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EXECUTIVE SUMMARY

In June 2007, the Texas Water Development Board (TWDB) commissioned the
Northeast Municipal Water District (NETMWD) to provide a study of brackish
groundwater opportunities in Region D, North East Texas Regional Water Planning Area
(NETRWPA).

NETRWPA anticipates a 72% increase in population during the 50-year planning period
(2010 to 2060). During the planning period, water demand is estimated to increase by
50%, requiring an additional 277,900 acre-feet of water. It should also be noted that the
drought cycle for North East Texas imposes peak demands which could be mitigated by
developing additional water supplies. Although it is expected that some of this increased
demand can be met through more aggressive water conservation and increased use of
existing supplies, utilization of brackish groundwater may be an important supplemental
source for the region. There were no strategies proposed in the 2006 Regional Plan
involving the treatment and use of brackish groundwater.

Desalination of brackish groundwater involves additional operation and maintenance
costs, and is a significant effort. For example, a brine disposal injection well can cost
substantially more than the production well. Nevertheless, brackish groundwater may
represent an important additional supply for NETRWPA. Municipal needs are projected
to increase by 49% between 2010 and 2060, requiring an additional 58,000 acre-feet of
water. Smaller municipalities have traditionally relied upon well water where it was
available, because of its lower production cost and ease of maintenance when compared
to treating surface water. However, some small communities in NETRWPA lack access
to fresh groundwater supplies, but do have access to brackish groundwater.

The process of desalinating brackish water most frequently is reverse osmosis, although
electro dialysis is also used. Both are membrane processes. In reverse osmosis, water
from a pressurized saline solution is separated from the dissolved salts by flowing
through a water permeable membrane. The permeable membrane allows the water to pass
through, but not the dissolved salts. After reverse osmosis, the processed water requires
degasification and pH adjustment to be potable. This type of water treatment is an
established technology with known installation costs. Operational costs are decreasing as
technology improves.

As noted above, there are potential problems with using brackish water. Brackish water
removal from the water sands may impact fresh water resources. After treatment, the
waste water from the desalination process contains high concentrations of dissolved
solids. Discharge through land application or underground injection may eventually
damage existing fresh groundwater supplies. The discharged brine waste could infiltrate



through the soil, eventually entering fresh water sands, thereby contaminating these.
Discharge near surface streams and reservoirs could create a similar problem. Careful
planning and research are required to mitigate this problem. Obtaining appropriate
discharge permits is also a time consuming and expensive process.

Cost of desalination was also studied. Although desalination plant costs are declining,
recent studies suggest capital costs of $2.76/gpd to $5.52/gpd for the desalination plant,
typical capital costs for the well, higher energy costs, and significant costs of brine
disposal. While significantly higher than a freshwater well, these costs may still compare
favorably to costs for surface water treatment. Generally, overall total treatment costs
vary from $0.98/Kgal to $3.80/Kgal in November 2008 dollars.

Recently, TWDB has published Please Pass The Salt: Using Oil Fields For the Disposal
of Concentrate From Desalination Plants. The study demonstrates that oil fields can
accommodate brine waste water, and recommends regulatory changes to improve the
permitting process. Use of oil wells would be more beneficial than current methods
because it is less expensive, more environmentally friendly, and because the technology
for oil well injection already exists. As noted in that report, East Texas is a region which
has a great many oil wells, a need for additional water supplies, and brackish water
resources. As a general rule if there is oil in the area then there is also brackish water.

Information recently compiled by TWDB, “Brackish Groundwater Manual for Texas
Water Planning Groups,” suggests that NETRWPA has 55,712,000 acre feet of brackish
groundwater. Given the planning period additional water requirement of 277,900 acre-
feet, brackish groundwater represents an important potential source. It was not a
recommended strategy in the last planning cycle, primarily because of brine disposal
costs, and study is now needed to determine where and how it can best be used in the
Region.

Review of water system surveys from the previous planning cycle was performed in
order to identify potential brackish groundwater user groups. Focus was placed on
municipal and non-municipal uses. Brackish groundwater well fields have been identified
and production capacities estimated.

Brackish groundwater is available in NETRWPA and desalination technologies are
improving and becoming more economical. A primary cost element is the disposal of the
waste concentrate. Recent studies have shown that it is feasible to inject the waste
concentrate into depleted oil and gas wells. However, the most economical disposal of
waste will be direct discharge to waste water treatment facilities. Published studies have
shown that total treatment costs range from $0.98/Kgal to $3.80/Kgal. An actual case
study in East Texas has shown the cost to be $4.89/Kgal; therefore, while the use of
brackish ground water is feasible, and potential projects exist and user groups have been
indentified, it is still more expensive than other current methodologies.
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1.0 INTRODUCTION

In June 2007, The Texas Water Development Board (TWDB) commissioned a study of
brackish groundwater opportunities in the North East Texas Regional Water Planning
Area (NETRWPA). This was done as part of the 2008 Regional Specific Studies through
its administrator, the Northeast Municipal Water District (NETMWD). The inclusion of
this topic was a direct result of the 2004 NETRWPG request to the TWDB for permission
to investigate a potential Water Management Strategy (WMS) for the City of Kilgore
utilizing treated effluent from its wastewater treatment plant for fluid injection in oil and
gas reservoirs in lieu of using potable water. That study was included in the
Supplemental Tasks for the 2006 North East Texas Region Plan (NETRWP). Although it
was inconclusive as to the request it did generate interest in the use of brackish
groundwater and its disposal to meet shortages for specific Water User Groups (WUGS)
in the NETRWPA.

Therefore, the purpose of this study is to examine the potential of using brackish
groundwater to meet the municipal and industrial needs of the NETRWPA along with
comparing costs to other alternatives.

Expanding upon the methodology used to provide this study, the North East Texas
Regional Water Planning Group (NETRWPG), through its administrator, the NETMWD,
has contracted with the Consultant Group to (1) identify existing water users who have
needs that could be augmented by brackish groundwater; (2) analyze which water users
might potentially use brackish groundwater; (3) compare of brackish water costs to other
alternatives; and, (4) prepare recommendations for incorporation into the Regional Plan.

The study and report implemented the following strategies for each of the above tasks:

1. ldentification of existing water users who have needs that could be augmented by
brackish groundwater was accomplished by:
a. Review water system surveys from previous planning cycle; and,
b. Focusing on potential use of brackish groundwater to meet municipal and
industrial needs.

2. Analysis of which water users might potentially use brackish groundwater, by
integrating brackish water field availability, water demand, lack of alternates and
ease of brine waste disposal, by:

a. Locating potential brackish groundwater well fields using TWDB maps
and related data, including geophysical logs and well driller reports;

b. Estimating the production capacity of wells in the brackish groundwater
zone and the number of wells required to meet demands;

c. Correlating the well field data with water users;



d. Identifying concentrate disposal options based on TWDB reports,
especially by considering the 2006 TWDB Report 366 Please Pass the
Salt: Using Oil Fields for the Disposal of Concentrate from Desalination
Plants, and including more detailed data on oil wells using Railroad
Commission data; and,

e. Identifying other water supply options for the selected water users.

3. Comparison of brackish water costs to other alternatives by:
a. Developing capital cost estimates for membrane processes for
desalination, pretreatment, storage, wells, and other related capital;
b. Developing operational cost estimates for plant operation and brine
disposal,
c. Comparing the brackish groundwater costs to other available supply
alternatives; and,
d. Comparing environmental consequences of available supply alternatives
and brackish groundwater use.
4. Preparation of recommendations for incorporation into the Regional Plan by:
a. ldentifying potential projects;
b. Ranking water supply alternatives; and,
c. Recommending specific brackish water projects as preferred supply
sources, if appropriate.

To satisfy the goals above, this report will also present a brief overview of desalination,
desalination projects in Texas, specific aspects related to brackish groundwater
desalination and options for the disposal of desalination waste product.

2.0 Background Information

In January 2007, the Texas Water Development Board (TWDB) published the results of a
multi-year, statewide water planning effort entitled Water for Texas 2007. The report
found that the population of Texas is projected to increase from 21 million to about 46
million by the year 2060, fueling a 27 percent increase in water demand (TWDB 2007).
During the same period, freshwater supplies are projected to decrease by about 18
percent, primarily because of accumulating sediments in reservoirs and depletion of
aquifers (TWDB 2007).

In June 1997, Governor George W. Bush signed into law Senate Bill 1 (SB 1),
comprehensive water legislation enacted by the 75th Texas Legislature. This
comprehensive water legislation was an outgrowth of increased awareness of the
vulnerability of Texas to drought and to the limits of existing water supplies to meet
increasing demands as  population grows (TWDB  website, current,
http://www.twdb.state.tx.us/wrpi/rwp/rwp.htm).

In April 2002 Texas Governor Rick Perry, recognizing the importance of desalination to
the future of Texas, direction TWDB to develop a large-scale demonstration seawater
desalination project (TWDB 2007). In 2003, the Texas Legislature passed House Bill



1370 to “... undertake or participate in research, feasibility and facility planning studies,
investigations, and surveys as it considers necessary to further the development of cost-
effective water supplies from seawater desalination in the state.” [HB 1370 ~TWC
§16.060]. In response, TWDB provided $1.5 million for three feasibility studies to assess
the technical viability of proposed seawater desalination projects: Lower Rio Grande
Valley (Brownsville), City of Corpus Christi, and Freeport (NRS 2008).

In 2005, TWDB expanded the scope of its desalination activities to include brackish
groundwater (NRS 2008). The term “brackish” refers to the level of total dissolved
solids in a water supply. Generally, supplies with a total dissolved solids (TDS) level up
to 1,000 milligrams per liter (mg/l) are considered “fresh,” and are suitable for most
purposes, including municipal, without further treatment to remove TDS. Supplies with
TDS levels above 1,000 mg/l, up to 3,000 mg/l are considered slightly saline, and from
3,000 to 10,000 mg/l are moderately saline. These mild and moderate level waters are
considered “brackish.” As emphasized by Mr. Jorge Arroyo, P.E., Director of Innovative
Water Technologies, TWDB, in a 2005 presentation to the South Central Desalting
Association, there is as much as 2.7 billion acre-feet of brackish groundwater in Texas
(Guyton 2003) and there is as much as 55.7 million acre-feet in the North East Texas
Region (Guyton 2003). To place this number in perspective, the largest surface water
source in the region is Lake Tawakoni, which holds less than 1 million acre-feet at
normal level.

According to Water for Texas (TWDB 2007), the 16 Texas regional planning groups
have identified 4,500 water management strategies to generate the additional water
supply needs for Texas during drought. The water management strategies include
municipal and agriculture conservation, reservoirs, wells, water reuse, desalination plants,
and other strategies. Fourteen new major reservoirs would result in about 1.1 million
acre-feet per year by 2060. Additional water wells would result in about 800,000 acre-
feet per year by 2060. Additional water reuse would result in about 1.3 million acre-feet
per year by 2060. Desalination projects would result I about 320,000 acre-feet per year
by 2060 (TWDB 2007). If implemented, desalination can significantly augment the 2060
projected water supply needs. Currently, eight of the 16 planning groups have included
desalination projects as recommended strategies to meet water supply needs (TWDB
2007). The regions that have included desalination are the following: Region E - Far
West Texas, Region F (includes San Angelo), Region H (includes Houston), Region K -
Lower Colorado, Region L - South Central Texas, Region M - Rio Grande, Region N -
Coastal Bend and Region O - Llano Estacado (see Figures 1 and 2).
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2.1 Desalination Overview

A succinct overview of the desalination process is provided in TWDB Report 360,
Chapter 15 Water Desalination (TWDB 2005). The report references a number of
previous reports and documents specific to desalination provided by TWDB staff, various
consultants to TWDB and the U.S. Bureau of Reclamation and other agencies. These
documents are referenced throughout this report. Selected passages from Arroyo 2005
are included or paraphrased below, supplemented by information from other reports and
referenced as appropriate.

2.2 Desalination Technologies

Desalination is the process of removing dissolved solids, primarily salts, from water.
There are a number of methods of removing salts to render it safe for human
consumption. These generally include thermal technologies and membrane technologies.
Thermal technologies are those that heat water and collect condensed vapor to produce
pure water (distillation). These are generally used in seawater applications where the
TDS level is much higher (average about 35,000 mg/l). Also, TWDB 2005 notes that
thermal technologies are more economically attractive if operating in conjunction with
steam power generation because the steam released from the power generation plant can
be advantageously used as input into the desalination plant. Distillation technologies
account for approximately one-half of the world’s installed desalination capacity, and it is
more commonly used in areas of the world with large supplies of fossil fuel (U.S. Bureau
of Reclamation, 2003).

Membrane-based technologies utilize semi-permeable membranes to separate the salts
from the water. There are two types of membrane processes: electro-dialysis reversal
(EDR) process and reverse osmosis (RO) process (TWDB 2005). The EDR process
utilizes electricity to energize opposing electrodes to attract and separate out positive and
negative ions of the dissolved salts from a saline water supply. The ions are attracted to
the electrodes and travel through semi-permeable membranes that screen the ions from
the water stream. Thus, salt water flowing through an EDR unit loses dissolved salts and
the resulting stream is pure water. EDR systems may be used with water containing low
amounts of TDS. However, when TDS levels exceed 3,000 mg/l, RO systems are
typically the preferred choice for desalination (TWDB 2005). The vast majority of
brackish groundwater facilities use the RO process, often with pretreatment by micro-,
nano- or ultra-filtration methods.

Osmosis is the movement of a solvent (water) through a semipermeable membrane into a
solution of higher solute concentration that tends to equalize the concentrations of solute
on the two sides of the membrane (Merriam-Webster website, current,
http://www.merriam-webster.com/dictionary/osmosis). The reverse 0Smosis process uses
pressure to force water through a membrane that retains impurities and allows the pure
water to pass through. Typical RO operating pressures range from 200 to 450 psi for
brackish groundwater plants and 800 to 1,200 psi for seawater plants (TWDB 2005). A
by-product of the desalination process is brine, a highly concentrated saline stream,



typically above 35,000 mg/l, which requires careful management and disposal. Methods
of concentrate disposal are presented later in this report. The following photograph
depicts the RO facility of the Southmost Regional Water Authority in Brownsville,
Texas.

Southmost Regional Water Authority Reverse Osmosis Facility, Brownsville, Texas (photograph from
NRS Consultants report by Joseph W. Norris).

2.3 Advantages/Disadvantages of Water Desalination

Water desalination, particularly membrane or filtration technologies, provide a superior
quality product regardless of the source water quality. For the State of Texas, the leading
advantage that water desalination offers is the ability to add drought-proof supplies to the
State’s water supply portfolio (TWDB 2005).

Other advantages that water desalination has over more conventional water supply
sources as follows, as presented in TWDB 2005:

Sizing of facilities: Water desalination is commonly described as a “hardware
technology”, meaning that it is accomplished by means of pumps, membranes/filters, and
other pieces of equipment. This feature results in smaller size facilities when compared
with other conventional water supply alternatives, such as surface-water reservoirs and
conventional water treatment plants with clarifiers, sand filters and similar structures.
Also, water desalination lends itself to modular expansions, meaning that additional
capacity may be added with relative ease by increasing the numbers of filtration




elements. This flexibility is important when trying to minimize or optimize the initial
capital investments to better match the projected water demands on the project.

Ability to incorporate technology innovations: An advantage of the hardware nature of
water desalination is that it allows for new cost-saving innovations, such as foul-resistant
membranes and improved energy recovery devices, to be incorporated into existing
operational plants with relative ease.

Siting flexibility: In the case of brackish groundwater facilities, there is a relative
advantage over conventional surface-water supply alternatives with regards to the
location of the treatment plant that may be located closer to the final point of use and thus
minimizing treated water transmission costs.

The most noticeable disadvantage of water desalination is its high use of energy.
Approximately one third of the operational costs of a water desalination facility can be
from power consumption. If the power costs increase, there is a direct impact to the cost
of the desalinated water.

2.4 Desalination Funding in Texas

Currently, there are approximately 100 public water systems in Texas using desalination
to treat brackish sources for a total of nearly 80 million gallons per day of installed
capacity. El Paso leads this list with its flagship facility, the 27.5 million gallons per day
(MGD) Kay Bailey Hutchison Brackish Groundwater Desalination Plant (Arroyo and
Kalaswad, 2008).

As stated earlier, eight of 16 Water Planning Regions have indicated desalination as a
strategy in their 2007 Regional Water Plans. Figure 3 shows existing desalination
facilities in Texas in 2005 (NRS 2008). Many of the desalination facilities shown in
Figure 2 are in regions that have not formerly indicated desalination as a strategy.

In recent years, there has been a growing interest in seawater desalination, largely due to
Governor Rick Perry’s vision for developing a drought-proof supply for Texas by turning
seawater into potable water. In an April 29, 2002, address in San Antonio directing the
TWDB to recommend a large-scale seawater desalination demonstration project, he said “To
me it is not a matter of whether saltwater will one day be used as an abundant source for
public use, but when and where. As a people, we must have the courage to look into the
future and invest today for a better tomorrow. There is no greater untapped source of water
than the ocean water that Texas can easily access.” It has since become the cornerstone of
Governor Perry’s water policy initiative.

Thanks to a series of legislative appropriations now totaling more than $4.7 million, Texas
has been methodically moving toward fulfilling Governor Perry’s vision. After conducting
three feasibility studies for potential seawater desalination projects, TWDB awarded a grant
of $1.3 million in 2006 to the Brownsville Public Utilities Board to perform a seawater
desalination pilot plant study in Brownsville (the Lower Rio Grande Regional Seawater
Desalination Pilot Plant).
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Concurrent with funding for seawater desalination studies, the Texas Legislature also
appropriated funds to TWDB to implement a brackish groundwater desalination initiative.
The goal of this initiative is to develop tangible examples or models of brackish groundwater
desalination that illustrate the use of innovative, cost-effective technologies and offer
solutions to practical issues. A total of $2.12 million has been awarded to nine separate
entities to implement research studies and/or demonstration projects to facilitate the
development of brackish groundwater supplies in the state.

All of these efforts may help explain, at least in part, the growing importance of water
desalination strategies on the state water planning process. According to the 2007 State Water
Plan, 3.5 percent of the new water supplies to be developed by 2060 will be provided by
desalination. Although modest compared to other strategies (for example, water reuse
accounts for 14 percent of the portfolio), desalination strategies increased by 74 percent from
the previous State Water Plan published in 2002 (Arroyo and Kalaswad, 2008).

Oﬁake-granbury
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Figure 3: Desalination facilities in Texas, 2005. Facilities with a design capacity greater
than 1.5 MGD are named. (NRS 2008 and TWDB 2006).
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3.0 BRACKISH GROUNDWATER OPPORTUNITIES IN NETRWPA

In the 2006 Regional Water Plan for the North East Texas Region, three types of water
shortages have been identified. The first, and most common, is caused by expiration of a
water supply contract or permit. Most water supply contracts and permits have expiration
dates, and the TWDB guidelines require that supplies based on contractual agreements
should extend past the existing term of contract if the contract is renewable. In most
cases, the recommended water supply strategy for these Water User Groups (WUGS) is
renewal of their existing contract/permit on or before its expiration date. The second type
of shortage is also contractual. These are instances where a contract expires, and the
simple renewal of that contract will not adequately compensate for increased demands. In
this case, an increase in the contract amount, or additional water supply sources, would
be required to meet demands. The final type of shortage addressed in this region in the
2006 Regional Water Plan is the “actual” or “physical” water shortage. In this case, the
entity’s current water supply will not be sufficient to meet projected demands and
additional water sources will be required. This type of shortage is most common among
entities that utilize groundwater supplies because well capacity is held at existing
development levels throughout the planning period.

3.1 Potential Water User Groups for Desalination

This study addresses WUGS that have an anticipated “actual” or “physical” shortage for
which the planned strategy is new groundwater wells. There are 46 entities in the North
East Texas Region with actual projected water supply shortages. Additional groundwater
supply is recommended for 32 of these entities. Surface water supplies are recommended
for the other 14 entities. Campbell WSC in Hunt is recommended for both surface and
groundwater. Although there are more individual entities with a recommendation for
groundwater, surface water is the predominant recommended supply, accounting for
approximately 91 percent of the total supply required for the Region. The information
contained in the 2006 Regional Water Plan is included here in its entirety (Table 1 —
Table 4.42 of the 2006 NETRWP).

Table 1: Table 4.42 Recommended Strategies for Entities with Actual Shortages (BWR
2006).

Shortage Groundwater Surface Water
(ac-ftlyr) Strategy Strategy
(ac-ft/yr) (ac-ft/yr)
Year 2030 | 2060 2030 | 2060 2030 | 2060
Bowie County
Red River Redevelopment 2435 4074 2435 4074
Authority
Camp County
Bl-County WSC 299 653 299 653
Woodland Harbor 60 60 65 65
Cass County

12




Linden 101 | 104| 215 | 215 | \

Delta County

Ben Franklin WSC 33 | 36 | | | 33| 36
Franklin County

Gregg County

Clarksville City 148 217 162 242

Liberty City WSC 287 678 376 752

West Gregg SUD 56 333 70 350

Starrville-Friendship WSC 0 101 0 108

Harrison County

Waskom 54 151 88 176

Blocker-Crossroads WSC 100 128 129 129

Caddo Lake WSC 19 52 43 86

Leigh WSC 0 36 0 43

Scottsville 0 7 0 65

Talley WSC 97 142 118 177

Steam Electric 0 3184 0 3184
Hopkins County

Miller Grove WSC 24 | 6| 35 | 35 | \

Hunt County

Able Springs WSC 0 171 0 171
Campbell WSC 101 762 108 108 0 665
Cash WSC 0 4152 0 4152
Celeste 0 101 0 108
Combined Consumers WSC 75 3631 75 3631
Hickory Creek SUD 270 1667 270 1882

Wolfe City 101 195 101 195
Steam Electric 14457 23902 14457 23902
Little Creek Acres 37 153 37 153
West Leonard WSC 5 28 81 81

Lamar County

Petty WSC 20 20 20 20
Steam Electric 980 7474 980 7474
Marion County

Morris County

Rains County

Red River County

Smith County

Crystal Systems Inc. 0] 425 | 0] 538 |
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Lindale Rural WSC 0 189 0 215

Lindale 0 374 0 376

Star Mountain WSC 0 83 0 108

Titus County

Steam Electric 0] 31552 ] | | 0| 31552
Upshur County

Pritchett WSC 0] 51 | 0| 54 | \
Van Zandt County

Bethel Ash WSC 0 17 0 81

Canton 217 349 291 387

Grand Saline 143 255 323 323
RPMWSC 30 99 37 102

Corinth WSC 0 22 0 27

Crooked Creek WSC 21 56 59 59

Edom WSC 72 124 96 124

Fruitvale WSC 119 269 129 301

Little Hope-Moore WSC 79 162 113 188

Wood County

Mineola 374 360 403 403

Yantis 20 18 38 38

TOTALS (all counties) 20,834 | 86,623 | 3,249 7,838 18,437 | 79,970

As can be seen from the Table 4.42, 32 WUGs have identified groundwater strategies to
supplement projected water shortages. Brackish groundwater could be used to meet a
portion of the project shortages.

Pursuant to the 2006 Regional Water Plan, the development of water wells generally has
minimal environmental impact, because of the limited construction disturbance, and the
limited disturbance tends to be temporary. Generally, environmental issues can be easily
avoided by the appropriate siting of new wells. Similarly, water management strategies
that require the transmission of treated water as opposed to construction of new treatment
facilities or reservoirs, typically have minimal environmental impact because the
disturbances with water mains are also temporary or can be minimized in the routing of
the water transmission pipelines. The development of treatment facilities may have
greater environmental impact. All of these strategies should avoid, minimize, or mitigate
adverse environmental impacts during project development.

3.2 Potential Water User Groups Based on Actual Shortages

Considering the information provided in the above table from the 2006 Regional Water
Plan, the 32 WUGSs, with their respective counties, considered in this report are as
follows:

Camp County - Woodland Harbor
Cass County — Linden
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Gregg County - Clarksville City, Liberty City WSC, West Gregg SUD, and
Starrville-Friendship WSC

Harrison County — Waskom, Blocker-Crossroads WSC, Caddo Lake WSC,
Leigh WSC, Scottsville, and Talley WSC

Hopkins County - Miller Grove WSC

Hunt County — Campbell WSC, Hickory Creek SUD, and West Leonard WSC

Smith County - Crystal Systems, Inc., Lindale Rural WSC, Lindale, and Star
Mountain WSC

Upshur County - Pritchett WSC

Van Zandt County - Bethel Ash WSC, Canton, Grand Saline, R P M WSC,
Corinth WSC, Crooked Creek WSC, Edom WSC, Fruitvale WSC, and
Little Hope-Moore WSC

Wood County — Mineola and Yantis

Again, the recommended strategies for these WUGs with Actual Shortages are additional
groundwater wells. The estimated costs to provide the additional wells are presented in
the 2006 Regional Water Plan, Appendix A — Chapter 4 Appendix and are summarized in
Table 2.
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Table 2: Water User Groups with "Actual” or "Physical" Shortages with Existing Recommended Groundwater Strategies -
Cost Estimates for Meeting Projected Supply Needs
(from Region D Water Plan - Appendix A, Chapter 4 Appendix, January 5, 2006, BWR and others)

Population Shortage Groundwater Firm Yield Total Total Unit Unit Environmental
Water User Group Served (ac-ftlyr) Strategy (ac-ft/yr) (ac-ft) Capital Annualized Cost Cost Impact
2030 2060 2030 2060 2030 2060 Cost Cost* ($/ac-ftlyr) | ($/Kgal)

Camp County
Woodland Harbor 588 588 65 65 65 65 65 $775,872 $66,928 $596 $1.83 Minimal
Cass County
Linden 2,482 2,575 101 104 215 215 215 $340,579 $60,060 $222 $0.68 Minimal
Gregg County
Clarksville City 1,148 1,682 148 217 162 242 217 $1,518,443 $150,043 $743 $2.28 Minimal
Liberty City WSC 5,647 8,485 287 678 376 752 753 $2,096,569 $271,451 $627 $1.92 Minimal
West Gregg SUD 4,233 6,382 56 333 70 350 350 $1,502,847 $166,524 $320 $0.98 Minimal
Starrville-Friendship WSC 1,574 2,386 0 101 0 108 108 $316,158 $39,355 $259 $0.79 Minimal
Harrison County
Waskom 3,485 4,240 54 151 88 176 176 $455,466 $62,041 $854 $2.62 Minimal
Blocker-Crossroads WSC 1,010 1,225 100 128 129 129 129 $483,057 $57,029 $306 $0.94 Minimal
Caddo Lake WSC 1,249 1,515 19 52 43 86 86 $227,734 $30,667 $260 $0.80 Minimal
Leigh WSC 2,161 3,139 0 36 0 43 43 $139,610 $17,202 $282 $0.87 Minimal
Scottsville 871 1,057 0 7 0 65 65 $165,953 $23,173 $265 $0.81 Minimal
Talley WSC 1,664 2,020 97 142 118 177 177 $760,772 $84,382 $320 $0.98 Minimal
Hopkins County
Miller Grove WSC 1,218 1,071 24 6 35 35 35 $479,955 $40,669 $955 $2.93 Minimal
Hunt County
Campbell WSC 1,303 5,917 101 773 108 108 108 $618,674 $61,950 $366 $1.12 Minimal
Hickory Creek SUD 3,664 12,508 271 1,667 2,702 1,882 1,882 $6,880,290 $808,680 $909 $2.79 Minimal
West Leonard WSC 72 245 5 28 81 81 81 $890,430 $79,319 $580 $1.78 Minimal
Smith County
Crystal Systems, Inc. 4,357 6,649 0 425 0 538 538 $992,200 $160,368 $485 $1.49 Minimal
Lindale Rural WSC 3,086 4,709 0 189 0 215 215 $316,158 $57,022 $265 $0.81 Minimal
Lindale 4,201 7,010 0 374 0 376 376 $510,648 $96,693 $257 $0.79 Minimal
Star Mountain WSC 1,516 2,313 0 83 0 108 108 $316,158 $39,987 $265 $0.81 Minimal
Upshur County
Pritchett WSC 6,478 6,998 0 51 0 54 54 $270,925 $28,186 $341 $1.05 Minimal
Van Zandt County
Bethel Ash WSC 617 797 0 17 0 81 81 $337,913 $37,308 $513 $1.57 Minimal
Canton 4,012 4,613 217 349 291 387 387 $1,229,656 $150,596 $365 $1.12 Minimal
Grand Saline 3,863 4,560 143 255 323 323 323 $574,243 $99,100 $232 $0.71 Minimal
RPMWSC 2,021 2,610 30 99 37 102 102 $574,243 $51,911 $491 $1.51 Minimal
Corinth WSC 1,170 1,511 0 23 0 27 27 $281,295 $24,681 $1,371 $4.21 Minimal
Crooked Creek WSC 932 1,204 21 56 59 59 59 $212,882 $24,824 $348 $1.07 Minimal
Edom WSC 1,372 1,771 34 86 43 86 86 $661,715 $61,668 $657 $2.02 Minimal
Fruitvale WSC 4,010 5,179 119 269 129 301 301 $1,944,744 $190,656 $798 $2.45 Minimal
Little Hope-Moore WSC 2,211 2,855 78 161 113 188 188 $1,395,045 $135,877 $754 $2.31 Minimal
Wood County
Mineola 6,814 6,858 374 360 403 403 403 $243,334 $81,544 $202 $0.62 Minimal
Yantis 633 637 20 18 38 38 38 $227,734 $22,938 $603 $1.85 Minimal

* O&M Cost + Power Cost + (Total Capital Costs debt service factor, 30 yrs @ 6%)




3.3 Review of Water System Surveys from Previous Planning Cycle

Water system surveys from the 2006 Regional Water Plan (147 surveys of individual WUGS)
were reviewed to identify specific potential users of brackish groundwater. Results of this
review are summarized in various tables within Appendix A. The review of the water system
surveys serves to identify the specific additional potential users of brackish groundwater and
focused on the following areas:

non-residential users

users with changes in water quality or quantity

users with average water rates above $50.00 per 10,000 gallons
users with planned expansions

A summary of non-residential user types in Region D is as follows:

Table 3: Non-Residential Users Types in Region D
(Responses to 2006 Water Plan Survey)

User Type Number of Usage,
Users MG/Yr.
Commercial 11 28
Institutional 6 54
Industrial 15 1,556
Livestock/Dairy 10 11
Manufacturing 23 1,871
Oil/Gas 1 20
Plant Farm 2 2
Recreational/RV Park 2 4
Wholesale/Water Supply 13 693
Totals 83 4,239

While Wholesale/Water Supply is listed above, it is assumed that the vast majority of these users
are residential. Therefore, the two top non-residential uses of water are industrial and
manufacturing (based on 2006 Water Plan Surveys), which constitute approximately 81% of
non-residential water use in the region.

