewater
Flow

(MGD)

1.056
1.131
1.319
1177
1.226
1.316
1.308
1.323
1.445
1.426
1.426
1410

1.297

1401
1.413
1.373
1.495
1514
1.531
1.433
1.391
1.435
1.465
1.489
1565

1.459

1.598
1.617
1.777
1.826
1.605
1.464
1.328
1.281
1.266
1.309
1.282
1327

1.473

Avg, Day
Wastewater
Flow

{GPCD)

85
91
106
94
98
105
105
106
116
114
114
13

104

112
113
110
120
121
122
115
111
115
117
119
125

117

128
129
142
146
128
117
106
102
101
105
102
106

118

Max. Day
Wastewater
Flow

MGD)

1.820
1.940
2.100
1.990
3.0350
2.290
2.070
2.920
2.041
2.110
1.920
1.940

2.183

1.567
1.934
1.550
2.276
1.763
1.793
1.761
1.596
2.861
1.808
1.654
1.800

1.864

1.761
1.807
2.064
2.018
1.840
1.651
1.563
1.414
1.515
1.544
1.370 -
1.563

1.676

Monthly
Rainfal
(Inches)

0.50
0.00
2.14
0.35
1.23
1.72
1.93
3.16
3.42
0.13
1.35
0.00

1.33

0.30
4.54
0.00
5.64
2.51
4.84
0.37
2.57
7.40
1.76
0.80
318

2.83

1.96
3.43
3.95
0.87
0.54
1.05
0.59
0.59
0.18
1.38

1,45

Rainfall on
Max, Flow
Day

(Inches)

1.23

15

28
2.96
0.05
1.66

0.2

1.2

5.4
0.08

0.3

0.47

2.56

0.3
0.1

0.1
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Table 2-10
Industrial and Commercial Wastewater Flows

1999 Estimated

Annual Annual Estimated Estimated

Average Average Peak Peak

Water Wastewater  Wastewater Wastewater
Customer (gpd) (gpd) (gpd) (MGD)
‘Wright Foods 165,528 123,316 246,632 0.247
'Wilbarger Hospital 11,880 8,850 17,701 0.018
WTU 30,744 22,904 45,808 0.046
VRIC 7,776 5,793 11,586 0.012
TOTAL 215,928 160,863 321,727 0.322

Notes: The estimated wastewater flow was calculated as 75% of the water consumption.

Wastewater from Rhodia Industries is treated on-site at Rhodia’s wastewater treatment plant.
The City of Vernon does not receive wastewater from Rhodia.

2.4.2 Domestic Wastewater Flows

The average domestic wastewater flow was estimated from the meter records. Dry weather
flow (base flow) was determined using average day wastewater flows that occurred at least five days
after a storm event. For the metering area examined the overall average day dry weather flow was
1.487 MGD. After accounting for industrial flows, the average day domestic wastewater flow was
calculated at 1.162 MGD. Using the 1999 projected population, the average day per capita
domestic wastewater flow is estimated at 93 gallons per day.

Harmon's Equation was used to calculate a peaking factor to convert average day domestic
wastewater flow to a peak domestic wastewater flow. The calculated Harmon's peaking factor using
the 1999 population of 12,540 for the overall wastewater collection system is 2.81. Using this
peaking factor, the 1999 peak two-hour domestic wastewater flow is projected at 3.265 MGD.
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2.4.3 Infiltration and Inflows

The wet weather flow records were analyzed and compared to the dry weather periods to
isolate the flow resulting from infiltration and inflow. Several significant storm events that have
occurred over the last few years can be utilized for infiltration and inflow analysis. The quantity of
wastewater flow resulting from infiltration and inflow was calculated by subtracting the average day
dry weather flow from the peak wet weather wastewater flow for these specific storm events as
shown in Table 2-11. Wastewater collection systems are typically designed to convey the peak
infiltration and inflow resulting from a 5-year storm event. This provides a condition where all
wastewater flows throughout the wastewater collection system are contributing to the peak two-hour
design flow. A 2-hour duration five year storm event was chosen from the TP40 urban hydrology
publication as the design storm. The 5-year 2-hour storm event for the City of Vernon is estimated
at 3.0 inches . The averages of the rainfall and estimated infiltration and inflow are also shown in
Table 2-11. Using a direct relationship between these averages and the 5-year 2-hour storm event,
a peak infiltration and inflow of 0.847 MGD was calculated.

Table 2-11

Infiltration/Inflow Associated with Major Storm Events

Peak Wet Avg. Dry
Weather Weather Estimated
Rainfall Wastewater Flow Before Infiltration
Amount Flow Storm Event & Inflow
Storm Event (Inches) (MGD) (MGD) (MGD)
Sept. 4, 1996 1.5 2.041 1.445 0.5%6
April 25, 1997 2.96 2.276 1.36 0.916
Sept. 22, 1997 54 2.861 1.3 1.561
[Mar. 15, 1998 2.56 2.064 1.63 0.434
Avg. 3.105 0.877
TP-40, 3-Year 2-Hour Storm Event for Vernon 3 Inches

Recommended Peak Infiltration & Inflow for 5-Year Storm Event 0.847 MGD
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2.4.4 Total Wastewater System Flows

A summary of the wastewater design flows for the City of Vernon is presented in Table 2-12.
These flows include average day and peak flows for domestic and industrial wastewater, and an
estimate of the peak infiltration/inflow. The 1999 peak 2-hour design flow is 4.44 MGD, which is the
sum of the peak domestic, peak industrial and peak infiltration/inflow. Accounting for population and
industrial growth, the 2020 wastewater peak two-hour design flow is 4.75 MGD.

Table 2-12

Summary of Wastewater Design Flows
Wastewater Flow 1999 Projected 2020
Average Day Dry Weather 1.487 MGD 1.647 MGD
Average Day Industrial 0.161 MGD 0.209 MGD
Average Day Domestic 1.162 MGD 1.225 MGD
Average Day Domestic (per capita) 93 gped 93 gpcd
Peaking factor for 2-Hour Peak Domestic 2.81 2.81
Peak 2-Hour Domestic 3.27 MGD 3.44 MGD
Peaking factor for Industrial 2 2
Peak Industrial 0.322 MGD 0.419 MGD
Peak Infiltration/Inflow 0.847 MGD 0.893 MGD
Peak Infiltration/Inflow (per capita) 68 gped 68 gpcd
Peak 2-Hour Design Flow 4.44 MGD 4.75 MGD
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3.0 EVALUATION OF EXISTING GROUND WATER RESOURCES

The City of Vernon currently uses ground water from two principal well fields, the Odell and
Winston well fields. The Odell water supply wells are located approximately 12 miles north of the
City and the Winston wells are located 2 miles north of the Odell field. Water from these wells is
pumped to a central storage tank at the Odell field, then flows by gravity to the City for distribution.
Since these well fields are operated as a single supply source, they are referred to collectively as the
Odell-Winston well field. Additional water supply wells are located within the city limits. These city
wells are only used as needed to meet peak demands in the summer.

As part of this study, the reliability and performance of the current water supply operations
at the Odell-Winston well field and a potential new supply source at Round Timber Ranch were
evaluated. Well data, historical pumping records and precipitation data were reviewed. The findings
of this evaluation are detailed in the Ground Water Resources Study Report, included in Appendix
B, and summarized below. A review of the wells within the City of Vernon was not included in this

evaluation.

3.1 Odell-Winston Well Field

The Odell-Winston well field draws water from the Seymour Aquifer. The Seymour
Formation consists of isolated areas of alluvium that vary in thickness from 70 to 110 feet in the area
of the Odell-Winston well fields, The aquifer is relatively shallow and exists under water table
conditions. The upper portion of the Seymour consists of fine-grained and cemented sediments, The
basal portion of'the formation has a consistent zone of sands, gravels and conglomerate that typically
produces greater volumes of water. '

Recharge to the Seymouris largely due to direct infiltration of precipitation over the outcrop
area. The rate of recharge to the Seymour is probably greater in the Odell-Winston area since the
topography is gently rolling and much of the surface is composed of highly permeable sands. Previous
studies have indicated that the recharge rate is about 10 to 15 percent of the annual precipitation.
Considering the sandy soils and small runoffin this area, the average annual recharge rate is likely to
be closer to 15 percent of the precipitation. The average annual precipitation for Vernon is 26.7
inches per year for the period 1904 to 1997, Over the last decade, the average annual precipitation

hasbeen 31.7 inches. Therefore it is likely that recharge to the Seymour during the past 10 years has
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been greater than the historical average.

Water quality in the Seymour Aquifer is variable throughout the region, and generally ranges
from fresh to slightly saline. Moderate to high nitrate concentrations occur in the Seymour over a
wide area. These nitrate concentrations are most likely due to agricultural practices, and can be
attributed to nitrogen fertilizer or leaching from areas formerly covered with nitrogen-fixing
vegetation such as grasses or mesquite groves. Water quality sampling conducted as part of this
study found that water from the Odell-Winston wells is considered fresh with moderate nitrate levels.
The total dissolved solid (TDS) levels ranged from 300 to 800 mg/l, except for well WW #9 which -
produced water with 1,016 mg/l of TDS. Thus most of the wells produce water that meets the Texas
Drinking Water Standard for TDS. However, nitrate levels in most wells exceeded the Drinking
Water Standard of 10 mg/l. Although there does not appear to be a spatial trend in the concentration
of nitrate in the water supply wells, the nitrate levels in the Winston wells are generally greater than
in the Odell wells. Based on the limited available data shown in Tables 2-2 and 2-3 of the Ground
Water Resources Report (Appendix B), no other constituent appears to exceed the Texas Drinking
Water Standards.

There are 21 water supply wells in the Odell-Winston well field; fourteen are located in the
Odell Well Field and seven are located in the Winston Well Field. In addition, a chlorine injection
station and two above ground storage tanks exist at the Odell well field. All wells are equipped with
submersible pumps which are routinely set at one foot above the bottom of the well. The pumps were
automated in early 1998 so they can be controlled from the City of Vernon. A summary of the well
data is included in Appendix B. Since 1960, the annual water supply volumes for the City indicate
a general increasing trend, peaking in the mid 1980s. The average daily pumpage over the past ten
years is about 2.9 mgd, with peak flow rates greater than 5 mgd. This pumpage includes water from

the in-city wells.

3.2  Long-Term Availability of the Odell-Winston Well Field

The water supply availability of an aquifer is comprised of two parts: effective recharge and
recoverable storage. For the Odell-Winston well field, the effective recharge was determined to be
approximately 15 percent of the annual precipitation. Recoverable storage was estimated from
aquifer characteristics, including saturated thickness, storage factor and permeability. Comparisons

of well pumping rates to water levels and precipitation to water levels were also used to assess the
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long-term availability of the Odell-Winston field.

For the Odell Well Field, the saturated thickness of the Seymour Aquifer varies from 24 feet
in the western portion of the field to 63 feet toward the south. The wells in the Winston Well Field
generally have a greater saturated thickness than the Odell field, averaging about 60 feet. Based on
these findings, the Seymour Aquifer has sufficient saturated thickness in most areas of the Odell-
Winston Well Field to continue using the ground water as a long-term water supply. The wells with
the greater saturated thickness should be used to provide the majority of water during drought or high
demand conditions. The wells in the Odell field with the relatively smaller saturated thickness should
not be relied upon for continuous water supply during an extended dry period when recharge is
reduced.

Comparisons of precipitation to water levels and pumping rates to water levels over the past
ten years showed an increasing trend in the water levels. This was attributed to a greater than
average annual precipitation and slight decrease in pumping rates (average 2.8 MGD). However,
during an extended dry period from 1960 to 1975, water levels showed a declining trend with a lower
average pumpage rate (2.1 MGD). This indicates that recharge is a significant factor for determining
water supply rates, and the greater than average precipitation during the last ten years has
compensated for the larger annual pumping rates.

Based on these findings, it is likely that the Odeli-Winston Well Field can sustain a water
supply rate of approximately 2.5 MGD, assuming average rainfall rates and recharge conditions. This
also assumes that demand for ground water from other users around the well fields will not increase.
During a drought period when recharge is reduced, water levels will most likely decline if a pumping
rate of 2.5 MGD is maintained. Ground water level declines during drought periods may further
decrease the water supply rate of the well field. However, water levels should increase during

extended periods of greater than average rainfall.

3.3 Round Timber Ranch Well Field

The Round Timber Ranch Well Field is located north of the Winston Well Field near the
Texas - Oklahoma border. The well field consists of 16 water supply wells drilled in the Seymour
Formation, varying in depth from 58 to 113 feet. Ground water from the Round Timber Ranch is
leased to the City of Altus, Oklahoma, for water supply, but it has not been used since 1989.
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The current condition of the well field is unknown. A previous survey in 1993 indicates the
well pumps and conveyance system are in poor condition, and only two wells were operational at the
time. Available records, generally from November 1978 to May 1986, indicate a slight declining trend
in water levels with an average pumpage rate of 1.2 MGD. Since the well field has not been used for
ten years it is likely that ground water levels have increased from 1986.

There are no recent water quality data available for the Round Timber Ranch Well Field.
Discussions with the City of Altus indicate that the water is generally of good quality with nitrate
levels about 8 mg/l during the operation of the well field. A recent sample collected from one of the
wells at Round Timber Ranch had a reported nitrate concentration of 12 mg/}. Presently, the Round
Timber Well Field is not recharged by the Red River due to a relatively high water table. However,
excessive pumpage could reverse the water table gradient, which may result in high TDS water from
the Red River recharging the well field.

Reviews of the saturated thickness of the aquifer, pumping rates and water levels indicate that
if the Round Timber Ranch Well Field is rehabilitated, it could sustain an average water supply rate
of 1.2 MGD for a period exceeding five years, assuming average recharge conditions. For an
extended pumping period, ground water levels will most likely decline throughout the well field which
could reduce sustainable pumping rates. Likewise, an extended drought will result in a decline of
ground water levels. Therefore, if the Round Timber Ranch Well Field is used as a long-term water
supply, sustainable pumping rates are likely to be less than 1.2 MGD- However, additional data are
needed to better assess the long-term reliability of the well field.

3.4  Conclusions and Recommendations
Based on the available information, conclusions and recommendations regarding the Odell-

Winston well field are as follows:

. The well field could likely sustain a pumping rate of approximately 2.5 MGD, assuming
average rainfall and recharge rates.

. During an extended drought, ground water levels will decline, reducing sustainable pumping
rates.

. Ground water supply rates could be increased with additional water supply wells installed

outside the area of drawdown of the existing well field.

. Recharge rates could be increased at the existing well fields by building small dams and
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infiltration wells in surface water drainages.

The creation of a 1-mile buffer zone around the existing well field, within which groundwater
use and agricultural activities would be restricted, would help protect the field’s existing
supply and potentially reduce future nitrate contamination.

To reduce operation and maintenance costs and increase the system’s reliability, it is
recommended that the City develop a well field management plan that outlines regular
maintenance, recommended pumping rates, and trigger conditions that warrant modifications
to the operation (i.e., changing pump rates at different well fields, etc.).

During drought periods, it is recommended that the Winston Well Field should be pumped
at higher rates than the Odell Well Field due to the aquifer’s greater saturated thickness in the
vicinity of the Winston field.

For the Round Timber Ranch well field, it was concluded that:

If the well field is rehabilitated, it is likely that it could sustain an average rate of 1.2 MGD
for a period of at least five years, assuming average rainfall and recharge conditions.

If the well field is to be used for a longer period than five years, the sustainable pumping rate
may have to decrease from 1.2 MGD. Additional wells could be installed outside the influence
of the existing well field, but additional data are needed to provide a more definitive estimate

of the long-term sustainable pumping rate.
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4.0  COMPARISON OF SUPPLY AND DEMAND

in excess of the regulatory limit of 10 mg/l. Generally, the nitrate levels in the in-City wells and the
Winston Well field are higher than the Odell Wel] Field

shown on Figure 4-1.
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3.0 SCREENING OF WATER SUPPLY ALTERNATIVES

Based on the supply and demand comparisons, a new water supply (or supplies) will be
needed to provide additional water to meet the City’s projected demands. In addition, the City also
needs to consider alternatives that would provide good quality water such that the City can meet the
water quality limits for nitrate. In consultation with city staff, fifteen sources of additional or
improved water supply for the City of Vernon were considered:

° Treated surface water from

- Altus, Oklahoma

- Greenbelt Municipal & Industrial Water Authority
- Wichita Falls

- Frederick, Oklahoma

L Raw surface water from

- Altus, Oklahoma

- Witchita Falls

- Frederick, Oklahoma

- Santa Rosa Lake

- A new dam on Beaver Creek

- Lake Diversion (with desalination)

° Desalination of surface water

] Pease River chloride contro] project

® Additional groundwater from Round Timber Ranch well field (Altus, Oklahoma)
° Nitrate removal from groundwater

] Industrial reuse

The screening of alternatives was based on meetings with potential suppliers and review of
existing data and reports.  The criteria used were quantity available, quality, comparative cost,
distance from Vernon, permitting complexities, institutional difficulties, and time of development.
Based on this screening process, five alternatives were selected for more detailed analysis. The
following describes the findings of the screening and the reasons for decisions on whether or not to

pursue detailed analysis of each of the alternatives. A summary of screening process is presented on
Table 5-1.
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3.1 Alternatives Recommended for Further Analysis

Treated Surface Water from Wichita FEalls

be approximately five years.

Raw Surface Water from Wichita Falls (Lake Kickapoo)

Raw surface water from Wichita Falls out of Lake Kickapoo could provide Vernon with up
to 2 MGD of good quality water. The total cost would be high due to the need to transport the water
45 miles to Vernon and build a plant to treat it. The permitting complexity would be low with a
moderate level of institutional difficulties. Wichita Falls currently sells raw water for $0.205 per

thousand gallons. The time required for project development would be about five years.

Raw Surface Water from Lake Diversion with Desalination

The Red River Authority is interested in pursuing a regional water supply project using Lake

Kemp/Lake Diversion water with desalination. Possibje customers include Vemnon, Electra,

and space for the treatment facility, WTU requested that the biowdown water from the power plant

be treated to reduce disposal. This would increase the TDS levels of the source water, which would
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the reliable supply and the quality of the water. The Comparative cost of this alternative is low to
moderate as the water would only be transported 20 miles. Permitting complexity is low, and

institutional difficulty is moderate. This alternative could probably be developed in three years.

Nitrate Removal from Groundwater
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5.2 Alternatives Explored but Not Recommended

Treated Surface Water from Altus, Oklahoma

treated water, and transmission costs would be added to thig, Permitting complexities are expected

to be low, but the institutiona difficulties would be high because of Greenbelt MIWA’s reluctance




are expected to be moderate. The institutional difficulties are expected to be high because of the
politics involved with water exportation. The time of development is estimated at 5 years. This
alternative was eliminated because of uncertainty about institutional difficulties, limited supply, and

high expense.

Raw Surface Water from Altus. Oklahoma

Altus, Oklahoma, has good quality raw water in Tom Steed Reservoir but does not want to
sell any of it. Altus would prefer to sell water from the Round Timber Ranch well field, if they
choose to sell at all. The City also has water in Altus Reservoir, but the quality is not suitable for
municipal use. The comparative cost from Altus would be high, and the water transmission distance
i3 35 miles. Permitting complexities and institutional difficulties would be high because of interstate
water issues. The expected time of development is five years. This alternative was eliminated

because Altus does not want to sell suitable quality raw surface water.

Raw Surface Water from Frederick, Oklahoma
The City of Frederick, Oklahoma, has approximately 1 MGD of good quality raw water

available to sell. Frederick has a right to 1 MGD of water from the Tom Steed Reservoir which it
has not used to date. However, sale of water from Tom Steed Reservoir would trigger “right of first
refusal” options for other participants in the project. Altus might exercise its right of first refusal on
Tom Steed water if Frederick tries to sell to Vernon. The comparative cost of the raw water would
be high as the distance for piping the water would be 25 miles. Permitting complexities are expected
to be high, and Frederick is concerned about the politics of water exportation. The institutional
diﬁicu]ties would be high because of exportation issues. The time of development would be roughly
five years. This alternative was eliminated because of the limited amount available and the likely

institutional difficulties.

Raw Surface Water from Santa Rosa Lake
The Wagonner Estate owns Santa Rosa Lake, and representatives of the estate are not

interested in selling Santa Rosa Lake water to Vernon. They are looking to buy water. Although the
quality of the water is fairly good, Santa Rosa Lake has a history of low Iake levels and high siltation.
The lake went totally dry in 1971. The lake is used for irrigation and livestock supply, but it has not
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been used for potable supply since it went dry in 1971. The comparative cost of the water would be
high, and the piping distance is approximately 10 miles. The permitting complexities are low, but the
institutional difficulties are high because the Wagonner Estate does not want to sell to Vernon, The
time of development would be five years. This alternative was eliminated because the W.T
Wagonner Estate does not want to sell water to Vernon and the source may not be reliable during

a drought.

New Dam on Beaver Creek
Another possible source for potable water is to build a new dam on Beaver Creek. The dam

could provide approximately 3 MGD of fair quality water. Building such an impoundment would be
very expensive, and comparative cost of the supply would be very high. The water would have to
be transported roughly 20 miles to reach Vernon. Permitting complexities would be high for a new
Teservoir, as would the institutional difficulties. Mr. Willingham of the W. T. Wagonner Estate stated
that his initial response would be to OPpose a reservoir on Beaver Creek. The time of development

would be 15 years. This alternative was eliminated because of cost and institutional concerns.

Desalination of Surface Water
~esaunation of sSurface Water

Desalination of existing surface water was another possibility that was examined. The amount
of water that could be gained through this process is unclear, with little or no reliable supply. The
quality would be good. Desalination is an expensive process, so the comparative cost of thig supply
is very high. The water would be transported about 10 miles. Permitting complexities would be low,
and the institutional difficulties would be moderate. The time of development is estimated to be §.

years. This alternative was eliminated because of cost and uncertain supplies.

Pease River Chloride Control Project
=== ol wvhlonde Lontrol Project

The Pease River Chloride Control Project would not provide any additional water supply
without additional work by Vernon to develop the supply, but it would improve the quality of the
Pease River, which runs through Vernon. The water would be of fair to poor quality. The
comparative cost is high, and the piping distance would be small, The permitting and institutional
complexities are expected to be very high. The time of development is at least 25 years. This project

was eliminated because of institutional complexities and uncertain supplies.
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Industrial Reuse

Industrial reuse would add an uncertain amount of fajr to poor quality water to the water
supply. The comparative cost would be moderate with no additional piping distance, Permitting
complexities are expected to be moderate while the institutional difficulties would be high. The
expected time of development is five years. This alternative was eliminated because existing
industries have indicated that they are not interested in reuse. The alternative should be re-examined

if future industries are interested in this source of supply.
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6.0  NITRATE REMOVAL EVALUATION

Nitrate is a stable and highly soluble ion with low potential for coprecipitation or adsorption.
These properties make it difficult to remove using conventional water treatment processes such as
coagulation, clarification and filtration. More sophisticated technologies such asion exchange, reverse
osmosis, electrodialysis and biological denitrification can be used to remove nitrates from drinking

water. In the following sections, these treatment methods are discussed in detail.