3.3.1 Non-Residential Potential Users

Major non-residential users were identified and contacted to explore the potential use of treated
or non-treated brackish groundwater. Generally, the responses to using non-treated brackish
groundwater were negative. Treated brackish groundwater was considered generally more
expensive and, therefore, not a consideration for the respondents. Example responses are as
follows:

e Steam-Electric Industry — A representative of steam-electric, and a voting member of the
NETRWPG, stated that water with constituents similar to brackish groundwater, such as
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higher TDS levels, create significant scaling and corrosion problems, often requiring
equipment to be manufactured of stainless steel or other more expensive metals.
Additionally, the volume of water needed is a concern. If treated brackish groundwater is
used, the cost of treatment and the volume of waste concentrate brine make brackish
groundwater an unfavorable option for steam-electric power generation.

Food and Beverage Processing — A representative of Ocean Spray in Hopkins County,
who currently receives treated surface water from the City of Sulphur Springs, stated
water is the essential ingredient of their product and they use additional
treatment/purification methods. The representative stated that his business was far too
particular about water quality to entertain the idea of using brackish water.

Manufacturing — Rubbermaid in Hunt County receives Lake Tawakoni water via the City
of Greenville. The facilities manager stated that water quality is a significant factor of
the injection mold process and was emphatically opposed to the idea of using non-treated
brackish groundwater.

Manufacturing — Air Liquide in Gregg County receives City of Longview water. The
water quality concerns of Air Liquide are very similar to those of the steam-electric
industry. The representative stated “we have to watch our solids very closely” and was
not interested in brackish water due to the boiler feed water quality specifications and the
cooling tower characteristics.

Manufacturing — A representative of Rexam, a manufacturer of beverage cans and plastic
packaging, stated that “entertaining different water would not make a significant
difference in our bottom-line, therefore, we would not be interested.” Rexam is also in
Gregg County and receives treated surface water from the City of Longview.

Manufacturing - A facilities manager from Eastman in Longview stated that they are not
interested in using treated or non-treated brackish groundwater. Their processes and
equipment are too sensitive to TDS. The representative stated that treated brackish
groundwater is not cost effective.

Food and Beverage Processing — A consultant for Pilgrim’s Pride (poultry processing)
stated that because of water quality and current abundance of water there would be no
interest on their part to use untreated or treated brackish groundwater.

Representatives from the livestock, dairy, institutional or other non-residential users could not be
reached for this survey. The survey summaries with contact information are included at the end
of Appendix A.

3.3.2 Users with Changes in Water Quality or Quantity

Nine WUGs using well water in Region D identified a change in water quality and/or quantity in
the surveys from the previous planning cycle. Two of these entities indentified an increase in
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sodium or TDS levels and seven identified a decrease in quantity (a drop in static ground water
levels or lower gpm production).

These include the following systems:

Redwater Water and Sewer Co., Bowie County
City of Bogata, Red River County

City of Clarksville, Red River County

Red River County WSC, Red River County
City of Gilmer, Upshur County

Rosewood, Upshur County

City of Canton, Van Zandt County

New Hope WSC, Wood County

Yantis WSC, Wood County

Notably, these water suppliers’ costs per 10,000 gallons ranged between a low of $33.00 to a
high of $43.50, which are on the higher end of overall rates in Region D.

The City of Clarksville has expressed a desire to implement RO treatment of its groundwater.
Clarksville gets up to 1 million gallons per day from Langford Lake and supplements it with
three groundwater wells. The well water contains higher than desired levels of TDS (~1,083
mg/l) and other constituents, such as sodium (~300 mg/l) and chloride (~ 233 to 300 mg/I, but
often over 300 mg/l). The City’s blending operations allow them to use this water to supplement
the surface water. However, on peak days the water quality becomes more of a concern. The
City’s Director of Water and Wastewater Plants, Mr. Daniel Rapien, expressly stated that the
City is very interested in adding an RO system. However, their constraint is funding. The City
of Clarksville is the one WUG this report specifically recommends for a brackish groundwater
project. If Clarksville transferred completely to groundwater, they would need five wells, at
approximately 335 gpm per well. While this is not necessarily their desire, their intent is to
continue to supplement the lake water albeit with a higher quality groundwater, the calculation
would be as follows:

e 1,440 connections x 0.6 gpm / connection x 60 min / hr x 24 hrs / day = 1.24 MGD

e Their current wells range between 320 and 350 gpm, therefore, 335 gpm is used as an
average. The RO system will produce approximately 80% of each well capacity;
therefore, 335 gpm becomes 268 gpm. Using the minimum requirements (0.6 gpm) and
multiplying by a factor of safety of 1.5, results in 0.9 gpm, 1.24 MGD becomes 1.86
MGD. During peak days a few times a year each well could yield 385,920 gallons after
RO treatment. Therefore, five wells producing an average of at least 335 gpm would be
required.
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3.3.3 Users with Average Water Rates above $50 per 10,000 Gallons

Review of the water surveys from the last 2006 planning cycle identified sixteen WUGSs with
rates greater than $50 per 10,000 gallons (five entities were above $60 per 10,000 gallons). Fifty
dollars per 10,000 gallons was used as a threshold rate where the treatment of brackish
groundwater may become financially viable, as this is currently the approximate cost of
providing treated brackish groundwater.

The systems, with their respective rates, above $50/10,000 gallons are as follows:

City of Reno, Lamar County, $50.07

Tryon Road SUD, Gregg County, $51.00

City of Quitman, Wood County, $51.46

City of Caddo Mills, Hunt County, $51.84

Central Bowie Co. WSC, Bowie County, $52.00
Mims WSC, Marion County, $52.26

City of Edgewood, Van Zandt County, $57.31
City of Deport, Lamar County, $57.50

MACBEE SUD, Van Zandt County, $57.99

South Tawakoni WSC, Van Zandt County, $58.79
Woodland Estates, Bowie County, $59.99

410 WSC, Red River County, $61.29

City of Lone Oak, Hunt County, $61.94

Pritchett WSC, Upshur County, $63.32

City of Hallsville, Harrison County, $65.00
Combined Consumers WSC, Hunt County, $65.48

These 16 represent an even split of entities that treat water and those that purchase water. Three
of the entities currently use groundwater and the remaining 13 use surface water. Ten of the
Region’s 19 counties are represented in this group and are geographically well distributed
throughout the North East Region. All of the WUGS listed in sections 3.3.2 and 3.3.3 should be
considered as WUGS with potential brackish groundwater projects that could be incorporated
into the Regional Plan.

3.4 Brackish Groundwater in Texas and in the North East Texas Region

The following map (Figure 4) from Guyton 2003 illustrates the known occurrence of brackish
groundwater in Texas. The results of Guyton’s study have been obtained from TWDB and
overlaid with the regional map and with the county maps that contain the WUGs indicated above
that have groundwater strategies for projected actual shortages. The maps are included on the
following pages. The one regional map (Figure 5) and ten county maps (Figure 6 - 15) presented
contain the 32 WUGs with “actual” shortages that have identified groundwater as a strategy and
indicate the proximity of the WUGs to the water quality data obtained from TWDB’s Guyton
2003 study.
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Mr. Stan Hayes, P.E., of Hayes Engineering, Inc., consultant for the 2006 Regional Water Plan
and the 2008 Specific Studies, who primarily consults in the southern portion of Region D,
reports most of the brackish water is from the Wilcox that intermingles with the Carrizo. The
Queen City is at a depth of 300 to 400 feet and it is potable water. The Carrizo is 500 to 700 feet
and it is for the most part potable especially at the shallower depths (as it mingles with the
Wilcox its salinity increases). The Wilcox is from 700 feet and deeper, but does migrate up to
the Carrizo. Mr. Hayes stated the counties that have brackish water are generally south and east
of Interstate Highway 30 (IH-30). The counties where he is working on water supply are
Harrison, Gregg, Marion, Cass, Camp, Morris and Upshur. As a general rule if there is oil in the
area then there is also brackish water.

Examples of brackish groundwater wells for which Hayes Engineering is familiar are as follows:

East Mt. WSC Upshur County 300+ gpm
Harleton WSC Harrison County 300+ gpm
West Harrison WSC Harrison county 300+ gpm

Hayes also reports that brackish groundwater generally exists in the Bi-County WSC WUG
(Camp, Upshur and Morris counties) and in Marion County.

Mr. Reeves Hayter, P.E., of Hayter Engineering, Inc., also consultant for the 2006 Regional
Water Plan and the 2008 Specific Studies, primarily consults in the northern portion of Region
D. He reports that generally groundwater wells are not drilled north of IH-30 due to low
production rates and the prevalence of surface water. Most of the wells north of 1H-30 produce
100 to 150 gpm wells. Also, there are few oil wells in which to dispose the brine. The water
systems in Lamar County where the cost of water is above $50 for 10,000 gallons per month
mostly purchase from Lamar County WSC. The WSCs in Lamar County once had wells but
gave them up due to poor quality or lack of production of potable water. Delta County is one
area where they do not consider drilling due to groundwater is typically 2000 feet deep and is
brackish.

LBG-Guyton Associates, Inc. has performed an evaluation of the brackish groundwater supply in
the Region D area for this report. The TWDB data was searched and parsed for relevant
information on brackish groundwater. Information in this database is populated from data
obtained by well driller reports, pumping test results, water quality analyses and other pertinent
information obtained by TWDB through reliable sources.

In general, brackish groundwater is found in the down-dip limits of the aquifers in the region.
Aquifers with brackish water include the Cretaceous aquifers of Nacatoch, Blossom, Woodbine
and the Paluxy and Twin Mountain of the Trinity Aquifer (Figure 16). Brackish water can also
be found in some of the deeper Wilcox portion of the Carrizo-Wilcox aquifer (Figure 16). Most
wells found in the southeastern portion of the Region D area are completed into the Tertiary age,
Carrizo and Queen City Sands that generally produce freshwater.

Six geophysical logs were obtained from the Surface Casing Division of the Texas Commission
of Environmental Quality representing the different aquifers with known brackish water. These
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logs are made from oil field test wells that span a number of the shallower aquifers. The state
identification numbers for those wells are: 17-29-202, 17-21-807, 17-22-404, 16-33-601, 34-02-
702, and 35-33-602 (Figure 16). Logs found in the northern portion of Region D show the
Cretaceous aquifers and logs in the southern area show the Carrizo-Wilcox Aquifer. Based on
review of geophysical logs in the area, brackish water is generally found in strata at depths less
than 2,000 feet.

An evaluation of these logs indicates only a portion of each geologic unit is capable of producing
significant water. The Cretaceous aquifers only have small footage intervals of sand or
limestone that can actually produce water. The Wilcox aquifer generally has a variety of sandy
layers that can produce water. Throughout the total thickness of the geologic unit, a variety of
water quality can be interpreted from any particular sand interval on the geophysical log.
Depending on the interval that is screened and open to produce water to the well will determine
the overall average chemistry from a particular well. Generally, deeper sands have lower
resistivities on the geophysical log, which correspond to higher TDS content of the water
produced from those intervals.

Based on these logs and other wells completion information, wells completed in the Cretaceous
aquifers (Nacatoch, Blossom, Woodbine and the Paluxy and Twin Mountain of the Trinity
Aquifer) generally produce lower volumes often less than 50 gallons per minute (gpm) with one
reported as high as 120 gpm completed into the Blossom Aquifer. Wells completed into the
Wilcox generally have higher reported yields ranging up to about 600 gpm. However, a practical
expectation for Wilcox brackish wells is about 100 to 300 gpm.

Brackish wells could be developed in the Woodbine and Trinity aquifers in Lamar and Red River
Counties. Experience in Texas indicates that each brackish groundwater wellfield needs to be
evaluated individually to identify specific water quality characteristics and well production
capacity. It is possible to find brackish groundwater in most of the down-dip sections of the
Nacatoch aquifer, but especially in Hunt, Hopkins, and Bowie Counties. In the Carrizo and
Wilcox aquifers, there are zones of brackish groundwater in many Region D counties where the
aquifers exists. Generally, the brackish groundwater will be found in the deeper section of the
aquifers, but there are exceptions to this general rule.
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Figure 4: Distribution of Brackish Groundwater in Texas (Guyton 2003)
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NE Texas Regional Water Planning Group
Water User Groups with Actual Shortages

Cass County

Actual Water Shortage (ac-ft/yr)

Shortage | Shortage
2030 2060

Linden |215 |215

Water User Group

Total Dissolved Solids (TDS) Levels
+ 1,028 Fresh Water Wells (<1,000 mg/L)

0 82 Slightly Saline Wells (1,000-3,000 mg/L)
¢ 12 Moderately Saline Wells (3,000-10,000 mg/L)
e 1 \Very Saline Well (>10,000 mg/L)
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NE Texas Regional Water Planning Group
Water User Groups with Actual Shortages

Harrison County

Actual Water Shortage (ac-ft/yr)

Shortage | Shortage

Water User Group 2030 2060
Blocker-Crossroads 129 129
WSC
Caddo Lake WSC 43 86
Leigh WSC 0 43
Scottsville 0 65
Talley WSC 118 177
Waskom 88 176

Total Dissolved Solids (TDS) Levels
» 1,028 Fresh Water Wells (<1,000 mg/L)

0 82 Slightly Saline Wells (1,000-3,000 mg/L)
0 12 Moderately Saline Wells (3,000-10,000 mg/L)
@ 1 Very Saline Well (>10,000 mg/L)
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NE Texas Regional Water Planning Group
Water User Groups with Actual Shortages

Hopkins County

Actual Water Shortage (ac-ft/yr)
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Water User Group

Miller-Grove WSC

Total Dissolved Solids (TDS) Levels
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NE Texas Regional Water Planning Group
Water User Groups with Actual Shortages

Hunt County

Actual Water Shortage (ac-ft/yr)

Water User Group Shortage | Shortage

2030 2060
Campbell WSC 108 108
Hickory Creek SUD 270 1,882
West Leonard WSC 81 81

Total Dissolved Solids (TDS) Levels
1,028 Fresh Water Wells (<1,000 mg/L)

82 Slightly Saline Wells (1,000-3,000 mg/L)
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NE Texas Regional Water Planning Group

| Water User Groups with Actual Shortages

Smith County

Actual Water Shortage (ac-ft/yr)

Shortage | Shortage
Water User Group 2030 g 2060 g
Crystal Systems, Inc. |0 538
Lindale 0 376
Lindale Rural WSC 0 215
Star Mountain WSC 0 108

Total Dissolved Solids (TDS) Levels

w

iy

s

1,028 Fresh Water Wells (<1,000 mg/L)

82 Slightly Saline Wells (1,000-3,000 mg/L)

12 Moderately Saline Wells (3,000-10,000 mg/L)
1 Very Saline Well (10,000 mg/L)
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Water User Groups with Actual Shortages

Upshur County

Actual Water Shortage (ac-ft/yr)
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Water User Group

Pritchett WSC

Total Dissolved Solids (TDS) Levels
+ 1,028 Fresh Water Wells (<1,000 mg/L)
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NE Texas Regional Water Planning Group
Water User Groups with Actual Shortages

Van Zandt County

Actual Water Shortage (ac-ft/yr)

Water User Group gggoﬂage ggg{;'tage
Bethel Ash WSC 0 81
Canton 291 387
Corinth WSC 0 27
Crooked Creek WSC |59 59
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Fruitvale WSC 129 301
Grand Saline 323 323
Llittle Hope-Moore
WSG P 113 188
R-P-M WSC 37 102

Total Dissolved Solids (TDS) Levels
+ 1,028 Fresh Water Wells (<1,000 mg/L)
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NE Texas Regional Water Planning Group
Water User Groups with Actual Shortages

Wood County

Actual Water Shortage (ac-ft/yr)
Shortage | Shortage

Water User Group

2030 2060
Mineola 403 403
Yantis 38 38

Total Dissolved Solids (TDS) Levels
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3.5 Disposal of Desalination Concentrate

Concentrate disposal can represent a primary cost item of utilizing brackish groundwater.
There are often environmental and legal constraints against discharging liquid wastes
from a desalting plant into surface waters or underground (USBOR 2003). There are five
major methods of concentrate disposal: 1) disposal to wastewater treatment plants, 2)
disposal to surface waters, 3) deep-well injection, 4) evaporation ponds and 5)
evaporation to dryness (crystallization). Others methods that have been utilized but are
less attractive include land application, including treatment wetlands, and other
developing technologies. TWDB reports that of based on information collected from 38
public drinking water facilities that desalinate brackish groundwater, about 37% of the
plants discharge to a surface water body, 24% to a municipal sewer, 21% discharge to an
evaporation pond, about 13% utilize land application and about 5% remain unknown. At
least one facility, the Kay Bailey Hutchinson (EI Paso-Fort Bliss) Desalination Facility is
using deep well injection (USEPA Class V injection well) to dispose of concentrates
from desalination. The plant came online on August 8, 2007 and it is the first such plant
in Texas to use this disposal option.

3.6 Please Pass the Salt Study

Of the various disposal options, this study specifically investigated the potential of deep-
well injection by reviewing the TWDB report Please Pass the Salt: Using Oil Fields for
the Disposal of Concentrate from Desalination Plants, TWDB Report 366, by Robert E.
Mace, Ph.D., P.G. and others. Dr. Mace, Director of the Groundwater Resources
Division of TWDB, and others provide an in-depth investigation of the possibility of
injecting concentrate into oil and gas fields where formation pressures have been greatly
lowered due to past oil and gas production. The authors believe that the cost of
concentrate disposal could be reduced if water users could dispose of concentrate down
the same or similarly equipped wells that accept oil field brines (TWDB 2006).
However, the report highlights the fact that Texas permitting does not specifically allow
for desalination disposal via deep-well injection. Instead, desalination plant operators are
expected to apply for a Class | permit, which can require millions of dollars and years to
permit, instead of using a Class Il permitted well, which only requires thousands of
dollars and months to permit (TWDB 2006). Class I wells are designed to inject fluids of
hazardous, industrial or other domestic wastes beneath the lowermost formation
containing an underground source of drinking water that lies within a % mile of the well
bore. Class Il wells are designed to inject fluids that are brought to the surface in
connection with oil and gas exploration or the storage of hydrocarbons (TWDB 2006).

Oil and gas fields exist in much of Texas requiring disposal of brine. Producers need to
dispose of the brine that is associated with oil and gas production and therefore inject it
back into the field (TWDB 2006). In Texas, there are over 31,000 active permitted
injection wells in oil and gas fields and these fields are likely to be near sources of
brackish water.

36



The East Texas Basin was one of six analysis areas of the Please Pass the Salt study
(Figure 17). The authors (Mace and others, 2006) state that the selection of the analysis
areas was based on the location of (1) mature oil and gas fields (Figure 18), (2) oil and
gas fields from various geological basins (Figure 19), (3) Class Il injection wells (Figure
20), (4) areas with unmet water needs (Figure 21) or an interest in desalination to meet
future water needs, and (5) available brackish groundwater resources (Figures 4 and 17).
Based on these maps and additional criteria, such as available brackish groundwater
resources and general characterization, the authors identified the six analysis areas from
different basins across the state. The basins considered include the Anadarko basin, the
East Texas basin, the Permian basin, the Gulf Coast basin, the Fort Worth basin, and the
Maverick basin. These analysis areas are representative of Texas basins; reservoirs; and
brackish and formation waters; and are representative of typical scenarios in the rest of
the State (TWDB 2006).

In the NETRWPA there are locations where brackish water samples were tested by
TWDB 2006. These show there is a good supply of brackish water in the NETRWPA.
The locations of these samples are shown in Figure 22.

The conclusions of Please Pass the Salt are summarized in the Figure 23 along with the
locations of identified major oil and gas reserves in NETRWPA.. In the table included in
Figure 23 (Pass the Salt Summary of Conclusions), the East Texas study area received
“High” relative scores in the categories of injection rate and pressure depletion, a
“Medium” relative score for scaling and a “Low” relative score for water sensitivity. The
East Texas study area had the highest median injection rate at approximately 466 gallons
per minute (gpm). The low relative score for water sensitivity rating indicates
concentrate injection in the East Texas Basin could present a challenge. However, the
report concludes that with careful analysis and pretreatment of the concentrate, if
necessary, injection into the North East Region is very feasible.

Table 4 demonstrates the relative proximity of WUGs to oil and gas fields. Nineteen of
the 32 WUGs with actual shortages are within five miles of oil and gas fields and
received a “High” rating for Relative Estimated Likelihood of Use for well injection.
This suggests that siting of wells or transportation of concentrate would be less expensive
and therefore more likely for these WUGs. These include WUGSs in the counties of Cass,
Gregg, Harrison, Smith, Upshur and Van Zandt (see Table 4).

Please Pass the Salt concludes by stating that injection of desalination concentrate into
oil and gas field is technically feasible and recommends several options for making the
permitting process easier and more affordable.

An update to this aspect is that the TCEQ is proposing to issue a general permit
(Proposed General Permit No. WDWG010000) authorizing the use of a Class | injection
well to dispose of nonhazardous brine from a desalination operation or nonhazardous
drinking water treatment residuals. It is unclear to what level of improvement this will
afford, but Mace in TWDB 2006 states, “A general permit would greatly simplify and
decrease the time to attain a Class | permit. A general permit would involve getting a
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permit for a general class of injection wells. In this case, the general class of wells would
be concentrate injection wells. Approval of the general permit requires going through the
full approval process of a Class I injection well. Once a general permit is attained, anyone
can apply for a permit under the general permit. If those permits meet the requirements
set forth in the general permit, then the permit is granted. The advantage of the general
permit is that it reduces the permitting process to an administrative review. If the
application meets the requirements set forth in the general permit, the permit is granted.
Therefore, instead of taking one to three years to attain a Class | permit, it might take as
little as 60 days for a complete application. Implementation of a general permit would
require approval of the concept of general permitting by TCEQ.” The notice for public
comment on the proposed general permit is attached in Appendix D. More information
can be found at http://www.tceq.state.tx.us/permitting/waste permits/advgroups/uicgp.
html

3.7 WUG Proximity to Oil/Gas Reserves and Known Brackish
Groundwater Study

The prevalence of oil and gas well fields was examined by referencing information
contained in TWDB 2006 and Guyton 2003. The proximity of oil and gas fields in
relation to WUGs with Actual Shortages was analyzed with results presented in Table 4
(page 46). This listing indicates the relative feasibility — high, moderate, or low - of a
WUG using depleted or non-producing oil or gas wells for the injection of brine
concentrate, based on physical distance. Eighteen of the 32 WUGs with Actual
Shortages appear to existing within five miles of oil or gas reserves. This analysis
assumes that regulations pertaining to the injection of brine concrete become less onerous
in the future.
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Figure 17: Locations of analysis areas (TWDB 2006)
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Figure 18: Location of major oil and gas reservoirs in Texas. (TWDB 2006)
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Figure 20: Locations of Class Il injection wells in Texas with corresponding completion depths.
Counties with water-supply needs are shown in blue. (TWDB 2006)
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Please Pass the Salt Summary of Conclusions
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Figure 23: Please Pass the Salt Summary of Conclusions and Major QOil and Gas Reserves in the
East Texas Analysis Area (TWDB 2006)
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Table 4: Water User Groups with "Actual” or "Physical" Shortages with Existing Recommended Groundwater Strategies -
Proximity to Oil/Gas Reserves and to Known Brackish Groundwater (BGW);
Relative Estimated Likelihood to Use Deep-Well Injection Concentrate Disposal Based on Proximity to Oil/Gas Reserves

(analysis from information obtained from Guyton 2003 and TWDB 2006)

Population Shortage Groundwater Proximity to Proximity to Relative
Water User Group Served (ac-ftlyr) Strategy (ac-ft/yr) [ known Oil & Gas known BGW Estimated
2030 2060 2030 2060 2030 2060 Reserves, Wells/Samples, | Likelihood
approx. miles approx. miles of Use~*

Camp County
Woodland Harbor 588 588 65 65 65 65 10 20 Moderate
Cass County
Linden 2,482 2,575 101 104 215 215 5 +20 High
Gregg County
Clarksville City 1,148 1,682 148 217 162 242 <1 <5 High
Liberty City WSC 5,647 8,485 287 678 376 752 <1 <5 High
West Gregg SUD 4,233 6,382 56 333 70 350 <1 <5 High
Starrville-Friendship WSC 1,574 2,386 0 101 0 108 <1 <5 High
Harrison County
Waskom 3,485 4,240 54 151 88 176 2 +20 High
Blocker-Crossroads WSC 1,010 1,225 100 128 129 129 7 +20 Moderate
Caddo Lake WSC 1,249 1,515 19 52 43 86 5 +20 High
Leigh WSC 2,161 3,139 0 36 0 43 1 +20 High
Scottsville 871 1,057 0 7 0 65 2 +20 High
Talley WSC 1,664 2,020 97 142 118 177 1 +20 High
Hopkins County
Miller Grove WSC 1,218 1,071 24 6 35 35 20 <1 Low
Hunt County
Campbell WSC 1,303 5,917 101 773 108 108 +20 5 Low
Hickory Creek SUD 3,664 12,508 271 1,667 2,702 1,882 +40 5 Low
West Leonard WSC 72 245 5 28 81 81 +40 10 Low
Smith County
Crystal Systems, Inc. 4,357 6,649 0 425 0 538 8 15 Moderate
Lindale Rural WSC 3,086 4,709 0 189 0 215 <1 10 High
Lindale 4,201 7,010 0 374 0 376 5 8 High
Star Mountain WSC 1,516 2,313 0 83 0 108 10 12 Moderate
Upshur County
Pritchett WSC 6,478 6,998 0 51 0 54 2 5 High
Van Zandt County
Bethel Ash WSC 617 797 0 17 0 81 6 10 Moderate
Canton 4,012 4,613 217 349 291 387 2 2 High
Grand Saline 3,863 4,560 143 255 323 323 5 2 High
RPMWSC 2,021 2,610 30 99 37 102 8 15 Low
Corinth WSC 1,170 1,511 0 23 0 27 2 6 High
Crooked Creek WSC 932 1,204 21 56 59 59 5 6 High
Edom WSC 1,372 1,771 34 86 43 86 4 15 High
Fruitvale WSC 4,010 5,179 119 269 129 301 5 3 High
Little Hope-Moore WSC 2,211 2,855 78 161 113 188 7 3 Moderate
Wood County
Mineola 6,814 6,858 374 360 403 403 15 15 Low
Yantis 633 637 20 18 38 38 6 3 Moderate

* Ratings for Relative Estimated Likelihood to Use Deep-Well Injection Concentrate Disposal Based on Proximity to Oil/Gas Reserves is based on the following:

High: 0 - 5 miles; Moderate: 5 - 10 miles; and Low: >10 miles, from known ail and gas reserves.
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4.0 COMPARISONS OF BRACKISH WATER COSTS

This section will discuss typical capital and annual operations and maintenance costs of
treating brackish groundwater. Comparisons to other alternatives will be discussed
within the case studies and current national average water rates will be presented. Most
desalination costs presented herein are specific to the reverse osmosis (RO) process of
treatment as the vast majority of brackish groundwater is treated in this manner. Primary
cost constituents will be evident in the cost comparisons.