6.1 Treatment Technologies for Nitrate Removal

Biological Denitrification

Biological denitrification is commonly used for the treatment of municipal and industrial
wastewater. However, increasing knowledge and experience indicates that biological treatment may
be effective for removing nitrates from drinking water. Biological denitrification has been studied both
at laboratory- and full-scale plants in Europe and the process has been evaluated to a limited extent
in the United States. The main reasons for the slow transfer of technology from wastewater to water
treatment are the concerns over possible bacterial contamination of treated water, the presence of
residual organics in treated water, and the possible increase in chlorine demand of treated water.

There have been numerous pilot and demonstration studies conducted on the biological
treatment of nitrate laden ground water in the United States. Unfortunately, there are no full-scale
biological nitrate removal facilities constructed for drinking water treatment. Recently, Nitrate
Removal Technologies, LLC (NRT) is marketing a dentrification system which was originally
developed by the University of Colorado. This denitification system, trade-named BioDen™, yses
bacteria along with acetic acid (vinegar) to remove nitrate ions from water. The BioDen™ system
is an anaerobic biological process in which nitrates are converted by bacteria into harmless nitrogen
gas and carbon dioxide. The bacteria that are used in the BioDen™ process are naturally-occurring
non-pathogenic bacteria that grow in plastic media packed inreactors. The BioDen™ system consists
of three major system components: biological dentrification reactors, biological roughing filters and

slow sand filters.
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Electrodialysis Process (ED)

Electrodialysis (ED) is an electrochemical separation process in which ions such as nitrates
and chlorides are transferred from a less concentrated to a more concentrated solution as a result of
an applied direct electric current (DC) . ED treats water by selective removal of undesirable ions
(nitrates) through a semi-permeable membrane. An electrodialysis system requires a supply of
pressurized water (50 to 75 psi), a membrane stack and a DC power source. Electrodialysis Reversal
(EDR) is the same process, with the exception that the polarity of the DC power is reversed two to
four times per hour to alter the direction of ion movement for effective ion removal. The EDR
process reduces scaling and chemical usage compared with conventional ED and has been used for

the production of drinking water from brackish water and seawater.

Reverse Osmosis (RO

In an RO process, ionic species in water (nitrates, sulfates, etc.) are removed by forcing the
water across a semipermeable membrane and leaving nitrates and other ionic species behind. The
membranes separate feed water into two effluent streams: the permeate (flow that passes through the
membranes), and the concentrate (flow that retains the dissolved and suspended solids rejected by
the membranes). Removal of nitrates is achieved by subjecting water in RO cells to pressures
exceeding 300 psi. Membranes commonly used for nitrate removal are made of cellulose acetate,
while membranes made of polyamides and composite membranes are also available. These membranes
do not show preference for any ion, but the salt rejection (nitrates, sulfates, chlorides, etc.} is found
to be proportional to the valence of ions present in the water. In addition to the nitrate removal, RO
membranes produce water with very low mineral content (lower hardness). Common problems
associated with RO membranes include fouling and deterioration of membranes with time. These
problems result from the deposition of soluble materials, organic matter, suspended and colloidal
particles and other contaminants. Another problem is the disposal of a high volume of wastewater

generated by the process.

Ion Exchange (IX)
The ion exchange (IX) process involves passage of nitrate laden water through a resin bed
containing strong base anions. The nitrate jons are exchanged for chloride or bicarbonate ions until

the resin’s exchange capacity is exhausted. Just prior to complete exhaustion of an exchange bed, the
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exchange bed is taken out of service, and the resin bed is either completely or partially regenerated
with sodium chloride or sodium bicarbonate.

An ion exchange system is very similar to a water softening unit used in many residential
households and is a proven technology. The process generates only a small amount of waste, but this
wastestream has high concentrations of nitrate and salts. Additional problems, such as increased
corrosiveness and negative health effects, are associated with the high chloride content of the product
water. Sulfate in the raw water is troublesome because the standard anion resins that prefer sulfate

to nitrate may not adequately reduce the nitrate concentrations.

6.2  Alternatives Considered
Four nitrate treatment options that appear to be feasible and consistent with the current

available nitrate removal technologies were explored. Each of these options is described in the

following paragraphs.

Alternative No.1: Construction of a BioDen™ Denitrification Facility

Under this alternative, the City would construct a BioDen™ denitrification facility to remove
nitrate from groundwater, The facility would be designed to meet the City’s peak water demand of
3,900 gpm. The BioDen™ facility consists of ten biological denitrification filters, biological roughing
filters and slow sand filters, feed pumps, numerous flow control valves, chemical (vinegar) feed
facility, instrumentation and control,

The BioDen™ process would not treat the entire flow. It would be designed to treat up to
2,950 gpm untreated water. The treated water from the BioDen™ plant would be blended with 950
gpm untreated (bypassed) water to obtain a finished water flow of 3,900 gpm. The nitrate level in the
finished water would be less than 8 mg/L as nitrogen. Very little wastestream would be generated by
this process.

The biological denitrification filters and biological roughing filters would have to be housed

in a building. The slow sand filter could be constructed outdoors but covers are recommended.
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Alternative No. 2: Installation of a EDR F acility

In Alternative No.2, the City would install an EDR plant to remove nitrate. The EDR plant
would consist of three EDR units, booster feed pumps, prefilters (cartridge filters for pretreatment),
flow control valves, instrumentation and control. The entire plant would be installed in a building.

The EDR plant would treat up to 3,850 gpm nitrate contaminated raw water. The treated
water would be blended with 600 gpmuntreated (bypassed) water to obtain 3,900 gpm finished water
having a nitrate concentration less than 10 mg/L as nitrogen. A wastestream of 550 gpm would be
generated by this process. The EDR wastestream would discharge to the sewer System and ultimately
to the wastewater treatment plant (WWTP), Preliminary information indicates that the WWTP does
not have enough capacity to handle the increased flow from the EDR plant. If this alternative was

selected, the WWTP would Tequire expansion or an alternate disposal facility would be needed.

Alternative No. 3: Installation of an RO Facility

Under this alternative, the City would install an RO plant to remove nitrate. The membranes
used in the RO units are polyamide membranes which are chlorine tolerant. The RO plant consists
of modular membrane units, booster feed pumps, low pressure PVC piping, high pressure stainless
steel piping, prefiiters (cartridge filters for pretreatment) and necessary instrumentation and control

Since the RO plant would Témove more than 90 percent of the nitrates, the entire flow would
not require treatment to obtain a finished water nitrate level of 10 mg/I. as nitrogen. The RO plant
would be designed to treat up to 2,846 gpm of ground water, which would be blended with 1,755
gpm to produce 3,900 gpm of finished water. A reject wastestream of 707 gpm would be generated
by this process. As previously discussed, the WWTP does not have enough capacity to handle this

wastestream.

Alternative No. 4 Installation of an Ion Exchange F acility

In this alternative, the City would install a continuous ion exchange system with multiple
exchange beds. The continuous jon exchange system would employ anion exchange resin beds to
exchange nitrate for chloride. A percentage of other anions, such as carbonate, would also be

removed in this process, and the system would be designed to account for these species as well, The
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exhausted exchaﬁge beds would be regenerated with a sodium chloride solution.

The exchange system would treat up to 2,280 gpm of nitrate-contaminated water. The treated
water would be blended with 1,635 gpm untreated water to produce 3,900 gpm total finished water
with a nitrate concentration less than 10 mg/L (as nitrogen). The system’s wastestream (up to 15

gpm) would be diverted to the sewer system, and ultimately to the wastewater treatment plant. In

- contrast to Alternatives 2 and 3, the WWTP has sufficient capacity to handle the small additional flow

from this wastestream.

In addition to theion exchange resin beds, the ion exchange system includes a nitrate monitor,
flow controllers, booster pumps, brine pumps, brine tanks and PLC for automatic operation. The
entire plant would be housed in a building, excluding the brine storage tank. The brine storage tank
would be installed outside on a concrete pad. The exchange resins would be replaced every 5to 10

years.

6.3  Cost Evaluation

A preliminary opinion of probable construction cost for each alternative is provided in Table
6-2. The annual operating and maintenance (O&M) cost for each alternative is also provided in the
table. The capital costs are annualized over 20 years at an interest rate of 7 percent. The annualized
capital cost for each alternative is added with its respective O&M cost to determine the total annual
cost.

Among the four nitrate treatment technologies evaluated, the ion exchange alternative has the
lowest total annualized costs even though it has higher capital cost than an RO plant. The higher
annualized costs for the RO plant are due to higher O&M costs associated with the membrane
technology. The capital costs for biological denitrification (Alternative No.1) and EDR (Alternative
No.2) processes are both significantly higher than the other two alternatives. The cost for the RO
plant and EDR system do not include costs associated with expansion of the WWTP or alternative

disposal options. If these costs were included, the annual costs for these alternatives would be even
higher.

6.4  Recommendations
BothRO and ion exchange processes are proven technologies for nitrate removal from ground
water and would be feasible alternatives for the City of Vernon. However, it is recommended that ion

exchange be implemented for nitrate removal for the City’s system for the following reasons:
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Over a 20-year period, the ion exchange plant would be less costly than an RO
facility.

The ion exchange process would produce very little wastestream which could be
treated by the existing WWTP without major plant expansion.

The RO plant generates a large wastestream which would require WWTP expansion.
Also, based on preliminary discussions with the TNRCC, anion exchange process for
nitrate removal would be approved for the City of Vernon without expensive pilot
plant testing. On the other hand, pilot testing is mandatory for the approval of an RQ
process,

High concentrations of TDS in the RO wastestream may cause biomonitoring test
failure for the WWTP.
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Table 6-2
Cost Evaluation for Nitrate Treatment Alternatives

Al¢t | Description Item Quantity Unit Cost Itemized | Itemized Total
Capital Amnual | Annual
Cost Cost Cost
1 |Install a biological denitrification | 1) Equipment costs including 3 Is | 86,603,516 $6,603,516
facility to remove nitrate from feed pumps, instru. & control
groundwater. The facility consists | 2) Building for denitrification 9580 sf | 885 $848,300
of biological denitrification & roughing filters
reactors, roughing filters, slow sand | 3) Slow sand filter construction 1 1s | $675,000 $675,000
filters, feed pumps and process 4) Electrical 1 Is [$370,000 $370.000
control equipment, $8,496,816 | $802,039
5) Yearly O&M costs 794 MG | $.43/1000 gal. $341,420
81,143,439
2 | Install an electro dialysis reversal | 1) Equipment costs including 1 Is |$4,528,125 $4,528,125
(EDR) system to remove nitrate feed pumps, instru, & control
from groundwater. Approximately |2) Building 6000 sf | 585 §510,000
3,850 gpm well-water will be 3} Electrical (8% equip. costs) 1 Is | $360,000 $360,000
600 gpm untreated water. EDR ’ i
system will produce about 550 gpm
‘wastestream.
4) Yearly O&M costs 1051 MG | $0.46/1000 gal $483,460
$943,005
3 | Install a reverse osmosis (RQ) plant | 1) Equipment costs including 1 Is |$2,354,625 $2,354,625
to physically remove nitrate from | booster pumps, instru. &
ground water. Approximately 2,846 | control
gpm water will be treated by RO | 2) Building 7250  sf | $85 $616,250
units and blended with 1,755ngm 3) Electrical (8% equip. costs) 1 Is |$230,000 $230,000
untreated water, RO units wi
produce about 707 gpm 33,070,875 | $289,869
wastestream.
4) Yearly O &M costs 546 MG | $0.57/1000 gal. $296,400
$601,089
4 | Install ion exchange beds to remove | 1) Equipment costs including 1 Is |$2,716,875 $2,716,875
nitrate. Approximately 2,280 gpm | feed pumps. & controls
well-water will be treated with ion g :
exchange beds and blended with ﬁzdlzuﬂdmg for ion exchange 2500 sf | $85 $212,500
1,635 gpm untreated water. Jon 3) Buildin . .
. g for auxiliary skid 600  sf |$7S $45,000
exchange beds will produce only 15 -
gpmm wastestream. 4} Electrical 1 Is |$120,000 $120.000
$3,094,375 | $292,087
5) Yearly O&M costs 610 MG]$0.25 /1000 $152,500
gal.
$444,587

* Total capital cost is amortized for 20 years at 7% interest rate.

ASSUMPTIONS

Design Flow = 5.88 MGD (3,875 gpm)

Average Flow = 2.88 MGD (2,000 gpm)
Maximum influent nitrate level = 18 mg/L as N
Effluent nitrate level = < 8 mg/l as N
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7.0  ALTERNATIVES RETAINED FOR DETAILED ANALYSIS

Five alternatives were recommended for detailed analysis. These include:
1. Treated surface water from Wichita Falls,

Raw surface water from Wichita Falls (Lake Kickapoo),

Raw surface water from Lake Diversion with desalination,

Ground water from Round Timber Ranch well field, and

b S

Nitrate removal from ground water.

A description of each alternative is presented below and the advantages and disadvantages are

summarized on Table 7-1.

7.1  Description of Alternatives

Alternative 1: Treated surface water from Wichita Falls

The City of Vernon would purchase up to 2 MGD of treated water from the City of Wichita Falls.
The estimated purchase cost would be about $0.95 per thousand gallons. Water would be pumped
approximately 50 miles via an 18-inch pipeline from the Cypress Water Treatment plant in northwest
Wichita Falls to the City’s existing 1.5-MG central storage tanks. As shown on Figure 7-1, the
transmission pipeline would generally follow the right-of-way for Highway 287, crossing

approximately 8 major roads/highways. A new pump station (90 HP) with metering vault would be

located at the Cypress plant. A booster station (140 HP) and 0.5-MG storage tank would be located

along the route (approximately 30 miles west of Wichita Falls). This water would not require

additional treatment,

Alternative 1A: Treated surface water from Wichita Falls, with shared supply to the City of Electra

This is a modification of Alternative 1 such that the pipeline from the City of Wichita Falls would
also provide up to 1 MGD of treated water to the City of Electra. It is assumed that 3 MGD of water
would be pumped via a 20-inch pipeline to a booster pump station (150 HP) and 0.5-MG storage tank
located at Electra. One MGD would be diverted to the City of Electra. The other 2 MGD would
be pumped via an 18-inch pipeline to the City of Vernon. It was assumed that the City of Electra
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would pay for one third of the pipeline and pumping costs associated with the 20-inch line. This
alternative has not been presented to the City of Electra, but the City is actively pursuing new water

supplies and may be interested.

Alternative 2: Raw surface water from I ake Kickapoo

The City of Vernon would purchase up to 2 MGD of raw surface water from the City of Wichita
Falls. The estimated purchase cost would be about $0.21 per thousand gallons. Water would be
pumped approximately 45 miles via an 18-inch pipeline from Lake Kickapoo to a new surface water
treatment plant (Figure 7-2). The transmission pipeline would generally follow a rurai route, crossing
approximately 6 roads/highways and 1 railroad. This alternative would require the construction of
an intake structure and a new pump station (90 HP) with metering vault at Lake Kickapoo, and a
booster station (110 HP) with a 0.5-MG storage tank. Tt also would require constructing a new 2-

MGD surface water treatment plant.

Alternative 3: Raw surface water from Lake Diversion with desalination

The Red River Authority in conjunction with West Texas Utilities is interested in pursuing a
regional water supply project using Lake Kemp/Diversion water with desalination. Water from Lake
Diversion would be pumped to the WTU Oklaunion power plant, using an existing pipeline. At
Oklaunion, the water would be treated first by conventional surface water treatment, followed by
reverse-osmosis. The City of Vernon would purchase up to 2 MGD of treated water from the Red
River Authority (additional water may be available for purchase). The estimated purchase cost would
be at a minimum about $3.00 per thousand gallons at the Oklaunion power plant. No firm costs for
treated water has been established. As shown on Figure 7 -3, water would be pumped approximately
8 miles via a 16-inch pipeline from the Oklaunion Water Treatment plant to the existing 1.5-MG
storage tank in Vernon. The transmission pipeline would generally follow the right-of-way for
Highway 287, crossing approximately 2 major roads/highways and 1 railroad. A new pump station
(90 HP) with metering vault would be located at the Oklaunion plant. This water would not require

additional treatment.
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Alternative 4: Ground water from Round Timber Ranch well field

The City of Altus is considering leasing their right to pump water from the Round Timber Ranch
to the City of Vernon. This option would include re-development of 13 existing water wells, new
well controls and pumps, and a new pumping station (note: one water well that has collapsed would
not be used and two wells have reverted ownership to Round Timber Ranch). The water would be
pumped from the well field to a new 0.5-MG storage tank (an existing 1-MG tank may be used).
From the tank the water would be pumped approximately 11.5 miles through a new 14-inch
transmission line to the Odell-Winston storage tank (Figure 7-4). The ground water would then be
transported to the City’s treatment plant via an existing 21-inch pipeline. Previous water quality data
indicate the Round Timber ground water has nitrate levels at or just below the 10 mg/l limit. No

treatment of this water is assumed at this time.

Alternative 5: Nitrate removal treatment

This alternative does not provide additional quantities of ground water to the City of Vernon, but
would improve the water quality of the existing supplies. This option would include an ion-exchange
system to reduce the nitrate levels of the City’s supply to below the regulatory limit of 10 mg/l. The
ion-exchange beds would be housed in a 2,500 square-foot building. The system would be capable
of treating approximately 2,280 gpm of well water. The treated water would then be blended with
1,635 gpm of untreated water. Based on current water quality data, this 58 percent ratio would

produce a supply with nitrates at about 8 mg/! and a 15 gpm waste stream.

7.2 Estimated Costs

Table 7-2 summarizes the preliminary cost estimates that were prepared for these alternatives.
Capital costs were estimated and amortized over a 3 0-year period at an interest rate of 6 percent, with
the exception of the nitrate removal option. This option was amortized over a 20-year period, which
is the life expectancy of the equipment. To account for uncertainties, a 25 percent contingency was
included for all capital costs. Annual costs included operational costs associated with pumping, water
treatment, water purchase, system maintenance, and capital bond debt. The total annual costs for each
alternative is presented as cost per 1,000 gallons.

These estimated costs were used as a tool to assess the relative economic feasibility of these

alternatives. Costs for mitigation and permitting the transmission pipelines were assumed to be 3
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percent of the construction costs. However, accurate mitigation costs require detailed environmental
evaluations and coordination with the appropriate government agencies. Also, no dollar amounts
were assigned to sales of surplus supply.

In light of these considerations, the different alternatives provide additional treated water at an
estimated cost of $1.15 to $3.42 per 1,000 gallons. Treatment costs associated with nitrate removal
for the City’s existing supply is $0.53 per 1,000 gallons. The most economical source of new water
is the Round Timber Ranch. The other alternatives are comparable in cost, ranging from $2.90 to
$3.42 per 1,000 gallons.

7.3  Recommendations

The cost analyses indicate that Alternative 4: Round Timber Ranch is the most economical
source of new water for the City. This water would not be a replacement supply, but can supplement
the City’s existing supply to meet the projected needs. A new water source that would significantly
reduce the City’s reliance on ground water, such as treated water from Oklaunion, is much more
costly but would provide a larger reliable supply for future needs.

The scenario of additional water supply from the Round Timber Ranch with the
implementation of a nitrate removal system would provide the additional water needed to meet the
city’s future needs and improve the water quality. Further cost evaluations indicate that
implementation of this scenario would incur an additional annual debt service of $782,000. The
annual operation and maintenance costs would be approximately $237,000, and water purchase costs
are estimated at $55,000 per year. This corresponds to a total annual cost of $1,074,000 or an
additional $0.84 per 1,000 gallons of total supply.

However, these costs are preliminary and include a moderate level of uncertainty, especially
for the costs associated with supply from Round Timber Ranch. No purchase price for the water from
the City of Altus has been established, which may have a significant effect on the total costs. For this

estimate, it was assumed that water from Altus would be purchased at $0.15 per 1,000 gallons,
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80 WATER DISTRIBUTION SYSTEM

As part of the Comprehensive Water and Wastewater Plan, the water distribution system for
the City of Vernon was evaluated for existing and proposed 2020 demands.

8.1  Description of the Distribution System

Winston well field is constructed of concrete stee] cylinder pipe.
Four booster pump stations supply the distribution system with ground water from separate
well fields. Each pump station has its own independent ground storage tank(s). Under normal

conditions only the Big Tanks pump station, which receives water from the Odell-Winston well fields,

Table 8-1
Existing Pump Stations
Number Design Design Maximum Shutoff Storage Tank
of Capacity! Head Capacity Head Capacity

Pump Station Pumps (GPM) (Ft) (GPM) (Ft) (gallons)
Old Warehouse 1 600 290 870 310 45,000
South Park 1 (west) 600 185 2,050 190 33,000

I (east) 600 170 1,900 175
Schmokers 1 (south) 1,000 160 1,300 200 45,000

1 (north) 1,000 160 1,300 200
Big Tanks 4 1,500 188 2,025 210 750,000

L. If not specified individually, the Capacities and head listed are for each pump at the respective pump station.
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The City of Vernon uses two elevated storage tanks, both of which are 500,000 gallons in
capacity. The west tank is located west of the intersection of Sand Road and Wichita Street. The
south tank is located near Houston and Peter Cooper streets. The overflow elevation of both tanks
is 1368 feet msl.

The growth of the City has historically been to the west and south, but no major line
extensions have been constructed in these areas. Also, the topography of the area slopes upward to
the southwest which results in a lower static pressure in those directions. The water distribution
system is currently in one pressure plane. If the system is extended further to the southwest, an
additional pressure plane may be required. Depending on future growth and the distribution of
demands, an estimate of the existing pressure plane boundary in this area is shown on Figure 8-1. The

existing water distribution system is shown on Plate 1.

8.2  Distribution System Modeling

The water distribution system was analyzed under various operating conditions to assess
water pressures, pipe capacity limitations and pumping facilities. All 6-inch and larger water lines as
provided by the City were included in the model. For modeling purposes, all booster pump stations
were assumed to be off, except for the main Big Tanks Station. Four operating conditions were
considered: peak day, peak hour, average day and peak day demands with fire flows. Each of these
conditions were evaluated for the projected 2020 demands to assess future system improvements.

The distribution system was modeled usingthe CYBERNET 3.1 computer modeling program.
The model was developed from the City of Vernon’s existing system. Water demands were
distributed throughout the system based on the location of major water users and a block by block
meter count of the city. Calibration of the system was conducted for the existing system using the
1996 historical average day demands. Comparisons of recorded fire flow pressures to modeled results
were also conducted and are included in Appendix C.