4.1 TWDB Commissioned Reports

First to be considered in this section is the cost analysis of groundwater desalination
methodology of LBG-Guyton Associates report Brackish Groundwater Manual for Texas
Regional Water Planning Groups, February 2003, to the TWDB. The methodology in the
Guyton report is largely supported by Desalination for Texas Water Supply, by HDR and
others, August 2000, also a TWDB commissioned report. Findings of NRS Consulting
Engineers work in the Rio Grande Valley supplements the Guyton report.

A costs overview and general estimated range of costs based on the Guidance Manual for
Reverse Osmosis Desalination Facility Permitting Requirements in Texas, by R.W. Beck,
Inc., from November 2004 will be included. Additionally, information from Guidance
Manual for Brackish Groundwater Desalination in Texas, an NRS authored report to
TWDB from April 2008. This report presents cost data from the North Cameron
Regional Water Supply Corporation RO project 2007 completed project. Reference was
also made to Desalination Handbook for Planners, 3™ edition, U.S. Department of the
Interior Bureau of Reclamation, July 2003.

Case studies from the City of Clarksville City, City of Tatum and the Southmost
Regional Water Authority will be examined. Information for these entities was obtained
by personal communications and published reports.

4.2 Cost Analysis for Treatment of Brackish Groundwater -
Methodologies from Guyton 2003 and HDR 2000 Reports

HDR 2000 presents detailed information about capital and construction and operation and
maintenance (O&M) costs for brackish groundwater desalination facilities. The report
gives costs estimates for essential elements of a desalination system. Referenced figures
from HDR 2000 and Guyton 2003 are included herein. Additional information may be
gained by reviewing the reports in their entirety, especially HDR Section 6 — Costs of
Water Desalination Using Membranes and Guyton Section 4.0 Cost Analysis of
Groundwater Desalination.

HDR survey responses to reasons for constructing membrane facilities included the
following as reasons that desalination was used (specific response numbers are shown in
parentheses): TDS (11); TDS and hardness (3); arsenic (1); and, sulfate and radionuclides

).
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Survey responses to concentrate disposal methods included the following: ocean outfall
(5); surface water discharge (3); groundwater injection (1); discharge to sanitary sewer
(3); and, percolation plus evaporation (4).

Capital and O&M costs are aggregated into one cost curve representing total treated
water unit cost for membrane desalination. This is shown in Figure 24 on the following
page. The total capital cost was divided by the present plant capacity to yield the unit
cost for plant construction in dollars per gallon per day ($/gpd). Annual debt service was
computed using 8 percent over a 20-year period.

The Guyton 2003 report provided simple formulas for the calculation of the data found in
the HDR report. The formula for total treatment cost (TTC) based on plant capacity, for
year 2000 US dollars, is shown in Equation 1 below, by Guyton 2003, based on HDR
2000 (Figure 1 in this report):

Equation1: TTC=-0.071C +2.43
where:
TTC = total treatment cost in $/Kgal
C = plant capacity in MGD

Their total treated water cost are the sum of the amortize capital costs and the O&M
costs. Capital was amortized over 20 years at 8% interest. The above relationship was
developed without consideration of TDS concentration in the brackish groundwater and
was based on 2000 dollars.

In 2000, two relevant costs indices were:

Engineering News Record Construction Cost Index: 6221
Engineering News Record Building Cost Index: 3539

The same indices for November 2008 are estimated to be:

Engineering News Record Construction Cost Index: 8602
Engineering News Record Building Cost Index: 4847

The average factor of these two national indices is 1.38. Therefore, a factor of 1.38 has
been applied to the surveyed costs compiled in the HDR report. The HDR survey
consisted of 11 desalination plants, ten of which use the RO process and one using the
electrodialysis reversal (EDR) process. It gives an approximate range of total treated
water costs of $1.50/Kgal to $2.75/Kgal (2000 U.S. dollars). In 2008 US dollars this
equates to $2.07/Kgal to $3.80/Kgal.

Using Equation 1 methodology for a system with 1 MGD capacity yields a TTC of

$2.36/Kgal. Multiplying $2.36 by 1.38 to adjust for 2008 dollars equates to $3.26/Kgal.
One MGD equates 365 MG/year, or 365,000 1000 gallon units. Therefore, TTC for one
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year equals $3.26/Kgal multiplied by 365,000 Kgal equaling $1,189,900 in annual costs.
Using Figure 1 below one would extrapolate approximately the $2.36/Kgal figure above
and then convert it to 2008 dollars.
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Figure 24: Total Treatment Cost for Brackish Groundwater Desalination
(HDR 2000)

A more complete picture of cost may be gained by referring to the original reports for
complete discussions of the assumptions incorporated into the above and forthcoming
analyses.  Additionally, TDS levels, operating pressures, site specific conditions,
technological advances, disposal options, regulations and fluctuating energy and
construction costs will greatly influence the approximate estimation tools presented in
this section.

A table presented in HDR 2000 is shown below (Table 5) varies slightly from the above
discussion in that its range of total treatment costs is $0.71/Kgal to $2.37/Kgal, which
equate to $0.98/Kgal to $3.27/Kgal in November 2008 dollars.

Therefore, combining the HDR 2000 and Guyton 2003 methodologies the NETRWPG
should expect that the range of total treatment cost would be $0.98/Kgal to 3.80/Kgal in
November 2008 dollars. Considering increasing construction costs and this current
economic period, costs should be in the upper reaches of this range. As will be discussed
later, the City of Clarksville City is experiencing costs above this range for an entirely
new facility.
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Brackish Water Treatment Costs
for Water Needing Minimal Pre-Treatment

Estimated Estimated Estimated Estimated Estimated Estimated
Costs Costs Costs Costs Costs Costs
Item 0.1 MGD 0.5 MGD 1MGD 3 MGD 5 MGD 10 MGD

Water Treatment Plant $478,000 $1,077,000 $1,823,000 $3,948,000 $5,718,000 $9,097,000
Engineering, Legal Costs and Contingencies (35%) 167,000 377,000 638,000 1,381,000 2,001,000 3,184,000
Interest During Construction (1 years) 29,000 65,000 __109,000 237,000 343,000 546,000
Total Project Cost $674,000 $1,519,000 $2,570,000 $5,564,000 $8,062,000 $12,827,000
Annual Costs
Debt Service {6 percent for 30 years) $49,000 $110,000 $187,000 $404,000 $586,000 $932,000
O&M - Water Treatment Plant 37,544 112,103 209,522 541,840 864,519 1,647,977
Total Annual Cost $86,544 $222.103 $396,522 $945,840 $1,450,519 $2,579,977
Available Project Yield (acft/yr) 112 560 1,120 3,360 5,601 11,202
Annual Cost of Water ($ per acft) $773 $397 $354 $281 $259 $230
Annual Cost of Water {$ per 1,000 gallons) $2.37 $1.22 $1.09 $0.86 $0.79 $0.71

Nofes:

TDS range from 1,000 mg/L to 3,000 mg/L, Feedwater pressure 300 psi, Recovery Rate 80%, Power cost $0.06 per kwh,
Costs Not Included: Source Water Development, Concentrate Disposal, Finished Water Storage and Pumping, Distribution, Environmental/Archaeology, Land Acquisition, and

Surveying




4.2.1 Capital Costs

Figure 25 is presented in the HDR and Guyton reports. It illustrates the estimated capital
costs associated with brackish groundwater desalination in year 2000 dollars. A
comparative range of values in 2008 dollars is approximately $2.76/gpd to $5.52/gpd.
Again, it should be noted that the Figure 25 represents 11 desalination facility
respondents.
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Figure 25: Capital Costs Associated with Brackish Groundwater Desalination
(HDR 2000)

4.2.2 Operation and Maintenance Costs

Figure 26 (HDR 2000) illustrates the estimated O&M costs associated with brackish
groundwater desalination in 2000 dollars. In 2008 dollars this represents a range of
$0.83/Kgal to $2.21/Kgal. The estimate of operation and maintenance costs includes the
cost of personnel, chemicals, power, membrane parts replacement, and concentrate
disposal. Again, TDS concentration will be a primary determinate of O&M costs.
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Figure 26: O&M costs for Brackish Groundwater Desalination
(HDR 2000)

4.2.3 Energy Costs

Guyton 2003 and other reports indicate that one of the most significant cost factors for
brackish groundwater desalination is the cost of energy to force brackish groundwater
through the membranes. The higher the TDS level the higher the energy costs. Figure 27
shows circa 2003 data compiled by NRS Consulting Engineers indicating the effect of
variable power costs on the total energy costs required to treat 3,000 mg/L TDS source
water. Recent advances in energy recovery of these systems can lower the power cost of
the facility. In addition, energy deregulation allows for shopping of power for lower costs
(Guyton 2003).
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Figure 27: Recent Data (circa 2003) indicating the Effect of Power Costs for
Treating 3,000 mg/L Brackish Groundwater
(Guyton 2003; Data Compiled by NRS Consulting Engineers)

4.2.4 Cost of Wells for Source Water

In their February 2003 study, LBG-Guyton Associates created a table to roughly estimate
the costs associated with additional wells or well field development (Table 6). Pursuant
to the Guyton 2003 report, these cost relationships are “rule-of-thumb” in nature and they
represent construction methods required for public water supply wells. As Guyton states,
“The cost relationships do not include engineering, contingency, financial and legal
services, land costs, or permits. A more detailed cost analysis should be completed prior
to developing a project.”

Additionally, Guyton reported, “The generic cost relationships are developed for wells of
different well casing diameter. A cost relationship was developed for wells ranging from
6 to 16 inches in diameter and each relationship includes the variables for discharge and
well depth. The pump costs assume that the pump is set at 300 feet below ground surface
and that the lift is 300 feet. Pump depth and lift requirements will vary in each situation
and may need to be adjusted for individual projects.”

53



Table 6: Estimated Well Costs for Brackish Water Production Wells (Guyton 2003)

Well Diameter | Typical Production Estimated Cost (2002 $)
(inches) Range (gpm) a=production rate (gpm). b= well depth (feet)
6 25-150 7000 + 68a + 60b
8 150-300 10000 + 65a + 140b
10 300-500 15000 + 63a + 180b
12 500-800 20000 + 60a + 225b
16 800-2000 22000 + 60a + 320b

Using the cost relationships in Table 6, a 700 gpm well with a total depth of 1,000 feet
would cost approximately $287,000 in 2002 dollars. The Engineering News Record
Construction Cost 2002 index was 6538, divided into 8602 (2008 index) gives the factor
of 1.32. Multiply $287,000 by 1.32 to obtain a 2008 dollars estimate of $378,840.

The costs associated with conveyance systems for multi-well systems can vary widely
based on the distance between wells, terrain characteristics, well production, and distance
to the treatment or brine disposal facility. These costs should be estimated using standard
engineering approaches and site-specific information.

4.2.5 Concentrate Disposal

Concentrate, brine or waste product is a primarily concern and cost factor for
groundwater desalination. Concentrate disposal options include the following:

Direct surface water discharge

Pre-discharge mixing

Disposal to wastewater treatment

Deep-well injection

Land application

Evaporation ponds

and innovative and emerging technologies such as,
Zero Liquid Discharge (ZLD)

Vibratory Separation Enhanced Process (VSEP)
Treatment wetlands

Other hybrid approaches

The estimated costs of some brine disposal options are highlighted below.
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The following sections 4.2.6, 4.2.7, and 4.2.8 on brine disposal and concentrate
management are excerpted from Guyton 2003, for completeness.

4.2.6 Cost Estimates for Brine Disposal Methods

USBOR 2001 documented membrane concentrate disposal practices and the regulations
that impact disposal systems and techniques. This report was based on the findings from
a detailed survey of 149 membrane plants that included 84% of the utility desalting plants
(RO, EDR, and nanofiltration) built in the United States between 1993 and 1999. The
survey also included 44% of the utility low-pressure membrane (microfiltration and
ultrafiltration) plants built during the same period. The report describes cost
considerations for concentrate disposal to deep well injection, evaporation ponds, spray
irrigation, and zero liquid discharge. Findings of the report regarding disposal via deep-
well injection and evaporation ponds are included here as a reference for planners who
need to complete preliminary cost analysis. For more details on cost estimation of spray
irrigation and zero liquid discharge, please see USBOR 2001.

4.2.7 Deep Well Injection Cost Estimates

The costs of disposal by deep-well injection are subject to many site-specific
circumstances — perhaps more so than those of any other disposal method (USBOR
2001).

Potential costs variables include those associated with site terrain, availability of water
for drilling and injection testing, subcontractors, geology, drilling difficulty, regulatory
issues, and others. USBOR 2001 describes a regression cost model to determine the total
capital cost for injection wells based on 35 case studies. It should be noted that most of
these wells are located in Florida, and the reader should be aware of any differences
which may affect these estimates by referring to the original USBOR 2001 report. The
simple formulation for estimating total capital cost for deep-well disposal is shown in
Equation 2 below:

CC =-288 + 145.9(TD) + 0.754(D) (Equation 2)
where:

CC = total capital cost ( x $1,000)

TD = tubing diameter (inches)

D = depth (feet)

Please note, 2001 Engineering News Record Construction Cost Index for 2001 was 6334.
Adjusting to 2008 requires multiplying by 1.36 (2008 index of 8602 divided by 6334
equals 1.36).

Figure 5 shows the relationship between total capital cost for deep-well disposal, well
depth, and tubing diameter. For most cost models, the size of the disposal option is based
on flow rate of concentrate. For deep-well disposal this is not always the case. Because
the material costs are not the major cost factor for the deep injection wells, there is
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relatively little penalty or additional cost for designing and building a well capable of
receiving larger flows. This might be done to allow for future plant expansion or for
future shared use of the well. If the tubing and packer requirements were not necessary
for disposal of membrane concentrate, the tubing could be removed, resulting in a much
larger capacity deep injection well — limited by the diameter of the final casing string
(USBOR 2001).

It should be noted that the cost model and regression cost equation are provided only to
obtain a preliminary level cost estimate. Site-specific conditions might significantly
change estimates for the injection well disposal costs. The availability of suitable
subsurface injection zones is a critical issue to be evaluated if deep well disposal is
anticipated for a desalination plant.
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Figure 28: Total Concentrate Disposal Cost as a Function of Tubing Diameter and Well Depth
(USBOR 2001)
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4.2.8 Evaporation Pond Cost Estimates

Evaporation ponds are a well established method for removing water from a concentrate
solution, especially in arid climates. Evaporation ponds for membrane concentrate
disposal are most appropriate for smaller volume flows and for regions with relatively
high evaporation rates, level topography, and low land costs.

Advantages of evaporation ponds include (USBOR 2001):

e Relatively easy to design and construct.

e Properly constructed evaporation ponds are low maintenance and require little
operator attention compared to mechanical equipment and approaches.

e Very little mechanical equipment is required except for pumps to convey
concentrate to the evaporation ponds.

e For small volumes of concentrate, evaporation ponds are often the least expensive
means of disposal.

Disadvantages may include:
e Requirement for large tracts of land to facilitate evaporation ponds.
e Requirement for clay or synthetic liners, which may increase the construction
costs. Leaking ponds can cause groundwater contamination.
e There is little economy of scale due to the nature of the evaporation process, and
thus, large flows, expensive land, or uneven terrain can increase the total
concentrate disposal costs.

The criteria for high evaporation rates are better met in the western half of Texas than in
the eastern portion of the state. Design and cost considerations for evaporation ponds
include determination of the evaporation rate, pond depth, land clearing, dike
construction, liner materials and construction, miscellaneous costs (fencing, roads,
seepage monitoring, etc.), operations, pond maintenance, and potential sludge removal.
Of course, the first variable to be determined for proper sizing of evaporation ponds is the
evaporation rate at the proposed facility location. The TWDB maintains an historical
database of evaporation estimates for the entire state of Texas since 1940. Design and
cost calculations should consider these data when making estimates of the pond area that
will be required to use evaporation as the concentrate disposal method. After the
appropriate pond area has been determined, the following formulas can be used to
estimate capital cost for constructing an evaporation pond disposal system. If there are
significant seasonal changes in evaporation rates, this variation would need to be
incorporated into the design.

USBOR 2001 developed a simple formulation for estimating the total area (TA) required
for the operation (with 20% contingency incorporated) can be estimated by:

TA =1.2(EA)[1 + 0.155(DH)/sqrt(EA)] (Equation 3)
where:

TA = total area (acres)

EA = evaporation area (acres)
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DH = dike height (feet)
The total unit area capital cost for evaporation pond disposal is shown in Equation 4:

UC = 5406 + 465(LT) + 1.07(LC) + 0.93(CC) + 217.5(DH) (Equation 4)
where:

UC = total unit area capital cost ( $/acre)

LT = liner thickness ( millimeters)

LC = land cost ($/acre)

CC = land clearing cost ($/acre)

DH = dike height

The total capital cost is determined by multiplying TA by UC.
Please note, 2001 Engineering News Record Construction Cost Index for 2001 was 6334.

Adjusting to 2008 requires multiplying by 1.36 (2008 index of 8602 divided by 6334
equals 1.36).
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4.3 R. W. Beck, Inc. 2004 Report — Chapter 5 Estimated Range of Costs

In 2003, TWDB commissioned a R. W. Beck, Inc. to provide a guidance manual for
permitting desalination facilities. The report was presented to TWDB in November of
2004 and is referred to as Beck 2004. Included within that manual is guidance for
estimating concept-level cost ranges for various facility configurations. A succinct table
is included in the report which highlights cost ranges for brackish water facilities in
particular (Table 7).

Beck 2004 manual states that costs were estimated on an installed basis using WTCost, a
cost-estimating program developed by I. Moch & Associates, et al. Other references
included previous reports prepared for TWDB (LBG-Guyton Associates, et al. and HDR,
et al.). The range of costs for each raw water sourcing facility, and each treatment and
brine disposal option, is minus ten percent and plus 25 percent.

Beck 2004 also qualifies their work by assuming generic site conditions are encountered
and that a conventional design-bid-build procurement process will be employed. The
report emphasizes that Site-specific conditions vary greatly and should be taken
individually into account when developing the costs for a specific project.

February 2004 was used as the base date for costs, and Engineering News Record indices
(Construction Cost, Building Cost, Skilled Labor, Materials, Steel Cost, Cement Cost and
Labor Rate) were used to standardize the costs to the base date when possible (the
approximate factor to be applied in order to achieve approximate 2008 dollar values is
1.21). The exceptions to this procedure were the adjustments of the costs for brackish
water wells and evaporation basins. In these two cases, a typical inflation rate of 2.5
percent per year was applied to the costs calculated as described.

Please note, Table 7 for brackish water facility concentrate disposal/re-use mechanisms
shows that, when they can be employed, the options for co-disposal with wastewater,
direct discharge to surface water and re-use via brine injection are much more cost-
effective than evaporation basins or deep well injection.
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Table 7: (Beck 2004)

Brackish Water Desalination Facility Feature Cost Ranges
(TDS 3,000 ppm)

Concentrate Disposal or Beneficial Re-

Facility Intake Configuration use Mechanism
Capacity  Cost Range(l) S Cost Range s Cost Range
(mgd) ($1,000) Description ($1,000) Description (S1,000)
Low High Low High Low High
3 4,091 5.625  Groundwater Wells 1.773 2438 Co-disposal with 17 24
wastewater
6,364 8.750 Direct Intake from 48 66 Deep Well Injection™® 3.293 4527
Surface Water Body
Direct Discharge to Surface 17 24
Water™
Discharge to Surface Water 17 24
after Blending with Power
Plant Discharge
Brine Lines 17 24
Evaporation Basins"” 2,545 3,500
5 5.545 7.625  Groundwater Wells 2,491 3.425 Co-disposal with 24 33
wastewater
7.273 10,000 Direct Intake from 62 85 Deep Well Injection™ 3.293 4,527
Surface Water Body
Direct Discharge to Surface 24 33
Water®
Discharge to Surface Water 24 33
after Blending with Power
Plant Discharge
Brine Lines @ 24 33
Evaporation Basins® 5.091 7.000
10 9,000 12,375 Groundwater Wells 4,773 6.563 Co-disposal with 27 38
wastewater
11,364  15.625 Direct Intake from 77 115 Deep Well Injection 3.823 5.257
Surface Water Body
Direct Discharge to Surface 27 38
Water®
Discharge to Surface Water 27 38
after Blending with Power
Plant Discharge
Brine Lines ¥ 27 38

Evaporation Basins®™ - —

(1) Includes pretreatment, RO membrane desalination, and post-treatment process cests, except costs for intake configuration; concentrate dispesal mechanism; and land
acquisition (with the exception of land for evaporation basins).

(2) Assumes a minimum well tubing diameter of six inches.

(3) Configurations using direct discharge to surface water are unlikely to meet regulatory requirements unless brackish water or seawater surface water bodies are available as
receptors.

(4) Disposal via brine lines is prohibited by regulations. Brine lines are only feasible in circumstances where concentrate has a beneficial re-use.

(5) Evapcration basins are only feasible for small brackish water facilities, due to the amount of land required. Consequently. the cost of evaporation basins for 10 mgd brackish
water facilities 13 not shown.
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4.4 Current U.S. Water Costs and El Paso’s Desalination Facility

“The annual survey conducted by the NUS Consulting Group found that the average
price for water in the United States soared by 7.3 percent for the period ending July 1,
2008.” (Reuters, September 24, 2008). As a reference, key outcomes of the 51 water
system survey are as follows:

e The average cost of water of the surveyed communities was $2.81/Kgal
e Highest price paid in survey was in Boston, MA at $5.76/Kgal
e Lowest price paid in survey was in Savannah, GA at $1.09/Kgal

The article goes on to report that since 2003 average surveyed water prices in the U.S.
have increased by nearly 30%. Additional, more than two-thirds of the surveyed cities
had increased their water charges over the past year.

It can be noted that El Paso, Texas is currently ranked fourth most economical in the
above referenced survey when combining water and sanitary sewer rates with a combined
total cost of $3.56/Kgal. El Paso-Fort Bliss is home to the Kay Bailey Hutchison
Desalination Plant, currently the largest inland desalination plant in the world, producing
approximately 27.5 million gallons of fresh water daily through desalination
(http://www.epwu.org/water/desal_info.html). The desalination facilities increase El
Paso Water Utilities' fresh water production by approximately 25 percent. Deep-well
injection was chosen in El Paso over conventional evaporation ponds as the preferred
method of handling the concentrate disposal.

4.5 Case Study A: City of Clarksville City

In 2005 the City of Clarksville City received financial assistance from the Texas Water
Development Board in the amount of $1,530,000 to finance improvements to the City’s
water system. The City of Clarksville City is located approximately five miles west of
Longview, Texas on U.S. Highway 80, with an estimated population of approximately
930 and providing service to approximately 331 residential water connections and 12
commercial water connections (approximately 243 wastewater connections).

Clarksville City investigated surface water options from Lake O the Pines and Lake
Gladewater. Groundwater with acceptable TDS levels (fresh water) was located near
East Mountain, approximately seven miles away. However, the cost of transmission of
the water to Clarksville City was greater then the cost to treat the higher TDS water that
was available much closer to the City. They opted for two well sites that were within a
half-mile of their treatment facility that contained brackish water.

Clarksville City, with assistance from Dunn Engineering Co., developed groundwater
wells in the area near the Gregg-Upshur County boundary and constructed a reverse
osmosis (RO) water treatment plant. The planned project included two groundwater wells
each with a capacity of between 50 to 100 gallons per minute (gpm), two RO units, each
with an approximated treated effluent (product water) capacity of 70 gpm for a total
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capacity of 140 gpm. However, Mr. Wendell Basham, Director of Utilities, reports that
current output is between 160 to 165 gpm, on average. In addition, the project involved
the construction of two 65,000 gallon ground storage tanks, high service pumps, and a
supervisory control and data acquisition (SCADA) system. Mr. Michael Dunn, P.E.,
reported that the project received favorable bid prices as the project was advertised and
opened shortly before the effects of Hurricanes Katrina and Rita began to elevate
construction materials costs.

An additional important note, in early 2008 the City won best tasting water in Texas
competition sponsored by the local chapter of the American Water Works Association
and went on to compete nationally with 14 other entrants. Another important element to
this system is that the RO concentrate is discharged directly to the sewer system (City of
Gladewater).

Mr. Billy Silvertooth, City Manager for Clarksville City, provided the below costs (Table
8) that represent this project and production of 30 million gallons of water annually with
a $3.49/Kgal cost.

Table 8: City of Clarksville City WTP Annual Costs

Description Annual Costs $/Kgal Costs
Loan Repayment, 30 yrs. $104,736 $3.49
O&M items

Labor $12,045

Electric $17,790

Anti-scalant $6,334

Caustic Soda $2,704

Chlorine $1,823

Pre-Filters $988
Subtotal $1.40
Total Annual Cost $146,420 $4.89

Ms. Leisa Richardson, City Secretary, provided City of Clarksville City water rates,
effective August 1, 2008 (Table 9).

Table 9: City of Clarksville City Current Water Rates

For Customers inside the City For Customers Outside the Corporate
Limits of the City

Gallons Rate, $/1,000 gal Gallons Rate, $/1,000 gal

0 $15.00 (minimum) |0 $22.50 (minimum)

1-5,000 $4.00 1-49,999 $5.25

5,000 — 9,999 $4.25 50,000 — 79,999 $6.75

10,000 — 14,999 $4.30 80,000 and over $7.75
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15,000 — 19,999

$4.50

20,000 - 24,999 $4.60
25,000 — 49,999 $4.75
50,000 - 79,999 $5.00
80,000 and over $5.50

Plus an additional charge of $15.00 for all
water taps with more than one connection

Plus an additional charge of $22.50 for all
water taps with more than one connection

In their circumstances, the City of Clarksville City found that desalting local brackish
groundwater provided the most cost-effective water treatment scenario.

4.6 Case Study B: City of Tatum

The City of Tatum, Texas is located in Rusk County, approximately 20 miles southeast
of Longview and in the Region | Water Planning Group. In 1999, in order to reduce the
level of sodium and TDS in their water that were exceeding the Texas Commission on
Environmental Quality (TCEQ) drinking water standards the City chose to retrofit its
water system by adding a RO treatment facility. This project was partially funded by a
grant from the Texas Department of Housing and Community Affairs to the City of
Tatum.

The City of Tatum system consists of a 0.288 million gallons per day (MGD) water
treatment plant consisting of three groundwater wells, two ground storage tanks,
chlorination, four high service pumps and two elevated storage tanks. The existing
groundwater qualities are shown below in Table 10:

Table 10: Water Quality Analysis of City of Tatum’s Wells 1, 2, and 3

PARAMETER CONCENTRATION

Well | Well 2 Well 3 Composite
Chlorides (mg/L) 140 230 240 214
Sodium (mg/L) 322 413 431 399!
pH 8.7 8.65 8.7
Silt Density Index (SDI) 0.22 0.2 0.21
Total Alkalinity (mg/L) 496 579 556 551
Total Dissolved Solids (mg/L) 911 1,206 1,126 1,107°

Note: 1: Exceeded TCEQ standard of 200 mg/L Sodium.
Note: 2: Exceeded TCEQ standard of 1,000 mg/L TDS.

The engineering consultants, Nish Vasavada, P.E and Walter T. Winn, Jr., P.E.,
recommended an RO unit at Plant #2, which would require the least modification as
compared to the other sites (EDR was determined not to be as cost effective as RO
treatment). A 200 gpm unit was recommended over a 100 gpm unit because the larger
unit produced a better blended quality of water and would also satisfy 90% to 100% of
Tatum's future water demand. Skid-mounted prefabricated RO units were specified in
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the contract.