The increased demands for 2020 were distributed equally throughout the system. It was
assumed that there were no new demand points. The demands used in the modeling are presented

below.
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Table 8-2

Water Demands

Demand Year Average Day Peak Day Peak Day Peak Hour
(mgd) (24-hr) (18-hr) (mgd)
(mgd) {(mgd)
1996 (calibration) 2.83 486 6.48 12.59*
2020 3.627 6.17 8.23 12.59*

* Minimum requirement by the TNRCC for fire fighting capability.

With 2020 demands the pressures in the southern and western portions of the city were found
to be very low. To alleviate this situation, two distribution loops were added to the model and are
shown on Plate 2. The west loop is a combination of 12- and 16-inch water mains located on the far
west side of the city. It is fed by a proposed 16-inch distribution line from the Big Tanks Pump
Station. This loop has two interconnecting lines to the existing distribution system. The proposed
south loop is completed by connecting a series of existing 10- and 12-inch water mains located in the
southern portion of the city. This loop is also proposed to have two interconnections to the existing
system,

Two other conditions in the existing system were modified in the computer model to meet the
demand requirements. This included opening a 6-inch valve in Fifteenth Street to allow adequate fire
flow, and opening the valve on a 10-inch line in Paradise Street to provide an interconnection to the
west loop.

With these modifications, the water pressure in the system under 2020 peak hour demand
conditions range from a low of 38 psi in the southwest corner of the city limits to a high of 72 psi in
the northeast, which meets TNRCC minimum water pressure requirements. The overall system
pressure varies from low to high pressure at a uniform rate across the city. The booster pump
capacity was determined adequate for 2020 conditions, and no additional elevated storage was
needed.

The only distribution needs identified from the modeling effort are the addition of two loop
lines. These lines are needed to better transport water from the booster pump stations to the elevated

storage tanks and to remedy future pressure problems in the southern and western parts of the city.
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9.0 WASTEWATER SYSTEM

9.1 Existing Collection System

The City of Vernon’s existing wastewater collection system is composed of collection lines
ranging from 6-inch lateral collectors to 24-inch trunk interceptors. The wastewater collection
system can be divided into 11 drainage areas. Plate 3 shows the primary wastewater collection lines,
lift stations, and drainage areas for the City of Vernon. The location and depth of the wastewater lines
are based on information received from the City with some field verification. Actual slopes and

depths of pipe may vary slightly from the modeled system.

9.2  Wastewater Collection System Analysis

The Texas Natural Resources Conservation Commission (TNRCC) requires that municipal
wastewater collection systems be designed for the two-hour peak flow. The two-hour peak flow is
defined as the maximum amount of flow that can be expected over a two hour time period. The two-
hour peak flow includes the peak industrial wastewater flow, peak wastewater domestic flow and
peak infiltration and inflows. The projected two-hour peak design flows were compared to the
existing maximum carrying capacities of the wastewater collection system to determine what

improvements would be required.

9.2.1 Wastewater System Analysis Software

The City of Vernon's wastewater collection system was modeled using the HYDRA computer
model. The HYDRA computer model utilizes computer mapping and flow data to simulate the
operation of the collection system and pumping facilities at the various lift stations in the wastewater
collection system. The model calculates available flow capacity within each line segment to determine
if surcharging or overflowing conditions exist for a given planning period. Information on the
existing wastewater collection lines for input to the computer model was obtained from mapping
provided by the City of Vernon. In areas where information was not available from the detailed sewer
maps, it was obtained by city staff or the slope of the line was assumed to meet the minimum design
requirements as set forth by the TNRCC “Design Criteria for Sewer Systems.” After review of the

detailed sewer maps, the project was limited to the analysis of major sewer lines and several 6-inch
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lines because of service to large areas. The lines excluded from the analysis were principally
subdivision laterals.

The industrial flows and infiltration/inflows were included in the Hydra computer model as
constant peak point flows. The domestic wastewater flows were input into the model using a typical
domestic diurnal curve. The diurnal curve peaks the domestic flows over a 24-hour time period. As
discussed in Section 2.4, the wastewater peak two-hour design flow is the sum of the peak industrial
flow, peak domestic wastewater flow and peak infiltration and inflow. The 1999 and 2020 peak two-
hour wastewater design flows are 4.76 and 5.178 MGD. The distribution of the wastewater flows by

drainage area for years 1999 and 2020 are shown on Tables 9-1 and 9-2.

9.2.2 Hydraulic Analysis

The City of Vernon’s wastewater collection system contains different pipe materials that have
different friction coefficients when new, but after years of service and solids buildup the friction
coefficients tend to equalize. A coefficient of friction value (Manning’s “n”) of 0.013 was used in all
cases for determining the pipe capacities. The maximum capacity of the gravity sewers was
calculated using Manning's Equation. When the flow in a line segment exceeds the theoretical
capacity as determined by Manning's equation, the line is considered to be surcharged. If a line
segment is surcharged and the flow causes overflows to occur, the lines should be targeted for
improvements. Additionally, acceptable minimum and maximum velocities in the sewer lines 0f 2.0
and 10.0 feet per second (fps) were used in evaluating the suitability of each line. Where the
capacities are adequate but the velocity limits are exceeded, those lines should be monitored for

settling solids or high turbulence, and necessary improvements made.
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9.3  Wastewater Collection System Improvements for 2020

For the 2020 analysis, additional lines were included in the southwestern and western portion
of the City. The southwestern lines are used to collect wastewater from an existing subdivision that
currently is using septic tanks. Due to the length of this collection system and relatively little slope
in elevation, two new lift stations are needed to tie into Vernon’s existing system. The proposed
western addition provides service to new residences and future growth.

Using the expanded service system, the hydraulic analysis indicated that several existing sewer
lines are overloaded for the 2020 conditions. As shown on Plate 4, the 6-inch line running south to
north in between Deaf Smith Street and Fannin Street and the 10-inch line running east along Wichita
Street are overloaded from the southern and southwestern drainage areas. These two lines tie into
the 18-inch interceptor, overloading the 18-inch line. To eliminate overloading the 18-inch
interceptor it is recommended to transfer wastewater flows to the 24-inch interceptor in the northern
drainage areas. This can be done by replacing the 6-inch line between Deaf Smith Street and Fannin
Street with a 12-inch line, and continuing a new 15-inch line at Dawson Street that will tie into the
24-inch interceptor.

The second area shown to be overloaded is a 6-inch line along Dawson Street between
Houston and Fannin Streets. It is recommended to replace the 6-inch line with a 12-inch line. The
third area that is overloaded is a 12-inch line with a 6-inch and 10-inch segment that runs west along
Bismark Street, north on Nabers Street, and continuing west along Wichita Street. The 6-inch
segment on Bismark Street and the 10-inch segment on Wichita Street are both overloaded and
should be replaced with a 12-inch line. A diversion structure that connects the existing 12-inch line
on Wichita to an existing line between Houston and Lamar Streets would relieve some of the
overloading on this section until all downstream improvements are completed. Other improvements
that were studied were preliminary alternative routes to eliminate lift stations. These preliminary
alternative routes could eliminate lift stations #1, #2, #4, #8, and #10. Before these preliminary
routes can be designed, more surveyed topography will be required to verify the wastewater lines will
meet the TNRCC minimum grades based upon a pipeline velocity of 2.0 feet per second (fps) with
a Manning’s roughness value of 0.013. These proposed improvements, along with the proposed

expanded collection system, are shown on Plate 5.
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10.0 CONCLUSIONS AND RECOMMENDATIONS

The City of Vernon has sufficient water supply to meet its needs through 2050 under normal
rainfall conditions, provided conservation measures are implemented. Under drought conditions, the
City may not be able to meet the increased demands using only its existing well fields. These supply
concerns may be imminent, especially if weather conditions in north central Texas continue to be dry.
But perhaps more pressing are the water quality issues associated with Vernon’s water supply. The
nitrate concentrations are often slightly in excess of the primary drinking water standard, and the City
must implement a strategy to meet this standard in a timely manner.

Based on these findings and the evaluation of numerous water supply and treatment

alternatives, it is recommended that the City of Vernon pursue:

. A nitrate removal system, employing ion exchange technology, and
. Additional water supply from the Round Timber Ranch site or equivalent new well
field.

Nitrate removal and treatment is the least costly option to provide good quality water to
Vernon and its customers. However, nitrate removal alone will not provide additional supply that
may be needed for drought conditions. The City’s existing well system may be able to meet dry year
demands for a limited time, but it is unlikely that the system can sustain the projected long-term dry
year demands. Additional ground water supply will meet the City’s growing needs and complement
its existing system.

To reduce its demand on the Odell-Winston well field, the City has begun to use local wells
for irrigation of parks and golf courses. It is also proposing to directly connect Rhodia Industries to
the City’s existing in-city well field. The in-city wells have high nitrate levels, which are undesirable
for municipal use but do not affect the manufacturing use for Rhodia. These modifications will reduce
the amount of water that is required for treatment and help sustain the City’s existing supply until a
new source can be developed. A summary of recommendations specific to the nitrate treatment
system and ground water supply is presented at the end of this section.

The analyses of the City’s water distribution and wastewater systems indicated several
improvements needed to adequately meet the projected demands in 2020. For the water distribution

system, a proposed loop system on the west side of town should provide sufficient water pressure
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for new and existing customers. For the wastewater system, proposed expansions to the west and

southwest would provide service to Vernon’s growing population and existing residents currently on

septic systems. Also several proposed improvements to collection lines in the center of town would

relieve potential overloading and maintenance issues associated with the smaller lines. Details ofthese

improvements are included in the Capital Improvement Plan (Section 1 1).

10.1 RECOMMENDATIONS

10.1.1 Recommendations for Nitrate Removal System

1.

Pursue permitting requirements with TNRCC for an ion exchange system to treat
water for Vernon and existing customers. (Assume municipal customers located up
gradient of the treatment plant will not initially receive treated water.)

Utilize a modular treatment system that can be constructed in stages and expanded as
needed.

Coordinate with the wastewater treatment plant for waste disposal.

Continue discussions with the municipal customers that would not initially receive
treated water to develop a time frame for treated water service. (This includes the

City of Lockett, and Hines-Wildcat and Northside water supply corporations.)

10.1.2 Recommendations for Pursuing Ground Water from Altus

1.

Prior to leasing the Round Timber Ranch well field, it is recommended that a detailed
study of well field be conducted to better assess the long-term supply (study costs are
already included for this alternative). At a minimum, this study would include:

. Initial static water level measurements

. Well and pump condition assessment, including total well depth

) Water quality sampling

. Specific capacity of each well

. A 24-hour pumping test

. Development of a ground water flow model of the well field based on the data

collected during the pumping test. This model will be used to assess the long-

term reliability of the well field.

. Summary report with the results and recommendations
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Begin discussions with the City of Altus on lease agreements and purchase costs.
Continue to pursue negotiations with adjacent landowners and farmers regarding
potential new well field sites. If a new site is considered, then a detailed study of the
site will be required. This will include the drilling of pilot well(s) and well testing as
described above for Altus.

10.1.3 Recommendations for Existing Well Fields

I

Develop a well field management plan that outlines regular maintenance,
recommended pumping rates, trigger conditions that warrant modifications to the
operation (i.e., changing pump rates at different well fields, etc.).

Conduct a sensitivity analysis of the production costs associated with the existing
Odell-Winston well field to determine if an optimization study of Vernon’s well
system could potentially increase supply and/or reduce operation costs. If the
sensitivity analysis indicates an optimization study is warranted, then ground water
flow modeling would be conducted to analyze the major factors that control pumping
costs. Consideration would be given to minimize electricity costs, transmission costs
and pumping efficiency at each well.

Consider purchasing land around the Odell and Winston well fields to create a buffer
zone. This buffer zone would help protect the field’s existing supply and potentially

reduce future nitrate contamination.
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11.0 CAPITAL IMPROVEMENT PLAN

The Capital Improvement Plan for the City of Vernon is organized into foyr areas: 1) water
treatment, 2) water supply, 3) water distribution, and 4) wastewater system. For each area, projects

and associated costs have been identified.

and they were therefore considered separately during scheduling.

The costs generated for each project are preliminary budgeting costs and include
contingencies of 20 to 25 percent, depending on the uncertainties. The projects were prioritized based
onneed, costs, construction sequencing, and input from the City. A brief description of the projects

and associated costs for each area of improvement is presented below:.

11.1  'Water Treatment

to the treatment plant and existing distribution system. The housing and design will allow for
expansion of the treatment system in the future, if needed. A schematic of the ion exchange process
and proposed treatment plant layout are shown on F igures 11-1 and 1 1-2, respectively. Costs for this

project are presented in Table 11-1.
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Table 11-1
Nitrate Removal Cost Estimate

Description Cost
Ion Exchange Facility $3,094,375
Engineering Fees $563,025 .
Bond Issunance Costs $76,009
Land, Easements or ROW $28,000
Subtotal $3,761,409
Contingency (@20%) $752,282
Total Project Costs 84,513,691

11.2  Water Supply

The recommended projects associated with water supply include:

1. Direct connection of in-city wells (Schmoker Well Field) to the proposed treatment
plant and Rhodia Industries,

2. Replace existing 150,000 gallon Odell Well Field Storage Tank,

3. Lease and develop water supply from Round Timber Ranch, and

4. Paint and upgrade 750,000 gallon Odell Well Field Storage Tank.

Other recommendations associated with water supply include the development of a well field
management plan and a sensitivity analysis for a well field optimization study. While these are
recommended actions that may increase the production of the City’s current water supply, they are
generally operational and not considered capital improvements, and therefore are not included in the
Capital Improvement Plan. The recommendation to purchase additional land around the existing well
field may provide some additional protection of water supply, but there are many unknowns
assoctated with existing leases or ownerships of the surrounding properties. This recommendation
is also not included in the Capital Improvement Plan due to the high uncertainties of cost and
availability. The four water supply projects listed above are viable capital improvement projects
designed to increase the reliability of the City’s supply. A brief summary of these projects is presented

below and costs are outlined in Table 11-2.
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Project 1: Schmoker Well Field Extension

A new water transmission line from the Schmoker Well Field to the proposed treatment plant
will be constructed for back-up water supply. As part of this project, an extension from this line to
Rhodia Industries will be laid to provide Rhodia’s manufacturing water needs. This water will not
be treated for nitrates. The City will continue to provide Rhodia with treated water for municipal
uses. A new 100,000-gallon ground storage tank, 30,000-gallon elevated storage tank and pump
station will also be required to complete this project. It is expected that this project will be

constructed in conjunction with the treatment system.

Project 2: Replace Small Odell Storage Tank

During a recent tank inspection, it was recommended that the small Odell Well Field Storage
Tank be replaced with a larger (250,000-gallon) tank. The interior of the existing 45-year old tank
has severely corroded. The tank also has structural deficiencies and does not meet the current safety

and sanitary requirements of the TNRCC and American Water Works Association (AWWA).

Project 3: Round Timber Ranch

Water supply from the Round Timber Ranch was discussed in detail in Section 7. This project
will include additional well field studies, a pipeline to the existing Odell-Winston storage tanks, new
pump station, and refurbishment or replacement of the existing wells, equipment and storage tanks.

Due to the uncertainties associated with this project, contingencies were estimated at 25 percent.

Project 4: Upgrade Large Odell Storage Tank

As part of the tank inspection report, it was recommended that the 7 50,000-gallon Odell
Storage Tank be re-painted and upgraded in accordance with existing TNRCC and AWWA

standards.
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Table 11-2

Water Supply Project Costs

Project 1: Schmoker Extension
Schmoker Ground Storage Tank
Schmoker Elevated Storage Tank
8-inch Transmission Line
Pump Station
Engineering
Subtotal

Contingencies @ 20%

Total Project Costs

quantity

1

1
9,000

1

Project 2: Small Odell Storage Tank

250,000-gal Storage Tank
Engineering
Contingencies @ 20%

Total Praject Costs

Project 3: Round Timber Ranch
Study of well field

14" Pipeline
ROW costs
Pump Station
Metering Vaults
Highway crossings
Tie to existing well field
Refurbish well field
0.5 MG Well field Storage Tank
Subtotal Construction
Mitigation & Permitting
Engineering @ 15%
Contingencies @ 25%
Total Project Costs

1

60,720
11.5

— e

Project 4: Large Odell Storage Tank

Repaint existing 750,000-gal tank
Engineering
Contingencies

Total Project Costs

unit

ea
ea
If

ca

8

E288888Ewm

unit cost

$85,000

$199,750
$35

$212,500

$161,500

$150,000

$35
$9,700
$210,000
$16,000
$18,000
$25,000
$300,000
$200,000

$200,000

cost

$85,000
$199,750
$315,000
$212,500
$163,675
$975,925
$195,185
31,171,110

$161,500
$24,000
$37,100
$222,600

$150,000

$2,125,200
$111,600
$210,000
$16,000
$72,000
$25,000
$300,000
$200,000
$3,059,800
$91,800
$458,900
$764,900
84,425,400

$200,000
$36,000
$40,000
§276,000
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11.3 Water Distribution System

Nine projects were identified for improvement to the water distribution system. The water
line projects are discussed in Section 8 and shown on Plate 6. The main improvements to the system
consist of two loops added to the western and southern portions of the system and several line
replacements in the center of town. Refurbishing several water distribution tanks is also included.

Costs for each of these projects are presented in the following table.

Table 11-3
Water Distribution Project Costs
quantity unit unit cost cost
Project 1: Houston Street
12-in water line 700 If $45.00 $31,500
Asphalt Repair 700 If $15.00 $10,500
Valves/Hydrants/Misc (@ 20%) 1 ea $6,300
Engineering $10,000
Total Project Costs 358,300
Project 2: Bowie Street
10-in water line 5,600 If $40.00 $224.000
Asphalt Repair 5,600 If $15.00 $84,000
Valves/Hydrants/Misc (@ 10%) 1 ea 10% of line $22,400
Engineering @ 15% $49,560
Total Project Costs $379,960
Project 3: Northwest Loop
16-inch water line 3,550 if $70.00 $248,500
Bore under Highway 400 - if $300.00 $120,000
12-inch water line 4,050 1f $45.00 $182,250
Asphalt Repair 9,350 i $15.00 $114,000
Valves/Hydrants/Misc (@ 10%) 1 ea 10% of line $43,073
Engineering @ 15% $106,174
Total Project Costs 3813,999
Project 4: Tolar Street
10-in water line 6,900 If $40.00 $276,000
Asphalt Repair 6,900 If $15.00 $103,500
Valves/Hydrants/Misc (@ 10%) 1 ea 10% of line $27,600
Engineering @ 15% $61,065
Total Project Costs $468,165
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Table 11-3
Water Distribution Project Costs (continued)

quantity  unit unit cost cost
Project 5: Southwest Loop
16-inch water line 2,500 If $70.00 $175,000
12-inch water line 23,750 If $45.00 $1,068,750
10-in water line 1,000 I $40.00 $40,000
Asphalt Repair 27,250 If $15.00 $408,750
Valves/Hydrants/Misc (@ 10%) 1 ca 10% of line $128,375
Engineering @ 15% $273,131
Total Project Costs 32,094,006
Project 6: College/Center Streets
12-inch water line 5,910 If $45.00 $265,950
Asphalt Repair 5,910 If $15.00 $88,650
Valves/Hydrants/Misc (@ 10%) 1 ea 10% of line $26,595
Engineering @ 15% ‘ $57,179
Total Project Costs 3438,374
Project 7: South Elevated Storage Tank
Paint and Upgrade Tank 1 ea $320,000 $320,000
Engineering @15% $48,000
Total Project Costs $368,000
Project 8: West Elevated Storage Tank
Paint and Upgrade Tank 1 ea $325,000 $325,000
Engineering @15% $48,750
Total Project Costs $373,750

Project 9: Northside Pump Station Ground Storage Tanks

Paint and Upgrade Tank 1 ea $610,000 $610,000
Engineering @15% $91,500
Total Project Costs 8701,500

Note: Water line costs assume 3 ft of cover. All unit costs include a 20 % contingency

11.4 Wastewater System

The wastewater system capital improvement projects include a combination of service
extensions to existing residents and line replacement of overloaded sewer lines, The proposed line
improvements were identified into 6 separate projects that are shown on Plate 7. These projects are
listed by priority number based on input from the City of Vernon and logical construction sequencing.

A summary of the cost estimates for each project is presented in Table 11-4.
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Table 11-4

Wastewater System Project Costs

Project 1: Southern Line Extension

6-inch wastewater line
8-inch wastewater line
10-inch wastewater line
Lift station
Asphalt Repair
Manholes
Manhole Tie-in
Engineering @ 15%
Total Project Costs

Project 2: Western Line Extension

8-inch wastewater line
12-inch wastewater line
Lift Station
Asphalt Repair
Manholes
Manhole Tie-in
Engineering @ 15%
Total Project Costs

Project 3: Dawson/Harrold Street

12-in wastewater line
15-in wastewater line
Bore under Highway
Asphalt Repair
Manholes
Manhole Tie-in
Engineering @ 15%
Total Project Costs

Project 4: Downtown Improvements

12-in wastewater line
Asphalt Repair
Manholes
Manhole Tie-in
Engineering @ 15%
Total Project Costs

quantity

4,000
9,300
6,200
1
19,500
30
1

9,300
3,200

12,500
24

700
2,550
500
3,250

3,400
3,400

unit

If
If
If

Ee=mE8rKR

I O = = 3

=

€a
€a

unit cost

$35.00
$45.00
$55.00
$150,000
$15.00
$3,000.00
$1,500.00

$45.00

$65.00
$150,000

$15.00
$3,000.00
$1,500.00

$65.00
$80.00
$300.00
$15.00
$3,000.00
$1,500.00

$65.00

$15.00
$3,000.00
$1,500.00

cost
$140,000
$418,500
$341,000
$150,000
$292,500
$90,000
$1,500
$215,025
81,648,525

$418,500
$208,000
$150,000
$187,500
$72,000
$1,500
$155,625
$1,193,125

$45,500
$204,000
$150,000
$48,750
$21,000
$3,000
$70,838
$543,088

$221,000
$51,000
$22,100
$3,000
$44,565
$341,665

Note:
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Table 11-4 (continued)

quantity unit unit cost cost
Project 5: Bismark Improvements

12-inch wastewater line 630 If $65.00 $40,550
Diversion Structure 1 ea $9,000 $9,000

Asphalt Repair 630 If $15.00 $9,450

Manholes 1 €a $3,000.00 $4,095
Manhole Tie-in 2 ea $1,500.00 $3,000
Engineering @ 15% $9,974
Total Project Costs 876,469

- Project 6: Lift Station Eliminations

6-inch wastewater line 5,000 If $35.00 $175,000

Asphalt Repair 2,500 If $15.00 $37,500
Manholes 11 ea $£3,000 $33,000
Engineering @ 15% $36,825
Total Project Costs 3282,325

Note: Wastewater line costs assume an average depth of 12 ft. All unit costs include a 20 % contingency.

11.5  Capital Improvements Schedule

Proposed schedules for the water and wastewater projects identified in this capital
improvement plan are presented on F igures 11-5and 11-6, respectively. These schedules assume that
the improvements are completed by 2010. However, since a debt analysis has not been completed to
date, modification to this schedule may be needed to maintained a preferred debt level.

Based on discussions with the City of Vernon, the City’s top priorities for their water supply
are to reduce the nitrate concentrations in their water supply and better utilize the in-city wells for
supplemental supply. The City also recognizes that further study of the Round Timber Ranch in the
near future would provide the additional information needed for their long-term supply planning. The
priorities for the water distribution system are based on pressure needs and existing demands. The
water lines in the center of town and the connection of the Big Tanks Pump Station to the West Tank
were given a higher priority than the southwest loop and the western extensions along Center and
College Streets.

The wastewater projects were prioritized to meet the needs of the City’s existing residents.
Since Vernon is not experiencing serious wastewater overflows at this time, the new service
extensions were given a higher priority than existing line replacements. For the line replacement
projects, the down gradient segments were assumed to be upgraded first. This was to prevent

possible bottlenecks within the system.
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11.6  Potential Funding Sources for Capital Improvement Projects

Water System Improvements

Several sources of funding will be required to construct the proposed capital
improvements. The City has already received approval of a loan from the Texas Safe Drinking
Water State Revolving Fund for construction of the groundwater treatment facility and related
work. Some remedial projects have been funded by the Community Development Block Grant
program, and a few additional small projects may be eligible for funding under this program.
Other small projects may be funded out of operating revenues. The remainder of the projects will
likely require the sale of revenue bonds, either directly by the City of Vernon, or indirectly
through a state program such as the Water Supply Loan program.

Wastewater System Improvements

A few small projects such as the iift station diversion projects may be finded either by
funds remaining from a previous loan from the Texas Clean Water State Revolving Fund, or out
of operating revenues. The remainder of the projects will likely require the sale of revenue bonds,
either directly by the City of Vernon, or indirectly through additional loans from the State

Revolving Fund.
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APPENDIX A

List of Meetings and Presentations



Date

12/13/99
11/22/99

16/26/99
4/29/99
4/28/99
2/23/99
4/9/98
4/9/98
4/9/98
3/30/98
3/30/98
3/30/98
3/16/98

LIST OF MEETINGS AND PRESEN TATIONS

Description

Presentation of Capital Improvement Plan to City of Vernon Commission

Presentation of Water Distribution Study & Wastewater Study to City of

Vernon Commission

Presentation of Water Supply Study to City of Vernon Commission
Meeting with City of Altus regarding water supply alternatives
Meeting with Red River Authority regarding water supply alternatives
Submittal of Water Supply Screening Memorandum to Vernon.
Meeting with Greenbelt MIWA regarding water supply alternatives
Meeting with Red River Authority regarding water supply alternatives
Meeting with City of Wichita Falls regarding water supply alternatives
Meeting with City of Altus regarding water supply alternatives
Meeting with City of Frederick regarding water supply alternatives
Meeting with Wagonner Estate regarding water supply alternatives

Project Kick-off Meeting (minutes attached)
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- Simon W. Freese, P E. 1500-1990
Marvin C. Nichok, P.E. 1896-196%

FREESE -« NICHOLS

MEMORANDUM

To: File

From: David W. Sloan

Re: Vernon Water & Wastewater Comprehensive Plan
Kickoff Meeting Minutes - 3-11-98

Date: March 16, 1998

A kickoff meeting was held Wednesday, March 11, 1998 in Vernon for the Vernon Water &
Wastewater Comprehensive planning efflort. The following were in attendance:

Jim Murray City Manager City of Vernon

Steve Ainsworth Utilities Director City of Vernon

Curtis Johnson Contract Manager TWDB

Curtis Campbell Asst. General Manager Red River Auth. of Texas
Dwight Brandt Water Distrib. Task Mgr. Brandt Engineers

Brett Roberts Project Hydrogeologist Woodward Clyde
Leonard Ripley Project Manager Freese & Nichols

Tom Gooch Water Supply Task Mgr. Freese & Nichols

David Sloan Asst. Project Manager Freese & Nichols

Leonard Ripley began by having each person introduce themselves and their role in the
project. Handouts consisted of the meeting agenda, project directory and project schedule.
He then gave a brief overview of the project, noting the three major elements of the study:
water supply, water distribution, and wastewater collection. It was noted the project schedule
is beginning approximately two months later than anticipated in the TWDB grant application.

Tom Gooch then discussed plans for the water supply study. It was agreed the TWDB
population and water use projections would be the basis for the required supplies.

Tom reviewed the various water supply alternatives which had been previously listed. No
new sources were proposed. Several of the sources are already considered to have a low
probability of use, but will be included in the screening process. These include Wichita Falls
(distant & expensive), desalination of alluvial groundwater or high chloride surface water
(expensive), Greenbelt MIWA (distant & expensive) and construction of a new dam on
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16, 1998

Beaver Creck (expensive & long lead time). It was agreed that meetings should be arranged
with three of the alternative sources to determine their potential prior to the detailed analysis;
they were: City of Altus, Oklahoma, City of Frederick, Oklahoma, and the Waggoner Ranch
(Owners of Santa Rosa Lake). Jim Murray and Tom Gooch will arrange a trip to meet with
each of these entities.

Curtis Campbell noted the chloride control projects which are proceeding should improve the
quality of water in Lake Kemp and Lake Diversion over time (10-15 years). He also noted
reverse osmosis energy recovery research being conducted by EPRI, and discussed possibility
of including the WTU Oklaunion plant in their study.

Leonard noted denitrification for nitrate removal is looking much more promising than a year
ago. Several pilot plants are now operating in the U.S. and this can now be considered a
viable process, although there are stili some regulatory obstacles to overcome.

Vernon’s external customers were reviewed and are as follows:

Oklaunion WSC Northside WSC
WTU Texas Youth Commission
Red River Authority Systems: Hinds, Lockett and Box WSCs

With the exception of Lockett WSC, these systems use Vernon water exclusively for their
potable supply. The Lockett system uses Vernon water to supplement local groundwater for
peak demands.

Other communities interested in the study: Electra and Harrold. Electra is working with
Jacobs and Martin and Don Ranschuber to find additional water supplies. Harrold is
interested in participating in line from Frederick if that option is selected.

Jim Murray indicated there is support in the city for development of a reliable supply of water
with acceptable quality. The city would also like a modest surplus available for industrial
growth. A total supply of 4-5 MGD should meet anticipated needs. A representative peak
day of 4.8 MGD was recorded in July 1996. The average demand that month was about 4.0
MGD and normal usage averages about 3 MGD.

Visits with potential industrial reuse/alternative supply customers will be arranged at a later
date. Leonard noted the reuse concept was expanded to include sources such as high nitrate
groundwater which may be more acceptable to food grade industries than reclaimed
wastewater. Chris Bissett is the appropriate contact with WTU (Abilene office) for reuse
discussions. New plant manager for Rhodia (formerly Rhone-Poulenc) is David Kramer.

Dwight Brandt discussed water distribution study and noted most information had been
received from city. Steve Ainsworth noted the electronic mapping should be checked against
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the most recent hard copies to verify information. City will provide recent subdivisions for
update information. Leonard noted the future improvements for the water system could not
be determined until the planned source of water was known.

11. David Sloan and Steve Ainsworth discussed wastewater collection system. City is
consolidating requested information and will be able to provide most of the desired data. FN
will determine which lines are appropriate for additional work by city crews to determine line
sizes and invert elevations.

12.  Curtis Johnson stressed importance of submitting subcontract agreements for TWDB review.

After the meeting adjourned, Brett Roberts and Tom Gooch visited well fields with Steve Ainsworth.
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SECTIONONE Introduction

This technical memorandum, which is prepared in support of the City of Vernon Water and
Wastewater Comprehensive Plan, presents a review of the available groundwater resources and
water quality for the Odell-Winston Well Field in Wilbarger County, Texas. The work was
conducted by Woodward-Clyde under subcontract to Freese and Nichols Incorporated.

11 BACKGROUND

The current City of Vernon water supply needs are primarily met by groundwater withdrawn from
the Odell-Winston Well Field. The Odell water supply wells are located approximately 12 miles
north of the City of Vernon. The Winston water supply wells are located approximately 14 miles
north of the City of Vernon. Additional water supply wells located within the City of Vernon are
only used as backup during peak water demand periods. A review of the wells within the City of
Vernon was not included within the scope of this study.

Concentrations of dissolved nitrate in the City of Vernon water supply have recently exceeded the
Texas Department of Health (TDH) standard of 10 mg/l. The demand for water in the City of
Vernon is projected to increase from the current level of approximately 2.7 MGD (3,100 acre-
ft/year) in 1997 to approximately 3.5 MGD (3,900 acre-ft/year) in 2050. As a result of the issues
associated with the water quality and the projected increase in demand for water, the City of
Vernon wishes to investigate future water supply options. The Round Timber Ranch Well Field,
located about 20 miles north of the City of Vernon has been identified as a potential alternative
water supply. The Round Timber Ranch Well Field is leased by the City of Altus, but has not
been used since 1989.

As part of the overall water supply study, this technical memorandum addresses the reliability and
performance of the current water supply operations at the Odell-Winston Well Field and evaluates
the potential for gaining additional water supply from the Round Timber Ranch Well Field. The
remainder of Section 1 discusses the objectives of this study and the sources of data used for this
study. Section 2 reviews the data available for the Odell-Winston Well Field. Estimates of the
long-term availability of water in the Odell-Winston Well Field are made in Section 3. Available
data for the Round Timber Ranch Well Field are reviewed in Section 4 and estimates of the
available long-term water supply from the Round Timber Ranch Well Field are discussed in
Section 5. Conclusions and recommendations are provided in Section 6.

1.2  OBJECTIVES

The overall objective of the Water Supply Plan for the City of Vernon is to develop up to three
long-term water supply scenarios, with each scenario identifying the combination of sources to
meet the water supply demands through 2050. The overall objective of this report is to support
the development of the Water Supply Plan based on an evaluation of the existing Odell-Winston
Well Field and a review of the available information for the Round Timber Ranch Well Field.

The specific objectives of this groundwater resources study are:
* Review the performance of the Odell-Winston Well Field

* Review the potential of the Round Timber Ranch Well Field as an additional water supply for
the City of Vernon

Woodward-Clyde @ 24814/5WPM1628.doc 10/24/2000(10:39 AM)7RPT 1-1




SECTIONONE Introduction

¢ Estimate the long-term availability of groundwater from the Odell-Winston Well Field and
Round Timber Ranch Well Field

* Recommend well field management practices to enhance and/or maintain long-term water
supply from the Odell-Winston Well Field

1.3  DATA SOURCES

A variety of existing data were compiled to support this study, including reports of previous
studies, City of Vernon and City of Altus water level records, pumping rate records, water quality
records and drillers logs, and Texas Water Development Board monitoring well water level

records. In addition, new water quality, pumping rate and water level data was generated for the
Odell-Winston Well Field by the City of Vernon.
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SECTIBNTWO Review of Odell-Winston Well Field

21  GEOLOGY

The Odell-Winston Well Field draws water from the Seymour Aquifer. The Seymour Formation
consists of Quaternary Age semi-consolidated and unconsolidated alluvial deposits of clay, silt,
sand, caliche, conglomerate and gravel. The Seymour Formation unconformably overlies rocks of
Permian age and typically caps the interstream areas or divides between major streams. In some
areas, particularly along the major streams, the Seymour Formation is overlain by unconsolidated
Quaternary alluvium deposits. The thickness of the Seymour Formation is as much as 125 feet,
but varies from approximately 70 to 110 feet in the area of the Odell-Winston Well Field |
Although individual beds of the Seymour Formation are usually discontinuous, a fairly consistent
zone of sand, gravel and conglomerate is usually present near its base. Texas Department of
Water Resources (TDWR, 1979) notes that this basal unit is best developed in the Odell-Fargo
area.

22 HYDROLOGY

The groundwater within the Seymour Aquifer is unconfined and therefore exists under water table
conditions. The source of recharge to the Seymour aquifer is infiltration of precipitation falling
directly on its outcrop area. The rate of recharge to the Seymour is probably greatest in the
Odell-Fargo area as the topography is gently rolling and much of the surface is composed of
highly permeable sand. Recharge to the Seymour Aquifer is estimated to be about 10 percent of
annual precipitation (TDWR, 1979). The average annual precipitation for Vernon is 26.7 inches
for the period 1904 to 1997, However, over the last decade (1988 to 1997), the average annual
precipitation for Vernon has been 31.7 inches. Therefore it is likely that recharge to the Seymour
Aquifer during the past 10 years has been slightly greater than the historical average. The rainfall

. data are provided in Appendix A.

 Groundwater movement within the Seymour Aquifer in the Odell-F argo area is generally from

two groundwater highs located in the central part of the area towards the south, southwest, east,
north, northwest and northeast. Directions of groundwater movement around the Odell-Winston
Well Field is largely influenced by drawdown of the water table due to pumping of wells.

2.3  WATER SUPPLY WELLS

The Odell-Winston Well Field consists of 21 water supply wells varying in depth from 75 to 110
feet. Fourteen of the wells (wells WW-1, WW-3 to WW-15) are located in the Odell Well Field
and seven of the wells (wells WW-16 to WW-22) are located in the Winston Well Field. In
addition, a chlorine injection station and two above ground storage tanks exist at the Odell Well
Field. Well WW-2 was originally installed in the Winston Well Field but was abandoned some
time ago as it was not productive. Locations of the wells are shown on Figure 2-1.

Table 2-1 lists details of each well’s construction and pump placement. In some cases, the
original depths of the wells listed on the drillers logs are deeper than the currently measured
depths. This is possibly due to infilling of the wells by sediments over time. The screen interval
of the wells is taken from the drillers logs and ranges from 12 to 45 feet in length. The wells were
initially installed with steel casings and screens varying in diameter from 10 to 16 inches. The
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SECTIONTWO Review of Odell-Winston Wefl Field

City of Vemnon indicates that since their initial installation, wells WW-3, WW-4, WW-6, WW-9,
WW-17, and WW-21 have had PVC casing and screen inserts installed inside the original casings.
According to the City of Vernon, all wells are installed with submersible pumps which are
routinely set at an elevation one foot from the bottom of the well. Although information on the
original pumps installed in the wells is known, details of the current pump sizes were not available
from the city of Vernon. The pumps were automated in early 1998 so that they can be switched
on and off from the City of Vernon without having to visit each pump. In addition, totalizer flow
meters were installed at each well to provide flow rate data for each well. This information was
not previously available. The flow meters were also automated early in 1998 so that flow rate
data for each well can be obtained from the City of Vernon.

24 OTHER USERS OF THE SEYMOUR AQUIFER

Groundwater in the Seymour Aquifer is used extensively for public water supply, irrigation,
industrial, domestic and livestock purposes. Most of the groundwater pumped from the Seymour
Aquifer in Wilbarger County is used for irrigation and public water supply.. In the areas adjacent
to the Odell-Winston Well Field a number of irrigation wells exist which can affect the saturated
thickness of the Seymour Aquifer in the well field and reduce the efficiency of the City of Vernon
water supply wells. TDWR (1979) noted that there were 173 irrigation wells in the Odell-Fargo
area.

The City of Vernon leased the land for the chlorine station and storage tanks at the Odell Well
Field in 1954 for $100 for a term of 99 years. The Winston Farm where the Winston Well Field is
located was purchased by the City of Vernon in 1970. Therefore the City owns the land and all
water rights for the Winston Well Field. This gives the City much more control over the use of
water in the Winston area than it does around the Odell Well Field.

25 CONDITION OF WATER SUPPLY WELLS

The condition of each water supply well in the Odell-Winston Well Field is not known. However,
discussions with the City of Vernon and the review of downhole television logs of five wells have
provided some information on the condition of some of the wells. Based on this information,
several historical well problems have been noted by the City. After the gravel pack for WW-4
collapsed, the gravel was bailed out and an 8 inch diameter PVC casing was inserted. ThisPVC
insert does not go all the way to the bottom of this well. Nevertheless, Well WW-4 is still used.
Well WW-3 routinely breaks suction because the pump is oversized. (At that time, the City was
planning to replace this pump with a smaller one). For different periods during the first half of
1998, the pumps in wells WW-3, WW-6, WW-7, WW-10, WW-17, WW-19 and WW-21 had to
be pulled out of the wells for repair or replacement. The City does not routinely maintain the
pumps. Rather, they are removed and either replaced or repaired once they stop working.

The City recorded downhole television logs of five wells in 1996 and provided this video to
Woodward-Clyde for review. The television logs from the five wells (WW-4, WW-6, WW-10,
WW-17, and WW-21) showed the wells are generally in good condition. All wells were
constructed with 8 inch PVC casing inserted inside the outer casing, except ‘WW-10, which still
used the original 10-inch steel casing. Well WW-10 showed some signs of corrosion, particularly
the screen, while the other wells showed some signs of minor encrustation on the screens and

Woodward-Clyde @ 2461 SWPM1628.doc 10/2412000(10:38 AM)?RPT 2-2



SECTIONTWO Review of 0dell-Winston Well Field

clogging of the screens. In addition, wells WW-6, WW-17 and WW-21 showed a significant
amount of sediment in the bottom of the well; the sediment covers the base of the screens, Other
observations from the video logs include: the PVC insert did not extend to the bottom of WW-4
as noted above; WW-10 was slightly bent between the depths of 65 and 80 feet; Well WW-17 had
a slotted section of pipe incorrectly installed between 18 and 25 feet depth; and Ww-21 appeared
to have a small hole in the casing at about 20 feet depth.

26 WATERTABLE

The depth to the static water table in the Odell-Winston Well Field ranges from approximately 20
to 80 feet below the ground surface, Static water level measurements have been made
periodically for the water supply wells within the Odell-Winston Wel] F ield since the 1950s.
However, regular static water level measurements have only been made in the last decade. Figures
2-2 to 2-23 show the trends in the static water levels for the twenty-one wells in the Qdell-
Winston Well Field for the last decade, Most water supply wells show a relatively stable to
slightly increasing static groundwater level during the last ten years. Specifically, Ww-2, WW-3,
WW-10, WW-14, WW-15, WW-16, WW-17, WW-18, WW-19, WW-20 and WW-22 show
significantly increasing groundwater level elevations over the last decade. However, wells Ww-
11, WW-12 and WW-13 show a slight decline in static groundwater levels, particularly since
1992. Some wells (WW-1, WW-6, WW-15, WW-16, WW-17, WW-20 and WW-22) show a
sharp decline in water level elevations for the 1998 summer months although the general trend
over the last decade is either stable or increasing. These recent sharp declines are a result of the
reduced recharge and increased demand for water during the dry and hot conditions that prevailed
in the area during the summer of 1998, In addition, other users (especially irrigation wells) of the
Seymour Aquifer in the areas of the Odell-Winston Well Field influence the water levels in the

surrounding aquifer. For example, an irrigation well located close to WW-1 is only used by the

in Figures 2-24 to 2-28. All five wells show a steady decline in water levels from when records
were first collected in the early 1950°s to the late 1980s. However, over the last decade all of the
State observation wells show a steady increase in water levels. The water levels measured in early
1998 are back to water level elevations equivalent to the water levels measured in the 1970’s.

This steady increase in water levels during the late 1980’s and 1990°s is consistent with the steady
to increasing static water levels observed in the City of Vernon water supply wells. The
increasing water level elevations correspond with the higher than average rate of precipitation and
hence recharge that has occurred over the last decade. For the period 1950 to 1987 when a
decline in water levels was observed, average annual precipitation was slightly less than the
historical average (25.7 inches versus 26.7 inches).
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27  PUMPING RATES

After the automated flow meters were installed and operational in early 1998, the City of Vernon
began recording average daily pumping rates for each water supply well. Prior to 1998, pumping
rate data are available for the entire Odell-Winston Well Field for some months during years 1991,
1992 and 1993. However, total water supply volumes, including the wells used in the City of
Vernon, are available for a much longer period (1960-1997). Figure 2-29 shows the annual water
use volumes for the City of Vernon for the years of record. During the period 1960 to 1975 the
annual water supply volumes show a general increasing trend, while for the period 1986 to 1997,
the annual water supply volumes show a general decreasing trend. Between 1986 and 1997, the
annual water use for the City of Vernon has ranged from approximately 914 million gallons in
1995 (2.5 MGD) to 1,281 miltion gallons in 1986 (3.5 MGD), with an average of approximately
1,046 million gallons (2.9 MGD). Between 1960 and 19835, the annual water use for the City of
Vernon ranged from 522 million gallons in 1960 (1.4 MGD) to 1,264 million gallons in 1974 3.5
MGD), with an average of approximately 878 million gallons (2.4 MGD).

Figure 2-30 shows the average daily pumping rates for the entire well field for the months of
April, May and June, 1998. The peak daily flow during this period reached 5.4 MGD, while the
daily averages were 2.7 MGD for April; 3.5 MGD for May; and 4.0 MGD for June. Average
daily flows for each well for the period March 13 to May 10, 1998 is provided in Appendix B.

2.8 WATER QUALITY

The Odell-Winston water supply wells were sampled by the City of Vernon in August 1998, All
wells were analyzed for total dissolved solids (TDS), chloride and nitrate. In addition, WW-19
was analyzed for alkalinity, sulfate, fluoride, hardness, sodium, calcium and magnesium. The
TWDB sampled WW-11 and WW-14 in March 1998 for a range of major cations and anions,
nitrogen compounds and metals. Tables 2-2 and 2-3 present the water quality data. Other water
quality data available for each individual well within the Odell-Winston Well F ield is limited to
three samples in 1970 and one sample in 1980,

The TDS concentrations for the water samples collected in 1998 range from 270 mg/1 for WW-1
to 1016 mg/l for WW-9. Most wells have TDS concentrations in the range of 300 to 500 mg/1.
WW-9 has a TDS concentration greater than the Texas Drinking Water Standard of 1,000 mg/l.
Chioride concentrations range from 7 mg/l for WW-12 and WW-13 to 283 mg/l for WW-9. No
wells have concentrations of chloride greater than the Texas Drinking Water Standard of 300
mg/l. The concentrations of nitrate in the water samples collected by the City of Vernon in
August 1998 range from 7.7 mg/l to 16.6 mg/l. Fourteen of the twenty-two wells have
concentrations of nitrate greater than the Texas Drinking Water Standard of 10 mg/l. The
concentrations of nitrate reported in the two samples collected by the TWDB in March 1998
(49.6 mg/l and 58.4 mg/1) are not considered realistic when compared with the nitrate plus nitrite
concentrations for the same samples (11.2 mg/l and 13.2 mg/l). The concentrations of nitrate plus
nitrite exceeds the Texas Drinking Water Standard of 10 mg/l in both samples. The
concentrations of all other parameters in the two samples collected by TWDB are below the
Texas Drinking Water maximum concentration limits.