A percentage of the well water is treated and achieves a reduced TDS level of 50 mg/L
TDS. A portion of this same well water (25%) is bypassed and it is blended to achieve a
final TDS of approximately 250 mg/L, significantly lower than the State standard of
1,000 mgl/L.

The total cost of the recommended system including engineering, grant administration
and construction was $570,000 (equivalent 2008 dollars is $786,600). The project
included a skid-mounted RO system, 600 square feet RO building, variable speed drive
pumps, sodium bisulfate feed system, a 50,000 gallon ground storage reservoir, 1,000
feet on 8-inch PVC piping, valves, flow meters and instrumentation. The concentrate
waste is disposed of in the City of Tatum sanitary sewer system. The project was
designed and completed in 11 months.

Annual Operating Cost
Approximate operating costs from March of 2001, three months after start-up, are as
follows:

Table 11: City of Tatum Annual Operating Costs

DESCRIPTION ANNUAL COST
Maintenance $10,000
Replacement of Membrane Elements  ($10,000
($40,000 every four years)

Power to Operate RO Unit $20,000
Chemicals $7,000
Mal_ntenance, Supplies,  Cleaning, $10.000
Service

Labor No increase
Total Annual Operating Cost $47,000
2,?)\mortlzed Capital Cost (7% Interest, $52.000

yr. Period)

Total Annual Cost $99,000
Cost per 1000 Gallons* $0.94

* Based on 0.288 MGD, or 105 million gallons per year, and approximately 510 connections

In summary, the City of Tatum’s option to retrofit an existing facility with an RO proved
to be an acceptable and cost effective solution to improving its existing water quality at
an additional $0.94 per 1,000 gallons, $1.28 in 2008 dollars. Mr. Michael Morton,
Utilities Director for the City of Tatum, reports that the system is working well and
customers are satisfied with the water quality.
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4.7 Case Study C: Economic Implications of Conventional Water
Treatment Versus Desalination: A Dual Case Study

“Economic Implications of Conventional Water Treatment Versus Desalination: A Dual
Case Study” (Rogers et al., 2008) is a report authored by Texas A&M University’s
Department of Agricultural Economics and AgriLife Research and Extension Center, and
the Texas Water Resources Institute (Rogers, Sturdivant, Rister, Lacewell and Harris),
supported by Rio Grande Basin Initiative with funds provided by the Cooperative State
Research, Education, and Extension Service, U.S. Department of Agriculture. It is a very
pertinent study to this report as it compares a conventional water system to a desalination
system with similar geographic location and construction periods relatively close in time.

The conventional surface-water system analyzed in this report is the McAllen Northwest
facility near McAllen, Texas and the desalination facility analyzed is the Southmost
Desalination facility near Brownsville, Texas. The authors sought to achieve an equitable
comparison by combining Capital Budgeting — Net Present Value (NPV) with the
calculation of annuity equivalent measures. They used two independent spreadsheet
models, CITY H,0 ECONOMICS® and DESAL ECONOMICS®. Likely production
efficiencies were applied to establish typical daily usage for the two plants, which
resulted in the benchmarks of 6.435 MGD (7,208 ac-ft/yr.) for McAllen Northwest and
5.1 MGD (5,713 ac-ft/yr.) for Southmost.

Both facilities are new, not additions to existing facilities. However, it was necessary for
the McAllen facility to acquire water rights for Rio Grande River water. Initial
construction costs for both facilities were obtained and converted to 2006 dollars (Table
12 and Table 13). Capital replacement costs are depicted in Table 14, in 2006 dollars
and compounded at slightly more than 2.0% for annual inflation.
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Table 12. Initial Construction and Annual Continued Costs for the Ten Segments of
tha MecAllen Ninrthwect Facilitv. 2007 (Roners at al 2008\ 2

Facility Segment

Initial Construction/
Investment Costs

Continued Costs (annual)

1) Water Rights/Raw Water Intake/Reservoir
2) Pre-Disinfection

3) Coagulation/Flocculation

4) Sedimentation

5) Filtration/B ackwash

6) Secondary/Disinfection

7) Sludge Disposal

8) Delivery to Municipal Line/Storage

9) Operations' Supporting Facilities

10) Overbuilds & Upgrades®

TOTAL

$25,142,292
482,412
1,446,796
875,574
2,677.879
423,047
747,699
4,683,612
917,784
5,971,571

$43.368.666

$618,664
398,911
71,065
35,838
36,221
156,457
107,193
212,345
101,923
28,306

$1.766,923

* Values are in 2006 dollars.

Represents construction beyond the necessities and captures “elbow room” for future expansion.

Table 13. Initial Construction and Annual Continued Costs for the Seven Segments

of the Southmost Desalination Facility, 2007 (Sturdivant et al. 2008).?

Facility Segment

Initial Construction/

Investment Costs

Continued Costs (annual)

1) Well Field
2) Intake Pipeline
3) Main Facility
4) Concentrate Discharge
5) Finished Water Line & Tank Storage
6) Delivery Pipeline
7) Overbuilds and Upgrades b
TOTAL

$7.768,525
1,979,682
9,554,574
57.363
963,506
1,698,501
4,168,843
$26,190,993

$383,935
4,283
994,494
3.871
70,424
187,408
80,686
$1,725,101

* Values are in 2006 dollars.

Y{cprcscnrs construction beyond the necessities and captures “elbow room” for future expansion.
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Table 14. Capital Replacement Items, Occurrence, and Costs for the McAllen
Northwest and Southmost Desalination Facilities, 2007 (Rogers et al. 2008 and
Sturdivant et al. 2008).

Facility Frequency of No. of Items Replaced
Capital Item Replacement Cost per Item each Occurrence

McAllen Northwest (Conventional)

SCADA Upgrades® 5 years $75,000 1
Anthracite 2 years 15,000 1
High Speed Pump 18 years 45,000 3
Trucks 7 years 16,000 2
Chemical Feed Pumps 5 years 3,750 4
Turbidity Meters 6 years 2,500 6

Southmost (Desalination)

Well / Pumps 3 years 10,000 20
Membranes 6 years 700,000 1

* SCADA is an acronym for ‘Supervisory Control and Data Acquisition’ “which is the hardware and software
technology which collects data from sensors at remote locations and in real time sends the data to a
centralized computer where facility management can control equipment/conditions at those locations”
(Sturdivant et al. 2008).

The NPV for the two facilities over the 50-year life, in real 2006 dollars, totals
$79,167,566 for the McAllen Northwest facility and $65,281,089 for Southmost
Desalination facility (Table 15). The water production of this period for the two facilities
equates to 143,164 ac-ft and 118,745 ac-ft, respectively (Table 15). This translates to a
per unit life-cycle cost of $771.67/ac-ft/yr ($2.3682/Kgal/yr) for McAllen and
$769.62/ac-ft/yr ($2.3619) for Southmost (Table 15). Table 16 presents percentage of
total costs for the major cost categories. Table 17 is a breakout of specific O&M cost
items.
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Table 15: Aggregate Results for Costs of Production at the McAllen Northwest and Southmost Facilities, 2007.2

MecAllen Northwest Nominal

MeAllen Northwest Real Value®

Southmost Nominal Value

Southmost Real Value®

Results Units 2006 Value (Conventional ) (Conventional) 2006 (Desalination) {Desalination )
Initial Construction/ Investment Costs 2006 dollars 543 368,658 526,190,993 526, 190,993
NPV of Total Cost Stream 2006 dollars §207,706,012 5195914480 565,281,084
- annuity equivalent $/vear MNIA N/A 54,201,075
Water Production ac-fi (lifetime) 360,406 241,349 118,745
= annuity equivalent ac-ftiyear MiA NiA 5400
Water Production 1,000-gal (lifetime) 117,438,750 94.936,500 38,695,220
- annuity equivalent 1,000-gal/vear NIA N/A 17749, 196
Cost-of-Producing Water S/ac-ftiyear N/ N/ A £769.62
Cost-of-Producing Water §1,000-gal'vear N/A N/A 32.3619

*  The results of this table are considered the baseline analysis of the facilities in their current operating state, i.e., using current production efficiency level (78% for MeAllen Northwest and 68%
for Southmaost), 2006 dollars, overbuilds and upgrades are included, and a zero net salvage value is recorded for all capital items and water rights.

" Determined using a 2.043% compound rate on costs, 2 6.125% discount factor for dollars, a 4.000% discount factor for water, and a 0% risk factor (Rister et al. 2002),

Table 16: Costs of Producing Water by Cost Type for the McAllen Northwest and Southmost Facilities, 2007.

M Allen Northwest (Conventional)

Southmost {Desalination )

Annuity Annuity Annuity Annuity
NPV of Cost  Equivalent in - Equivalent in  Annuity Equivalent % of Total Equivalentin - Equivalent in Equivalent in -~ % of Total
Cost Type Shrt Slac-fuvear®  in $/1000-gal/vear® Cost Sivr” Slac-ftivear”  §/1000-galivear  Cost®
Initial Construction’ Investment
fHat Lonstruction” nvestmen $43.368,658  §2,782,702 §422.72 $12073  54.89% $1,685,486 $308.77 $0.0476  40.1%
-Waier Rights Purchase 20404 541 1,309,277 19889 0.6i04 23.8% Ned Mid Nid Ned
Continued Costs 35,093,723 2,251,823 342.07 1.0498 44.3% 2,293,151 420.10 1.2892 54.6%
Capital Replacement 705,185 45,249 6.48 0.0211 0.9% 222,438 40.75 0.1251 5.3%
Total §79,167,566 5,079 864 §771.67 §2.3682 100.0% 54,201,075 576962 §2.3619 100%%

*  The results of this table are considered the baseline analvsis of the facilities in their current operating state, i.e., using current production efficiency level (78% for McAllen Northwest and 68%
for Southmost), 2006 dollars, overbuilds and upgrades are included, and a zero net salvage value is recorded for all capital items and water rights.

Determined using a 6.125% discount factor for dollars (Rister etal, 2002).



Table 17. Costs of Producing Water by Continued Cost Item for the McAllen
Northwest and Southmost Facilities, 2007.2

Annuity Annuity % of
Facility NPV of Cost Equivalent in Equivalent in Annuity Equivalent ['otal
O&M Cost Item Stream” Siyr" S/ac-ft/year” in $/1,000 galiyear” Cost
McAllen Northwest (Conventional)
-Energy §7.239.217 $464,511 $64.75 $0.1987 10.0%
-Chemicals 5,789,663 371,499 51.79 0.1589 8.0%
-Labor 7,124,847 457,173 63.73 0.1956 9.8%
-Raw Water Delivery 9472261 607,797 92.33 0.2833 12.0%
-All Other 3,270,998 209,887 29.26 0.0898 4.5%
Southmost (Desalination)
-Energy 16,862,411 1,085,157 198.80 0.6101 25.8%
-Chemicals 5,090,723 327,607 60.02 0.1842 7.8%
-Labor 7615483 490,084 89.78 0.2755 11.7%
-All Other 4,368,142 281,106 51.50 0.1580 6.7%

* The results of this table are considered the baseline analysis of the facilities in their current operating state, i.e., using current production
efficiency level (78% for McAllen Northwest and 68% for Southmost), 2006 dollars; overbuilds and upgrades are included; and a zero net
salvage value is recorded for all capital items and water rights.

" Determined using a 6.125% discount factor for dollars (Rister et al. 2002).

However, Rogers and others 2008 goes on to recognize that there are shortcomings
associated with some of the basic assumptions in the above calculations and comparison.
These include the following:

1) assuring all financial calculations are determined in common time;

2) level annual production at 85% in accordance with the Rule of 85;

3) ignore overbuilds and upgrades intended to facilitate other functions and/or future
expansions;

4) assume capital assets have a net salvage value of zero; and,

5) applying similar water quality standards

Incorporating the above-noted issues Rogers and others modified results net $649.67/ac-
ft/yr ($1.9938/Kgal) for McAllen and $615.01/ac-ft/yr ($1.8874/Kgal) for Southmost
(Table 15). Tables 16 presents the percentage of total costs for the “modified” major cost
categories and Table 17 is a breakout of specific “modified” O&M cost items.

An important footnote to the modified calculation is that Section 49.507 of Senate Bill 3
passed by the Texas Legislature in 2007 states that municipalities are now only required
to pay 68% of the market value for water rights converted from agriculture to municipal
use after January 2008 (Texas Legislature Online 2007). If the cost of water rights were
reduced to 68% of the original price ($2,300/ac-ft) the new price would be $1,564/ac-ft,
resulting in a new modified operating state of $591.27/ac-ft/yr ($1.8145/Kgal).
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Table 18. “Modified” Aggregate Results for Costs of Production at the McAllen Northwest and Southmost Facilities, 2007. ¢

MeaAllen Morthwest Nominal

McAllen Morthwest Real Value "

Southmost Nominal 2006 Southmost Real Value”

Results Units 2006 Value (Conventional) (Conventional) Value {Desalination ) (Desalination )
Initial Construction/ Investment Costs 2006 dollars $37,397,088 §37.397,088 $22,022,150 $22,022,150
NPV of Total Cost Stream _ _
2006 dollars 5199,159.431 872633777 5200, 425,179 565,208,300
- annuity equivalent S/ vear N/A 54660618 N/ A 54,196,391
Water Producti
er Production ac-ft (lifetime) 392,750 156,012 164,187 148,431
= annuity equivalent ac-ftiyear N/A T.174 N/A 6,825
Water Production 1,000-gal (lifetime) 127,978,125 50,836,718 118,670,625 48,360,525
- ity ivalent 1,00 0-gal'y N/A
annuity equivalen . galyear ! 2,337,580 2.223,99%
Cost-of-Producing Water S/ac-ft/vear M/ A $649.67 M/A $615.01
Cost-of-Producing Water 3 1,000-galivear N/A 51,9954 MN/A S1.ERT4

*  The results of this table are considered the adjusted analysis of the McAllen Northwest and Southmost facilities in their modified operating state, i.e., 85% efficiency production, 2006 dollars,
overbuilds and upgrades are not included, and a zero net salvage value is recorded for all capital items and water rights.

" Determined using a 2.043% compound rate on costs, a 6.125% discount factor for dollars, a 4.000% discount factor for water, and a 0% risk factor (Rister et al, 2002).

Table 19. “Modified” Costs of Producing Water by Cost Type for the McAllen Northwest and Southmost Facilities, 2007.%

Me Allen Morthwest (Conventional)

Southmaost | Desalination)

e i a\.n..nuity. ) .-‘\_rLrlult}-‘_ Annuity Equivalent . e ) .-‘\_rLrlult}-‘_ i a\.n..nuity. Equivalentin .
) MNPV of Cost  Equivalent in  Equivalent in in $/1000-galiyear °° of Total NPV of Cost Equivalent in - Equivalent in $/1000-gal'year Ya of Total
Cost Type Stream " Slyr® S/ac-ft/vear B Cost Stream "™ Sivr® §/ac-ft'year ® i Cost
Initial Construction Investment $37.397.088 52,399 762l $344.50 §1.0265 51.5% §$22,022,150 1,417,205 5207.70 50,6374 338%
-Water Rights Purchase 20404 541 1309277 182.51 03601 28.1% MNid Nid Nid Nid Nid
Continued Costs 35,003,723 2,215,748 30887 0.9479 4735% 39,729,651 2,356,747 37471 11499 60.9%
Capital Replacement 705,185 45244 6.30 00194 0.9% 3456499 222,438 32.60 0. 1000 5.3%
Total §72,633,777 54660618 5649.67 519938 100 0% 565208300 54,196,391 5615.01 518874 100%s

" The results of thistable are considered the adjusted analysis of the McAllen Northwest and Southmost facilities in their modified operating state i e., 85% efficiency production, 2006 dollars,
overbuilds and upgrades are not included, and a zero net salvage value is recorded for all capital items and water rights,

' Determined using a 6.125% discount factor for dollars (Rister et al. 2002).



Table 20. “Modified” Costs of Producing Water by Continued Cost Item for the McAllen

Northwest and Southmost Facilities, 2007.2

Annuity Annuity Annuity % of
NPV of Cost Equivalent Equivalent in Equivalent in Total
O&M Cost Item Stream * in $/yr® $/ac-ft/year® $/1,000 galiyear® Cost

McAllen Northwest (Conventional)
-Energy $7.239,217 $464,511 $64.75 $0.1987 10.0%
-Chemicals 5.789.663 371.499 51.79 0.1589 8.0%
-Labor 7.124,847 457,173 63.73 0.1956 9.8%
-Raw Water Delivery 9,472,261 607,797 84.72 0.2600 13.0%
-All Other 3.270.,998 209,887 29.26 0.0898 4.5%

Southmost (Desalination)

-Energy 21,078,014 1,356,447 198.80 0.6101 32.3%
-Chemicals 6,363,404 409,508 60.02 0.1842 9.8%
-Labor 7.615.483 490,084 71.83 0.2204 11.7%
-All Other 2.780.863 178.959 26.23 0.0805 4.3%

* The results of this table are considered the adjusted analysis of the McAllen Northwest and Southmost facilities in their modified operating
state (i.e., 85% efficiency production, 2006 dollars, overbuilds and upgrades are not included, and a zero net salvage value is recorded for all

capital items and water rights).

" Determined using a 6.125% discount factor for dollars (Rister et al. 2002).
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5.0 CONCLUSIONS

The NETRWPA has an abundant source of brackish groundwater. Published studies have shown
that total treatment costs of brackish groundwater now generally range from about $0.98/Kgal to
$3.80/Kgal. However, an actual case study in East Texas has shown the cost to be $4.89/Kgal.
Brackish groundwater is becoming more economical and technically feasible it generally is still
more expensive than current methodologies because it requires additional treatment and disposal.

In some cases the use of brackish groundwater becomes the most cost-effective alternative. This
was shown to be the case for the City of Clarksville City where the closest freshwater encountered
was approximately seven miles away as well as in many areas where brackish groundwater is the
only groundwater available, for example in many of the areas of the Gulf Coast and in some areas
of West Texas. The City of Tatum had an existing condition where two of three wells were
exceeding TCEQ maximum standards of TDS and sodium. Tatum retrofitted their existing water
treatment facility with RO units and utilized blending for an additional cost of approximately one
dollar per 1,000 gallons produced and are know producing TCEQ compliant water.

Disposal of concentrate can be a significant cost element of brackish groundwater treatment. This
is especially true if there is not a sanitary sewer system in the vicinity that can accept the waste
product. Scientific studies have shown that deep-well injection is a feasible and environmentally
safe option. However, the permitting process remains time-consuming and therefore costly.
Significant progress must be made in the permitting process of well injection in order for it to
become economically feasible for small water user groups.

The prevalence of brackish groundwater does appear to diminish the likelihood that freshwater
sources are readily encountered, which appears to be the case in the vicinity of the City of
Clarksville City (Gregg Co.) and the City of Tatum (Rusk Co., Region I). It should also be noted
that the City of Clarksville, in Red River County, and a private well on the border of Red River
and Bowie counties are also encountering brackish groundwater. While City of Clarksville is not a
WUG with an identified actual shortage, they remain very interested in providing a higher factor of
safety in both quantity and quality for their customers by supplementing their wells with RO
treatment. Based on verbal reports from the City’s Director of Water and Wastewater, it is
recommended that a brackish groundwater project for Clarksville be examined further.

In addition to small and medium sized water suppliers, El Paso-Fort Bliss’ Kay Bailey Hutchison
Desalination Plant is an excellent example of large scale use of inland groundwater desalination.
At a capacity of 27.5 million gallons of fresh water daily it is currently the world’s single largest
producing inland desalination plant. The facility uses the reverse osmosis technology for
desalination and handles waste concentrate disposal by deep-well injection.

Brackish groundwater in the aquifers described here is generally suitable for desalination and use
for industrial and municipal use. The groundwater at each location would require specific
assessment and treatment processes would need to be tailored for that groundwater and for the
requirements of the water user group. One consideration in treating brackish groundwater is the
disposal of the concentrate from the treatment. There are various approaches to disposal, such as
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discharge into surface water or injection, and this component of the treatment system should be
assessed as part of the overall planning of the brackish groundwater development.

While currently more expensive, the above examples demonstrate that brackish groundwater
should not be overlooked as a viable source for future water supplies. Brackish groundwater can
supplement the North East Texas water supply and potentially safeguard remaining volumes of
existing freshwater wells by augmenting their production. The State’s hydrogeology is becoming
more studied and familiar to government officials, planners, scientists and engineers. Conditions
may warrant the use of brackish groundwater as feasible, but each case will require a site-specific
hydrogeologic and engineering analyses and knowledge of current treatment technologies. The
NETRWA would benefit from continued study of desalination technology, especially of the
existing desalination facilities already in its region or nearby. Additional desalination facilities in
the area will allow the NETRWPG region to become more familiar with the technology and
process use and would be more likely to use it to supplement its growing water supply needs.

In ranking alternatives for water supply, the most cost effective option typically governs. While
economy is often the primary factor, local control can be important. Capital costs and the inertia
needed to implement a new project effect a decision to move to a new technology, especially when
regionalization is becoming more prevalent. However, in unique circumstances, and as surface
water becomes more costly and fresh groundwater diminishes, the treatment of brackish
groundwater can become a very viable option.
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7.0 APPENDIX A - WATER USER GROUPS ANALYSES TABLES

77



78



Table | — Non-Residential Users

Current Major Users Wells
Number Plan t(.) Annual Use Purchasing . .
County of Add Major Name Type Source . Number | Capacity (GPM) Depth (Ft.) Aquifer
Systems | Customers (MGlyr.) Capacity (MGlyr.)
I . . NETMWD & : :
Camp County 1 No Pilgrim Pride Corp Manufacturing 126 149.3 7 130/80/75/100 450 Carrizo-Wilcox
Groundwater
Pittsburg Hot Link Packers | Manufacturing 165/340/100 all
Franklin County 1 No Keller's Creamery Industrial 37.8 Lake Cypress Springs 222.6
Presbyterian Hospital Hospital 2.4
TDCJ Prison 16.8
Greg County 4 No Snow Max Industrial 1.3 6 110/125/80 600/600/600 Carrizo-Wilcox
650(2)/60 1000/? Carrizo-Wilcox
No Texas Eastman (Raw Water) | Manufacturing 1288.2 Lake Cherokee 3584
Texas Eastman (Treat. | o0 tacturing | 248.2 Lake Fork 1174
Water)
Rexam Manufacturing 68 Lake O'the Pines 0
Air Liquide Manufacturing 37.2 Sabine River 1132
Marathon-LeToureau Manufacturing 29.5
LeBus Manufacturing 20.3
Compressed Gas Cyclinder | Manufacturing 13.2
Trinity Industries Manufacturing 11.6
No Gas solutions Oil/Gas 19.5 City of Longview 380.65
No City of Clarksville City Wholesale 25.1 Lake Gladewater NR
Warren City Wholesale 11.5
Starrville-Friendship Wholesale 0.001
Truman in Smith Commercial 5.8
Housing Authority Commercial 3.5
Texas Die Casting Commercial 3.6
Gladewater Nursing Home Commercial 2.4
CADDAX Commercial 15
American health Care Commercial 2.3
Harrison County 1 No Trinity Industries Industrial 5 City of Longview 5 2 200/180 500/500 Carrizo-Wilcox
Hopkins County 1 No Ocean Spray Industrial 96.7 Cooper Lake 4745
Morningstar Speciality Industrial 74 Lake Sulphur Springs 3193
Kohler Mix Industrial 36.2
Dairy Farmers of America Industrial 34.6
Hop. Co. Memorial Hosp. Hospital 14.2
Flowserve Industrial 11
Hunt County 2 Yes Boles Home Wholesale 4.7 Lake Tawakoni 574
5000 Boles ISD Wholesale 3.6 NTMWD 1792 AF/Yr
Homes
Combined Consumers WSC Wholesale 1.9
Aqua Source Wholesale 9.9




Table I — Non-Residential Users (continued)

Current Major Users Wells
Number Plan to Annual Use Purchasin
County of Add Major Name Type Source . g Number | Capacity (GPM) Depth (Ft.) Aquifer
(MGlyr.) Capacity (MGlyr.)
Systems | Customers
City of Lone Oak Wholesale 20
Lone Oak ISD Wholesale 3.7
City of Quinlan Wholesale 61.4
Sabine River Authority Wholesale 0.4
Yes L-3 Communications Ind/MFG 53.9 Lake Ribitt 1.35
12-16 MGD Rubbermaid Inc. Ind/MFG 26.7 Lake Tawakoni 6.9
Fiberite Corp. Ind/MFG 14.6
Other Manufacturing Ind/MFG 31.8
Greenville Electrical Ind/MFG 145
Marion County 1 No Blackburns Syrup Manufacturing 2.4 NETMWD NR
Nexfor Norbord Manufacturing 10.2
Sonoco Manufacturing NR
Morris County 3 No (One Not Named) Manufacturing NR NETMWD As Needed
Yes Reilly Ind Manufacturing 6.1 NR Nr
No Mapa Manufactiring Manufacturing 0.02 Groundwater 5 90/32/75 360/360/360 Carrizo-Wilcao
Tamko Inc. Manufacturing 3.8 112/105 400/402 Carrizo-Wilcao
Top Hat Inc. Manufacturing 0.37
Red River County 1 No David Rozell Non— . 0.259 Lamar County ESC 54.5
Residential
12 Livestock Users Livestock 5.269
Titus County 1 No Pilgrim's Pride Industrial 1080 Lake Bob Sandlin 2750
Tri-Water Corp. Water Supply 501 Cypress Springs Lake 510
. - 3000 AF/YT
City of Winfield Water Supply 50 Lake Tankersley Backup
Upshur County 1 No The Pines Recreational 3.8 Groundwater 17 55/50/70 760/375/562 Carrizo-Wilcox
Pavement Tools MFRS Inc. Manufacturing 1.4 58/66/73/ 615/592/623 Carrizo-Wilcox
Boersma Dairy Livestock 0.6 100/155/100 650/621/770 Carrizo-Wilcox
Xavera Dairy Livestock Backup 35/50/84 490/600/650 Carrizo-Wilcox
Green Dairy Livestock 1.3 42/85/52 570/600/1153 Carrizo-Wilcox
Van Zandt County 2 No Deen Farms Dairy 1.7 Lake Fork 730 2 100/100 475/490 Carrizo-Wilcox
Chitty Nursery Plant Farm 0.5
Flory Tree Farm Plant Farm 1
Van Zandt Livestock Auction Livestock 0.5
No Wills Point ISD School 1.1 Lake Tawakoni 365
9 Commercial Commercial 1.1
Wood County 6 No Central Marble Manufacturing 0.48 Groundwater 2 1306/60 400 NR




Table I — Non-Residential Users (continued)

Current Major Users Wells
Number Plan to Annual Use Purchasing . .
County of Add Major Name Type Source . Number | Capacity (GPM) Depth (Ft.) Aquifer
Systems | Customers (MGlyr.) Capacity (MGlyr.)
No Salesman Club Manufacturing 3 Groundwater 6 225/225/300 1216/1134/925 Carrizo-Wilcox
Hawkins RV Manufacturing 1 120/200/120 464/1050/1000 Carrizo-Wilcox
Fish Haul RV Manufacturing 0.05
Hall Dairy Livestock 0.142
No Billy Mack Chamness Dairy 0.155 Groundwater 6 140/45/200 449/470/250 Carrizo-Wilcox
Dennis Fraxier RV Park 0.03 86/38/100 240/?/215 Carrizo-Wilcox
Dorthy Yarbrough Dairy 0.08
No Wood Memorial Care Center Commercial 4.3 Groundwater 3 400/600/750 290/270/260 Carrizo-Wilcox
Harvest Care Center Commercial 0.411
Mineola Packing Commercial 2.5
No Tonya McShan Livestock 1.35 Groundwater 3 125/240/340 600/619/600 Carrizo-Wilcox
No Keller's Creamery Industrial 37.8 Lake Cypress Springs 222.6
Presbyerian Hospital Hospital 2.4
TDJC Prison 16.8
Total Usage 4237.417

NR -No Response

N/A -Not Applicable




Table Il — User Types by County

County Number of WUG WL_JG wi.th Non- Re_portgd Non-
Reported Residential Users Residential Users
Bowie County 10 0 0
Camp County 3 1 2
Cass County 6 0 0
Delta County 2 0 0
Franklin County 3 1 3
Greg County 12 4 19
Harrison County 16 1 1
Hopkins County 8 1 6
Hunt County 19 2 13
Lamar County 5 0 0
Marion County 4 1 3
Morris County 4 3 5
Raines County 5 0 0
Red River County 5 1 2
Smith County 5 0 0
Titus County 5 1 3
Upshur County 10 1 5
Van Zandt County 12 2 6
Wood County 14 6 15
Totals 148 25 83