Although there do not appear to be any spatial trends in the concentration of nitrate in the water
supply wells, the concentration of nitrate in the Winston wells is generally greater than in the
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Odell wells. However, there does appear to be a general trend in the concentration of nitrate
compared to the saturated thickness of the aquifer, as shown on Figure 2-31. The wells that
penetrate a greater saturated thickness of the aquifer generally have greater concentrations of
nitrate. The reason for this relationship is not known, but it may be a reflection of higher nitrate
concentrations in soils closer to the ground surface.

During the water quality sampling of the wells by the City of Vernon in August 1998, the amount
of sand being pumped in the groundwater from each well was measured using an Imhoff cone. It
is important to limit the sand being pumped because sand can be destructive to pumps and can
accumulate in storage tanks, which reduces storage capacity. Large amounts of sand pumping
can be indicative of a poor quality or an improperly designed well screen. If a screen shows signs
of high sand pumping then it may have corroded and could eventually result in the screen
collapsing. The measured concentration of sand being pumped from each well is presented in
Table 2-2. The concentration of sand being pumped ranges from 0 to 0.1 ml of sand per 1,000 ml
of water. Well WW-16 has the greatest concentration of sand (0.1 ml/1000 mi). Assuming a
sand density of 2.65 g/cm® and a 50 percent porosity of sand in the Imhoff cone, 0.1 ml/1000 m] is
approximately 133 mg of sand per liter of water. Driscoll (1995) recommends a maximum sand
concentration of 20 mg/1 to avoid downhole instability that could cause failure of the screen.
Wells WW-5, WW-6, WW-7, WW-8, WW-15, WW-16, and WW-21 pump sand at
concentrations greater than 20 mg/l. The City of Vernon observed an accumulation of over one-
foot of sand in a storage tank at the Odell Well Field over a period of about ten years.

29 PUMPING COSTS

The City of Vernon has indicated that the cost of pumping groundwater from wells in the Odell-
Winston Well Field averages approximately $1.08 per 1,000 gallons of water. This cost includes
all electrical and labor costs for the City of Vernon water supply department.
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TABLE 2-3

LECTED BY TWDB

WATER QUALITY DATA FOR ODELL-WINSTON WELLS COL
(MARCH 1998)

pH 7.83 7.65 7
Temperatura (C) 19 20

TDS (mam) 326 669 1000
Chioride (mg/) 12 57 300
Nitrate (mg/1) 496 58.4 ﬂ
Alkalinity (mg/) 207 443

Sulfate (mg) 21 62 300
Fluoride (mg/) 0.3 0.8 2
Hardness (as CaCo03) (mgh) 217 468

Total Sodium (mgn) 22 57

Calclum (Hardness as Ca) (mgm 64 91

Magnesium(Hardness as Mg) (mgn) 14 S8

Silica (mgn) 25 29

Strontium (mg/) 0.3 1

Carbonate {mg/) 0 0

Bicarbonate (mgn) 239 516

Conductivity 504 1061

Aluminum, Dissolved (Hg/) 4.6 <4 50-200
Antimony, Dissolved (ygf) <1 <1 JI
Arsenic, Dissolved (ugh <5 <5 50
Barium, Dissclved (Lg/) 237 133 2000
Beryllium, Dissolved (ug/) <1 <1 4
Boron, Dissolved (pg/) 70 198

Bromide, Dissolved {mg/) 0.11 <0.1

Cadmium, Dissolved (pg) <1 <1 5
Chromium, Dissolved (ug/h 20.4 40.8 100,
Cobatt, Dissoclved (Mg <1 <1

Copper, Dissolved (pgf) <2 25 1@
Iron, Dissolved (ug/) <10 <10 300
Lead, Dissolved (ug/l) <1 <

Lithium, Dissolved {ugh) 9.8 28.6

Manganese, Dissolved (ugn) <1 <1 50
Molybdenum, Dissalved (T <1 11

Nickel, Dissolved (ug/) 29 47 100
Nitrite plus Nitrate, Dissolved (mg as N} 11.2 13.2 10
Nitrogen, Ammonia, Dissolved {mgh as N) <0.05 <0.05

Nitrogen, Kjeldahl, Dissolved (mgN as N) <0.1 <0.1

Oxidation Reduction Potential {millivolts) 546 104.1

Phasphorus, Dissolved (mg/) <0.1 <0.1

Selenium, Dissclved (ug/) <5 <5 50
Strontium, Dissolved (HgN) 307 969

Thallium, Dissolved (ugA) <1 <1 2
Vanadium, Dissolved (ugM 8.4 17.8

Zinc, Dissolved (ugm <4 50.9
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Figure 2-29
City of Vernon Annual Water Supply Volumes
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SECTIONTHREE tong-Torm Avaitability of Groandwater From Odell- inston Well Field

3.1 SATURATED THICKNESS OF AQUIFER

Static groundwater level measurements and total well depths were used to calculate the saturated
thickness of the Seymour Aquifer penetrated by the Odell-Winston water supply wells.
Groundwater level measurements made in May 1998 were used to calculate the saturated
thickness for all wells except WW-3 (June, 1998) and WW-10 (November, 1997). The saturated
thickness calculations were used as the basis for preparing a contour map of the aquifer’s
saturated thickness in the well field (Figure 2-1).

The saturated thickness of the aquifer penetrated by the Odell water supply wells varies from 24
feet to 63 feet. The western part of the Odell Well F ield, which includes wells WW-1, WW-10,
WW-11 and WW-12, has the least saturated thickness, while the area around WW-10 has the
greatest saturated thickness. The water supply wells which penetrate the aquifer in the Winston
Well Field generally have a greater saturated thickness than the Odell Well Field. Saturated
thickness in the Winston Well Field varies from 49 feet to 66 feet. The least saturated thickness
occurs in the north of the well field around WW-19 and WW-20, while the greatest thickness
occurs in the area around WW-16.

Figure 2-1 indicates that the Seymour Aquifer has a sufficient saturated thickness in most areas of
the Odell-Winston Well Field to continue using the groundwater as a long-term water supply.

The generally greater saturated thickness in the Winston Well Field and central northern and
southern parts of the Odell Well Field suggests wells in these areas should be used to provide the
majority of the water during drought conditions and high demand periods. But, as noted earlier,
wells in the Winston Well Field generally have greater concentrations of nitrate. The relatively
small saturated thickness of the wells in the west of the Qdell Well Field indicates that these wells
should not be relied upon for a continuous water supply during an extended dry period where
recharge is reduced and water demand is typically greater.

32 PRECIPITATION RATES COMPARED TO WATER LEVELS

For the period of groundwater level records presented in Figures 2-2 to 2-22 (1988 to 1998),
average annual precipitation has been 5 inches above the historical average. To determine
whether this extra precipitation alone can account for the increasing water levels in the Odell-
Winston water supply wells during the last decade, the extra water levels likely to result from the
higher recharge rate was estimated.

The average annual change in water levels for each water supply well in the Odell-Winston Well
Field was estimated by fitting a linear trend line to the well hydrographs. The trend lines are
shown on the hydrographs in Figures 2-2 to 2-22. The average annual changes in water levels for
the entire well fields were estimated by averaging the annual change in water levels for each well,
The resulting average increase in water levels for all wells in the Odell-Winston Well Field is
estimated to be 0.95 fi/year (11.4 inches/year). For the wells in the Odell Well F ield, the average
annual increase in water levels is estimated to be 0.46 fi/year (5.5 inches/year). For the wells in
the Winston Well Field, the average increase in water levels is estimated to be 1.8 ft/year (21.6
inches/year).
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SECTIONTHREE 1ong-Term Availability of Groundwater From Odell-Winston Woll Feld

The TDWR (1979) estimates recharge to be 10 percent of annual precipitation, however Layne
Western Co. (1964) estimate recharge to be approximately 15 percent of annual precipitation. It
is our opinion, based on experience at other sites, the sandy nature of the surface and the small
volumes of runoff that occur in the area, that recharge rates are more likely to be closer to 15
percent of annual precipitation. Therefore, the extra recharge to the Seymour Aquifer since 1988
compared to the historical average is estimated to be 0.75 inches/year. The extra 0.75 inches per
year of precipitation will move through pores in the vadose zone and enter the saturated zone.
Assuming a storativity value for the Seymour Aquifer of 0.14 (TDWR, 1979), the 0.75
inches/year average additional recharge is estimated to cause a 5.4 inches/year rise in the water
table elevation.

Thus, the observed increase in water levels since 1988 in the Odell Well Field is likely attributable
to the additional recharge since 1988. However, the observed increase in water levels since 1988
in the Winston Well Field is approximately 16 inches/year greater than the estimated increase in
water levels caused by the additional recharge since 1988.

33  PUMPING RATES COMPARED TO WATER LEVELS

For the period of groundwater level records presented in Figures 2-2 to 2-22 (1988 to 1998),
annual water supply rates have shown a slight decreasing trend, as shown on Figure 3-1.
Insufficient information is available on individual wells to assess any changes in pumping rates of
the Winston or Odell wells which may explain the different average rates of water level elevation
increases over the last 10 years. However, the slight decreasing trend in water supply rates for
the City of Vernon over the last 10 years has likely contributed to the observed average increase
in water levels in the Odell-Winston Well Field over the past 10 years.

The water supply volumes produced from the well fields during the period 1988 to 1997 averages
1,018 million gallons per year (2.8 MGD). By comparison, the average water supply volume
pumped during the period 1960 to 1975 is 772 million gallons per year (2.1 MGD). During the
period 1960 to 1975, the state observation wells show a decreasing trend in water level
elevations. During the period 1988 to 1997, the state observation wells and water supply wells
show a stable to slightly increasing trend in groundwater fevels. However, annual precipitation
for the period 1960 to 1975 was 25.1 inches compared to 31.7 inches for 1988 to 1997. Thus, it
is reasonable to conclude that greater than average groundwater recharge rates during the last ten
years have compensated for the larger annual pumping rates. During the period 1960 to 1975, the
declining groundwater levels indicate pumping rates during that period exceeded the recharge
rates.

34  INFLUENCE OF OTHER USERS

Possible reasons for the greater increase in water levels at the Winston Well Field compared to the
Odell Well Field could include the lower demand for groundwater from the Seymour Aquifer
close to the Winston Well Field compared to Odell Well Field. The City of Vernon owns the land
around the Winston Well Field and therefore has a buffer zone around the wells, while in the
Odell Well Field other wells are located close to the well field.

Woodward-Clyde &@ 2481 ABWENI828.doc 10/2472000(10:30 AMIZRPT 3-2



SECTIONTHREE 1ong-Term Availability of Groundwater From Odell-Winston Well Field

3.5 SUMMARY OF LONG-TERM AVAILABILITY OF WATER RESOURCES

Based on the above information, it is likely that the Odell-Winston Well field can sustain a water
supply rate of approximately 900 million gallons per year (2.5 MGD), assuming average rainfall
rates and recharge conditions will prevail. This also assumes that demand for groundwater from
other users around the Odell-Winston Well Field will not increase. During a drought period when
recharge rates are reduced, it is likely that water level elevations will decline if a pumping rate of
2.5 MGD is maintained. The Winston Well Field has a greater average saturated thickness than
the Odell Well Field. Therefore, the Winston Wells should be pumped more heavily during
drought and peak demand periods to prolong the life of the Odell Well Field. However, it should
be noted that this would cause an increase in the concentration of nitrate in the water supply, as
the concentration of nitrate in the Winston wells is generally greater than those in the Odell Well
Field.

It s likely that groundwater supply from the Odell-Winston Well Field could be increased from
the current pumping rates without significant impact on water level elevations by installing
additional water supply wells outside of the area of the existing wells. However, it is anticipated
that the water quality from any new wells will be similar to the concentrations of nitrate in existing
wells, which is greater than the Texas Drinking Water Standard.
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SECTIONFOUR Review of Round Timber Ranch Woll Fleld

used during 1989,

41 GEOLOGY

The Round Timber Ranch Well Field draws water from the Seymour Aquifer. Drill hole logs
indicate that the Seymour Formation in the area of Round Timber Ranch Well Field has a fairly

on drill hole logs.

42 HYDROLOGY

water table due to pumping of wells when the we]] field is operating.

43  WATER SUPPLY WELL CONSTRUCTION

Appendix C contains the drillers logs giving details of each wells construction. The screen
interval of the wells ranges from 10 to 30 feet in length. The weils are alf constructed with steel
casings and stainless steel screens all with a diameter of 12 inches, Based on the information
attached to the drillers logs, it appears that the wells were originally fitted with 3 to 7.5 HP
turbine pumps.

44  OTHER USERS OF SEYMOUR AQUIFER

As noted in Section 2.4, groundwater in the Seymour Aquifer is used extensively for public water
supply, irrigation, industrial, domestic and livestock purposes. Other users of groundwater close
to the Round Timber Ranch Wel| Field is unknown, however jt is likely that other wells are
present in the area.

The City of Altus leases the water rights, wells and land required for the extraction, conveyance
and storage of water from the Mock and Holloway properties.

Woodward-Clyde @ 248145 WPM1628.doc: 1012412000(10:30 AMyZRPT 4- ]




SECTIONFOUR Review of Round Timber Ranch Well Field

4.5  CONDITION OF WATER SUPPLY WELLS

The condition of each water supply well or well casing in the Round Timber Ranch Well Field is
unknown. However, a survey of the well field by the City of Altus in 1993, 33 months after the
well field was shut down, indicates that the well pumps and water conveying facilities are
generally in poor condition, with only two wells (17, 18) operational at the time of the survey. It
was noted that the 24 volt control system (wiring) had deteriorated beyond repair, approximately
15 feet of pipe line was washed out, Well #1 casing had collapsed and the well “sanded in”, and

the pumps were removed from some wells.

4.6  WATER TABLE

Seven observation wells exist in the Round Timber Ranch Well Field. Records of groundwater
water levels measured in these wells are available from November 1978 to May 1986. The depth
to the static water table measured in the observation wells ranged from 13 to 77 feet below the
ground surface in May 1986. Since the well field has not been used since 1989, it is likely that
groundwater levels have increased from those measured in 1986. Figures 4-1 to 4-7 show the
hydrographs for the observation wells., All observation wells except Observation Well #7 show a
declining trend in water levels between 1978 and 1986. Observation Well #7 shows a slight

4.7  PUMPING RATES

Pumping rate records for the Round Timber Well Field are available for the period January 1979
to April 1986. Figure 4-8 shows the average daily pumping rates per year for 1979 to 1985. The
average daily pumping rates for a year vary from 0.97 MGD in 1981 to 1.3 MGD in 1985, with an
average daily pumping rate through this time period of 1.2 MGD. Figure 4-9 shows the average
daily pumping rates per month, indicating the seasonal variability in water demand. The average
daily pumping rates vary from a low of 0 48 MGD in December 1983 to 1.7 MGD in March

1986.

There are no records of actual pumping rates from individual wells in the Round Timber Well
Field, however details of specific capacity for each well are available. This information is
presented in Appendix D and suggests most wells are capable of pumping at a rate of between

4.8 WATER QUALITY

There are no recent water quality data available for the Round Timber Ranch Well Field.
However, Layne Western Co. (1964) indicated in a report titled “Groundwater Survey for the
City of Altus, Oklahoma” that “in general the water appears to be of good quality”. There are
some concentrations of major cations, anions presented in this report, however most of these data
are unreadable.
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SECTIONFOUR Review of Reund Timber Ranch Well Field

municipal water supply again, the wells should be sampled for water quality analyses. The
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SECTIONFIVE Long-Term Avallabiity of Groundwater From Rownd Timher Well Feld

3.1 SATURATED THICKNESS OF AQUIFER

The current saturated thickness of the Seymour Aquifer at the Round Timber Ranch Well Field is
unknown and cannot be determined with the available data, However, it is likely that the water

If the City of Vernon decides to pursue Round Timber Ranch Well Field as a future water supply
option, it is recommended that water levels and saturated thickness be determined at an early
stage. This will provide important information for determining the available water resources at
Round Timber Ranch Well Field which would be important input into the long-term water supply
plan for the City of Vernon. -

3.2 PRECIPITATION RATES COMPARED TO WATER LEVELS

The average annual change in water levels for each observation well in the Round Timber Ranch
Well Field for the period of record (1978 to 1986) was estimated by fitting a linear trend line to
the well hydrographs. The trend lines are shown on the hydrographs in Figures 4-1 to 4-7. The

the period 1978 to 1986.

For the period of groundwater level records presented in Figures 4-1 to 4-7 (1978 to 1986),
average annual precipitation was equal to the long-term (1904 to 1997) historical annual average
0of 26.7 inches. Thus it is reasonable to assume that recharge to the Seymour Aquifer at Round

3.3 PUMPING RATES COMPARED TO WATER LEVELS

The average daily pumping rate for the Round Timber Well Field is 1.2 MGD for the period 1979
to 1985. There is no clear increasing or decreasing trend in the pumping rate through this time
period. Based on the observation well hydrographs and the observation of average recharge rates
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SECTIONFTVE Lang-Term Availability of Groundwater From Round Timber Well Fejg

during this time period, it is reasonable to conclude that the average pumping rate of 1.2 MGD is
greater than the average volume of recharge to the well field.

54  SUMMARY OF LONG-TERM AVAILABILITY OF GROUNDWATER

If the Round Timber Ranch Well Field were rehabilitated for future water supply, it is likely that it
could sustain an average rate of 1.2 MGD (440 million gallons per year) for a period ¢xceeding 5

years given average recharge conditions. During an extended pumping period, groundwater
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SECTIONSIX Concluslons and Recommendations

6.1 LONG-TERM PUMPING RATES

Based on the available information, the principal conclusions regarding the Odell-Winston Well
Field are:

¢ The well field could likely sustain a pumping rate of approximately 2.5 MGD (900 million

Seymour Aquifer from other users in the area around the Odell-Winston Well Field.

* This estimate of sustainable pumping rate is based on available water level, pumping rate and
precipitation data. These data indicate that average water levels in the Odell-Winston Well
Field have been increasing slightly over the last decade. However, average precipitation and
recharge rates over the last 10 years have been greater than the long-term average, and
pumping rates have been decreasing slightly over the last decade.

® During an extended drought period when recharge rates are reduced it is likely that
groundwater levels will decline and thus reduce sustainable pumping rates.

* Groundwater supply from the well field could be increased without significant effect on water
level elevations by installing extra water supply wells outside the areas of drawdown caused
by the existing well fields.

Based on the available information, the principal conclusions regarding the Round Timber Ranch
Well Field are:

* Ifthe well field were rehabilitated and pumped again in the future for water supply, it is likely
that it could sustain an average rate of 1.2 MGD (440 million gallons per year) for a period of
at least 5 years, assuming average rainfall rates and recharge conditions.

6.2 WELL FIELD MANAGEMENT

Based on the available information, the following conclusions and recommendations are made to
improve the management and efficiency of the Odell-Winston Well Field;

* During drought periods, when recharge is reduced, and during high demand periods, it is
recommended that wells in the Winston Well Field should be pumped at higher rates than the
Odell wells because the aquifer’s saturated thickness is greater in the Winston Well Field area,
However, it should be noted that thig would probably result in an increased concentration of
nitrate in the water supply because of the higher average nitrate concentrations in the Winston
Well Field area.
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SECTIONSTIX Gonclusions and Recommendations

* Recharge rates to the Ode]l and Winston Well Fields could be increased by building small
dams and infiltration wells in surface water runoff drainage pathways,

* Itisrecommended that the City consider replacing the existing well pumps with variable rate
pumps to ailow more control over the pumping rates from individual wells. Variable rate
pumps would allow the city to optimize the rate of supply from individual wells to minimize
drawdown effects on surrounding wells, thus improving the City’s capability to efficiently
manage the well field. For instance, by varying pumping rates on a well-by-well basis, the
City can increase or decrease pumping rates to minimize drawdowns and thus preserve the
aquifer’s saturated thickness. Of course, it is recognized that replacing pumps is expensive,
Therefore, the City should weigh the advantages of well-by-well pump discharge control in

comparison to pump replacement costs on 3 case-by-case basis as pumps need maintenance
and repairs.

(WW-5, Ww.¢, WW-7, Ww-g, WW-15, WW-16 and WW-21) and those wells with

sediment build-up in the base of the wells.

* While the pumps are removed from the wells, they should be inspected. Necessary
maintenance or repairs should be made at this time.

* The water quality of the groundwater would have to be evaluated by collecting groundwater
samples for analysis and comparing results to Texas Drinking Water Standards.

* Pumps would have to be checked, repaired and/or replaced.
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SECTIONSIX | Conclusions and Recommendations

* The electrical wiring to the pumps would have to be repaired.

e Well casings would have to be checked using a downhole television and PVC casings and
screens inserted if required.

* Welis would have to be rehabilitated and redeveloped.

¢ The water conveyance pipeline would have to be checked and replaced or repaired where
necessary.

6.3 COST SAVINGS AND WELL FIELD PROTECTION

The well field maintenance and replacement recommendations above are provided to improve the
Odell-Winston Well Field efficiency and protect the well field for long-term supply. In addition, it
is recommended that the City consider performing a well field optimization study to reduce the
costs of water production. This project would involve conducting numerical modeling of the
well-field and analyzing the major factors that control pumping costs. For instance, an
optimization model may be developed to address the following factors:

* Minimize electricity use during periods when electrical rates are high. For example, if there is
a variation in electric power billing rates to the City depending on time of usage, increasing
pumping during off-peak times and decreasing pumping during peak times may substantially
reduce costs.

¢ Reduce pipeline transmission costs. For example, minimizing temporal variations in pumping
rates may reduce friction losses in pipes.

* Increase the pumping efficiency at each well. For example, pumping rates at each well may be
adjusted to reduce the drawdown interferences with other wells and thus minimize pumping
lifts of pumps.

The City may also reduce long-term pumping costs and protect their water resources for long-
term supply by purchasing land around the Odell and Winston wells. Specifically it is
recommended that the City of Vernon consider:

* Buying land around the Odell Well Field to create a 1-mile wide buffer zone around the well
field to preclude other well users causing adverse drawdown effects by pumping nearby wells
to meet irrigation demands. Creating such a buffer zone will reduce potential drawdown
interferences with the Odell wells and thus reduce pumping costs.

* Purchasing additional land around Winston Well Field to increase the existing buffer zone to
1 mile wide and provide areas for expansion of the Winston Well Field for increased water

supply.