Table 111 — Summary of User Types

User Types

Number of Users

Annual Usage

(MG/Yr.)
Commercial 11 27.7
Institutional 6 53.7
Industrial 15 1555.9
Livestock/Dairy 10 11.1
Manufacturing 23 1871.0
Oil/Gas 1 195
Plant Farm 2 15
Recreational/R-V Park 2 3.8
Wholesale/Water Supply 13 693.2
Totals 83 4237.4




Table IV — County Trends of Users

Connections
. . . . . . Power
Residential Non-Residential Manufacturing Livestock . Total
Generation
System County 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003
COUNTY TOTALS Bowie 9,483 10,238 532 555 2 2 0 0 0 0 10,017 10,795
CHANGE 755 23 0 778
% CHANGE 7.96% 4.32% 0 0 0 7.77%
COUNTY TOTALS Camp 1,799 1,818 321 357 0 0 0 0 0 0 2,120 2,175
CHANGE 19 36 55
% CHANGE 1.06% 11.21% 0 0 0 2.59%
COUNTY TOTALS Cass 2,798 2,915 209 218 5 5 0 0 0 0 3,012 3,138
CHANGE 117 9 0 126
% CHANGE 4.18% 4.31% 0 0 0 4.18%
COUNTY TOTALS Delta 1,349 1,471 20 27 0 0 0 0 0 0 1,369 1,498
CHANGE 122 7 0 129
% CHANGE 9.04% 35.00% 0 0 0 9.42%
COUNTY TOTALS Franklin 5,876 6,062 405 419 35 35 40 50 0 0 6,356 6,566
CHANGE 186 14 0 10 210
% CHANGE 3.17% 3.46% 0 25.00% 0 3.30%
COUNTY TOTALS Greg 34,610 35,183 5,301 5,399 139 147 0 0 0 1 40,050 40,730
CHANGE 573 98 0 0 1 680
% CHANGE 1.66% 1.85% 0 0 0 1.70%
COUNTY TOTALS Harrison 14,481 14,828 1,222 1,261 3 3 0 0 0 0 15,706 18,543
CHANGE 347 39 0 0 0 2,837
% CHANGE 2.40% 3.19% 0 0 0 18.06%
COUNTY TOTALS Hopkins 9,606 10,241 882 882 23 24 52 39 0 0 10,563 11,186
CHANGE 635 0 1 -13 0 623
% CHANGE 6.61% 0 4.35% -25.00% 0 5.90%
COUNTY TOTALS Hunt 23,202 25,148 1,058 1,070 18 18 0 0 0 0 24,278 26,236
CHANGE 1,946 12 0 0 0 1,958
% CHANGE 8.39% 1.13% 0 0 0 8.06%
COUNTY TOTALS Lamar 17,544 18,384 35 50 0 0 0 0 0 0 17,579 18,434
CHANGE 840 15 0 0 0 855
% CHANGE 4.79% 42.86% 0 0 0 4.86%
COUNTY TOTALS Marion 2,408 2,583 1 2 2 3 0 0 0 0 2,411 2,588
CHANGE 175 1 1 0 0 177
% CHANGE 7.27% 100.00% 50.00% 0 0 7.34%




Table IV — County Trends of Users (continued)

Connections

Residential Non-Residential Manufacturing Livestock G Powe_r Total
eneration
System County 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003
COUNTY TOTALS Morris 2,882 2,774 307 289 4 4 0 0 0 0 3,193 3,067
CHANGE -108 -18 0 0 0 -126
% CHANGE -3.75% -5.86% 0 0 0 -3.95%
COUNTY TOTALS Raines 3,411 3,994 62 75 1 1 0 0 0 0 3,474 4,070
CHANGE 583 13 0 0 0 596
% CHANGE 17.09% 20.97% 0 0 0 17.16%
COUNTY TOTALS Red River 4,187 5,038 260 278 5 5 11 11 0 0 4,463 5,332
CHANGE 851 18 0 0 0 869
% CHANGE 20.3% 6.92% 0 0 0 19.47%
COUNTY TOTALS Smith 3,759 4,625 162 188 14 15 4 4 0 0 3,939 4,832
CHANGE 866 26 1 0 0 893
% CHANGE 23.04% 16.05% 7.14% 0 0 22.67%
COUNTY TOTALS Titus 5,247 5,447 37 47 0 0 0 0 0 0 5,284 5,494
CHANGE 200 10 0 0 0 210
% CHANGE 3.81% 27.03% 0 0 0 3.97%
COUNTY TOTALS Upshur 8,162 8,393 99 115 3 3 3 3 0 0 8,267 8,514
CHANGE 231 16 0 0 0 247
% CHANGE 2.83% 16.16% 0 0 0 2.99%
COUNTY TOTALS Van Zandt 10,424 13,434 206 219 179 190 4 4 0 0 10,813 13,847
CHANGE 3,010 13 11 0 0 3,034
% CHANGE 28.88% 6.31% 6.15% 0 0 28.06%
COUNTY TOTALS Wood 16,875 18,141 1,019 1,078 19 19 1 1 0 0 17,914 19,239
CHANGE 1,266 59 0 0 0 1,325
% CHANGE 7.50% 5.79% 0 0 0 7.40%
REGION D TOTALS 178,103 190,717 12,138 12,529 452 474 115 112 0 1 190,808 206,284
CHANGE 12,614 391 22 -3 1 15,476
% CHANGE 7.08% 3.22% 4.87% -2.61% 0 8.11%
NR - No Response
N/A — Not Applicable




Table V — Water Quality

Water Treatment or Purchase

Total Connections Wells
Volume
Do You Have Wells
System County 1999 2003 Treat Your Recycle Source Number | Capacity (GPM) [ Depth (Ft.) Aquifer Declined in Quantity MG/YT. Costs per 10,000
or Reuse : (Last Full Gal
Own Water or Quality Yr.)
Redwater Water | g, i 850 912 Yes No | TexarkanaWater Util. | 2 35 8100 250 & 250 Carrizo-Wilcox | ' &S (Quantity due to 85 $ 33.00
& Sewer Co. Dry Weather)
City of Bogata F';\G;gr 616 604 Yes No Groundwater 3 300/300/65 325/325/300 Nacatoch Yes (Dry) 38.2 $ 37.00
City of Clarksville Red 1,711 1,624 Yes No Langford Lake 2 320/350 302/675 Blossom Yes (Bact.ena, High 207 $ 36.00
River Sodium)
Red RlverCounty | Red 1 1844 | 1,904 Yes No Texarkana Utilities 4 170/150 550/550 Blossom No 159 $ 4350
LCWSD 150/380 500/600 | Blossom/Nacatoch | ' &S (TDS Up to Max
Well #1)
City of Gilmer Upshur 2,450 2,450 No No Groundwater 6 230/250/560 492/519/540 Carrizo-Wilcox WelIDIZSrSLaieh dave 305.8 NR
Rosewood Upshur 119 121 Yes No Groundwater 2 60/35 415/424 Carrizo-Wilcox Fall in Static Level 9.5 $ 38.20
City of Canton van 1,785 | 1,860 Yes No Mill Creek Lake 1 280 520 Carrizo-Wilcox | ' €S (Lower Pump 20 298 NR
Zandt ft.since1988)
New Hope WSC Wood 704 735 Yes No Groundwater 3 125/240/340 600/619/600 Carrizo-Wilcox Yes (40\'(‘:’3):'{' In 10 89.9 $ 39.50
Yantis WSC Wood 235 230 Yes No Groundwater 2 22/100 420/430 Carrizo-Wilcox Yes ((ég(%l )Down 24.7 $ 42.00
NR - No
Response
N/A - Not
Applicable




Table VI — Reported Expansion in Capacity

Planned Last Full
Surface | Ground i
No. of Capacity Year Year
County Water Water
Systems Svstems | Svstems Increase Planned Volume
y y (MG/Yr.) (MG/Yr.)
Cass 1 1 660 148
Franklin 1 1 391 2009 297.7
Greg 2 1 263 172.4
1 737.3 218.5
Harrison 5 1 18 66.2
4 103.7 166.3
Hunt 5 2 839.5 213.6
3 2,300 124.4
Lamar 1 1 6,124 2010 813.5
Smith 1 1 91 319.5
Upshur 5 4 930 505.3
1 52 51.8
Van
Zandt 2 1 182.5 202.2
1 12 75
Wood 5 5 258 763.6
Totals 28 12 16 12,962 4,138




Table VII — Water Costs Above $50/10,000 Gallons

Water Treatment or Purchase

Capacity Expansion

Wells Plans
Do Have
you . Wells Volume
2003 Plan tp add treat Purchaslng Capacity . Declined Planngd MG/Yr. Costs per
System County . Major Source Capacity Number Depth (Ft.) Aquifer . Source | Capacity
Connections your (GPM) in (Last 10,000 Gal
Customers (MGlyr.) . (MG/Yr.)
own Quantity Full Yr.)
water or Quality
$50+ Water
Supply
City of Reno Lamar 1,127 No No Lams\rlscgumy 102.3 1022 | $ 50.07
Tryon Road SUD Greg 1,715 No No | Groundwater 9 400/50/0 | 835/300/250 C\/\‘}‘{Igi‘)’( No tr']-:';,emoefs 737.3 2185 | $ 51.00
City of Quitman Wood 983 No Yes IEeaekseei/ooriI: 365 116 $ 51.46
City of Caddo Mills |  Hunt 461 No Yes Gr%'g“?if”e As Required %ii?r? B%anl;/”p 40.9 $ 51.84
Central Bowie Co. , Texarkana
WSC Bowie 2,280 No No Water Util. 172 172 $ 52.00
Mims WSC Marion 480 No No NETMWD 25 20 $ 52.26
City of Edgewood Z\:ﬁ?ﬂt 595 No Yes City Lake 79.2 $ 5731
City of Deport Lamar 290 No Yes Lams\rlscgumy NR 417 $ 57.50
MACBEE SUD van 2,043 No Yes Lake Fork 730 2 100/100 475/490 Carrizo- No 1715 | $ 57.99
Zandt Wilcox
. Lake
South Tawakoni van 1,372 No Yes | Lake Tawakoni 365 Tawakoni | 1825 | 2022 | $ 5879
WSC Zandt SRA
Woodland Estates Bowie 44 No Yes Groundwater 3 80/100/60 50/175/280 Wilcox No 4 $ 59.99
NR - No Response
N/A - Not
Applicable




Table VII — Water Costs Above $50/10,000 Gallons (continued)

Water Treatment or Purchase

Wells

Capacity Expansion

Plans
Do you Have
2003 Plan to add treat Purchasing Capacity D(\a/\c/:(l—:‘ilrgsed Planned \K/?él;\r;]re Costs per
System County . Major your Source Capacity Number Depth Ft. Aquifer . Source | Capacity :
Connections (GPM) in (Last Full | 10,000 Gal
Customers own (MGlyr.) . (MG/Yr.)
Quantity Yr.)
water .
or Quality
$60+ Water
Supply
Red Lamar County
410 WSC River 815 No No ESC 54.5 54.5 $ 61.29
City of Lone Oak Hunt 283 No No Cash Water 54.75 19.1 $ 61.94
Supply
Pritchett WSC Upshur 2,329 No No Groundwater 17 55/50/70 | 760/375/562 (\3/3{'23?( No 181 $ 63.32
City of Hallsville Harrison 1,074 No No Lgr:;yvgw 86 4 27/106 204/243 Carrizo No 108.4 $ 65.00
. Surface

Combined Lake

Consumers WSC Hunt 2,916 No Yes Tawakoni-SRA 547.5 V\ézg%- 839.5 172.7 $ 65.48

NR - No Response
N/A - Not Applicable




Table VIII - Summary of All Survey Items

Connections

Water Treatment or Purchase

Residential Non-Residential Manufacturing Livestock Power Generation Total Current Major Users Wells Capacity Expansion Plans
Do Have
You . Wells Volume
Plan to Add Annual Purchasing . i Planned
System County 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 Major Name Type Use Treat Recycle Source Capacity Number Capacity Depth (Ft.) Aquifer Declined Source Capacity MGlyr. Costs per
Customers (MGlyr.) Your or Reuse (MGlyr.) (GPM) in (MGlyr) (Last Full 10,000 Gal
yr- own T Quantity yr- Yr.)
Water or Quality
Central
Bowie Co. Texarkana
WsSC Bowie 1727 2196 73 84 0 0 0 0 0 0 1800 2280 No No No Water Util. 172 172 $ 52.00
Cody M. H.
Park Bowie 20 30 0 0 0 0o 0 0 0 0 20 30 No Yes No Groundwater 2 20&20 44 & 44 NR No NR NR
City of Texarkana
DeKalb Bowie 785 773 95 101 0 0 0 0 0 0 880 874 No No No Water Util. NR 73 $ 36.66
Texarkana
City of Hooks Bowie 1214 1189 50 60 0 0 0 0 0 0 1264 1249 No No No Water Util. 151 147 NR
Texarkana
City of Maud Bowie 538 527 54 45 2 2 0 0 0 0 594 574 No No No Water Util. 348.7 52.2 $ 23.60
City of New Texarkana
Boston Bowie 2178 2230 245 245 0 0 0 0 0 0 2423 2475 No No No Water Util. 355 350 $ 35.09
Oak Grove Texarkana
WSC Bowie 267 271 0 0 0 0 0 0 0 0 267 271 No No No Water Util. 24 18 $ 39.50
Yes
Redwater (Quantity
Water & Texarkana due to Dry
Sewer Co. Bowie 835 892 15 20 0 0 0 0 0 0 850 912 No Yes No Water Util. 54.6 2 35 &100 250 & 250 NR Weather) 85 $ 33.00
City of Wake Texarkana
Village Bowie 1889 2086 0 0 0 0 0 0 0 0 1889 2086 No No No Water Util. As Required 207 $ 27.74
Woodland
Estates Bowie 30 44 0 0 0 0 0 0 0 0 30 44 No Yes No Groundwater 3 80/100/60 50/175/280 Wilcox No 4 $ 59.99
Cherokee Carrizo-
Point Camp 47 63 0 0 0 0 0 0 0 0 47 63 No Yes No Groundwater 1 125 362 Wilcox No 3.8 $ 49.18
City of Pilgrim Pride NETMWD & Carrizo-
Pittsburg Camp 1457 1555 321 357 0 0 0 0 0 0 1778 1912 No Corp Manufacturing 126 Yes No Groundwater 149.3 7 130/80/75/100 450 Wilcox No 362 $ 32.15
Pittsburg Hot
Link Packers Manufacturing 165/340/100 all
Alpha Utility
of Camp Co. Camp 295 200 0 0 0 0 0 0 0 0 295 200 No Yes No NR NR NR 4.5 $ 30.25
City of
Hughes Lake of the
Springs Cass 1100 1141 20 26 3 3 0 0 0 0 1123 1170 No No No Pines 140 NETMWD 660 148 $ 29.50
East Cass
McLeod ISD Cass 0 0 1 1 0 0 0 0 0 0 1 1 No No No WSC 1 NR NR
Queen
City of Queen City
City Cass 781 878 0 0 0 0 0 0 0 0 781 878 No Yes No 1 500 972 Sands No 53.2 $ 32.36
Whispering
Pines MHP Cass 55 55 0 0 0 0 0 0 0 0 55 55 No NR No Groundwater 2 445 Edwards No 880.2 NR
Atlanta State Carrizo-
Park/TPWLD Cass 0 0 80 80 0 0 0 0 0 0 80 80 No Yes No Groundwater 2 100/70 439/330 Wilcox No 0.72 N/A
City of Linden Cass 862 841 108 111 2 2 0 0 0 0 972 954 No Yes No Groundwater 4 85/120 740/712 Wilcox No 101 $ 36.00
130/140 834/786 Wilcox
Charlston
WwscC Delta 399 485 0 0 0 0 0 0 0 0 399 485 No No No Cooper 44.3 44.3 $ 48.60
City of
Cooper Delta 950 986 20 27 0 0 0 0 0 0 970 1013 No Yes No 163.1 163.1 $ 39.30
Cypress Lake Cypress Carrizo-
Springs SUD Franklin 3660 3843 0 0 0 0 40 50 0 0 3700 3893 No Yes NR Spgs. & Well 1140 1 125 500 Wilcox No 359.5 $ 50.59
City of Mount Lake Cypress
Vernon Franklin 856 866 181 196 19 19 0 0 0 0 1056 1081 No Yes NR Springs 158 158.8 $ 34.18
City of Keller's Lake Cypress Lake Cypress 2009-
Winnsboro Franklin 1360 1353 224 223 16 16 0 0 0 0 1600 1592 No Creamen Industrial 37.8 Yes No Springs 222.6 Springs 391.0 297.7 $ 46.30
Presbyterian 2014-
Hospital Hospital 2.4 553.9
2020-
TDCJ Prison 16.8 1303.4
E. J. Water
Co. Greg 131 131 0 0 0 0 0 0 0 0 131 131 No Yes No 2 NR 4007400 Carrizo No 37.4 NC
Garden Need
Acres Water Greg 49 49 0 0 0 0 0 0 0 0 49 49 No Yes No 2 NR 365/360 Wilcox No Storage 4.46 $ 23.20
City of Carrizo-
Kilgore Greg 3773 4082 1081 777 46 49 0 0 0 0 4900 4908 No Yes No Sabine River 1460 6 300/328/700 540/490/550 Wilcox No 896.5 $ 30.70
Carrizo-
280/290/290 480/465/480 Wilcox
Carrizo-
411/387 500/485 Wilcox
Liberty City Carrizo-
WSC Greg 1482 1575 0 0 1 1 0 0 0 0 1483 1576 No Snow Max Industrial 13 Yes No 6 110/125/80 600/600/600 Wilcox No Groundwater 263 172.4 $ 38.50
Carrizo-
0 0 650(2)/60 1000/? Wilcox
City of
Longview Texas
Water Eastman (Raw
Utilities Greg 21133 21265 4093 4481 92 97 0 0 0 1 25318 25844 No Water) Manufacturing 1288.2 Yes Yes Lake Cherokee 3584 6486.1 $ 23.81
Texas
Eastman
(Treat. Water’ Manufacturing 248.2 Lake Fork 1174
Lake O'the
Rexam Manufacturing 68 Pines 0
Air Liquide Manufacturing 37.2 Sabine River 1132
—— —




Table VIII — Summary of All Survey Items (continued)

Connections

Water Treatment or Purchase

Residential Non-Residential Manufacturing Livestock Power Generation Total Current Major Users Wells Capacity Expansion Plans
Do Have
You . Wells Volume
s Plan fo Add Annual Treat Recycle Purcha;lng Capacity . Declined Planngd MGlyr. Costs per
ystem County 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 Major Name Type Use Source Capacity Number Depth (Ft.) Aquifer - Source Capacity
Your or Reuse (GPM) in (Last Full 10,000 Gal
Customers (MGlyr.) (MGlyr.) 5 (MGlyr.)
own Quantity Yr.)
Water or Quality
Marathon-
LeToureau Manufacturing 29.5
LeBus Manufacturing 20.3
Compressed
Gas Cyclinder Manufacturing 13.2
Trinity
Industries Manufacturing 11.6
Sun Acres Carrizo-
MHP Greg 50 55 0 0 0 0 0 0 0 0 50 55 No Yes Groundwater 1 30 525 Wilcox No 3.2 NR
Tryon Road Carrizo- Lake of the
SUD Greg 1614 1695 5 20 0 0 0 0 0 0 1619 1715 No No No Groundwater 9 400/50/0 835/300/250 Wilcox No Pines 737.3 218.5 51.00
Carrizo-
0/20/18 250/252/220 Wilcox
Carrizo-
250/42/207 735/368/1000 Wilcox
City of City of
Warren City Greg 121 123 2 3 0 0 0 0 0 0 123 126 No No No Gladewater NR 11.98 37.50
West Greg
SUD Greg 1215 1287 0 0 0 0 0 0 0 0 1215 1287 No Yes No Groundwater 7 145/140/140 NR NR No 113 38.60
0 0 160/115
0 0 95/115
City of White City of
Oak Greg 2042 1967 107 102 0 0 0 0 0 0 2149 2069 No Gas solutions QOil/Gas 19.5 Yes No Longview 380.65 270.7 27.70
City of
Clarksville City of
City Greg 296 301 13 16 0 0 0 0 0 0 309 317 No No No Gladewater NR 28 39.50
City of City of Lake
Gladewater Greg 2704 2653 0 0 0 0 0 0 0 0 2704 2653 No Clarksville City Wholesale 25.1 Yes No Gladewater NR 261.7 38.80
Warren City Wholesale 11.5
Starrville-
Friendship Wholesale 0.001
Truman in
Smith Commercial 5.8
Housing
Authority Commercial 3.5
Texas Die
Casting Commercial 3.6
Gladewater
Nursing Home Commercial 2.4
CADDAX Commercial 15
American
health Care Commercial 2.3
Caddo Lake
State Park Harrison <100 <100 0 0 0 0 0 0 0 0 <100 <100 No Yes No Groundwater 1 60 300 NR No 2.9 N/A
Cypress
Valley Water Harrison 352 368 0 0 0 0 0 0 0 0 352 368 No No No Groundwater 4 100/50 380/360 Wilcox No 30.7 30.15
City of
Marsfhall 0.85 50/150 360/380
Elysian
Fields WSC Harrison 276 308 3 3 0 0 0 0 0 0 279 311 No NR No Groundwater 2 75/150 225/225 Wilcox No 24.8 28.00
Gum Springs Trinity City of Carrizo-
WSC Harrison NR NR 2451 No Industries Industrial 5 Yes No Longview 5 2 200/180 500/500 Wilcox No 247.6 37.39
City of City of
Hallsville Harrison 1043 1074 0 0 0 0 0 0 0 0 1043 1074 No No No Longview 86 4 27/106 204/243 Carrizo No 108.4 65.00
0 0 63/68 245/301 Carrizo
Harleton Carrizo-
WsC Harrison 872 910 5 5 0 0 0 0 0 0 877 915 No Groundwater 3 175/150/60 400/500/500 Wilcox No NETMWD 18 66.2 37.00
North
Harrison Carrizo- Drill Another
WSC Harrison 337 399 5 5 0 0 0 0 0 0 342 404 No Yes No Groundwater 3 130/115/100 400/450/650 Wilcox No Well NR 35 13.00
Rolling Acres
WsC Harrison 35 35 0 0 0 0 0 0 0 0 35 35 No Yes No Groundwater 1 370 360 Wilcox No NR NR
Shadowood
WSC Harrison 75 75 0 0 0 0 0 0 0 0 75 75 No Yes No Groundwater 2 70/30 425/425 Cypress No 10.8 27.27
Waskom
Rural water
Suppl Harrison 245 285 0 0 0 0 0 0 0 0 245 285 No Yes No Groundwater 2 110/13 150/150 Cypress No 26.2 34.00
City of
Waskom Harrison 936 957 74 74 2 2 0 0 0 0 1012 1033 No Yes No Groundwater 8 30/160/39 130/170/156 Wilcox No 99 30.00
0 0 63/145/62 180/197/182 Wilcox
0 0 120/116 178/198 Wilcox
West
Harrison Carrizo-
WSC Harrison 374 392 2 2 1 1 0 0 0 0 377 395 No Yes No Groundwater 3 60/25/200 350/350/500 Wilcox No Drill a Well 200GPM 38 76.00
Gum Springs
0 0 60
Blocker
Crossroads Harrison 350 383 3 6 0 0 0 0 0 0 353 389 No Yes No Groundwater 2 42/14 270/284 Wilcox No Drill A Well NR 28.4 31.60
City of
Marshall Harrison 7999 8004 1110 1143 0 0 0 0 0 0 9109 9147 No Yes No NR NR NR 1724 32.38




Table VIII — Summary of All Survey Items (continued)

Connections

Water Treatment or Purchase

Residential Non-Residential Manufacturing Livestock Power Generation Total Current Major Users Wells Capacity Expansion Plans
Do Have
You . Wells Volume
s Plan fo Add Annual Treat Recycle Purcha;lng Capacity . Declined Planngd MGlyr. Costs per
ystem County 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 Major Name Type Use Source Capacity Number Depth (Ft.) Aquifer - Source Capacity
Your or Reuse (GPM) in (Last Full 10,000 Gal
Customers (MGlyr.) (MGlyr.) 5 (MGlyr.)
own Quantity Yr.)
Water or Quality
GillwsC Harrison 793 814 20 23 0 0 0 0 0 0 813 837 No Yes No Groundwater 3 160/150 400/420 Wilcox No Drill A Well NR 64.9 $ 27.00
City of Emergency
0 0 Marshall Use Only 120 475 Carrizo
Leigh WSC Harrison 794 824 0 0 0 0 0 0 0 0 794 824 No No No Groundwater 3 75/85/130 210/272/165 Wilcox No 87.3 NR
City of
Marshall 60
Brashear City of Sulphur
WSC Hopkins 267 290 37 43 0 0 7 9 0 0 311 342 No No No Springs 34 33.5 $ 47.24
City of Sulphur
Brinker WSC Hopkins 686 747 0 0 0 0 0 0 0 0 686 747 No Yes No Springs 7 3 100/100/300 350/400/420 Wilcox No 70.3 NR
City of Como Hopkins NR 280 0 0 0 0 0 0 0 0 NR 280 No Yes No 2 100/160 468/446 Carrizo No NR $ 38.00
Cornersville
WSC Hopkins 318 343 0 0 0 0 0 0 0 0 318 343 No Yes No 3 100/100//250 350/350450 Wilcox No 38 NR
MartinSpring
s WSC Hopkins 988 1039 0 0 0 0 0 0 0 0 988 1039 No Yes No 6 185/300/100 400/400/350 Wilcox No 132.1 NR
60/100/100 350/400/400
North
Hopkins City of Sulphur
WsC Hopkins 1811 1964 31 29 1 2 45 30 0 0 1888 2025 No No No Springs NR 179.4 $ 41.21
Pickton WSC Hopkins 202 223 0 0 0 0 0 0 0 0 202 223 No Yes No 2 100/100 400/400 Wilcox No 19.6 NR
City of
Sulphur
Springs Hopkins 5334 5355 814 810 22 22 0 0 0 0 6170 6187 No Ocean Spray Industrial 96.7 Yes No Cooper Lake 4745 1262 $ 29.17
Morningstar Lake Sulphur
Specialit Industrial 74 Springs 3193
Kohler Mix Industrial 36.2
Dairy Farmers
of America Industrial 34.6
Hop. Co.
Memorial
Hosp. Hospital 14.2
Flowserve Industrial 11
Ables Sabine River
Springs WSC Hunt 946 1079 0 0 0 0 0 0 0 0 946 1079 No No No Authority 365 78.3 $ 64.75
City of Terrell 36
Country
Wood Cash Water
Estates Hunt 79 95 0 0 0 0 0 0 0 0 79 95 No Yes No Supply 2.775 2 25/31 320/325 Nacatoch No 6187 $ 49.18
Barrow
Subdivision Hunt 94 98 0 0 0 0 0 0 0 0 94 98 No Yes No 2 40/40 531/557 Nacatoch No 7313 $ 49.18
Crazy Horse
Ranchos Hunt 134 157 0 0 0 0 0 0 0 0 134 157 No Yes No Groundwater 3 39/44/25 120/120/175 Nacatoch No Groundwater Drill a Well 11.2 $ 49.18
Quinlan
South
Subdivision Hunt 37 39 0 0 0 0 0 0 0 0 37 39 No Yes No Groundwater 2 22140 272/320 Nacatoch No 38 $ 49.18
Quinlan Add
North Storage &
Subdivision Hunt 58 64 0 0 0 0 0 0 0 0 58 64 No Yes No Groundwater 2 30/25 335/335 Nacatoch No Pressure 4.6 $ 49.18
Caddo Basin City of
SUD Hunt 2465 2832 0 0 0 0 0 0 0 0 2465 2832 No No No Farmersville 50 261.3 $ 45.23
NTMWD 50
City of Caddo City of Back-up
Mills Hunt 461 461 0 0 0 0 0 0 0 0 461 461 No Yes No Greenville As Required Caddo Basin only 40.9 $ 51.84
Campbell
Water Supply Hunt NR 450 NR 18 0 0 0 468 No Yes No Groundwater 4 120/90 360/360 Nacatoch No Groundwater New Well 26 $ 47.75
60/60 260/340 Nacatoch No
Cash WSC Hunt 4524 5077 0 0 0 0 0 0 0 0 4524 5077 Yes Boles Home Wholesale 4.7 Yes Lake Tawakoni 574
5000 Homes Boles ISD Wholesale 3.6 NTMWD 1792 AF/Yr 541.7 $ 50.00
Combined
Consumers
wsc Wholesale 1.9
Agua Source Wholesale 9.9
City of Lone
Oak Wholesale 20
Lone Oak ISD Wholesale 3.7
City of Quinlan Wholesale 61.4
Sabine River
Authority Wholesale 0.4
City of
Celeste Hunt 340 356 0 0 0 0 0 0 0 0 340 356 No Yes No Groundwater 2 150/150 1920/1870 Woodbine No 23.3 $ 34.90
Combined
Consumers Lake Surface
WSC Hunt 2886 2916 0 0 0 0 0 0 0 0 2886 2916 No Yes Yes Tawakoni-SRA 547.5 Water-SRA 839.5 172.7 $ 65.48
Filter
Backwash
—




Table VIII — Summary of All Survey Items (continued)

Connections

Water Treatment or Purchase

Residential Non-Residential Manufacturing Livestock Power Generation Total Current Major Users Wells Capacity Expansion Plans
Do Have
You . Wells Volume
Plan fo Add Annual Treat Recycle Purcha;lng Capacity . Declined Planngd MGlyr. Costs per
System County 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 Major Name Type Use Source Capacity Number Depth (Ft.) Aquifer - Source Capacity
Your or Reuse (GPM) in (Last Full 10,000 Gal
Customers (MGlyr.) (MGlyr.) 5 (MGlyr.)
own Quantity Yr.)
Water or Quality
L-3
City of Communicatio
Greenville Hunt 7630 7783 1010 1002 18 18 0 0 0 0 8658 8803 Yes ns Ind/MFG 53.9 Yes No Lake Ribitt 1.35 1571.5 $ 38.53
Rubbermaid
12-16 MGD Inc. Ind/MFG 26.7 Lake Tawakoni 6.9
Fiberite Corp. Ind/MFG 14.6
Other
Manufacturing Ind/MFG 31.8
Greenville
Electrical Ind/MFG 145
Hickory
Creek SUD Hunt 962 1063 4 4 0 0 0 0 0 0 966 1067 No No Groundwater 3 140 2318 Sabine No Yes 2300 87.2 $ 47.24
190 1963 Trinit No Drill Well
360 1845 Sulphur No
Little Creek
Acres Hunt 26 26 0 0 0 0 0 0 0 0 26 26 No No Groudwater 1 20 209 Nacatoch No $ 43.43
City of Lone Cash Water
Oak Hunt 262 237 44 46 0 0 0 0 0 0 306 283 No No No Supply 54.75 19.1 $ 61.94
North Hunt City of
WsC Hunt 1150 1224 0 0 0 0 0 0 0 0 1150 1224 No Yes No commerce NR 2 115/350 330/1960 Woodbine No 91.2 $ 70.00
Shady Grove City of
WSC Hunt 375 418 0 0 0 0 0 0 0 0 375 418 No No No Greenville 182 29 $ 60.50
Texas A&M City of
Commerce Hunt 773 773 0 0 0 0 0 0 0 0 773 773 No No No Commerce 72 4 120/160 4401454 Nacatoch No 83.1 N/A
140/120 445/483
Lamar County
City of Deport Lamar 290 290 0 0 0 0 0 0 0 0 290 290 No Yes No WSD NR 41.7 $ 57.50
Lamar Pat Mayse 6124 after
County WSD Lamar 6068 6538 0 0 0 0 0 0 0 0 6068 6538 Yes No No Lake 1825 City of Paris 2010 813.5 $ 49.00
Pat Mayse
| City of Paris Lamar 9905 10157 0 0 0 0 0 0 0 0 9905 10157 No Yes Lake 5217.5 5225 $ 30.35
Lake Crook 7.6
Lamar County
City of Reno Lamar 994 1077 35 50 0 0 0 0 0 0 1029 1127 No No no WSD 102.3 102.2 $ 50.07
City of Lamar County
Roxton Lamar 287 322 0 0 0 0 0 0 0 0 287 322 No No No 22.6 24.5 $ 55.50
EMC WSC Marion 645 743 0 0 0 0 0 0 0 0 645 743 No Yes No Groundwater 4 150/150 250/250 Cypress No 42 $ 48.00
150/80 650/370 Cypress
City of Blackburns
Jefferson Marion 1148 1200 0 0 2 3 0 0 0 0 1150 1203 No Syrup Manufacturing 2.4 No No NETMWD NR 126.4 $ 21.00
Nexfor Norbord Manufacturing 10.2
Sonoco Manufacturing NR
Mims WSC Marion 459 478 1 2 0 0 0 0 0 0 460 480 No No No NETMWD 25 20 $ 52.26
Shady
Shores Marion 156 162 0 0 0 0 0 0 0 0 156 162 No Yes No Groundwater 1 NR 954 NR 11.7 $ 38.00
City of (One Not
Daingerfield Morris 999 926 175 150 1 1 0 0 0 0 1175 1077 No Named) Manufacturing NR No No NETMWD As Needed 138.1 $ 33.60
City of Lone
Star Morris 686 694 82 85 0 0 0 0 0 0 768 779 Yes Reilly Ind Manufacturing 6.1 No No NR Nr 68.7 $ 66.00
City of
Omaha Morris 600 560 0 0 0 0 0 0 0 0 600 560 No Yes No 5 100/40/60 527/300/540 NR No 36.6 $ 24.30
80/110 400/558
City of
Naples Water Mapa Carrizo-
Works Morris 597 594 50 54 3 3 0 0 0 0 650 651 No Manufactiring Manufacturing 0.02 Yes No Groundwater 5 90/32/75 360/360/360 Wilcao No 64.2 $ 32.50
Carrizo-
Tamko Inc. Manufacturing 3.8 112/105 400/402 Wilcao
Top Hat Inc. Manufacturing 0.37
Bright Star-
Salem WSC Raines 1559 1724 0 0 0 0 0 0 0 0 1559 1724 No No 117.6 $ 44.00
Cedar Cove
Landing Raines 34 0 34 No No City of Emery NR NR
City of East
Tawakoni Raines 532 551 8 9 0 0 0 0 0 0 540 560 No City of Emery 180 50.6 $ 43.90
City of Emory
WTP Raines 650 795 30 38 0 0 0 0 0 0 680 833 No Yes No Lake Tawakoni 657 2425 $ 48.00
Dal-Air Tool
City of Point Raines 670 890 24 28 1 1 0 0 0 0 695 919 Yes Inc. Manufacturing 52.4 Yes No City of Emory 36.5 69.7 $ 47.80
Non- Lamar County
410 WSC Red River 803 1 0 0 11 11 0 0 11 815 No David Rozell Residential 0.259 No No 54.5 54.5 $ 61.29
12 Livestock
Users Livestock 5.269
City of
Bogata Red River 616 604 0 0 0 0 0 0 0 0 616 604 No Yes No Groundwater 3 300/300/65 325/325/300 Nacatoch Yes (Dry) 38.2 $ 37.00
— m— —




Table VIII — Summary of All Survey Items (continued)

Connections

Water Treatment or Purchase

Residential Non-Residential Manufacturing Livestock Power Generation Total Current Major Users Wells Capacity Expansion Plans
Do Have
You . Wells Volume
Plan fo Add Annual Treat Recycle Purcha;lng Capacity . Declined Planngd MGlyr. Costs per
System County 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 Major Name Type Use Source Capacity Number Depth (Ft.) Aquifer - Source Capacity
Your or Reuse (GPM) in (Last Full 10,000 Gal
Customers (MGlyr.) (MGlyr.) 5 (MGlyr.)
own Quantity Yr.)
Water or Quality
Yes
(Bacteria,
City of High
Clarksville Red River 1474 1370 232 249 5 5 0 0 0 0 1711 1624 No Yes No Langford Lake 123 2 320/350 302/675 Blossom Sodium) 207 36.00
City of Detroit Red River 253 267 28 28 0 0 0 0 0 0 281 295 No No No LCWSD NR 1 110 2020 Trinity No 22.2 35.00
Red River Texarkana
County WSC Red River 1844 1994 0 0 0 0 0 0 0 0 1844 1994 No Yes No Utilities 22 4 170/150 550/550 Blossom No 159 43.50
Yes (TDS
Blossom/ Up to Max
LCWSD 1 150/380 500/600 Nacatoch Well #1)
City of Carrizo-
Lindale Smith 1352 1700 135 160 0 0 0 0 0 0 1487 1860 No Yes No Groundwater 4 550/450 990/880 Wilcax No 239.1 NR
Carrizo-
500/800 900/1100 Wilcax
Garden
Valley Golf
Resort Smith NR 7 0 0 0 0 0 0 0 NR 7 NR NR NR NR NR
Lindale Rural
WSC Smith 1926 2346 18 19 14 15 4 4 0 0 1962 2384 No Yes no Groundwater 5 280/265/220 1015/972/925 Carrizo No Drill a Well 91 319.5 40.00
1000/280 1720/1018 Carrizo
City of Lindale 0.76
Starrville-
Friendshipw
SC Smith 439 530 1 1 0 0 0 0 0 0 440 531 No Yes No Groundwater 3 55/90/240 NR NR No 49.8 35.00
City of
Gladewater NR
Twin Oaks
Ranch Smith 42 42 8 8 0 0 0 0 0 0 50 50 No No No Carrol WSC 1.02 1 80 900 Carrizo 7.3 N/A
Lake Bob
Sandlin State
Park Titus 110 110 0 0 0 0 0 0 0 0 110 110 No No No Tri-Water WSC 1.13 1.13 N/A
City of Mount Lake Bob
Pleasant Titus 4682 4900 0 0 0 0 0 0 0 0 4682 4900 No Pilgrim's Pride Industrial 1080 Yes No Sandlin 2750 4810 27.81
Tri-Water Cypress
Corp. Water Supply 501 Springs Lake 510
Lake 3000 AF/Yr
City of Winfield Water Supply 50 Tankersley Backup
Northeast
Texas Com. Carrizo-
College Titus 0 0 1 1 0 0 0 0 0 0 1 1 No Yes No Tri-Water WSC 0.7 1 300 640 Wilcox No 7 N/A
Talco Water
Department Titus 270 243 30 30 0 0 0 0 0 0 300 273 No Yes No 3 300/350/250 408/430/394 Nacatoch No 43.3 31.00
City of City of Mount
Winfield Titus 185 194 6 16 0 0 0 0 0 0 191 210 No No No Pleasant 50 21.7 3.17
Brookshire's
CampJoy
wsc Upshur 95 97 0 0 0 0 0 0 0 0 95 97 No Yes No Groundwater 2 48/48 260/268 NR No 6.1 32.00
Country Club
Estates Upshur 33 33 0 0 0 0 0 0 0 0 33 33 No Yes No Groundwater 1 32 491 Wilcox No 2.8 38.20
Carrizo-
Diana SUD Upshur 1412 1472 31 48 0 0 0 0 0 0 1443 1520 No Yrs No Groundwater 8 150/66/110 700/630/420 Wilcox No NETMUD 240 131.6 43.11
Carrizo-
158/160/156 1000/700/650 Wilcox
Carrizo-
165/300 496/610 Wilcox
City of East
Mountain Upshur 540 545 5 6 0 0 0 0 0 0 545 551 No Yes No Groundwater 4 325/150 600? NR No New Well 52 51.8 35.33
Glennwood
Acres 0.56 110/100
Friendship Upshur 56 58 0 0 0 0 0 0 0 0 56 58 No Yes No Groundwater 1 44 415 Carrizo 4.74 38.20
Wells 3 &
Carrizo- 4 have
City of Gilmer Upshur 2450 2450 0 0 0 0 0 0 2450 2450 No No No Groundwater 6 230/250/560 492/519/540 Wilcox Decreased Lake Gilmer 540 305.8 NR
Carrizo-
590/270/150 500/385/141 Wilcox
Glenwood
WsC Upshur 781 849 0 0 1 1 0 0 0 0 782 850 No Yes No Groundwater 6 75/75/140 529/480/824 Wilcox No NETMUD 50 67.9 35.00
Carrizo-
65/135/260 516/539/450 Wilcox
City of Ore
City Upshur 494 463 47 42 0 0 0 0 0 0 541 505 No Yes No Groundwater 3 135/135/150 400/480/790 Wilcox No NETMUD NR NR 20.10
Pritchett Carrizo-
WSC Upshur 2182 2305 16 19 2 2 3 3 0 0 2203 2329 No The Pines Recreational 3.8 No No Groundwater 17 55/50/70 760/375/562 Wilcox No 181 63.32
Pavement
Tools MFRS Carrizo-
Inc. Manufacturing 1.4 58/66/73/ 615/592/623 Wilcox
Carrizo-
Boersma Dairy Livestock 0.6 100/155/100 650/621/770 Wilcox
Carrizo-
Xavera Dairy Livestock Backup 35/50/84 490/600/650 Wilcox
Carrizo-
Green Dairy Livestock 1.3 42/85/52 570/600/1153 Wilcox
40/107 7761663 Carrizo
Fallin
Static
Rosewood Upshur 119 121 0 0 0 0 0 0 0 0 119 121 No Yes No Groundwater 2 60/35 415/424 Carrizo Level 9.5 38.20




Table VIII — Summary of All Survey Items (continued)

Connections

Water Treatment or Purchase

Residential Non-Residential Manufacturing Livestock Power Generation Total Current Major Users Wells Capacity Expansion Plans
Do Have
You . Wells Volume
s Plan fo Add Annual Treat Recycle Purcha;lng Capacity . Declined Planngd MGlyr. Costs per
ystem County 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 Major Name Type Use Source Capacity Number Depth (Ft.) Aquifer - Source Capacity
Ie Your or Reuse (GPM) in (Last Full 10,000 Gal
ustomers (MGlyr.) (MGlyr.) 5 (MGlyr.)
own Quantity Yr.)
Water or Quality
Bethel-Ash
WSC Van Zandt 1251 1416 0 0 0 0 0 0 0 0 1251 1416 No Yes No Groundwater 7 72/190/125 577/920/862 Wilcox No 119.9 NR
150/200 770/540
350/170 770/547
Canton North
Il Van Zandt 34 0 34 No No No Groundwater 2 35/35 420/420 Wilcox No 1.83 NR
Yes
(Lower
Pump 20
City of Mill Creek Carrizo- ft.Since
Canton Van Zandt 1785 1860 0 0 0 0 0 0 0 0 1785 1860 No Yes No Lake 730 1 280 520 Wilcox 1988) 298 NR
City of
Edgewood Van Zandt 595 0 0 0 0 595 No Yes No City Lake 79.2 $ 57.31
Lake Fork
Fruitvale
wsc Van Zandt 997 1059 0 0 0 0 0 0 0 0 997 1059 No Yes No Groundwater $ Groups 320/164 330/360 Wilcox No 82.4 $ 24.37
394/60 500/280 Wilcox
City of Grand Carrizo-
Saline Van Zandt 1172 1272 165 165 0 0 0 0 0 0 1337 1437 No No No Groundwater 4 350/120 500/500 Wilcox No 168.1 $ 24.75
Carrizo-
300/250 500/500 Wilcox
Martins Mill
wsc Van Zandt 66 1 0 67 No Yes No Groundwater 2 35/28 470/530 Wilcox No NR NR
MACBEE Carrizo-
SUD Van Zandt 1858 2017 14 17 3 7 2 2 0 0 1877 2043 No Deen Farms Dairy 17 Yes No Lake Fork 730 2 100/100 475/490 Wilcox No 1715 $ 57.99
Chitty Nursery Plant Farm 0.5
Flory Tree
Farm Plant Farm 1
Van Zandt
Livestock
Auction Livestock 0.5
R.P.M. WSC Van Zandt 637 724 3 7 2 2 2 2 0 0 644 735 No Yes No Groundwater 4 70/90 20?2 Wilcox No Groundwater 12 75 $ 47.00
150/130 454/470 Wilcox
South Lake
Tawakoni Tawakoni
WSC Van Zandt 1252 1372 0 0 0 0 0 0 0 0 1252 1372 No Yes Yes Lake Tawakoni 365 SRA 182.5 202.2 $ 58.79
City of Van Van Zandt 1390 0 0 0 0 0 0 0 0 0 1390 No No Yes Groundwater 4 480/300 750-800 Wilcox No 158.6 $ 30.75
250/425 750/1200 Wilcox
City of Wills Water Plant To3.0
Point Van Zandt 1472 1629 24 29 174 181 0 0 0 0 1670 1839 No Wills Point ISD School 11 Yes No Lake Tawakoni 365 Expansion MGD 205 $ 30.38
9 Commercial Commercial 11
City of Alba Wood 290 292 15 14 2 2 0 0 0 0 307 308 No Central Marble Manufacturing 0.48 Yes No Groundwater 2 1306/60 400 NR No NR NR
Bright Star-
Salem WSC Wood 1559 1724 0 0 0 0 0 0 0 0 1559 1724 No NR Noi NR 117.6 $ 44.00
Carrizo-
Fouke WSC Wood 1717 1881 17 17 0 0 0 0 0 0 1734 1898 No 1 Club Manufacturing 3 Yes No Groundwater 6 225/225/300 1216/1134/925 Wilcox No 178.8 $ 33.00
Carrizo-
Hawkins RV Manufacturing 1 120/200/120 464/1050/1000 Wilcox
Fish Haul RV Manufacturing 0.05
Hall Dairy Livestock 0.142
Golden WSC Carrizo-
#1 & #2 Wood 1072 1135 19 25 1 1 0 0 0 0 1092 1161 No Yes No Groundwater 6 100/150/150 450/600/600 Wilcox No New Well #7 100 104 NR
Carrizo-
45/208/115 600/500/500 Wilcox
Silverleaf Carrizo- Plan to
Resorts, Inc. Wood 1488 1703 0 0 0 0 0 0 0 0 1488 1703 No Yes No Groundwater 7 105/345/100 1025/660/680 Wilcox No Expand NR 135.3 $ 41.16
Carrizo-
70/14 910/800 Wilcox
Carrizo-
170/140 610/725 Wilcox
Carrizo-
Jones WSC Wood 1448 1570 0 0 0 0 0 0 0 0 1448 1570 No Yes No Groundwater 6 90/250/110 450/550/450 Wilcox No 122.4 $ 42.71
Carrizo-
250/290/250 550/850/375 Wilcox
Lake Fork Billy Mack Carrizo-
WSC Wood 894 1101 0 0 0 0 0 0 0 0 894 1101 No Chamness Dairy 0.155 Yes No Groundwater 6 140/45/200 449/470/250 Wilcox No 55.6 $ 41.20
Carrizo-
Dennis Fraxier RV Park 0.03 86/38/100 240/?/215 Wilcox
Dorthy
Yarbrough Dairy 0.08
Wood
City of Memorial Care One New
Mineola Wood 2121 2123 527 578 0 0 0 (] 0 0 2648 2701 No Center Commercial 4.3 No No Groundwater 3 400/600/750 290/270/260 Carrizo No Well 45 252.3 NR
Harvest Care
Center Commercial 0.411
— —




Table VIII — Summary of All Survey Items (continued)

Connections

Water Treatment or Purchase

Residential Non-Residential Manufacturing Livestock Power Generation Total Current Major Users Wells Capacity Expansion Plans
Do Have
You . Wells Volume
Plan fo Add Annual Treat Recycle Purcha;lng Capacity . Declined Planngd MGlyr. Costs per
System County 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 1999 2003 Major Name Type Use Source Capacity Number Depth (Ft.) Aquifer - Source Capacity
Your or Reuse (GPM) in (Last Full 10,000 Gal
Customers (MGlyr.) (MGlyr.) 5 (MGlyr.)
own Quantity Yr.)
Water or Quality
Mineola
Packing Commercial 2.5
Yes (40-
New Hope Carrizo- 50Ft. In 10
WSC Wood 702 733 1 1 0 0 1 1 0 0 704 735 No Tonya McShan Livestock 1.35 Yes No Groundwater 3 125/240/340 600/619/600 Wilcox Yrs.) New Well 100 89.9 $ 39.50
City of Lake Fork
Quitman Wood 772 786 193 197 0 0 0 0 0 0 965 983 No Yes No Reservoir 365 116 $ 51.46
Carrizo-
Ramey WSC Wood 1054 1164 23 23 0 0 0 0 0 1077 1187 No NR No Groundwater 9 60/90/120 340/330/480 Wilcox No 81.8 $ 40.20
Carrizo-
0 0 240/110/130 460/350/330 Wilcox
Carrizo-
0 0 300/35/35 680/480/330 Wilcox
Sharon WSC Wood 2163 2346 0 0 0 0 0 0 0 0 2163 2346 No Yes No Groundwater 7 175/150/175 836/730/890 NR No New Well 13 181.9 NR
Winnsboro 72 160/100 900/885 NR
(Will Not
Renew) 250/210 500/570 NR
City of Keller's Lake Cypress
Winnsboro Wood 1360 1353 224 223 16 16 0 0 0 0 1600 1592 No Creamery Industrial 37.8 Yes NR Springs 222.6 297.7 $ 46.30
Presbyerian
Hospital Hospital 2.4
TDJC Prison 16.8
Yes (GPM
Carrizo- Down
Yantis WSC Wood 235 230 0 0 0 0 0 0 0 0 235 230 No Yes No Groundwater 2 22/100 420/430 Wilcox 50%) 24.7 $ 42.00
TOTALS 178103 190717 12138 12529 452 474 115 112 0 1 190808 206284
52399.46
12614 391 22 -3 1 15476
7.08% 3.22% 4.87% -2.61% 0 8.11%
NR - No
Response
N/A - Not
Applicable
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LBG-GUYTON ASSOCIATES

PROFESSIONAL GROUNDWATER AND
ENVIRONMENTAL ENGINEERING

1101 CAPITAL OF TEXAS HIGHWAY
SUITE B-220
AUSTIN, TX 78746
512-327-9640
FAX: 512-327-5573
www.lbg-guyton.com

May 8, 2009

James Ray Flemons, PE, FACEC
Senior Vice President

Bucher Willis & Ratliff Corporation
8140 Walnut Hill Lane

Dallas, Texas 75231

Dear Mr. Flemmones,

At the request of BWR, LBG-Guyton Associates has performed an evaluation of
the brackish groundwater supply in the Region D area. The Texas Water Development
Board (TWDB) data was searched and parsed for relevant information on brackish
groundwater. Information in this database is populated from data obtained by well
driller’s reports, pumping test results, water quality analyses and other pertinent
information obtain by the TWDB through reliable sources.

In general, brackish water that is greater than 1,000 mg/l in total dissolved solids
(TDS) is found in the down-dip limits of the aquifers in the region. Most of the brackish
water is either found in the Cretaceous aquifers in the northern part of Region D. Those
aquifers with brackish water include: Nacatoch, Blossom, Woodbine and the Paluxy and
Twin Mountain of the Trinity Aquifer (Figure 1). Brackish water can also be found in
some of the deeper Wilcox portion of the Carrizo-Wilcox aquifer (Figure 1). Most
wells found in the southeastern portion of the Region D area are completed into the
Tertiary age, Carrizo and Queen City Sands that generally produce freshwater (<1,000
mg/l TDS).

Six geophysical logs were obtained from the Surface Casing Division of the
Texas Commission of Environmental Quality representing the different aquifers with
known brackish water. These logs are made from oil field test wells that span a number
of the shallower aquifers. The state identification numbers for those wells are: 17-29-
202, 17-21-807, 17-22-404, 16-33-601, 34-02-702, and 35-33-602 (Figure 1). Logs
found in the northern portion of Region D show the Cretaceous aquifers and logs in the
southern area show the Carrizo-Wilcox Aquifer. Based on review of geophysical logs in
the area, brackish water is generally found in strata at depths less than 2,000 feet.


http://www.lbg-guyton.com/

An evaluation of these logs indicate only a portion of each geologic unit is
capable of producing significant water. The Cretaceous aquifers only have small footage
intervals of sand or limestone that can actually produce water. The Wilcox aquifer
generally has a variety of sandy layers that can produce water. Throughout the total
thickness of the geologic unit, a variety of water quality can be interpreted from any
particular sand interval on the geophysical log. Depending on the interval that is
screened and open to produce water to the well will determine the overall average
chemistry from a particular well. Generally, deeper sands have lower resistivities on the
geophysical log, which correspond to higher TDS content of the water produced from
those intervals.

Based on these logs and other wells completion information, wells completed in
the Cretaceous aquifers (Nacatoch, Blossom, Woodbine and the Paluxy and Twin
Mountain of the Trinity Aquifer) generally produce lower volumes often less than 50
gallons per minute (gpm) with one reported as high as 120 gpm completed into the
Blossom Aquifer. Wells completed into the Wilcox generally have higher reported yields
ranging up to about 600 gpm. However, a practical expectation for Wilcox brackish
wells is about 100 to 300 gpm.

Brackish wells could be developed in the Woodbine and Trinity aquifers in Lamar
and Red River Counties. Experience in Texas indicates that each brackish groundwater
wellfield needs to be evaluated individually to identify specific water quality
characteristics and well production capacity. It is possible to find brackish groundwater
in most of the downdip sections of the Nacatoch aquifer, but especially in Hunt, Hopkins,
and Bowie Counties. In the Carrizo and Wilcox aquifers, there are zones of brackish
groundwater in many Region D counties where the aquifers exists. Generally, the
brackish groundwater will be found in the deeper section of the aquifers, but there are
exceptions to this general rule.

Brackish groundwater in the aquifers described here is generally suitable for
desalination and use for industrial and municipal use. The groundwater at each location
would require specific assessment and treatment processes would need to be tailored for
that groundwater and for the requirements of the water user group. One consideration in
treating brackish groundwater is the disposal of the concentrate from the treatment.
There are various approaches to disposal, such as discharge into surface water or
injection, and this component of the treatment system should be assessed as part of the
overall planning of the brackish groundwater development.

Sincerely,
LBG-GUYTON ASSOCIATES

///é//

““James Beach, PG

.



. e g
N
s s S et st S
e S REX .
| - e e e e L
[ S PSRN i St S
PRGSO SN W SN —
H
- [N S o —
B S SHS I A (N Sl S
T —— SR UUsat S CAis S
O SRS S t iy S
$
et LT et S

Y /‘"5("17

ey

Shale

anyd

S;-J, shale

Sawdy .:h.[e’él
I3

|

T .
and Sandy . Shale

-t

Shale

. - ‘807 nu&uw“_-: w
s wage- DO ALIALLSISIY [y [ 8] 32| om0 T¥ILNILOd- 73S
SHid3a | §
S PR BT B3 RIS S i ) T aest fnamarar NG
Xopn/ 7 o "
. - /@
L B I e
0\"\.\.\.\[ -
- 21 §SH
zopls 20 179
o o F- o 1
nwen? 9 g8 Y "
e S - LLSS8 5k
Elooe ~blE -Th .
SMMVWIN hONG'ZE
i e or - Ec.c . 4. aneadwa | woiog
) 310y jo ; Z
WB/L LT TIRIET ppyg woy ER Aagann . ay#p
..m“h..m OB 9 qpgo Eocwtu a s Q%tﬂ i:-.w““"u_M ASmSW‘«._ nwm::ﬁ
SOILSIRIFLOVHYHD an
Y=g poydeay qadog [ra0]
Rt 3 oo e oy
e e T
\ “iMpno Aq padnoso ppasan]  y e pasnsea 38m004
unipage Y GTT uipsay e
unipaumg Y TERC! Burpeay aeaig
. S
T TTTERGTERMNGY S0 Kangs WETIGON 1089 “uoneia
TSt TON ONMIZz  SYXIL  3ivis
e TENIVH  FALNNOD
e T RUOHAVT  ABAWNS
o ) SYYIL 7104 A0
LYORIIN FansiE HINCS RTIK T
T ¥ e TIEM 1/8 TOMS 008
T TEANANY ¥ HOTHY]  CANVEWOD 1/9 HOMS 1008
S901 TTYOR1O313
d3IO¥IEGNNTHOS T g0 vonsion

86 S0 1 ~€ 0 wmems -
vouz fdmh
6% v G S
ANVAWOD AdO d SVXEL 0§

fyeraads v uogganposd

5

8

”~

1 7d
WL

H

&

£




shale Wt Sh‘veﬂ

l

Shale with  Lime v 4/ sand

g e

i
+
skha

|
Shed Wdth chast

i

. f||: N
ANRTRANEE \ENS ER B
ol R

_ ‘Ev’.;
chair 3
Lo

T_

-
L

-f< Sendy ‘g‘[.‘/g' e Liem @

{
1

D WA st eans

-+

"Skald

:
Shate i




Shele .tk 3Fvea an/ A Jbaﬁ'a T

e b3
..wuu\t\: PEEE

rakKen Hdi Sands

s

chatk, Lime v Shalb

g
]

I
+

CCHalR 5"\1'( .