The purchase of additional buffer zone land around the well fields will result in long-term
groundwater quality improvement in the aquifer by allowing the City to control land use and thus
reduce the source of nitrate contamination. Land uses should limit fertilizer use and reduce nitrate
levels in soil.
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Appendix A
City Of Vernon Precipitation Data
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Appendix B
Odell-Winston Well Field Pumning Rate Data
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Appendix ¢
Round Timber Ranch Well Logs




WELL INFORMATION

.@]aa-”/m;m &qpﬂn]

0 e

L. CONTRACT Ciﬁxofﬂltusuu ~rmee 1 5. Driller.. Hoellering
—— W'-10 " f 6 DATE.. 4m29-67
2. City, State.___ A.'Ltum_..m:lﬁh_qma.......-.-_--_..-.--_.. T DateStarted_.._
- — —— Completed..-..-.-.----.--..-....-......--..-..-...
3. Well No.. 2 at Test Hole No.__ 2765 == || 8. Drill Crew Man Hrs.. . ...
4. Well Locstion (attach map)__ Roundjrim.‘qer 9. Working Days
_8anch, Texas e = |~ Drilling . -
S e — — Other.... . N S—
10. MATERIAL IN WELL, ‘ WALL
| Fguclr: I'J.l:. s::g NTE*;'SC:‘;‘ MATERIAL TYPE NO.
o _ tayne | 1086
i - £y e R e
_— pact
Inner Caging 52 _ |12 | _.330 steel Wﬁ e go;vs
Outer Casing 12 _ | 34 | _.281 steel | ““W
11. GRAVEL [ 18 WELL DIMENSIONS
Size ... .. 4 x38 8.x 16 A. Total Depth e A
Tons ... 2R S (From Top of Inpey- Casing to Bottom of

Well)

B. Helght df Inner Casmg'
(Above Ground Level)

2l

C. Distance to Top of Grave]
(From Groung Level)

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

D. Diameter of Drill Hoje L

Cdmmenta Reversge Rotary

Puddied Clay (Yes) {No)

With Bags Bentonite Added
Withoflk BHe Gement |

eyl Placed tlemte ptpe
it W 3/ steel plate

S




14. PUMPING TEST
A.

. Test pump
‘,_»‘ . e in_. RK Bowl -] Stages
- Permanent pump

Length of column ......... 890 Ft.

14.10

T, - L
Length of Bowl : _Ft.
Length of suction 3 . L N
B. Measured water level - 30299 Ft. from to;i of _ A2 __1In. || ORIFICE
dia. casing which i8 .....#........_.. Ft. above ground | 3 4
C. Length of aitline ... Ft. from top of casing.
INCHES ' . — 1 §
. " ORIFICE ALT. GAGE WATER DRAW
TIME . | . MANOMETER GPM READING LEVEL DOWN
| 0 0
7300 N 30.90
: 8:00 . 205 45.08 14.18
P seo0 | ~"208 " es.o8 16.18
9 000 | | 205 45.00
7 11e00 205 44.90 114.00
12¢00 | 208 44.90 14.00
E . - i ‘ . . . o w
?“ 1300 | | 208 . 44.90 14.00 -
44.90 14.00

Ft. Date

Yeor




LOG OF WELL e~

} Ft. In. to Ft. In, Formation
;__" 0 16 Pine to Med. Red Sand
16 28 Clayoy Pine to Mod. Red Sand :
— .28 35 Slightly Clayey Fine to Med. Red gand
39 40. | | pine vo Med. Red gsana
—_ 40 k‘ $0 _Pine o Mad, Coarse Tan Sand : .
50 60 Fine to Coarpe fand & Some FPine Gravel, Tan -
- _60 . 65 Fine to Coarge Sand & P.’me Gravel. Tan
65" : 70 | ngqe_&‘agd_g_ma to Med. Gravael, Tan
- _70 75 ' Pine to Coar¢e Band & Gravel, Ten
18 | 80 Red Shale
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ADJUSTING NUT ASSEMBLY
- VERTICAL HOLLOW SHAFT MOTOR

%
LAYNE & BOWLER INC MEMPHIS TENNESSEE . \\0I
. a5
— * a-
. g6l -
328 e 740
352 329
— .
1
| . : 1
| .
PRt | DESCRIPTION
e ‘ 328| g/8n MOTOR DRIVE SHAFT
3291 ANB7S ADJUSTING NUT
{352 Pomn GIB. HEAD KEY (CLUTCR)
74 0110=351% | MACHINE SCREW (ADJUSTING NUT)

IN ORDERING REPLACEMENT PARTS, ALWAYS SPECIFY PARTS
NO, DESCRIPTION, MOTOR SIZE, TYPE, & PUMP SERIAL NO.
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WELL INFORMATION

.(ayh&-W&s‘tam [’amgaw,

GNIRACT.-._._ -Gty of Altas 6. Driller... Hmllar&ng..._-_._ -
e Q) — || 6. DATE.. '
2. City, spate .............. ALLug . OKIABOMA....... .| 7. DateStarteq
- .. e - Compl_eted..
8. Well No...3.____ g Test Hole No...3=G8..._.._____ - || 8 Drill Crew Man Hrs..
Well Location (attach map). Rnun;i I.tmbgr._-. S 9. Working Days
. ..“Ramhhl'@xna.. , Drilling
RO k Other...
<+ 10. MATERIALIN WELL . walL | _ |
- " ;‘;; o gncm ::::.. GAGE ng.':lsc'l(;l. MATERIAL e No.
L e @6
. A ayne _ .
- Sereen 20 12 | 7 -188 | 18-8 Stainless Shurier .t_f;@;?_
: . —_—— T - shings
_ Inner Cgsipg 49 |12 « 330 BEteel -::@-:
Outer Casing | 4. . » _steel olds
. | 2. 34 o 281 &teel | “Welded
11. GRAVEL ‘ 13. WELL DIMENSIONS '
— L Size .._'4 %8 8 x 16 A"i‘otalbépth -, e B
' Tons 21 4 g (From Top of Inner Casmg' to Bottom ~of g
. ' _ Well)
. ‘B, HelghtofInner Casing. .
— 12. s G CASING (Above Ground Level)
- Puddled Clay (Yes)  (No)
. . L ]
. Wit.h S Bag's'Bentonite Added C. Distance to Top of Gravel . 1
- Yaa, " (From Ground Level)
1'1 :
With .. t
~B4¥¥Cemen D. Diameter of Drill Hole ... 36"
— Seal Material Placed in '
: tremie pi L ?
| Well With enie pipe_ Comments _Revarse Rotary. -
- B“%‘;;;ﬂ“‘:veﬂhscrs% steel plate |




WELL INFORMATION

.@]Ila-W&Sté‘m avmpdr_t] |

1. 'CONTRACT.......Qity of Altus || 5 Driller._Bosllexing. . . . .
_— H=10 e : ' 6. DATE
2. City,State... Altus,. Cklahoma 7. Date Started
3 : Completed
3. Well No... . 3. at Test Hole No.. . 3=6%. 8. Drill Crew Man Hrseoe
4. Well Location (attach map). Round Tiwber 9. Working Days )
—Banch. Texas Drilling
Other )
10. MATERIAL IN WELL WAL -
LENGTH DIA. | GAGE THICK- MATERIAL TYPE No.
.o | N | No. NESS IN.
o Layne -
Sereen 20 _ |12 | 7 -188 | 18-8 Stainless o — [0 9 T
Iner Casing | g9 | 19 .330 steel it © 62
: w7 @ 4T~G:
Outer Casing . & wide ' -
12 |34 81 steel Welded
11. GRAVEL 18. WELL DIMENSIONS -
! Size 4x8 8 x 16 A. Total Depth 69’ .
Tons . 21 4 (From Top of Inner Casing to Bottom of -
Well)
B. Height of Inner Casing
12. 8 ING CASING (Above Ground Level)
Puddled Clay (Yes)  (No) |
With ... Bags Bentonite Added C. Distance to Top of Gravel .l )
or Yas. (FFrom Ground Level)
D | g “
With ¥ Cement
1 en D. Diameter of Drill Hole .___ 36"
Seal Material Placed in ‘
' tromie pipe
Bm";&‘;ﬂ%ﬁf"r * steel plate




14, PUMPING TEST

A, .
Test pump A .
‘ & in _RK Bowl S Stages
, Permaneqt pump »
Length of column ... 50 Ft.
: N, :
Length of Bowl 4= Ft.
Length of suction $ Ft.
B. Measured water level . 18+70 _ Ft. from top of _12 In. | ORIFICE
dia. casing which is . ._3._. ... F't. above ground. : . 4
C. Length of airline ... _Ft, from top of casing, -
INCHES '
. . ORIFICE e ALT. GAGE - v WATER © DRAW
TIME . MANOMETER . GPM . READING LEVEL . DOWN
- - 0 e 0
7200 18.70 . -
8400 157 38.10 | 20.40
9:00 151 35,20 16.50
10300 167 40.30 21,60 -
11:00 172 40.80 22.10
12: 00 167 40.60 21.90
1100 172 40.85 22,15
2100 169 41.00 | 22.30
3100 X712 41.10 22.40
15. Permanent .. Layne Pump No. ' , installed by
Permanent air line length Ft. Date
Month Day Year




3
B
Ko
=
Z
e
2
&
&
Z,
3

g T ¥
. Ehfoe o
i i| PN
1 R R
_m ' “ il m
n.h\ y y . £y v .
€ LA .. B




LOG OF WELL

Ft. to Ft, In. Formation

0 10 Pine to Med. Red 8and‘
10 30 | Clevey Pine to Med. Red gand
30 43 Slightly Clayey Fine to Med., Red Sand
43 44. _White Clay |
44 60 Fine to Coarse Sand & Pine Gravel - Some Med.

Gravel, Tan, Looge

60 . 67 Fine to Coarse Sand & Gravel, Tan, Loose
67 70 Very Hard Sandy Red Shale




INSTALLATION PLAN -«
mSCHARGE‘HEAD_

o

\M-EN‘ csmm BY FACTC#

"

£

_3 CY:..ﬁQ, VEL‘I‘ 3
uﬁv_ns FRAME 2 -

-

TRk

L Y i, m‘*.u&‘\-n

HOLES iN BASE .P AT

LATE

: '@m!,!?ml

CUSTOMER_J.J&L\‘LQ_QLD_QI&I 2 WAL YOUR NO_ W= 0-701
LOGATION:__ ,;wwdm~¢f“wuw%uﬂ» QUR. NO._- =
FOR APPROVAL - Ty o imin o pins 7on
TCERTIFIED_ >
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WELL INFORMATION

- .@yna-msrtam am:paw]

City of Altus

1. CONTRACT " 5. Driller.... Hoalleaxing .
W=10 6. DATE... . 4~28=67
2. City,State.....___Altus, Qklahoma 7. Date Started
Completed

3. Well No...... 4. . at Test Hole No.._4~65

4. Well Location (attach map)

9. Working Days

8. Drill Crew Man Hrs.___

12, SEALING CASING

Puddied Clay (Yes) (No)
" With ..____ Bags Bentonite Added
' or : .
With 1'5 ent
Seal Material Pla,
Well With “Uhmie pipe
Bottom of Well Scree

ns/a-f steel plate

Sealed With

|

Round Timber Ranch, Taxas |1 Drilling .
. h Other
10. MATERIAL IN WELL WALL ‘
_ A% || B I
: o Layne ->7
:Sqreen ﬁ | 1_2 1 .168 18~8 Bt.in_l__qu Slumor_l o
— | Boacing
Anner Casing | 49 1z -330 steel - - . Weed T IHT: @ 4772
- Outer Casing 12 | s34 281 steel Weided
11. GRAVEL 18. WELL DIMENSIONS
Si-ze-. LL4x8 - 8 x 16 A, TotaljD.ei)th 74!

(From Top of Inner Casing to Bottom of

Well)

.B. Height 6f Inner Casing.._2"

(Above Ground Level)

t
C. Distance to Top of Gravel 1

(From Ground Level)

. . 36"
D. Diameter of Drill Hole .....

Comments

reverse rotary




14. PUMPING TEST

A,
Test pump

Permanent pump
Length of column
Length of Bowl
Length of suction ___ 5

inRK

' .Roﬁrl 5

'gﬁges B

................ - Ft. from top cf -32_In. |l ORIFICE
dia. casing whichis .2 Ft. above ground, ' ' 3 4
C.” Length of airline ... —Ft. from top of casing,
s az, ance waree - - oraw
TIME MANOMETER GPM READING I..EVEI. . DOWN
8100 _ ’ : 24‘.; 0. -
9300 210 _3g.44 | 14,38
10:00 210 38,55' 14L
111 00° 205 38.60 _14.50
12100 205- 38.55 _14.45
1100 205 »'"33.@5- | 14.35
2400 203 38.40 14.30
3300 245 __41.10 17.00
4100 _ 205 3930 | 1s.00
15, Permanent Lay::. fump No. installed by
Permanent air line length . Ft. Date — - o~
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LOG OF WELL : ,\1
Ft. to Ft. In. Formation 3
0 10 Fine to Med. Red gand
10 19 Clayey Pine to Med., Red gand
189 _42 | ) e Red Sand
_42 48 -} ihe' to Coarse Sand
48 55 Fine to Coarsa Sand & Trace of Fine Gravel. Tan, It
-} 65 ine to Coarse Sand & Gome Fine Gravel. Tan, Loose
68 72 Fine to Coarese Sand & rinu Qravcl.. 'ran. Loose
72 77 Red ghale ' )




WELL INFORMATION

.@]Ils-”/m:m ampaa]

1. CONTRACT City of Altus

W-10

cn

. Driller... Boellering

2. City, State.. hltuse, Oklahoma

6. DATE 4=29~67

' 127 SEALING CASING
Puddled Clay (¥») (No)

With ... Bags Bentonite Added

or Yds.
with . 3% | 189%Cement

Seal Material Placed

in
Well With tremia pipﬂ

Bottom of Well Screen

Seatnd WitL 3/8% ateel pla

7. Date Started
Completed
3. Well No..... 5. . at Test Hole No....... 5=6% 8. Drill CrewMan Hrs. .. _
4. Well Location (attach map) . 9. Working Days
-Round Timber Ranch. Texas Drilling
Other.
10. MATERIAL IN WELL WALL -
LENGTH | DIA. | GAcE THICK- MATERIAL TYPE NO,
o | o | o, NESS IN. ‘
Screen Shotter
{2% _ |12 7 + 188 18-8 stainless " S
_ S=80
Inner Casing - .
57 _ |1z 330 steal v
Outer Casing . ' -
12 _ | 34 281 v Bteal _w lded
'11. GRAVEL 18. WELL DIMENSIONS
Size .. 4 %X 8 8x16 A. Total Depth ga'
Tons 14 14 (From Top of Inner Casing to Bottom of

Well)

% ’
B. Height of Inner Casing 2
(Above Ground Level)

L}
C. Distance to Top of Gravel 1
(From Ground Level)

D. Diameter of Drill Hole

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

Comments REVO¥8e Rotary




14, PUMPING TEST

A,
Test pump

..._..3.-......in......g.ls_...BowL....;.;i_.-.Sfag'es |
. Permanent pump - '

Length of column 30

Ft.

: +
Length of Bowl RS L 'Y

Length of suction 5._F‘t

B. Medsured water level 22,50 Ft. from top of . 12_ 1, ORIFICE -
dia. casing which ig wrerererees . Ft. above ground. 3 ‘4
C. Length of airline ... -Ft. from top of casing. ’
= INCHES -
ORIFICE - ALT, GAGE WATER DRAW
TIME MANOMETER GPM READING - LEVEL DOWN
0 ' . 0 —
: 22.50
210 49.42 26.92 -
216 49.980 27.30
205 49.42 26.92 B
205 _48.93 26.45 N
210 $0.10 . 27.60 -
20 50,40 27.90 _ -
210 50.38 27.68
207 49.90 27.40
Layne Pump No. ingtalled by
Layne )
Permanent air line length Ft. Date :
S Month Year




CONSTRUCTION OF WELL
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LOG OF WELL

Ft. to Ft. In Formation
0 6 Fine to Med. Sand
& 18 _
18 32 Pine tn Coarge Sl!ghtly: c],aggg Tan Sand
32 Tan_Sandy Clay
B 69 e to C rge and
65 - 75 Pine to Coarse Sand & Bocme Fina @ravel, Tan,
15 |- 80 Pine to Coarge 8and & Pine Gravel ~ Some Mod.
' Coarse Gravel, Tan. Loose
- 80 83 Very Hard Red ghale .

008e

&



WELL INFORMATION

.@yne-yésta‘m alllpdllj

1. CONTRACT Ccity of Altus

5. Driller..... . HBoellexing .

Seal Material Placed in
Well With.._tremie pipe

Bottom of Well Screen

" Sealed With

3/8% steel plate

W=10 ‘6. DATE.._4-=29=67
2. City,State....__ Altus, Oklahoma 7. Date Started
: Completed
3. Well No.....6.. at Test Hole No 6-65 8. Drill Crew Man Hrs._.........___...
4. Well Location (attach map).. Round Timbexr 9. Working Days
- ...Ranch., Texas Drilling
Other.
10. MATERIAL IN WELL WALL
. THICK- MATERIAL TYPE NO.
Sereen | | Lavne | $3.8 9
' - ] Shutter,
30 |12 |1 .i88 18-8 stainless % o
‘ , . > : Spacing
I i . B E P 1 @ B68=8¢
nnerqasulg' 6-0- —_— 1‘2- -_— 'é& ' _ELeel - . Screwed ! ﬁg g 58-65
. Outer Casing | .. . weided
ilz_ | 34 .281 steel
11. GRAVEL 13. WELL DIMENSIONS
Size ...4.% 8 8 x 16 A. Total Depth 20"
Tons 24 8. - (From Top of Inner Casing to Bottom of
g Well)
, , - B. Height of Inner Casing.....2
12. § _ING ING (Above Ground Level)
Puddled Clay (3=e) - (No)
With ... Bags Bentonite Added C. Distance to Top of Gravel.... 1"
or . yds : (From Ground Level)
With . 1% t “
FyxCement D. Dismeter of Drill Hole 36"

Comments _reverse rotary




14, PUMPING TEST

A, .
Test pump T S
8...in_ RE_ Bowl 5 Stages
] Permanent pump
Length of column .. aQ._..._Ft,
Length of Bowl 4t Ft.
Length of suctxon 8 3 Ft.

B. Measured water level .26, 3Q Ft. from top of . A2 In, ORIFICE

dia. casing whichis .. 2 Ft. above g'round | - 3 > S
C. Length of an-lme ................ ....F't. from top of casmg - X
a— - INCHES o ) : ’ ‘
: " ORIFICE - “ALT, GAGE -e T " WATER - o  "DRAW -
TIME - MANOMETER GPM READING LEVEL DOWN
. 0 ' . .'Y- :> 0
. 31100 : 26.30 e
12:00 208 53.48 27.18
1200 208 53i27 - | 7 26.07
2100 207 54,15 ~27.85°
3100 205 53,50 27,20
4:00 205 53,45 . 27.15
5400 205 53.68 __27.38
6300 205 53.88 27.58
7800 205 53,90 27.60
15. Permanent Layne Pumb No. - :Inst.alled bS'
Layne )
Permanent air line length Ft. Date
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LOG OF WELL
Ft. to Ft. In, Formation B
_0 10 Fine to Med. gand -
10 20 Clayey Fiml to Med. sand. Gray
. _20 _37 Fine to Med. Sand, Tan -
37 57 Handy Gray Clay
57 60 Fine to Med. Coarse Tan Sand B
60 67 Fine to Coarse Tan Sand
67 66 Red Clay -
[(1:] 73 Fine to Coaxse Sand & Fine to Med. Gravel, Tan, Lo
13 74 “Red Clay
74 80 Fine to Coarse Sand & Fine to Med. Gravel, Tan, Lo
- 80 88 Pine to Coarse Sand & Fine to Coarse Gravel, Tan,
Loose 3
as 90 Red ghale




WELL INFORMATION

.@yn&‘-W&xtEm amtpcmy

1. CONTRACT City of Altus

6. Driller..  Boellexing

W=10 . 6. DATE....4-29-67
2. City, State Altus.,..Oklahoma 7. Date Started
Completed
3. Well Nowoooooon Teee . at Test Hole No...... 17=65. . 8. Drill Crew Man Hrs.....oooooee..
4, Well Location (attach map) 9. Working Days
.Round Timber Ranch, Texas Drilling
Other
10. MATERIAL IN WELL WAL
THICK- MATERIAL . TvPE NO.
o | e | No. | NEsSIN | "
Screen ‘ | Layne ;?)@@67
; 3 ’ -f inle . Shutter, :
2% |12 | 2. | 188 t e Eagiivne Openings
. - spacing
Inner Casing a0 |12l __ 330 teel _;::: #6° @ 57--22
: ' #7 @ 42395
Outer Casing 12 _ |2a|__ 28] toel Welded
11. GRAVEL 18. WELL DIMENSIONS
Size ......... 4.%. 8 8. x.16 A. Total Depth 74!
Tons 23 6 (From- Top of Inner Casing to Bottom of
Well)
B. Height ¢f Inner Casing 2!
12. SEALING CASING
: (Above Ground Level)
Puddled Clay (34ee) (No)
With . Bags Bentonite Added 'C. Distance to Top of Gravel 1!
or vds (I'rom Ground Level)
With . X% Cement -
BgaCemen D. Diameter of Drill Hole .......36.%.
Seal Material Placed in : ' '
Well With..........tremie pipe

Bottom of Well Screen
Sealed With .....3/8" Bteel plate.

|

Comments - Reverse Rotary




14. PUMPING TEST

A.
Test pump < o
8 in... RK___Bowl S Stages

Permanent pump )

Length of column ........ 30 Ft.
S . -+

Length of Bowl 4= Ft.
Length of suction 3 Ft.

dia. casing which is

C. Length of airline

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

_Ft. from top of casing.

% Ft. above g'round , - 3

' .

1

mewss 1 | e | .. wam
TIME MANOMETER U AGPM 'momq_ VAL
1100 o 26,30
2100 205 | 3440 | B.10
3400 208 | | sean | s.0
2 4400 205 | | 34.38 6.08
" 5400 208 | 34.40 | 8.20
. 6300 ‘208 B _' 5 34,;,43'_ é,],z.
7100 208 | 34,42 8.12
8400 . 208 - ) 34.40 8.10
9100 208 | . 38,43 8.13
15. Permanent Layne Pump No. installed l;y "
Permanent air lin:”l:ngthw' Ft. Date -

Your
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CONSTRUCTION OF WELL




LOG OF WELL
Ft. In to Ft In Formation
0 20 Sandy Clay
20 42 Fine to Coarse Sand & Gravel
43 Clay
43 72 Fine to Coarse Sand & Gravel




WELL INFORMATION

.@ynt-”@st;m am[nmj

1. CONTRACT. . City of Altus -

5. Driller...Hoellexing

W10

2. City,State......_Altus...Qklahoma. ..

6. DATE... ... 4=29=67 . ...
- 7. Date Started

- - Completed
8. Drill Crew Man Hrs.......covomeeeeeee.

. Working Days

Taexns _ . Drilling
‘Other.
10. MATERIAL IN WELL wALL | —
‘ THICK. MATERIAL TYPE | o Na.
oo | e | Sor | ness -
o _ . o 10@ 6
Screen _S%FL_‘ 15 & 7
_ 28 _ | 12| 3 -188 18-8 stainless I
; : Spacing
Inner Casing | g7 | 32 .330 steel W46 @ 70-80
. — ' #7 @ 55-70
Outer Casing | 32 34 «281 steel Weided | '
-_ | - Sesaeved
11. GRAVEL 13. WELL DIMENSIONS
Size ... % % 8 8 x 15 A. Total Depth 6z’
To‘n-s' 24 - . 7 (From.Top .of Inner Casing to Bottom of
Well) - .-
12 8§ ING GASING — ‘B. Height‘of Inner Casing 2°
) _ (Above Ground Level)
Puddled Clay (3%ea) {No) .
 With Bags Bentonite Added C. Distance to Top of Gravel 3
or " Yas. (From Ground Level)
With .. &% B¥E Cem
! ent D. Diameter of Drill Hole 36"
Seal Material Placed
Web With o Chemie pipe |
Bottom of Well Screen " _ .
Sealed With 3/8" steel plate




" 14. PUMPING TEST

A,
Test pump 8 i+ RK Bowl 5 Stage; :
. Permanent pump : o
Length of column ... 6Q Ft. | -
Length of Bow] .__ & wm |
Length of suction - ) F‘t

B. Measured water level ~31235 . Ft. from top of A2 _In ORIFICE

dia. casing which is S Ft. above ground. . 7 K
C. Length of airline e T, from top of caging, .

INCHES - | ' < _ - . B
: ORIFICE . 4 = - - ALT, GAGE . . - - -WATER . : DRAW .. -
TIME MANOMETER GPM READING T Leve DOWN
e ST RO o ~
7800 1. 31,35
8:00 |2 | o a3 | 17.46 -
9100 | . 207 | ) is.as 17.08 |
0p00 . - | 207 _ | as8.62 _17.27
11:00 207 . . 48,83 17.48 -
12300 | 203 - | . - = __48.69 17.34
oo | . 208~ | | 4g.9s5 17.40 h
2000 1 | 208 | . - | 4870 17.35 _
3100 ’ 201 | 1 48.50 17.15
15. Permanent ~Jedyne. . Pump No. installed by .
layne —
Permanent air line length Ft. Date
engt Month Dey Year
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LOG OF WELL

g SRR .

Ft. to Ft. In. Formation
6 Loose Sand
6 38 Sandy Clay
. 3s 56 Pine to Med. Sand & Gravel
56 65| | gine to coarse sand & aGravel
65 80| Fins_to Coarse Sand & dravel

with cemented streaks (not veyy hard)




WELL INFORMATION

,@lna-Wé‘stem (‘ompaw]

......

Hoellering

5. Driller. .

-y 7
............................ R paTE, 34755
2. City, State.._ Altus., Oklahoms ] 7. DateStarted...... ...
.................................... . S ‘ Completed-
3. WellNo...2_ at Test Hole No.,....__ 9.65 ................. ~ 8. Drill Crew Man Hrs. ...
4. Well Location (attach map) Round'rimber ................... 9. Working Days
~Ranch, Texas —— Drilling
e e, Other...
10. MATERIATJ, IN WELL WALL
THICK. MATERIAL TYPE NO.
o, | | case | ek -
‘ - Layne .
Screen 25 12 7 .188 lg~8 st&inless Shutrer, ®
— — —— ——— - . ]
Inner Casing g1 12 «330 gsteel vy
_ — —_— — EE——— ) Screwed
Outer Casing i2 34 «28) gteel Welded
= ——  — _— - Serwwed.
11. GRAVEL 13. WELL DIMENSIONS
. 4 x 8 76"
Size ..l - A. Total Depth ... e annn...
Tons ___ 32 (From Top of Inney Casing to Bottom of
Well)
AP c- 2 .
\—-'-«:“_-__h .
B. Height of I Casi
12. SEALING CASING e Gy Ceing
Puddled Clay (¥ee) (No) 1
With . Bags Bentonite Added C. Distance to Top of Gravel........ ...
or ds (From Ground Level)
With 1‘5 Cement , ) » 36"
D. Diameter of Drill Hole oo
Seal Material Placei. %' 4
Well With © pipe Reverse Rotaery
Comments
Bottom of Well Sereen 3/8" steel pla
Sealed. With ‘

---------

@ 50-75



14. PUMPING TEST

A,
Test pump 8 RK 5
in Bowl Stages
Permanent pump
60
Length of column 4t Ft,
Length of Bowl Ft.
5
Length of suction Ft.
_ 36.50 12
B." Measured water level " 5 Ft. from top of .7 In. {| ORIFICE
dia. casing which iS ...._.....__ Ft. above ground. . 3 x
C. Length of airline ......__._._Ft. from top of casing, - semeX
’ :)T!f:::i ALY, GAGE WATER DRAW B
TIME MANOMETER GPM READING LEVEL . COWN
10100 0. 36.50 ¢ -
1100 | 201 53.08 16.58
12:00 203 45.79 - 19.29
1:00 - : 203 55,95 19.45 -
2:00 203 56.22 19,72
3100 | | 203 56,62 20,12
43 00. 203 £6.79 20.29
6:00 203 57.65 21,15
' Layne : ‘
15. Permanent Pump No. installed by
Layne | | ‘ -
Permanent air line length Ft. Date

Month Day Year




CONSTRUCTION OF WELL
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LOG OF WELL N "m
Ft. to Ft. In Formation -~
2 loose Pine Sand _
? 37 e
37 S0 —Pine to Coarge Sand & Gravel with Clay Lenses  _
—30 52 Cemented Sand & Gravel -
52 63 vel —
63 65 _Cemented Sand
635 72 . to e Sand 2 _
72 76

cﬂ!ﬂm—sﬂwmcgmm Hard




0);;’— # /o

WELL INFORMATION

.(ﬂ,llé‘-W&‘o‘té‘l’ll ainpmt]

c.i.ty- of altus .

1. CONTRACT 5. Driller...... Bo01llexing
W=10 6. DATE.... 4=9-67
2. City, State........_... Altus. Oklahoma 7. Date Started
Completed
3. Well No..... 30 at Test Hole No 10-65 8. Drill Crew Man Hrs

4. Well Location (attach map). Round Timber Ranch

9. Working Days
~Texas Drilling....
Other:.
10. MATERIAL IN WELL - WALL
LENGTH DIA. | GAGE THICK. MATERIAL TYPE NO.
. 1IN | N | No. NESS IN.
S ' _ Layne 7
Screen [ Shotter, |
20 _ | )} 7 - 188 18-8 ani.xglon --,:.".... e
Bpacing
Inner Casing | 59 12 .330 ateel e~ #7 @ ST~
—_ ] — - Screwaed
Outer Casing | 32 34 - 281 eteel Walded
: - | - - Sesmangd-
11. GRAVEL || 13. WELL DIMENSIONS
Size ... 3% 8 8x1 A. Total Depth 79°
Tons 20 10 ~ (From Top of Inner Casing to Bottom of
_ ) Well) -
, _ - , .

12. SEALING CASING
Puddled Clay (%) (No)

With ... Bags Bentonite Added
or 1k Ydas.
With "% ﬁags Cement

Seal Material Placed

Well With Rremie Pipe

Bottom of Well Ser " t
Sealed With een/8 _u!:'eel plate

|

B. Heighf of Inner Casing:
(Above Ground Level)

[ ]
C. Distance to Top of Gravel i
(From Ground Level)

. - 36"
D. Diameter of Drill Hole

Comments reverse xotary




' 14. PUMPING TEST

A,
Test pump -
in Bowl. Stages
Permanent pump 8 RK 5
Length of column 5 -
Length of Bowl 4t Ft.
Length of suction Ft.
E— 5—
- B. Measured water level e Ft. from toi) of .. In |[ORIFICE
. 3q13 : . &3 -
dia. casing which is g Ft. above ground, 3 X 4
C. Length of airline R -Ft. from top of caging. X
INCHES o ' ' =
ORIFICE ALY, GAGE WATER DRAW
TIME MANOMETER GPM READING LEVEL DOWN
o 0 0
7100 | Bt
8100 203
: : v 17RO
9100 207 36+93— -
. - 172.70
- 10300 20T -
£7.86 1R. 73
11:00 207 _ '
‘ ' 57,932 18.40
~12:00 - 207 i
1: 00 <07
2300 205 |
. ’ $7.83 18.40
.3400 205 '
16. Permanent _— Pump No. installed by
‘Permanent air line length Ft. Date..




LOG OF WELL
In. to Ft, In. Formation
8 loose Pine Sand
20 Sandy Clay |
60 7 Fine to Med. Coarse Sand Fine Gravel
62 Gray Chay
70 Cemented Sand & Gravel . ..
7

rine to Coarsse Band & Gravel
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ADJUSTING NUT ASSEMBLY

VERTICAL HOLLOW SHAFT MOTOR

LAYNE & BOWLER INC MEMPHIS TENNESSEE.

740

,'“;_..‘].

| ‘ 329
3

|
j H

o b

.“I L

<

PART

NO. DESGRIPTION
328| Z/& | MOTOR DRIVE SHAFT

329|248 75— | ADIUSTING NUT
3521 /A9 —-a | 6B. HEAD KEY (CLUTCH)
7 4 01/2 30 /A1 MACHINE SCREW (ADJUSTING NUT)

IN ORDERING REPLACEMENT PARTS, ALWAYS SPECIFY PARTS
NO, DESCRIPTION, MOTOR SIZE, TYPE, 8 PUMP SERIAL NO.

MOTOR MFG..... LA o He 5l rem ff00 .
vousﬂlg/lf.‘v’.OPHAse-__B_____ oY, .. LQ.__ FRAME. RIS 2.
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WELL INFORMATION

.(d]llé",ym&fll am:pan]

[l
-

1. CONTRACT.... .. City of Altus
W10

Driller...Boellaxing.

6. DATE..... . 4=2=87 . . . ..
2. City,State......._.. Altus. .Oklahoma 7. Date Started
. . : Completed
3. Well No.... 1% at Test Hole No.....11~65 * 8. Drill Crew Man Hrs‘
4. Well Location (attach map)... Round Timberx 9. Working Days
....... Ranch.. Texag Drilling
; Othtﬁ'
10. MATERIAL IN WELL | WAL - - —
FENG:':. m\_ o:g.'e | NTE';'SC‘:"'_ ’ MATERIAL TvPE NO.
Sereen | gg 12 | 7| .188 | 188 stainless | 7
: — =1 : Fepstene Openiags .
i Inner Casing s¢ |12 .330 | ste‘i i 47 ® 92-77
Outer Casing | 32 34 .261  steel Welded
— | == ~hasaigad
11. GRAVEL 13. WELL DIMENSIONS
Size . 4 % 8 € x lo A. Total Depth 79°
Tons 16 16 (From Top of Inner Casmg' to Bottom of
Well) -
—_———- . o . '
12, SEALING CASING B. ﬁ::i‘gﬂ:z&a::f 2.
Puddled Clay (¥om) (No)
With .. Bagﬁ Bentonite Added C. Distance to Top of Gravel ‘
. :rlh ég;}ce ment . (From Ground Level) e
- D. Diameter of Drill Hole
Seal Ma P,
Wemh Eremie pipe Coraments reverss rotary

Bottom of Well Ser .
Sesled With 378" steel plate




14. PUMPING TEST

A.
Test pump .
: 8 in R ~Bowl..3___ Stages
 Permanent pump
Length of column —8Q Rt
Length of Bow] ¢t Ft.
Length of suction _ S .. F

B. Measured water leve] 34279 Ft. from top of A2 g, ORIFICE

dia. casing which is .._2...___ Ft. above ground. . x4 B
C. Length of airline e Y, from to.p of casmg a . e X
ngr':g ALT, GAGE ' WATER DRAW ' )
TIME MANOMETER GPM READING , Ve DOWN
— - - o ~
3330 : : 34.70 _
4130 | 205 47.60 13.10 -
$5¢30 N 208 | N 48. 06 13.38
6830 | 208 L . 48.16 13.46 . B
7430 | 2es | __48.20 13.50 -
8130 - 205 | 48.23 13.53
9130 | | ao0s ‘ 45:30,_ 13.60 -
10130 | 205 . 48.27 13.57 ~
11130 205 - 48,33 | 13.63
16. Permanent _2¥yne Pump No. installed by
Permanent afr hn:;:ngth Ft. Date -




CONSTRUCTION OF WELL
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LOG OF WELL

to

Ft.

In,

Formation
0 7 Fine sang
12 Pine e Sand with Clay

12 35 Fine to Med. sand
3% 37 Sandy Clay

LY A 43 Pine to Coarse Sand & Gravel

45 46 Clay

46 54 Fine to Coarse sana & Grave)

54 56 Cemonted gand g dravel, Hard

36 - 77 Fine to Coarse 8and & Gravel witp some cemented

gravel apote.




ADJUSTING NUT ASSEMBLY
VERTICAL HOLLOwW SHAFT MOTOR

LAYNE & BOWLER INC  MEMPHIS TENNESSEE .

e 740

329
I
L
[ 1
i
PaRT DESCRIPTION
328 /g MOTOR DRIVE SHAFT
329141825 | ADJUSTING NUT
352 £Aa74 GIB. HEAD KEY (CLUTCH)
740V 0-35-/% | MACRINE SCREW (ADJUSTING NUT)

IN ORDERING REPLACEMENT PARTS, ALWAYS SPECIFY PARTS
NO, DESCRIPTION, MOTOR SIZE, TYPE, & PUMP SERIAL NO,
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WELL INFORMATION

,@]ne-Wé:s‘tam &mpm] |

Sealed With 3/8"‘ steel plate

1. CONTRACT.....Gity of Altus 5. Driller... Boellering
Ml 6. DATE....3=22-67
2. City,State......_Altus, Oklshomn il 7. DateStarted
S - 1 Completed
3. Well No.. 12 ......... at Test Hole No... . X2=6%_ 8. Drill Crew Man Hrs.....__.___
4. Well Location (attach map). Round Timber 9. Working Days
Ranch, Texas Drilling.
' Other
10, MATERIAL INVELL waL :
:Nslr:_ ?:\. 9,?3.5 N’é"s‘sc"‘;‘ MATFRIA-L TYPE _NO.
e ' Layne e
Screen 25 |12 | 7 | .18 16-8 Stainless Shrier %ﬁ.'_‘”
: Spaciing:.
Inner Casing | g 12 -330 steel (46 @ 128,
| |} Ae _ Scrowed #7 © 6‘3&};
Outer Casing 12 34 . 281 steal Welded '
11. GRAVEL | | 18- WELL DIMENSIONS
. 4 x x
Size s 8 x 16 A. Total Depth . 84
Tons 2 8 - (From Top of Inner Casing to Bottom of
Well)
B. Height'of Inner Casing._1'6"
12. SEALING CASING o gvo! "ner Casing
) (Above Ground Level)
Puddied Clay (¥en) (No) .
With _......... Bags Bentonite Added C. Distance to Top of Gravel.
Yds. (From Ground Level)
With ...3.-.!! ..... BUENCe "
! ment D. Diameter of Drill Hole . S0
Seal Material Placed
Well With . Eremie pipe |
Bottom of Well Screen




14. PUMPING TEST

A, _
Test pump _
_ ..._..ﬁ.......in...BK.......Bowl._...s.........Stages
. Permanent pump _
Length of column 50* Ft.
. Length of Bowl 4 Ft.
Length of suction 3 Ft.

B. Measured water level . 36,85 _ Ft. from top of A2__In. || ORIFICE

dia. casing which is .. 1+5____ Ft. above ground, * 3.
C. Length of airline _..Ft from fop of ca.smg . e e Ko .
oRiTIcE T ALT, GAGE | WATER oRAW
TIME MANOMETER GPM . READING LEYEL DOWN _
' -0 ' 0
7430 ' __ 36.85
8130 208 ___ 85.39 l8.54 -
9435 | 208 | o 55.95 |  18.90
10e35 | 205 55.95 19.10 T
11435 205 56.00 19.35 -
12.38 | 208 36,07 19.22
_Ls | | 20s 56,10 19,25 N
2135 | 208 | 56.10 19.25 - =
335 | | 08 86,10 | 19.25
16. Permanent Layne Pump No. installed by : _
Permanent air lin:”ength Ft. Date




CONSTRUCTION OF WELL
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LOG OF WELL
Ft, to Ft, In, Formation
0 1S Sandy 8ilty & Clay
15 3 | Cement t (=] ‘
3 Clay
-3 57 Fine to Coarse gand g Gravel
57 62 Clay ,
62 72 Ned, to Coarse S8and & Gravel with Clay
72 - 82 Med. to Coarse Sandg @ravel

-
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ADJUSTING NUT ASSEMBLY
VERTICAL HOLLOW SHAFT MOTOR

LAYNE & BOWLER INC MEMPHIS TENNESSEE,

{ ‘ 1
PaRT DESCRIPTION
328 MOTOR DRIVE SHAFT
329 ADJUSTING NUT
352 GIB. HEAD KEY {CLUTCH)
740 MACHINE SCREW (ADJUSTING NUT)

IN ORDERING REPLACEMENT PARTS, ALWAYS SPECIFY PARTS
NO, DESCRIPTION, MOTOR SIZE, TYPE, & PUMP SERIAL NO.
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WELL INFORMATION

.@ynz-”/extzm am:ptm]

1. CONTRACT.......CALY. Qf Altua 6. Driller... Koellexing
W=10 6. DATE G=8=57
2. City, State....___. Altus, Oklahoma 7. Date Started
* Completed
8. Well No...d3 . at Test Hole No... 3 3=6% 8. Drill Crew Man Hrs..ooo.ooooooooooo
4. Well Location (attach map).... RoUnd Timber Ranch,! g working Days
Texas Drilling.
. Other.
10. MATERIAL IN WELL - WALL
FENG::. .:N.A, .G:g.g N'E';;Cf;‘ - MATERIAL TYPE NO.
- , Layne 10@ 6
Screen e | P ‘ 7 S 5 &7
25 |12 | 7 188 18-8 Btainle_u thor. FOmemings—
. : Spacing
TnnerCasing |gq4 | 12 <330 steel Woriad :.& @ 7787
. ‘ 7%, 5-s9,
Outer Casing | 32 T} <281 steel Weided €7-17
- - - .
11. GRAVEL 18. WELL DIMENSIONS
. 4
Size x8 8 x16 A. Total Depth es’
- Tons 24 e ‘(From Top of Inner Casing to Bottom of
Well)
2 s . B.. Height of Inner Casing.... 2.
’ , CASING (Above Ground Level)
Puddied Clay (Y=3) (No)
 With Bags Bentonite Added C. Distance to Top of Gravel 1’
or Yds. (From Ground Level)
With . ~% . Ce:
! R Cement D. Diameter of Drill Hole .._36"
Seal Material Placed
Well With in""m“ pipe . reverse rota
Comments ary
Bottom of Well Ser :

Sealed With ... >/ & ””; plate




14. PUMPING TEST

A,
Test pump
. ___._B in.. RK Bowl S Stages
. Permanent pump
Length of column 60 Ft
Length of Bow] ___ @& n
Length of suction . 3 Ft.
B. Measured water lever ... 414505, from top of .12 1, || oR1FICE
“dia. casing which ig — 2 Ft. above groungd, 3 4
C. Length of airline ... -Ft. from top of caaing.
- .l-,’.‘{.’;’}éi ALT, GAGE 'WATER DRAW
TIME MANOMETER GPM READING LEVEL DOWN
: 0 0
12t 00 _ 41.50 :
1: 00 219 55.8% _14.35%
2100 208 54.60 13.10
3:00 208 54.63 13.13
4100 208 55.10 . 13.60
$:30 205 55.15 13.65
6:Q0 7205 ~95.2% 13.73
7400 203 54.95 13.45
6100 205 §5.10 13.60
- Layne
15, Permanent ; Pump No, .. installed by
: Layne
i ' Date
Permanent aar line length Ft. Da P - o




LOG OF WELL

Ft, In, to Ft. In, Formation
)] 37 B i 8
37 e t and - la
S0 50 | 6 | Pine 'to Coaxse Sand & Gravel
59| 6 68 Bandy Clay
68 16 Fine to Cosrse gand & _Gravel
| 76 77 ted Band, Hard '
.77 —Fine to Coarse gand & Gravel with Clay
81 82 Cemented 8and & Gravel, Hard
82 87 Med. to Coarse Sand & Gravel
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ADJUSTING NUT ASSEMBLY

VERTICAL HOLLOW SHAFT MOTOR

LAYNE 8 BOWLER INC MEMPHIS TENNESSEE.

328 740

JULUL

352 329

— -

i

ey DESGRIPTION

328 /e MOTOR DRIVE SHAFT

329 | qV§75 | ADJUSTING  NUT

352 Fooa GIB. HEAD KEY (CLUTCH)

7 40 |/p-3~-/Fr] MACHINE SCREW (ADJUSTING NUTH

IN ORDERING REPLACEMENT PARTS, ALWAYS SPECIFY PARTS
NO, DESCRIPTION, MOTOR SIZE, TYPE, & PUMP SERIAL NO.

MOTOR MFG.,... L{e S

..... ue-__-.?Z'u_-__ RPM /€05 ______
VOLTS.Q?.}é‘f_oPHASE_--._Z_-_ CY. ...{0___ FRAME. RSP
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WELL INFORMATION

,@yn:-mssté‘m-ampm]

1. CONTRACT........ QALY 0Ff Altug '5. Driller....Boedlexing.
w-10 ' 6. DATE... 4~2-67
2. City,State....___..._._. Altwa, Oklshoma 7. Date Started
i : " R - Completed
. 8. Well No.._16=A_.__ at Test Hole No... 16A~65 . ‘ 8. Drill Crew Man Hrs... ... ..
4. Well Location (attach map)..Round. Fimbex. Banch. . | 9. Working Days
- Texas Drilling
‘Other
10. MATERIAIL IN WELL WALL
- LENGTH | DIA. | GAGE THICK- MATERIAL TYPE NO.
Fl. IN | N | wNo. NESS IN.
Screen 1 | Layne
- 12 | 7 168 18-8 Stainlegs Shutter
w0 _ |12 ‘ s
Inner Casing \
—~ 50 _ | 12 .330 steel T
Outer Casing | 32 34 | .281 steel Wded
11. GRAVEL 18. WELL DIMENSIONS
- . Size.. 4%8 8 x 16 A. Total Depth 80!
Tons 12 ' 10 _ (From Top of Inner Casing to Bottom of
~ Well)
—_"_'-_“"‘_-_-—_—'________-——__*_ . . 2 [l
- B. Height of Inner Casing
— 12. 8 NG CASING (Above Ground Leve})
Puddled Clay (Yes) (No) - 10
With .. Bags Bentonite Added C. Distance to Top of Gravel
_— or " Yag. (From Ground. Level)
ith .9 . m :
w Cement D. Diameter of Drill Hole 36"
e Seal Material Plac

Well With *Llente pipe

Comm eni:s Reverse Rotary

_ Bottom of Well Screen 3/8" steel plate
Sealed With ;




gl . Bow e Stages
. Permanent pump J RK L—s
Length of column B )

Length of Bpwl ..._.........‘G:I:...-i-;_._l'«‘t, '
Length of suction 3..._..Ft

B. Measured water level 32540 Ft. from top of J:2——In. || ORIFICE

dia. casing which is g XL above groung,
C. Length of airline e FEL from top of casing,

...--.-.................-.....JL.--_.-.....--.--.-.- .