I

ears of Sendy

e
Shale w, ia

St

Shale

Cha Ik +

|

. Skale with Sawdy Shale

j Hlsand + chalk [

Sahdy. ‘sl.:..fle- :

2

]

4
i
i
!g}
1
§
T

-

i
|
1
W.H Stweaks

3 hale




Lig < 2

o002 4

ocored |

Ht|ly., c )T ,:AQQQ‘J”, .
——— O R D oodE

:

1

‘y A Jands

Shale Wtk 3heve b

T
)
i
1
'
It
j
: I
T
!
25

u

W
g .
g
]

1]

hd

3

¥
i
,I
I
H
| i
]
by
i
ol
ek
4
Shale
taady

s EENRGAE S
[t SRR et T
[ — 3 ToosE
T EIERTIIEI T T L -
e ——— - S el
| [ -

!
|
i
!
!
|
i
Brekin I/J_: Sends

i
1
I
i
]
.
!
ot

el Ml R S
Bt il = % R
- i L

!
|
i
|
|
chalk, Lime ¥ shall

~ RE— - i oo
— T 2 ' o -]

——— -
- - PR R SRR S,

i
!
|
;
t
i
& Shale




s

A
VNGO

“ N ST
CEE 1 el NIy o

FTT TEXAS.

E

- BAIIZX £)]

g FIELD OR - &7 ”

4 LCCATION: ...




. 'y N o .
g y i ,
C]- A o .
[N ¢ 3 =
: T ;
[ > : -
T - - .
- I e -
T 1 w| i -3 -
T P | T -
¥ v S + - - —_
4 & ¢ 3 :
-r ¥ + . -
MR | : ; :
1 r.\ é i —_ w -
_¢ w v %
g s ]
b . N L. : F
. » - &
, e } ¥, BN & E
: 'Y ; ] T
- pn s . Lo
= ;

]

M N

T TN U T T 0 o A O U O T S )

-y

| !
&Wms;l;szm o

AN ket FITTELI T

: i i
y R : n
) %, .. ¥ w
18, : i i
i1 ) % 4 1
~_ \.M{ i smn 0 ]
O 1] L 1.
o Y S— 5 3
AR A e -
lltn,.l,wJ! i :
E “.: -
1
E
x“ : m ;
B 4 : T
-5 ! ' [
N _M. i
3 Fy :
i

AR

{\
TN

q{t

RS SO S

< I+

o §

TS

E : }
r WV Sem 7 AR
. M : T
e N : t
71, 3
ﬁ/» 4
U I O <8 O i
R TS Tt -4 A
e » - 1
: | T3
R , ”
T i
A ¥
S T -~ 1
Yy
Bt
: [
i
-

w
¢
§
- J
- i } N
i A ot
,,,rl.. =47 |C = NW
R N e ‘.v . /M Y
Y1 7 S ik
4 I~ #V ;
~r . M m.r N
A i i
1 il il
i h LY e
, N i uw
) [ Ay B
g 14 0
% 13 >
: - %
o ¢
s 4 ) i _Fr
w\v ™ »‘i N Mf )
i " 2
il \a —
—d—44

2 )

1w

‘ E,ntmta’ﬂ”‘d\

= <
= *
. i
— I
o
i . 1
T + 3




0o/ —~ . W ‘ 8 s.

-
ke

| :
§\ _# YEENTR) -

AN
v7)

§
U
)

§
!!

f
|

g?

)
i
!

/
|
i

3

” 124

[
1

ool -

|
W]

\
\

i.\ Pl A

g =

‘\'
-

009 =

. i r
i =1
==
=
et s ﬂil\v - B
Qom '\ltv m 3
. -
A/ B .. » i:.w
J
53 I A
r St
= o el P
7o S ; ¥
¥ AHAv -
ooh B S s s .,. ]
i =T N L B m ,
JECHEEREETRpn==
e 441 WP k]
S = EZEiP=i N
= : ey
—.J - v HW.L:%W.;%

‘_\Al\m

‘}..i

£

T
o,

DEET Hé

TUENI TN ow | X E 7O
m,éumf ,w.cmw HH;M%WM&% sy .
.....AN.W.‘.H.Q‘......&.@&m@..:md% + . %il.v W

4 WELL. WM. BALTTER 41T
24 COMPANY.. THE JTEZAS: CQ.

RS,

UM e

U gr orowman

4 FIELD OR

* ] LOCATION:...EAST.

| COuNTY.......




Lo} a4 -

Wiz

oob/

o0l

009/

aagl!

00h!:

et

JUNES

7N

N

AL W

G

N Ay j&

rw#w]

e, 4

-

v

- 4

V. NAN

Ak i

7Y

AW

N

AT

o

Y

/WA

¥

S R e

"

Ny .

e

ol P

g

4/

t’\‘u
o

£

aia &
<

o

VI N AA

T

P U g ap g s g

N{\

oozl

Vi

i e L

¥

b

i
i
=

s

R

~ M

w2

A LIS
S\

ik

\

e SN SO RO TN S P




e Tt

L] if»»“%~?'§\*v AT

i

PN

|

i
It
!
T

i
|
]

HEE |

A

fd
ii

1

|
|
|
LS '
"%"fﬁf | 5&’1\) {*‘*H“f

At sl

— i 4
-
44l
! ..
1.
41
3
—ix
IR
44 £
4 - =
N 2
dud L
. )
....... 4] ﬂﬂwﬂ 3
é“h\.x»
O
= k!
I 2 of Ly
{ A
L
N 3
1
SN S VS T O O o 4
R -
TR
ifjiw.;

|

14
- 1
.
0
4
£
=
¢
3
—113
]
I
$
!;lxw.lgl.l

M

I

5T
P

o

N 7]

4l

|

R T T Rt pr i DY

A
-

LA

. . ] -
I E
4 L
WM. I T
14
- e £ .
. In i [
o ¥, ! ”
mﬂl_vVVi 1 A
- = — ]
T, .
. ‘w}xi
b B N
RN WU P oo S

o S R s e e




T ((/p// 74 37
COMPANY. W. M, COATS
g P owmore o Lo

: StRT S Tb Location of Well

e weil ALBERT STMMIN P11 yoepr Fos/t s
. 330" F E/L of

s : 254.45 3

‘FIELD. WILDSAT = =5/ Annona

~J locATION  LEE TAYLOR. SUR.

VER

PO Deawa 99 :h
Dylev. Tavas

INDUCTION
1002

COPY COMPANY
millimhos/m = 5299

;. WILDEAT

LOCATION

CONDUCTIVITY

COUNTY. RED RIVER =

COUNTY. ... RED RY

INDUCTION

A
&

X

03 -139709-«IEL
SRR | e

RESISTIVITY
~ohms. m¥m

M
mmmm;——
W B -\ G e e ] P e ST
T e e s e

@ F

ST TEXAS Pfic
SHils He.

b
—
o
—
o
ol
e
g
-~C
-
=y
e
-
g 3
e
-
b
L
=
—
-

/

SPONTANEOUS-POTENTIAL




| "

lllllll ’lllllllllllllllllllllllllﬂﬂ"llllllllllllllllllllllllllllllllﬁ&llil”il
IEEEEEEREERC R CREECRREREEnEaR lll "'lll FEEERRE=QREP L REDPNANEEENERERE I8

ECoecE
lllllllllllllllllllﬂlllllll sREMaED EHNIIIIIIIIIIINIIElillillllllﬂlllllllmllll
(][] L EECCOEEREEEDEREE AEERECEOREEEREEEEP 0L bl e
e ' dllll'li”‘lllllllllll llllllllllllllllllllllllllllllllllllll

LAY RN LR P PR PR e L L
~<EC0HARD IBEEERS RN RERERC RO ERARNE REEERREEEEERCOERROARCCERERE
o [ L e T R B R R L PP PR e P L P e ]
1illllIlllllll!ll!lllIIIII==IIlIlllllllllllllllllllllll lllllllll lllllllﬂlllll
G800 EEEEZdEREERS I L EEEEREERL IEEEREELER B
IlllllllllllllllllIIlIIIIIIUllllIIIIIIIIIIHlllllllllllﬂllllllllll
IEREERRERCERCBRAT K PP E LTI T T A EEEEEE ]
e e oot e
HEEEE EEEEEEEEEEEEEEEEERAEE IREEA

iR P e e T
llllllllll'!"'&hl‘lllllll‘llll"l'l'llllllllllllllllllﬂllll
““ ﬁhﬂlllll-\--.-a--==S=l\ﬁusﬁh-s-.___,_..».f\.._‘lIll lllﬂll

L EEEEEL EEEEEEEEEEEER IR AR EEDEEE
llllﬂlllllIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIllllllllllﬂllll
EEEE *IIIIIIIIIIBIIIIIIIIIIIIIIIIIIIIlllll IIIIIIIHIIIII

AL T LA T L RN AT R

SEREERELEEERESS
3 IIIIIWﬂllﬂﬂﬂ‘llﬁilllﬁllllhlﬂllﬂlllhh”Iullllllllllllllllﬂlllll
L L T e
] iﬂilﬁi?lEIIIIMIIIIllllllllllﬂlllll

EECEEcaeEEERR BRE
B EERERE R PRI EEEEE R EEEEOEEE Illlllllllllllilllllliqg
LEEEL B E PR EEE P PP L EEE L E R L DR R L L L L I




INDUCTION

RESISTIVITY
ohms. m¥/m

4
o
o
o
2
2
z

. EEBEEE
A LN ECEREERERNONE AR N MEREE
' lﬂMﬁMWlﬁ@lﬂl‘lﬁIllllInll




- §E§!!E§I!E§!ﬂlm
L ST EEEENEENE]D L7 T ANEREENY 475/
AV i o , | ] gan llgliiiiiilziﬂISSIEII!!E!Q&%IE&;!II!!%!EI!&IE!!S! wIEEREEETATE
,f/},/i e : = - g a2 llllHll!llIll!l!!lﬁlll!llllillI!llllillllll!!!!lEii!lﬂilllilllm
’ ¢ i = llllllllllllllllllHlllllllllllllﬁlllllllllllllllllllllllllllll!l!lllll!lllllm
g *gli!llllllll!llllllllllllll!ﬂllllIllllllllﬁlllllllllllllllllllllllllilll!Illlll!llll
",ﬂ?tﬁas&ﬁiiﬁ%l%l%lﬁlﬁlgﬂi"a ==3=hdllllllll!llll&l!ll!lll g DEEEEEE EREEnEEEEs
,ll!!!ggiII!l!llllllllllllllllIlglﬂlll!lllllllllm%!I £ Illﬂ!l&l!lliﬂl!ﬁﬂ
?IIENEHES!!ii!!!llE!!!!!!!ﬂ!!ﬁ!Siﬂﬁ!ﬁﬂlﬂEIEE!!lﬂﬂmil i AT
BEluEag ll!i:llllll!llIlllllllllﬁllllllﬁll!lﬁlﬂ’ B2 = T
lllﬁil!lllll!illlllllllllllllmnllﬂﬂﬂﬂ!llﬂ!l!!ﬂlﬂll
clﬂﬁﬁlﬁillllltilllllIIIIEII!M!HWMIHIIEKMMEMIII
Hﬂﬂﬂlﬂ!ﬂllll!illﬂ!lllﬂﬂﬂWlﬁ?ﬂ]lﬂﬂ@ll:lWﬂlﬂl!ll
{ N

,,

: -

BRd B VAREEES §EE L= TANBEL EEEES B
==EE=H§ MhA T L ¥ T T

m¥Ym
o laaabe g

>
=
Z
—
. 2
{7
w
~

_ ohms

IERE /SR ipEEERD

TR IR T
,lﬂl!lglﬁllnn--lilll : : ,
| = oo e Pm = m e . > | @ o
l"lllHlllllllllllllllllllllllllllullllllllllllllllllllll lilllllli::lil|:::ll:liilllll!
lﬂ!llglEllllllllllllll:llllllllllﬂlllllllllllllllIllllllllllllllll!!lllllllllIllllllllll B

bEmEcianaEEEEEERN EEEE IIIIIIIIHIHSMIIFE!F"E”Elllllﬂ'ﬁiﬁﬁﬁl!Iﬂﬂiﬁ"lﬁiill BEEESE e
lllliﬂlﬂlllllllllllllllllllllllllﬂllﬂl‘lﬂi:liﬂllllﬂ!ﬁlll III‘ BS l==::"..'.

‘L‘

, feg0 '

v====lﬁlllllllllllllllllllllllllllﬂIllll:gllllﬂlﬂ!ﬂﬂlllll
-~ | ] il EEEEEE




E“5§§Ei§i§§§§5ﬁ5§§§E§§E§§EH

g iE=aE : §§;§§§§§§%i§§ggg; 2 eGSR FE NS R EEEE S

e A T ML LS T LT - S EEEEEEEMEESEEEDS 1N IEEEENEEEEEINANENY EREEEGERR

=€ an RRRRAN/FATH dma ST iiv 445 inua= a2 SEAREEARAY BEEIRIEPY I EENEEI A AREN R HEENEEE

B0 R ANE N N GRe Ay NN R R AN AR E S A A0 AR N T ANRENN NN Eiue N AR RS SRR R A NN AR RR AR AR HEEEAEN HRIE) oz ANBY S g Y AEE A BRI

8 S SEBEaNAN SuU AN NN AN e NN} NN NN () oSNNS N :snsnimnuninnnsnnnmmn“zz.mniagfguslunlsﬂ“nn i3

mm:mmlmnmnnnﬂﬁ'ﬂiﬂﬁﬂﬂﬁ§§'§§§§§*’4§§§§§§§§=§;’53;i’e?5?%“5%%5?““33“53?mﬁﬂ‘f{ﬂﬁﬁ?iﬂ‘:‘ﬁ5ﬂlHHi‘l‘ﬁﬁﬁ?xﬁ?ﬁ?ﬁ%ﬁ‘ﬂ%ﬁﬁ?ﬁﬂﬂuf-m RO 598
b ! i i ! Wl SR . %

B 8110 SN EENS EEE S AR A NN SR A RS | §EL i BB RS IS By 26 laluuntﬁmu:mmnnnnannﬂnlnglnlnnl R nan. uitsudmEBduiEs

?3?ﬂi“Iﬂﬁia#!sih‘ﬁﬂiili!!“é‘g“v SEIL%?E!W’
AR !!Eilll l’ﬂiﬁ!hﬁ}!iﬁﬂ ESIiISlLli&ﬁﬂliiJiiﬁiﬂ&l!ll!! lilllli |
e e

oEs Eliiligilﬂm gnEag i!l ii!iﬁ REEERERET !!ilﬁ FENEEEs
igﬁlﬁl§iﬂﬁi§!ﬂl‘iﬂli!§i!!ﬁi?ﬂﬂﬂ aEaE g Eaa El!S!ﬁlﬁlllﬂ!§§Iﬂﬁiﬁﬂ!!lilmﬂdmHIE |
A ERiinREOE
gEﬂ%iigiHi!!l!iill!!!iaﬂﬁkgﬁﬁiA llll!!ﬂllllﬂﬂiiﬂ]ilf IlmllﬂJIIIIHIUIHHhIIﬂH&Ilgl?

dao]

D AWM=
: 1 s ) W e s o e s A 0 ot i s

BE lﬂll ! AR Ty |
2l EmﬂillﬂﬂmllliﬁﬂHIdlHI!IIIIIEIII!I!IIIIILI
g8 ﬁﬂﬂﬁlhlﬂlﬂll!ﬁl YEEEFINEENEE0EE
% !ﬁ?lﬂ!!ﬂlﬁilﬁ‘! lllhﬁﬂlﬂﬂ Illllllﬂﬂlll g
U

JIAEETHEERNEEEEEEEaEEnEE g LEIEEEE EoianEen !Hﬁlﬂﬂl!l!ﬁlil&iﬂf!!!ﬂ!!l!H
ﬂdl=lﬂl JE&IH“

SEiﬁllﬂIllllilﬁ!ll!!ﬁﬂ!ﬁ!BIEIEHEIEIE ErEEERIREE !!iiilﬁi!ﬂlﬁﬂ!ﬂﬂ!i!!ﬁl!IﬂlLiiIII

& BERILE
gg§g§§¥§======5§g=ggglﬁﬁil IECEEERER T GEERR Al E ﬂﬁ!!l!S!!HIEEEWHBE!I“I!IH!IIIIE!IIHIli
iigﬂiﬁﬁﬂllllgﬁilalﬁl DERCEEAY A BNREYALE iiﬂ%ﬁ!ﬂﬁi&iiﬁﬁﬁﬁ&?!iﬂll EonnEERRC ERE IIIIIII

AU YT T e et | 1 li!lglssii!:E:gggvsmﬁggggiasggiﬁigégggg%i==§g§;g5§sggg;ggg;gzgggggg'.!-' Illllll!ilﬁl!llll LEELEE
!Ei!il!lﬁ!!!!glﬂiﬂli!!§§§ ,”El!l!EEE%éIE!li!ﬁElli!!il!!ﬂ!liillllll!lli!l!lllilliil&hi?ﬂl ll

!3i!i!!lilg!g!ii!l!!!iil!I!ﬁl!ﬂlliilﬁilgiiglil B D EEEEGERDENUERERERENGERER
;gg]ggggg§§=§§=====§§==§!.H:i!' CIUE LT T Wg?ag&ﬂmuhiﬂilh*ll Il!llllllllllllllllﬂm
“mmm“mmmﬁﬁﬁ&mm&mﬁmﬁmmmm$mmhmmmwmwm"
ECEEEERECORTEREERREEEE lllllllllli!!llll!llilliil illlllillllllllllllll EEEREEEEREEE TR

!iill!ﬁl!l!lli!lll!liﬁiii! ERSEEEEEEEA lil; EaEsEg

I EIEEEE s R N RE R R Nn T BRI RN A e EREEGE R AT B0
!Sgl!!EESESEEIEEESI§E§§§§EE§HE§*!!§§E§§§§§§§§§ EEEaan EEEES!Illl!i!!!illglI=I=I=llllili!llllll

T T e T T !ﬂl“l“““ﬂL“g

FlEEpEsraanaEasm.

SPONTAEOUS POTENTIAL | | RES)




:az:ssux;s:;xs:zssx::;:;i::atixzasans:iixssila!ii;isseazizgﬁi%Izss§§5§§§§!§§ii§:i§%§§i§§§§§§§§i§§§§E§ii%%ii%%%é§§!§§§§§§%§§§
ilsililiililiimiﬁHliiiiié!§i§!l§iii§i§§!§§iiiﬁiiiiiliiiiiiiiiimii§!§§i%5!5%%52%§§i§§§§§§§§§§§§§§

ERiTaREanaqnennRneEaRERRRICRIACAD
iiERRaRaREIIRRBneRERRRERARAaARRAREEL 1Y
EiInaRntEaRnatu aRnRRERRRARARRTIARARRANRD CCIMAREN
T e T T O R T LT

: LR
llllllilllili!!lll!iiiIii!i!fi!lllillillililiililii!l}!lllliliiilll!llili!lli!i!!!lliil%iiil!iilil!i!i?igliiiigii!ll!giigii?ai!ii§i§£§§§f?éiﬁ?
Ilillll!lllli!!l[i!lilllll!lai!ll!IIIlllliil!lill!il§éllﬁ§!lli!iElli!!liilllii!lllliiliiliil!lll}f!!ii!ﬁa%&!ﬂili3!!!!;?353!55!%!23353&!

SSTRe e R et R AR e ALY o R TR PR AR R R ananuEez RNRRRRNNGC. RRNRRTRRIARAANNCHRREANCRED IRRRIREY

ARRCoRiaEA ananARacHANaRNARuRK danaR e RaRRRNERRnanRRRRARNR NR AR MR nnunu eyt qa 1R RLARNRRARRNENRRRIRIRETRNRNENRNAMNRNARIRRHRIAEIRARRREL

' ,!lllllll!lllllIllliilll!lld!llliil!!l5!!!!!5!!!ililllllii!!lli!iill!!!l!!li!lll!lilllii!l!!iiliili!iil!iiiiilllllilliliiiiiii!ﬁ!!iiiiil!iii§§§§l§§

S T e i R R R AR R RnRRENRRHARERcRaRnRARRRRIRIRERNCMARRARCHRRRERRANAREAAIRANRRENCE
EisRRRRERARIRRRRE S nTaLAnEE RaBseR SR EgN AN RRHARIRNRRaRIRERaRIacRRRRRERRRRANIINRNRREAREA R RRRERRGDREA

_ CRlEnaRRtananERaRaa naRRNaRAncEL [T T aEgARARaRREnuRRR 1RR0RRARRRERERINARARANANAANARAREE

a3 SR RN LR EREOR AR ERRAR AN Gesaa s D R SER G aR
T e T T T T T e TR L
= T e e T e P T TR
B SRR T R e

RAiaiRERaR AR AR RGN R Rk AL AR e R AR aRARRA AR A R ARERERARRALCH A LA M RRRR RGN DRNRRNRERRNRRRATANNARNACNARARRANORERRERE ER AR 0H

= Illmlmllﬂlllil!!!!?mi!“ﬂili!I!llliiﬁlﬁ“lili!ﬂliﬁiilE!!l!!!lliili!iimi!}E;!iiﬁiimmiliiiﬁﬂ!ﬁiii!i!iiSi!ﬁ%ii&iiii%ii%ﬁiii
EEEERERILRRTAAAEaEE, kTR TRAnAAY I0RNSERAY ERKANLANARNRIRLANRANERARARARANRATHAE FE e R R e PR R FH




e N E e =28 ELEEEEEE
TP R P P B i Bagena !liﬁiﬁllglllliﬁﬁ
N LT PR PR R P 1 REEae Iii?ﬁﬁl? T L PR T
IlIlIIIl!l!l!lll!i‘ll!ll!llllll
IIIIIIIIﬂllllllllﬂ?lilillﬂllll

: IIIIIIlIlllIl!llIlllllllIIIIllllllllllllllllllllllé
fi EfdBaEarncEn e e R R AR RN DR AR e
B geEgEen llllIIIIIIIIIIIIIIIIlillllll;ilIﬂllllllllllllll&lIIIIEIIIII
NN l!!!ﬂlllﬂlllilllllllllllllll e L e N L L I AR T L]
EEREEEREE pyeE EEEREdeEnaRED RN e R E NN EE R R e AR R B s EE VAR AERERY ZEEs
Eﬂ!ll!ltlIlllllllllIlllllllllllllllllllllllll!lllll!lﬂllllllll!lllllllllll
T CLER e R P e T i B LR TR T PR F P T E
e L NII“IEillﬂlllllIIIIIEIIIIIIIIIlllllll'llﬂFllmﬁlliﬂhﬁﬁllllllilEIH
IﬂlﬂﬂlﬁlﬁﬁlliFlllﬂllllIIllmﬂlllllllllﬂlllllllllI!IF!iuu NAELEEU BEEE SRIET
,lﬂllllf!!ﬂﬂl!!llll BNEEE INEIIIIIl'IllS!lIlIllI‘Hh!IHIllilllllllllllll’
'IIIIIL!QUWWIE!IIII‘III‘IV‘IE ML PEISNR A TP TP
IIIIllﬁllﬁﬂltllmllﬂilllllllIlllllllllllIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!lllllllllllﬂ'
ll;ﬁ;!&!!ﬁﬁlrlfllllllllllllElllllllllIIIIIlllllllllllllllll!!llﬂlllIIIIIIIII@!IIIT!IIIIMlllﬂ
BRELSEE Surigs: llIIIlLlIIIIEIIIIIIIIII»llllllllll!¥,4_‘_" 1 !,m!!!kh&'mﬂunﬂllﬂalll

A

UNORMAL. T Tl

U‘.‘.—.—\-.-.\-JSL‘-

=
,::2
=
2
=
ot
=

AES SCALE CHANGE KT 50 ¥R 30 CHIE

. lllllllllllllllllIIIIIIIIIIIIIIIII ; IIIIIIIIIIIIIIIIIIIII
lllllllllllillll gEsE EEsnme , . !l!!!l!llll;

vt AT B

+

. BENDEEE
i ELEELIUEEEENE
e L O T

SPONTANEQUS-POTENTIAL




i §§§§§§§§§§§§§!§§§L§§!iiit.ig
| | ' 2GEnEE DT R R TP DT e e T DA N DTN LT T i!EIS!EEEII!IIiE!I!IiIEE!iI!!I
§I§%§E§§§§§ lEiEl§i§l§§§§gﬁiﬁ%iiiE“ﬂﬂn;éﬁ&Sii T I e N A NA VR TT A P T EEEPE RN EEEADREER AR
!ilillll!EE!Il!lI!l!Eil!Ei&iﬁi§§§§EI!EEEEEES!§§!§i53331§§§§§§ IEEECEEREE I EEOEnEEEanE - (HEE LT BN EE R REEE R
I!llll!!iﬁllllilEliI!!ﬁES!!ﬂESEiIEESEEEEEEEQSEQESiiiEI§E§§§§§§§§§§§§i§§§§§§§E§i§PEEJSEE L PR R R e b E PR R L L
BE | CEOEEEE !iﬁﬂlﬂi§E§§§!!EEE§§S§§§§§§§§§§§§S!&!lgﬁiﬁlﬂﬁi ll!!!lESIEIIEIEI!I!l!!lllll!!ll!IIEIIIISEIIIEl
L L e e L T e e e e e e 18e LR PP PR P EEET ] B
!EQIEEEIIEEIEEE!S!!§IEEIEEIEESHE!Iﬁﬂiﬁ!§§§E!§§§§§§E§§§§§§Ei§§§§§?§!!k#7§!ﬂlﬂi!llﬂ ooe ﬂl!ﬂ!ﬁ!llﬂﬁ!ll!il!l!l!lllillllllllllllllﬁ!'illﬂ
N WL LA N L T LA | IR N PN Y thy'*dat&iiiiﬁﬁ J§§§EE!§&§7§H§I‘IMIE!Hll?lﬁ!éuﬂi!?il‘ll! Illﬂlllllii V]
IEIEIIIEIIIELA!IL'AI!EISJ!EE“Sll!IEEEI!hé!ﬁ!ﬂllﬁ!Ehi!!!EI!!§!§§§§§E§§§!E!El!!lIE!!E!FQ( afiﬁhIl!HlﬁlIiHEQIMI-&BIlllliiii:ﬁ%i:‘"‘ﬂ'ﬁﬂﬂ!
IIIIHE!!III A RAERA AR RSN ERI ARG NE AR EEn §§§§§§§§Iiﬁﬂiﬁﬂ!i!!hiﬁ&ﬁib!ﬂlElEIESlIE%I!I!!IIII!IHII!!IIIIIlllllll!lll
SPERINEEE R ER AR R R R Eaar ﬂ!&lﬁﬁ!!liﬂl!ﬁﬂﬂﬁHﬁﬂfiﬂiﬂﬁﬁi!§§F§§£§§§llé!lﬁ!ﬂiﬁ!ﬂllﬁdMSlIﬂlI!Ilﬁll FEECEREEREBnaatn B , -
AWMEHIII!!IQNHIHIE&W!I!!IIII!!S!iﬁ!EIEEEIIEH!IEﬂéil SlRERMURT §§§§S§§LSEA!ili!!!lﬁill&ﬂmliﬁﬁﬁlllE&i!llH!ilEl!MlﬂEHIINIIIIIIIIIIIII g il .
!Il!lﬂi!@!l!i!l%ﬁll!ﬂllﬂEISBBEHEEIIFﬁiiﬁiﬁiﬁ?ﬂﬂiiQIIIl!li!EEEEEE EEEEELY iiﬁiliﬂﬁillllﬁdmm%ﬁ@ﬂlﬂlﬂlHIIIH&E!H!Euilld!!HEIIEIE!EIIlllllllllﬂﬂllﬁﬁ!ﬂllﬂg!lllilll!lll',:'
an l!l!i!i: I!IEEIIIB’EHHEEEEIHEIEﬁJ!&ﬂﬂESMHHIEﬁ!SEIIQiiiliiEﬁ!§§i§i§§ii§!ﬁ§lllﬁ!ﬂl?!l¥i!Pﬂ#iﬂﬁllﬂEl!l?ﬂL!dﬂﬂﬁ!i!llﬂ miIGHEERCEARENRITRERREEE AEF VANEE REEss tas SRy BRE

=

Iil!llllllluﬂﬂﬂiiHNEIEEIIIEhiﬁPﬁQﬂlgﬂiﬂlglililiiiliig*§§Elilﬁ§!lﬂ!iiﬂ‘lﬂillliihillllILiﬂluiHiEﬁBﬂMﬁ!WlllIﬁlIHIHHMIIIHIﬂﬂﬁll!lllilﬂilmﬂlﬁHll!lllllﬁlﬂﬂlvi”'

E!lllllllllliﬁﬂ5EIEE!IHEﬁHIIiSElﬂilﬁiﬂlil!!i!li!!i!ﬁiﬁﬂﬁigl!I!lES!ﬂii!i!lll:illillﬂl!lﬂlilllllllwllllllll!ﬂﬂ“ﬂﬂUIIITﬂlIHﬂFMIﬂ!EIHIlEI EECEEEEREREEE

BEEEmEED £ < !
Illillﬁilllﬂﬂ!liirlllilﬂI!!!II!E!E!EHE!!!!!!HHII!!!Illﬁ!l!i!giliﬂlﬁﬁg i!lilﬁunllﬁﬁﬁu&lﬁﬁilllliﬂllﬂl!lll[illﬂﬂllﬂlﬂllll lll&llﬂglhllldujlmﬂﬂﬂﬂllI!II!IIIIII!IIIHE! '

fii::ﬁl!m_v &ha'mﬂh&ﬂllﬂ,EII'I?:E;ﬁiﬁﬁﬁﬂlilHL&J?;&amnn-aSEIuangﬁsu Eﬁ:-i!llﬁ!ﬁliikﬁ%ﬁ?‘ﬁ“ﬂl‘lﬂi!lllﬂﬂllﬁﬂ et [ Sé'lﬂlﬂlﬂﬂlll!lllll&I!LMMmlllllﬂlﬂilllll-lll-lﬂl7

II!EIEIIIIIIIIIEIIIIIIIEI!IIII IIEIl!lllillliliﬂl!!IS!IllﬁﬁiﬂiEIlllllllllllﬁ!lﬁ!

At ill!'ll!uuuﬂﬂ LD L L L L LT o L DLl et SRESEEEEER SR
BEdnEEENEuEREE RS hillnl!ﬂﬂllﬂ!!l!ﬂll!ﬂ!llilllﬂﬁili!lﬁiﬁ!&i EREBkL lllﬁﬂlil&llls
llll!ﬂ!lﬂ!Iﬁllllﬂlillllll!llllﬁ!lliﬂl!ljElIIII!Wﬂ!!II!SE%S!@S‘!IIIII!illiﬂlﬂl@lll’
LT RP Illlglggllllﬁ ’ Ilﬂli!l!!!lli!iiiis DECERREIREEnRREEE

SEGEEEEERE
ggilgﬁ

i
B

BEBELAERENREER A T
BEEENEOENN RN S B EERUE RN
BEEEgRE EEEEE LD




ngsgﬁgs“n A ,
!Iasgiglsgaig, ol , AN ﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ
TACNIAT T 22 =] =22 : LY S REERnRfaannnianannatannneaat
Eﬂsiﬂﬁligimm]i . ‘ - < P - BididnanafERaiainnnananaanasnetnaae
B EEcEEEEEEEREEE - I cew | Location of Welk R T LR R R
§Emu“msﬂngngg[“n = = - , T TR LR b L L
AN N T = - S i ,gﬁﬁﬁﬁﬁuﬁﬁﬁﬂﬁﬁﬁnﬁﬁﬁﬁﬂﬁﬁﬁﬂﬁﬁﬂﬂﬁgs
sggjgzlg;;gg;ﬁ;yggg;gglggg - - & 4 ' T R DR TN
EEEETEEErrEn e ——=t - ] . , ﬁﬁﬁﬁﬁﬂﬁﬁﬂﬁﬁgnﬁaunﬂﬁﬁaﬂﬁﬁﬁﬁﬁﬁaﬁﬁs
L) g = 1 s % ol | AED RIS ﬁﬂﬂﬁaﬂﬁﬁﬂﬂﬁﬂHﬁﬁﬁﬁﬂﬁﬂﬁﬁﬁﬁﬁﬁaﬁﬁﬂﬁg
e - s 1 (i e
= - E . i i M AN
gsagggggg%gg%;:gggzggggg:E,is s i = iz = - L A LR ORI e e T T P
iilﬂlnilmmlaﬁiegaﬁggg EEliEE He e O] IS - /N ; 2 - ' 2 7 ianeqadnTalaaaneanntIaneddananananRERnaaRcRRaaRRRRLERRR R nRERNn}
EREEnN R EEEnEE T I!!I , PR a Y : : KNG e GREndeadnnciERnineaRninanananaaRARRA RAnnnRRR AnantnnnnanE

‘SROAG ERRNES ATV YPRUISY RO i

HH
i
i
|

= BE , , o ¢ ,
N EEE NN R hiee o 3 - e e : iiﬂi!§i§§!§§i!§§§ll§iﬁ!5!it!!i!!&iﬂ!i!ﬁﬁéiiﬁi&iilii§§ii§§§§!ﬁ§§l§
SHLERERENG) S EERERE| mEEE . 0 . Fradidngte =t ggﬂg%gggggiggﬂliggfﬁggi‘{g;i?ﬂfﬁi?ii?ﬁﬁi!ﬂ§§!§§§!i§§§i§%§§
J i . . . =g e : L] il

4

IH!§Iﬂ!!Eﬂ!iil!!lﬂmlmllil!ii!lﬂ!ﬁ!ﬁ!&iiiﬂiiSEii!iii§§%§§§§i¥§ii§§i§§iiﬂil
ROE CRRnACEpERAREaRaRRARECER IuRRNNADANRORRARA A LAR CRRR N AR RRRRnReE T EdnnR anEEt
Iltli!lll!!!ﬂ!!!!i!l!!ﬁi!ll!!l‘é!ll!ll!!%ﬂ!!ﬁ!ﬁ!iiiE:ﬂl§§§§!i§§i§5§§§i§§¥§iiii!gl
fiaiia00008ARRRRARACANAAqAGAAL AARRARAANARanRARRRRRRRRARRRRRANRRRRREEY  nd RANRRE

lil!!!liilﬂ!!l&llmiiiiiﬂiii“iliiﬁliiili?gEi;!gg%éiiiﬁ!iiﬁiifﬁiiiiﬂii

i ]

I!Iigii!!ﬂi!iﬂﬂi!ii!! GEIMInTAanaRaReRaRcnRRRERRRRacRRitaRctEnaananaeni
ERe o iii!!!iiiiﬂl!!lll“iiﬂ!iﬂ!liiiiiiiﬁi!!ili!!lia gﬂ!ﬁﬁﬁiig%ﬁiiii!ilil
PR R R R R LR EHE R L P HEE PR LR TR BT




£ovd -
ey PGt

EEEEEENEREIRREREIRnEEtaaCEEE
S e IO
SE!!EEI!%!!iﬁl!ﬁ!!ﬁﬁ!”tﬁl‘!l!ﬁ | /
Eiﬂi!i!ﬁﬁi!!!i!!IEEEESIEIEIIIIIIEIBEEEE§i§§§§!§§§§§§!lIESEE!EE!EEEEEE
EIESIIIEII==IIEIIEEE§!HIﬁl!l! gggigglﬁ!gliﬁﬁﬂiliﬁgﬂi !giﬁ!ﬂigiﬂliﬁil!!!!

BnoaEeRe
!ii!llllﬁllﬁilﬁlslllﬂFﬁ~§lIIIIISIIIIIIIIIIiilli!!!!!lll!lﬁglﬁ!ll!li!lIl!ili!ﬁl!ﬁ&&ﬁll!iﬁlﬂ!Eil!EElE!!!!IIlES!!Ei

Emassaoe duibee 0@l I BRc S S baecnrncone EEE EEfkpeinbbede e b a0 bae mafEE e i

(EENE
,ggggggggggggllhliﬂl ll!!ll!l!ﬁll!illllﬂlll!lllll!llEIIIl!!!!Illlll!lillllllﬂlliiiﬂl! !IIIIIIIIEEIIIIEIHEIIE!!EI

RECIEBCEEEenEnnT e llilllllllIillllilllliiilIIIEI!!!!II!!IE!llllﬁ!l!!li!lllllﬂ!'!i!l!Eill!i!iﬁ!
& 25, = yrrg et TR e T EEe b EE b T T
EEENULELI EERErAd e ERESEEE AnCEERE NEnEE lliIl!ﬂ!I!!lE!lElI!llIlI! EEETTEY

EEEEER
SﬁﬂlﬁlllililFﬂil!!ﬁllﬁllllllliilllllli!l gEpEn
LR ERERE | ]

IEIIEIIEIlllilllil!!lllil!lllIlllrﬁilil!ll?lll!llil!ﬂ“!il!l!lﬂll!l!ll!lsllilﬂﬂ!i

R A ANl I LTIV e VN il!ﬂhiiﬂ!i!ilh!llﬁﬁi?!ill!llﬂﬂ!l

' w--mamrum!—--n.!M-iEﬂ!EiEE'EEIEE-iﬁ:ﬂﬁﬁa‘ﬂﬁ!iﬁﬂ%ﬂ!SEEEEEE‘iiﬂéiﬁ%ﬂéiﬂﬁ%ﬁ?iﬁﬂEﬁéﬁiﬁﬁii
sqgddnm e - 2 o

:s:n.::h..g...f;...:li:....__‘. smmdngBndnsnata _,,.._d;h_‘_h_g.,.....ih.

!lllilllllﬂilIIIIIIII!IIIIIIIIIIIEI

MR FIPTErT I AT PRy N T

II!!IIIIFIIIIIIIIIIIIIIIEIIIII!L!!!
EonnnnEans

Hggl!!§====:ggzllllﬂll;lIIEIIIIHIEIIllll!II========I===IllllllllllIll!;!;!gg
aEaEEy EECEEEnannEEEERE
ldu!llllllllllllillllI!l!llllllllﬂlllllllilllll!lllllll IIIBI!IIIIEIISIIIILI‘

1!IIEISIIIIIIIIIIIlllll!llﬁﬁd#ﬁ!llllllllllllllilll!lillllll!l!Iﬁlﬁﬁ@ll]llllllllllllll
bl R R T L L P PP T P e P LT e P LR LT T EEE g2 o

il!!li!llﬁﬁiﬁégﬁ!ﬁﬁé?llﬁﬁﬁéﬁﬂ@%Eﬂ!llI!lllll!ﬁﬁZﬂéggﬁiﬁfgglﬁlﬁﬁﬁﬁﬁiﬁliillﬂlll ||
L ] !IlI!!ﬁl!l!ll!l!l!!lﬁl!lllﬁ!!l!ll!ﬁlll!lﬁl!!!liiill!ﬂ!!!!ﬁ!lllllllil!l gl
ZarEe ﬁ?ﬁﬁ%&ﬁﬁ?ﬁﬂﬁﬁiﬂitiﬁrggg;!ggg!g!!!ﬂlﬁﬁﬁﬁ?ﬁﬁﬁiﬁﬁﬁ%ﬁﬁSQIEEEHI!IHEI!!!ll!lll!ilallllllllill!!l!l!!l!§!§§1



EleeapinEnEEy §§§§§ L TTE T ] :
CeT , . Bemg NEEEEEE RN IEEEEN T EEEEEREEE |
/ 2E o - o o , £ Bl |
§53a§a€§33§a§ BEEE. NEPTd ﬁ Efw §¥§§$?§g$§§r§§ % NEEsSRREERER T NERRIR D CaEE aEaRREE ia§§§§s E Eggsssass :ssria zsl EE{ER!S § ggg Eggiggi
4T A8V Sl inaEn-al BRI EE EEE§§§§E!EiﬂS!ESSE§i§!!siiEIIEE!EEESSEEil!EEEI BEREE ; I ll!!ﬁ
ChiE e E§§§§§§!§E“§iiﬂﬂ§ﬁﬁﬂ&§§ﬁﬂ!EE“!E!E!“EII“M!E!“E“E“ nﬁnnzﬁmn !iﬂ!l!!!ﬁ! umﬁnm !nal
SEomasEEEE L GEEIEE CEERE PR R B e l:!!i!lﬂ?;llﬁﬁ:liliiiiulgnnaruasslﬁmﬂiiiisﬂ:iiia B

EEEEEEH IR E A NE RN “gggggs§s:§§§s§a UHEGEEERNCaRY
AEiNEEEEE HEENEE N EEEEEAEIgEEAE NN RN R R SN S R R R R AN I B A RE A NS EERAEEEANER
:i:liill!ill:::lll:la:::::xmaxn:n:lailllggaa EEEEENEENE SR EEEEN L BRI Rl §§!E!i!!EEI!I!Ei!ﬁEﬁ!!!ﬁ!lii!!ﬁilliiﬂlﬁ!liiﬁrul!liliﬂl S 8.8 EREEE BN E I E R RN EREE

i
e e e THEr i s o =
§§@E§§EE§§§E!§§§EE§§§H§§§ﬂ§§i§ﬁlﬁismﬁli!‘ﬂ!lll!l!!!!EE!!EEEES!E!Elliﬁlslﬁillllllllll!!lllllﬁﬁlillﬂﬂidﬂl A
§§§E§‘§‘§§E§E"‘E“'ﬁ“’§2§E§§§‘§§§§§§§5 §i§§§§EE§§E§§%§§§§&S&!&B§&A§I§!§F¥£5§£BnﬂﬁﬁtﬁﬁiiF!&ﬁﬁ&ﬁikiBﬁ%lﬂ!liﬂ!lilllﬂ%l!ﬁ!mﬁ!ll!lﬂ!ﬂllﬁl!llll!IS!I!!lillﬁ!l!lll!iliﬁ!ﬂ!ll
e eopammhinccw ST I T T T EEEnEEENEEEREanaEEEEEEEEEE R A4 o= :lsa:glalllil!i:llll!l!llsslisllﬂillluiaallsa
masg BEFUGEL EunENIELBEE Gedmnes=nl NEEVAPEEEENN
AN BB S B B1080\ BENEASY ERSRY

mids
- | EEEEEEEEBEREY D IEET g!ﬁiiﬁﬁi?ﬁ!!l!ﬁ
glﬁgggggg%gggsggggg§§§§§§§§§lﬂElﬂiﬁsﬁﬂSﬂ EaEnraEagia s ERiimEn e !i!l“ﬂ!l!hﬂ!!iiﬂlﬁ!liIlllliﬁﬁillﬁlﬁllllllﬁlﬁ
el AT ﬁi;Saggggggggii§E§§E?éﬁﬁﬁiim3£w5ilﬂﬁﬁﬁmﬂ3ﬁﬁ!ﬂlﬂlﬁﬁiiﬁlEEWEIIINWMHIMEﬂiﬁi!lliliﬂi!llﬁ LA D

REE !!!ﬂi!i!ﬂi!iiEHE%E%Eﬂiiglﬁ§§E§§§g§g§§§§§§§i§!‘ﬁg§ii;ggggggggg§§§§;§§%§Ié£§§3;2===géﬁgﬁg%%ﬁEEE?%%éé%EE%&IE%?I::§IY ST AR R
!ihi!!!il?ﬁsl?§!Eﬁﬁlliﬂ!ﬂliiﬁluiiﬁﬂﬁisé JIl!ii!I:ﬁ.!!l!lllllilll!lilllllﬂllﬂﬂll!llllllIIHIIIIIIILIHIEHIIHIJIIII%HI LA -'!“"..'lll-‘m!g=%§=g{2===§.5£s' IIIBIII.Il

¢ [N
Léugh*ﬂlHE!FQESEEIdkdhﬁkB’EAhiN!b!!;gEEEESHIﬁEEESEEEEHE!Siggiiifiﬁiﬁﬁl!ﬂl!lll!giﬁlﬂﬁllliﬁlliﬁﬂlﬁﬁ'ﬁl!lll!liilah!lﬁll ERIVEEEREERGEEERERCES"

NPy e T

ECHNOEPEnRdaNEnEREaEER iR Rl i it g
. EPL [Areett NSl A [V _,wuwsmin!liﬂivvnliai:i:illliﬂhﬂlllllllullllillllli!l:ulllililﬂll-al
Bl SRS n Ao s i ;gﬁ;gg;g;: ‘ "lllli!lilliiih-nl!!! ’ P e B RS e R A AR A A A

L e T T T e L P P [ EEL LI I FEEEE L TR e %:zrt' ill!llllllllllill ENEE llllllllllllllllllllll "llli:ﬂ:liai' - T =
Iiilllllllllllllllllllllllllllllllllllll

g::::gggs:==:==l!g=§::5%::13::252:111553ll:liisggga;;gg:::',_;ggg§=§l=;;illl::llll:ll:s;n;==g!=;!!gg!!!gggggggggggl _!5;5;!!!-.-!:!!‘-=i--!l.SE::lllf-E====:=.'l=======

/ & = e EArnrEERoEEEROEEE EEEREEnns Bl

::l:ia:slssllalialllllLalllmingusia:lasﬁaiaaass:sassaasiisgsssafisiti::ll:::llal::l:ll:ﬁsl::lliilllllll:ll:llﬂlliill:lll i?ﬁll T e e

EEEDEEEIEGIE R mEmmnE i m e mp e R G RER R
llll!llIE!llIlllllilll!llllillllllllllﬂ!lllllllllllllilll
= . %’ES%%:EEE%EE.;'}HE}EEE.':!i%!iiiﬁﬁ!ﬁlﬂﬂhh‘“ﬁ%ﬁiﬂﬂﬂIEE:Eﬂﬂ'EEHEEEE................
------------------- HERERaARI R ARERANAS EHEESEg B0 e R e S A A e R RN RN R R BN RN AR EEE R SR NER R RERRREA T

"""" SEmmsases R s L o AEERE MME A BRSNS RN S B R b e 1



LEEE HOEEAREOEEEEE i Tt
§§ :::s:wsssgmszsgzsgznn:sgnsaazsanlsllialss:l::lsgsassgasasnnnggs BEEE B NG

B EEEEEEEE
iﬁl!l’l@lﬁﬁﬁﬁ!ﬁﬁ!ﬁi! L LR R LR e B e LT E I E e e L T §§§E§§§§§§§§§§§§§§
Iﬂﬁﬂ!&l&!ﬁﬁﬁﬂ!&§!!ilﬂil!llll!glli Il!i!i!lli!ﬁllﬂﬂlﬁli!!!ﬂilaggﬂiggmEEI!IEIEE!!iiESEE%EEQEEEQEEESE§§§§§§i§§ CnaEEaEEs

iiiﬂkjlmililMBﬁEH!S!EiIHI!I!lBEIlB!!

aasgEEr
BN s R G N EE e e N AN R S RS RPN
gg.%égggggﬁigggﬁgggﬁ!l!ﬁiilllllIIEE!Illl!llil!i!i!lﬁiiﬂ!i!lﬂl!!ﬁ!ﬂﬂﬁ&ﬂmﬁEEE!!!IIEIEEEEE!EIESHE!EEEEﬁEﬁ!ElEﬁQEgi§§§§§§§§§§§E§§

VI AN AT PRI TP ;il!!EIS!!‘iﬂﬁiﬂlﬁliﬂﬁflmlﬁlﬁ!ﬁiIiﬁiﬁ!lﬁllﬂﬂiE!EiﬁiEll!ESEﬁ e TR R e
iﬁ!illIIIIIEﬂEIE!EEE!EEEE!!l!!l!!!!I!I!llﬁﬁﬁﬂﬂdﬂ§ﬂl!’dhmslhlAii A TR Y SUERARRSSEE IR0 IRER I AN ARa N SERE RIS ET TENEEEaENE

DEECRRREREI DL nnrEa e lliﬁllliililll!IIII!llll!llllllllﬁlil!ﬂﬁglﬁliﬁl!lﬂ'Iha!!&iihadhuhhuhaﬁisq’ﬁh’tnJ&iﬁﬁﬂéﬁé&J&Eﬁ&’wEﬁk&&ki?‘
gaEEREED §ﬁ!ﬁ!ﬁ§§ﬁﬁﬂil!ﬂlﬁ e Uy L Y NG TR T CT T PR L D e TR e T L T e T PR P EE PP T E E P T TR TR
ISEIIIEHIII!HSlﬂilﬂﬁldlﬁl!Hﬂ!ll!ﬁ!lﬂllllﬂﬂ“lﬂ1I[!ﬂ!ﬁSEHIﬂ&iﬂllM@lHHMEH&E&!HIMIQH&I!IEiii§ﬁﬁﬂ!ﬁ§§ !I!!ﬂﬁﬁﬁgi¥S§!§E§§§§¥§§E§§%§
| I!lllll!E&!!ﬂ!!EIIII!I!HllEll!!!lllllmﬂﬁlﬂﬂHﬁNﬂiiﬂmﬁ!Illﬁllmlmﬂﬂ!IHiIEiﬁlﬂlﬂﬂﬂ!l!ﬁiﬁEiIﬁﬂ!ﬂﬁgﬁgﬁﬁlﬂii§i§§§ﬁ§§?§§§§§§§§§§§§
' CEEEECEEC EEREErEEEEERER RN Hliﬁl“!!BHII!IIHIWHI!lﬂﬁl&lllﬁﬁﬂ!ﬁ!ﬂ!yIﬂﬂ!i&ﬂlmﬂiﬁ I%EHEKQIQ§!§§§H§§EEMEE§§§§§
TP PR TN N Y ll!ll!!l”ﬂllﬂl!llﬂ!iilli!iil!WHQ&!H!S!%Eii!ﬁ!ﬂ!5ﬁ§§§§ﬁ§§§§!i§%§§ﬁ§¥§§
Il!ll!ﬁl!IVililll!lllilhFﬂ!ﬁ!idiiiﬂ!ﬁﬂiﬁiﬂﬂﬁiﬂliﬂi%KWSQEE53§§§Eﬁ£§%
!ll!l!il!&EIE!Hll!kﬁ!llll!idlilﬂill!ﬂ! Alﬁﬁh‘ﬁ§§lﬁﬁ!§§§§§§3E§§?§§%§§§

R N LA A 7Y :ms:rlillsau:iusllng-wranllllmsnlliinlll:s:l:usgls:ulasiaagaﬁsaasasn:isuiss:g§§ssa§%§
1illl!llll!EIIIH!II!IIIIII;!lli!lllilllll“t'ﬁu PRy AL TSI T A va¥,
3RS ENERAE 0 :lllli:lll:l::lllll:illll"" ol :

WOV T e T NN DIV VYIS T IRBNCT R
lllllIlllllllﬂlEllﬂlllll!llil!llli!

AL

IIIIIllllllllllEIIIIIIIII!IIIIlll!llllllllllIlIlIlIIIlIIlIIllI
LARAL AL LR LT IIII OECCEEE R EEDAEa B !IIllllll!lll!IIIIIIIIIIII!SIEIIIII!F‘I!I!ll!!!!iiiii!lﬁ!ili
Plant bl e B iﬁizziﬂillllﬂllﬂlllUI!PIEIIHIIIIFHHIEIIi?lﬂll!!ilif A
aene B2 AELEL e lJSHHﬂlﬂlhlﬂlE¥kITHKM‘?S§H&£E; LAk
o IEEE!!IE!!I!IE!!iIIS!Sﬁ







9.0 APPENDIX C-TWDB COMMENTS AND RESPONSES

123






TWDB Comments on Draft Final Region-Specific Study Reports:

Region-Specific Study Number 2: Brackish Groundwater

1.

The report is a summary of existing information collected from a few sources.
Unfortunately, the most important questions (i.e., tasks listed in the Contract Scope of
Work) that the study set out to answer were never answered. Please see the following
comments on the scope of work tasks not completed.

Task Al: The contract scope of work states that water system surveys from the previous
planning cycle would be reviewed. Please conduct the review as stated in the contract
scope of work and document the effort in the final report.

Response: Water system surveys from the previous planning period have been reviewed
and the effort documented in the report. Summary of the analysis is
provided in Section 3.3 of report and Section 7, Appendix A contains the
compilation of the water system survey analysis.

Task A2: The contract scope of work states that potential use for industrial needs would be
focused upon. Please evaluate the use of brackish groundwater to meet industrial demands
as stated in the contract scope of work and document the effort in the final report.

Response: Industrial, commercial and generally non-residential needs were focused on
in the review of the water system surveys from the previous planning period.
An additional telephone survey was conducted of major non-residential
users and is documented in Section 3.3.1.

Task B: The contract scope of work states that a detailed analysis of lack of alternatives
would be performed. Please conduct the alternatives analysis as stated in the contract scope
of work and document the effort in the final report.

Response: The detailed analysis of lack of alternatives is inherent in many items of the
report, such as the desalination process, current costs and brine disposal
options, WUG proximity to oil and gas reserves and known brackish
groundwater (new Section 3.7 and existing Table 4), and review of the water
surveys (updated effort). After review of the water surveys, WUGs with lack
of alternatives have been identified in the report — City of Clarksville
(Section 3.3.2), City of Clarksville City (Section 4.5) and City of Tatum
(Section 4.6). A new summary on the lack of alternatives is also included in
Section 5, Conclusion.

Task B1: The contract scope of work states that geophysical logs and well driller reports
would be used to locate potential brackish groundwater fields. Please locate and utilize this
information as stated in the contract scope of work and document the effort in the final
report. Additionally, please identify the aquifer name, depth zones, and well fields that will
be used for supply of brackish groundwater to the Region.



Response: Geophysical logs and well driller reports have been used to locate potential
brackish groundwater fields. These are summarized in new Section 3.4 and
actual logs and well driller reports are included in Appendix B and
Appendix E. Information obtained from geophysical logs, well driller
reports and other studies are located on existing Figures 4 — 15, new Figure
16, existing Figure 22 and additionally summarized in existing Table 4.
Aquifer name, depth zones, and well fields that could be used for supply of
brackish groundwater to the Region is provided in new Figure 16 and new
Section 3.4.

6. Task B2: The contract scope of work states that production capacity of wells in brackish
groundwater zones and the number of wells required to meet demands would be
determined. Please include this analysis in the final report.

Response: Production capacity of wells in brackish groundwater zones is estimated in
new Section 3.4. As an example, the number of wells required for a
community of 1,440 connections is presented in Section 3.3.2. The number
of wells required will depend on the production quantity and quality
characteristics specific to the WUG.

7. Task D1: The contract scope of work states that potential brackish groundwater projects
would be identified for incorporation into the Regional Plan. Please include this analysis in
the final report.

Response: The water user groups identified in Sections 3.3.2 and 3.3. (as stated at the
end of Section 3.3.3) are identified as potential brackish groundwater
projects for consideration into the Regional Plan.

8. Task D2: The contract scope of work states that water supply alternatives would be ranked.
Please include this analysis in the final report.

Response: A statement on ranking alternatives is included in Section 5, Conclusion.

9. Task D3: The contract scope of work states that specific brackish water projects would be
recommended if appropriate. Please include this analysis in the final report.

Response: Recommendation of specific brackish groundwater projects is included in
Section 3.3.2 and Section 5, Conclusion.

10. Page 1, paragraph 4: Please change ph to pH.

Response: Corrected.



11.

12.

13.

14.

15.

16.

17.

18.

Page 4, section 2.0, paragraph 1, lines 7-8. The original information is from TWDB’s
Water for Texas 2007. Please consider using the original source and referencing it
accordingly.

Response: Original source used and referenced.

Page 4, section 2.0, paragraph 2, last line. The reference “TWDB” is incomplete. Please
complete the reference.

Response: Completed.

Page 8, section 2.2, paragraph 3, line 3. The “Merriam-Webster” reference in not included
in the References section on pages 66 and 67. Please include the reference.

Response: Reference included.

Page 10, section 2.4, paragraph 1, lines 4-5. The “Arroyo and Kalaswad” reference is not
listed in the References section on pages 66 and 67. Please include the reference.

Response: Reference corrected.

Page 16, Table 2. The reference “BWR and others” used in the table header is not listed in
the References section on pages 66 and 67. Please include the reference.

Response: Reference included.

Page 47, section 4.2.6, paragraph 1, last line. The “USBOR 2001 reference is not listed in
the References section on pages 66 and 67. Please include the reference.

Response: Reference included.
Page 47, section 4.2.7, paragraph 1, lines 2 and 8. The “USBOR 2001” reference is not
listed in the References section on pages 66 and 67. Please include. References have not
been cited consistently in the report. For example, Guyton 2003 and LBG Guyton
Associates 2003 are used interchangeably as are NRS 2008 and NRS and