INCHES '

ORIFICE ' ALY, GAGE 1 WATER DRAW
TIME MANOMETER GPM READING LEVEL DOWN
T :
' 0 0

W\%\“%%
gﬁ-_sn_ .52 7.23
S&Tﬁ‘e— - W= ,

h‘me._........ Pump No. —— installed ’by nnnnn -
Permanent ajy line length _ -Ft. Date —
Month Doy Year




I LOG OF WELL

& | o | Pt In Formation
 € 20 Fine sand & Gravel
:f 30 Fine to Med. Sand & Gravel
0 14 8andy Red Clay
qfik 45 Pirm tc Coarse Sand & Gravel
Y 50 gandy Grey Clay |
50 58 Med. to Coarse Sand & Gravel with lots of red

clay lenses.




CONSTRUCTION OF WELL
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WELL INFORMATION -

Layne-Western Co. Inc.

C: . E. Mock (City of Altus) 6. Driller.._John Penner -
...................... JOb._WO26H : 6. DATE.. June. 2, 1971
2. City,State... . Altus.. Oklahoma. — || 7. DateStarted_..__ -
S Completed..
3. Well No....... iy S at Test Hole No 1=69 8 DrilCrewManHrs......._______ —
4. Well Location (attach map)...See._Map 9. Working Days
Drilling -
Other
10. MATERIAL IN WELL | WAL
Flfuclr:. ?::. c:gg NTE';;C':&. MATERIAL TYPE NO. _
} Layvne
Screen . - 7 .
. 250 | 12 7 -188 Stainless Steel :;q;ﬁ eairgr
Inner CaSing 17 ._6.__ _.LZ ] 33Q Steel l Welded
— = ‘ . Rutset -
Outer Casing 120 | 34 3/16 Steel . Walded
_ - ‘ * SEOEREIC —_—
11. GRAVEL 13. WELL DIMENSIONS _
Size GRrden. City. #4 topping A. Total Depth ... 102-1/2" -
Tons ... 22.T-.. in.bottom, 14 T in P. (From Top of Inner Casing to Bottom of
- L Well), . —_—
—_‘ﬁ—h-_-‘“" ' - - 1 ”n
. B. Heightof I Casing.......... 1'.e” ...
12. SEALING CASING (welglb ot tnner Casing
. ) (Above Ground Level) —_
Puddled Clay (Yes) (No)
With ........... Bags Bentonite Added C. Distance to Top of Gravel 0
or (From Ground Level) -
With ............ Bags Cement
_ ags Lemen D. Diameter of Dril] Hole . 36" .
Seal Material Placed in | -
Well With..12! _of 34" cemented i ' , .
® | Comments Reverse circulation
Bottom of Well Screen .
Sealed With .Stainless. steel pla 12' of 34" gurface casing ceme—

in top of well.
Lw-39 ‘




14. PUMPING TEST

A.
TexiX D

o8 in PRHGC. . Bowl..6.......Stages
Permanent pump .

Length of column 80 Ft.

Length of Bowl 5 Ft .
Length of sgction 5 Ft.

B. Measured water level ...47.20 . Ft. from top of ._12..In. | ORIFICE

dia. casing which is ... 1.3 Ft. above ground.

X
C. Length of airline ..oo.oo.._. _Ft. from top of casing. “ S x
" INCHES
ORIFICE. , ALT. GAGE - WATER DRAW
TIME " MANOMETER GPM READING LEVEL DOWN
' 0 0
0 47.90
o2 @Hr. | - 201 ' _ 67.90 20.00
4 ' 201 | e8.30 20.40
(7 . ___201 ' __68.30 20.40
8 201 | - 67.20 19.30
10 - _ 201 67.65 1 19.7s
12 201 67.10 19.20
14 ' A 201 | 67.15 19.25
16 ' 201  67.40 19.50
18 201 - 67.65 19.75
20 201 67.80 19.90
22 . - - 201 ' _ 68.10 20.20
24 201 68.10 20.20
16, Permanent Layne.......... Pump No. installed by
Permanent air line length .. 80 ¥t. Date
Month Day Year



LOG OF WELL

Ft. In. to Ft. In. Formation
0 3 Sandy top snil
3 23 Fine sand - red
23 34 Fine sand - tan
34 37 Sandy clay : -
37 49 FPine to med. sand |
49 71 Fine to coarse sand ‘ -
71 72 Cemented sand and gravel — hard
72 82 Med. to coarse sand and gravel w/clay streaks -
82 86 | Med. t6 coarse sand and vervy coarse gravel
86 91 Coarse gravel - ceme'ntred hard )
91 101 ° Coarse sand and very coarse gravel
A0l Red shale ‘ i
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~C. F. MOCK, JR., FOR CITY OF ALTUS
GAGE HOLE 50' SOUTHWEST OF WELL NO. 17
MAY 30, 1971
BY LAYNE WESTERN COMPANY, INC.

Measurements from top of pipe

TIME DRAWDOWN _ ) WATER LEVEL
G Min. 0 46' s5v
) 30 - -
60 - -
- 90 2' 4 48' 9w
120 2' 5" 48' 10"
150 - 2! 5u 48. 1ou
180 2' skv 48' 10%"
_210 _ 2' 6k" 48"' 11%"
240 2' k" 48"' 11%"
270 "2' s5ke 48"' 10%"
300 2' 4» 48" 9v
330 2' 4¢ 48* 9
360 2* s5kn 48°' 10%"
390 2' 64" 48"' 11k-+
420 2' 7-3/4v " 49' 3/4"
450 2' 7" ' 49°
480 2' 7" 49" -
510 2' gv . 49' 1"
540 2' g" 49' 1"
' 570 2' 7 49
600 2' 7 49"
630 : 2' g 49°*' i*
660 2' g 49' 1"
690 ' 2' 7" 49"
720 2' ¢ 49!
750 2' 8" 49' 1
780 Tk 2' 8" 49 1"
810 ' 2' g" 49*' 1v
840 2' gv 49' 1"
870 : .2' 8" 49¢% 3in
900 2' 8" . 49" 1»
930 2 9n . 49' 2n
960 ' 2' g 49" 2»
990 , 2' gn 4g' on
1020 2' 10" 49* 3»
1050 2'.10" 49' 3
1080 2' 10" 49' 3n
1110 2' 10" 49+ 3
1140 2 11" 49' 4v
1170 ) 2' 11" 49' 4n
1200 - - o, 2' 11 49' 4v
1230 . 3+ o 49' g§u
1260 : 3' on 49' §v
1290 ' 3' ov 49' §»
b 1320 3 1m 49' 6"
: 1350 3 3w 49' 6"
1380 .. - 3' 1 49' g"
1410 3' 1. 49' 6"
1440 , c 49' 6"



GPM DRAWDOWN WATER LEVEL
201 19.30 67.20
201 19.50 67.40 o
201 19.50 67.40 ~
201 19.60 67.50
201 -19.70 67.60
1050 201 19.75 67.65
1080 201 19.75 67.65
1110 201 19.80 67.70
1140 201 19.80 67.70
" 1170 201 19.85 67.75
1200 201 19.90 67.80
1230 201 19.85 67.75°
1260 201 20.00 67.90
1290 201 20.10 68.00
1320 - 201 20.20 68.10
1350 201 20.20 68.10
1380 201 20.05 67.95
1410 201 20.20 68.10
1440 201 20.20. 68.10
RECOVERY
WELL NO. 17
2 Min. 1.80 49.70
4 1.30 49.20
6 1.25 49,15
8 1.25 49.15
10 1.25 49.15
12 1.25 49.15
14 1.25 49.15
16 1.25 49.15
18 1.20 49.10
20 1.20 49.10
25 1.10 49.00
30 1.10

49.00



/

C. F. MOCK, JR., FOR CITY OF ALTUS
PUMPING TEST

MAY 30, 1971

: BY LAYNE WESTERN COMPANY, INC.

/ WELL NO. 17
Measurements from top of casing
TIME GPM DRAWDOWN WATER LEVEL
0 Min. 0 0 47.90
-2 201 18.90 66.80
4 - 201 19.35 67.25
6 201 19.55 67.45
8 203 ~19.80 67.70
10 203 20.05 67.95
12 . - 201 19.55 , ‘ 67.45
14 C 201 19.45 67.35
16 201 19.45 , 67.35
18 201 19.55 67.45
20 : 201 20.00 67.90
25 201 L 20.20 68.10
30 201 . 19.95 : 67.85
35 ) 2Q1 » 19.45 67.35
40 ’ 201 19.65 67.55
45 201 19.65 67.55
50 201 19.7s 67.65
55 201 19.85 ©67.75
60 201 . 20.00 67.90
90 201 20.00 67.90
120 201 20.00 67.90
150 201 20.40 68.30
180 201 20.35 68.25
210 201 21.Q0 . - 68.90
240 ' 201 20.40 68.30
270 ' 201 20.40 68.30
300 201 20.40 68.30
330 201 - 20.40 .68.30
360 201 ’ 20.40 o 68.30
390 201 18.55 . 66.45
420 . 201 18.55 . 66.45
450 201 18.80 66.70
480 201 _ 19.30 67.20
510 201 19.75 67.65
540 201 19.55 67.45
570 201 19.4s5 67.35
600 201 19.7s5 67.65
630 , ‘ 201 19.65 : 67.55
660 ' 201 19.20 67.10
690 ' 201 '19.20 ' 67.10
720 , 201 . 19.20 ’ 67.10
750 201 , 19.25 * 67.15
780 " 201 19.20 67.10
810 201 19.30 67.20
840 . 201 : : 19.25 67.15
870 201

19.30 67.20




WELL INFORMATION

Layne-Western Co. Inc.

1. CONTRACT.. _C. F. Mock. (City of Altus) 5. Driller._John Penner
_ SSRSRE s £ =) o3 4> )13 6. DATE. May.. 28,1971
. 2. City, State Altus, Oklahoma 7. Date Started S
. .- Completed.
— 3. Well No....._ 18 at Test Hole No..... 969 . 8. Drill Crew Man Hrs....__._______
4. _Well Location (attach map) See _Map 9. Working Days
— Drilling
— » ' i Other
10. MATERIAL IN WELL WALL _ .
THICK- MATERIAL TYPE NO.
_ oo | e | WSE | Ness
‘o Screen Layvne 7
] Shutter
_._. 25 0|12} 7 - 188 Stainless Steel XNHHE [ Braningr—
Inner Casing elded
B 89 _6| 12 -330 Steel | bt
B 11. GRAVEL 18. WELL DIMENSIONS
N Size . Garden City #4 topping A. Total Depth ... M4l et
Tons .24.in bottom - 15 in top (From Top of Inner Casing to Bottom of
| _ | “Well),
- -__“-\-.“"— - » n
” B. Height of Inner Casing...... . Al.er
1,, - SEALING CASING (Above Ground Level)
_ Puddied Clay  (Yes) (No) -
With ... Ba.g's Bentonite Added C. Dist_a_.nce to Top of Gravel Q...
or (From Ground Level)
With ... B Ce t '
ags Lemen D. Diameter of Drill Hole . 368
Seal Material Placed in
—~ Well With 12! _of 34" cemented_ i : .
i Comments Reverse circulation
Bottom of Well Screen : ! )
B Sealed With Stainless.steel plathk. 12' of 34" surface cas ing cemer
‘ ed in.

LW-39




11. PUMPING TEST

A,
R0y 8. ..in..DRHG Bowl 6 Stages
Permanent pump
Length of column 20 Ft,
'Length of Bowl 5 Ft.
Length of suction .. 3 Ft.
B. Mea'sured water level . 64:80 . Ft. from top of _12_ In. ORIFICE
dia. casing which is .....1:5___ Ft. above ground. S
C. Length of airline ... _Ft. from top of casing. b S
gﬁ:g: ALT. GAGE WATER DRAW
TIME MANOMETER GPM READING LEVEL DOWN
0 0
0 64.80
2 _Hr. 151 82.45 17.65
4 Hr. 151 82.80 18.00
6 Hr. ‘ 151 82.80 18.00
8Hr. 151 82.90 , 18.10
10 Hr. 151 83.10 _18.30
12 Hr. 151 83.00 18.20
14 Hr.’ 1 s 83.05 18.25
16 Hr. 151 83.90 18.20
18 Hr.: 151 82.80 18.00 -
— 20 Hr. 151 82.50 | 17.70
22 Hr. 151 82.60 17.80
24 Hr. 151 82.20 _17.40 -
15. Permanent L :::.ne '___Pump No. e installed by ‘:
Permanent air line length | 90 Ft. Date
Month Dey Year
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LOG OF WELL

to Ft. In. Formation

0 6 Sandy top soil

6 17 Fine sangd

17 Fine to med. sand
- 34 - 4 Eine_sand

42 Fine, med. and coarse sand

81 83 Brown clay

83 99 Fine to med. sand

99 100 Cemented sand - very hard
100 106 Med. sand and gravel -
106 108 Coarse gravel - Sliqhtlv cemented
108 110 Coarse gravel
110 113 Med. coarse to very coarse gravel




C. F. MOCK, JR., FOR CITY OF ALTUS
PUMPING TEST
MAY 27, 1971
By LAYNE WESTERN COMPANY, INC.
' WELL NO. 18

Measurementsg from top of casing

TIME GPM DRAWDOWN WATER LEVEL
- 0 0 0 64.80
- 2 Min. 151 17 81.80

4 . 151 17.2 - 82.0

6 o151 17.3 82.10
- 8 151 17.3 82.10
10 A 151 17.3 . 82.10
12 : 151 17.4 82.20
-- 14 © 151 17.4 82.20
: 16 151 f 17.5 82.30-
18 151 . 17.6 . 82.40
. 20 . 151 ' 17.55 : ) 82.35.
. 25 151 17.55 82.35
. 30 , 151 " '17.s5 ’ 82.35
35 151 "17.80 82.60
- 40 . 151 17.90 82.70
45 151 17.90 82.70
' 50 | 151 17.80 82.60
.‘.-, 55 . 151 - 17.70 82.50
60 151 17.55 82.35
90 151 ~ 17.65 82.45
_ 120 151 17.65 82.45
150 : 151 17.90 82.70
. 180 . 151 18.00 . 82.80
210 151 18.00 82.80
- 240 o 151 18.00 82.80
270 151 18.00 82.80
300 151 18.00 82.80
- 330 151 18.00 82.80
360 151 : 18.00 82.80
390 151 ' 17.85 82.65
_ 420 151 18.00 © 82.80
450 151 18.00 82.80
480 151 . 18.10 82.90
510 ' 151 18.20 83.00
- 540 151 18.25 83.05
570 151 ‘ 18.30 83.10
600 151 18.30 83.10°
— 630 : . 151 18.20 83.00
660 - - - 151 18.20 83.00
690 : 151 18.20 83.00
- 720 151 18.20 83.00
750 o1s1 18.25 ° ' -83.05
D 780 151 " 18.30 83.10
810 151 18.25 83.05
- 840 151 18.25 83.05




GPM . DRAWDOWN WATER LEVEL

151 18.20 _ 83.00

151 18.25 . 83.05
930 151 18.25 83.05
960 15] 18.20 83.00
990 151 18.20 83.00
1020 151 -18.25 83.05
1050 151 18.25 . 83.05
1080 151 18.00 82.80
1110 151 : 17.60 82.40
1140 151 . 17.80 82.60
1170 151 ‘ 17.70 82.50
1200 © 151 17.70 . 82.50
1230 151 17.70 82.50
1260 151 ‘ 17.60 82.40
1290 151 17.60 ' 82.40
1320 151 17.80 82.60
1350 151 17.80 82.60
1380 151 17.70 : 82.50
1410 , 151 17.70 82.50
1440 151 17.40 : 82.20

RECOVERY
‘ WELL NO. 18

2 Min. l.0* 65.80
4 .90 65.70
6 , ‘ .70 65.50
8 , : .60 65.40
10 .60 « 65.40
12 . ' .60 65.40
14 .55 65.35
18 - .55 ‘ 65.35
20 ) .50 . 65.30
25 o .50 65.30
30 i ~45 65.25

60 -40 . 65.20




C. F. MOCK, JR., FOR CITY OF ALTUS
GAGE HOLE 50' SOUTHWEST OF WELL NO. 18
MAY 27, 1971
BY LAYNE WESTERN COMPANY, INC.

Readings from tép of pipe

. . TIME DRAWDOWN WATER LEVEL
0 Min. 0 65' 8"
30 1' 4~ 67"
— - 60 1* 3 66" 11"
90 . ll 8ll 67! 4“
120 1* 8" 67 4"
_ 150 . 1* 4n 67"
180 1' 6" 67" 2"
210 . . ll 5u 67 1 l"
240 "1t 3 66" 11"
- 270 1' 3% 66' 11%"
300 ll 4" 67I
330 . 1' 3%v 66' 11%™
— 360 1' 4" . 67"
, 390 1* 8" . 67' 4"
420 1* 9v 67' 5"
_ 450 1' o~ 67" 5*
‘ 480 1' 10" 67" 6"
510 1' 10" 67" 6" -
. 540 1' 10" 67' 6"
- , 750 1t io" 67" 6"
600 ll 10" 67! 6Il
630 ll lOI! 67! 6"
— 660 ‘ 1' 10" 67' 6"
690 1' 10" 67' 6"
720 , 1' 10" 67' 6" *
. 750 ' 1' 10" 67' 6"
780 1' 10" 67' 6"
810 . ‘ lt loll 67 [ 3 6ll
840 o1t 10" 67' 6"
- 870 1' 10" - 67" 6"
900 ll lotl 67! 6"
930 1* 1o" 67' 6"«
— 960 1* 10" 67' 6"
990 1' 10" 67' 6"
1020 1' 10" 67' 6"
_ " 1050 1* 1o 67' 6"
1080 1 4~ 67"
1110 1' 4~ YA
1140 - 1' 10" 67' 6"
- 1170 ‘ ' 1* 1o 67' 6"
1200 1* 10" 67' 6"
1230 1'.10" 67' 6"
- 1260 1' 10" 67' 6" "
» 1290 1' 10 67' 6"
1320 1' 9" . 67" 5"
. 1350 1* 11" 67' 7"
1380 2 o" 67' 8"
1410 1' 10" - 67' 6"
1440 1* 10" 5 617' 6"



Appendix
Round Timber Ranch Well Field Snecific Capacity Data
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APPENDIX C

Water Distribution Study Pressure Results



Junction No. Location

50 Violet/Maiden
75 Sherman/Pease
79 Paradise/Pine
80 Cumb/S.Front.
108 D.Smith/Maiden
114 Wilb/D.Smith
119 wilb/Mesquite
120 Wilb/Bowie
126 Wilb/Nabers
128 wilb/Stephens
131 Texas/Nabers
132 Houston/Olive
135 Whesler/Texas
141 Strahan/Maiden
142 HoustorvDean
143 Strahan/Bacon
145 Harrison/Bacon
149 Paradise/Houston
154 Strahar/S.Front
155 Nabers/N.Front
161 D.Smith/N.Front
164 Ross/N.Front
175 WrightMesquite
179 D.Smith/Mill
200 Clebumne/Lorance
201 Tolbert/Lorance
204 Ross/Bacon
206 Ross/ist
213 Clebumne/Kelly
215 Hillcrest/Kelly
222 Marshall/15th
225 Marshall/12th
235 Hillcrest/Augusta
246 Brewer/Palmer
248 Palmer/Woodland
253 UST0/Horseshoe
263 Wilb/Stadium
267 Kelly/Lomalinda
270 Stadium/Paradise
277 Yamp/Roberts
283 Sand/Yampirika
286 Sand/Bismarck
287 sand/Beaver
290 Bismarck/12th
293 Beaver/Roberts
294 Beaver/English
308 Yamp/Clair
312 Yamp/Franklin
324 Paradise/Nabers

Static Pressure

Tested

65
80
75
€0
65
70
75
75
70
70
65
60
65
65
65
75
75
55
65
65
75
75
75
65
65
60
65
65
65
60
65
60
72
65
60
60
65
55
60
60
55
60
55
65
55
60
55
60
65

Modeled Tested

66 43
67 45
67 35
66 55
63 50
62 50
63 30
59 40
59 34
58 45
59 55
61 55
60 55
60 52
62 50
61 50
60 45
59 50
62 52
62 58
64 54
60 50
67 486
66 40
59 45
58 40
60 38
59 40
59 45
56 36
57 23
56 35
58 15
57 20
56 20
56 26
55 25
56 24
54 30
54 40
54 38
50 30
48 30
52 36
50 36
50 30
53 34
52 30
56 50

Fireflow Pressure

Modeled

58
55
55
59
58
51
58
58
50
44
47
56
54
54
53
55
53
54
56
56
58
53
49
81
50
47
38
35
48
43
33
41
12
25
24
28
45
20
39
45
48
36
31
40
31
20
38
34
50



325 Paradise/Wheeler
328 Yamp/Powall
329 Yamp/Stephens
331 Bismarck/Stephens
334 Bismarck/Wheeler
341 Main/Marshall
342 Marshal/D.Smith
348 Indian/Houston
351 YampMesquite
357 Bismarck/Pear
358 Bismarck/Violat
359 Yampirika/Violet
360 Mansard/Pear]
361 Mansard/Violet
365 Paradise/Violet
366 Marshall/Violet
385 Main/Beaver

386 Main/PeterCooper
401 BeaverHouston
406 Beaver/Wheeler
416 Sand/Country
417 Kennedy/Country
421 Foster/Kennedy
434 Cottorwd/Cresent
435 Cottonwd/TwinOaks
436 Martindale/TwinOaks
438 Cottonwd/Sunset
443 Sand/Sunsst
444 Martindale/Sunset
469 HarrisoryN.Front
511 Wilb/Houston
513 Main/Yamp

515 Main/Texas

65
60
65
65
70
a0
65
65
60
75
75
70
75
70
70
67
70
70
60
55
50
58
38
56
53
52
S0
52
50
75
70
75
70

58
52
53
53
53
61
61
55
60
62
61
63
61
61
65
65
57
56
52
51
4
46
46
48
46
47
47
47
46
61
61
61
63

55
40
46
36
38
50
55
46
44
50
50
46
40
36
50
50
40
40
50
44
22
26
25
30
33
30
28
32
30
56
45
46
50

44
47
45
45
56
54
50
46
50
48
51

50
51

53
54
49
44
49
43
18
19
18
29
24
26
29
27
21

53
51

52
55
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Please contact Research and Planning
Fund Grants Management Division at
(512) 463-7926




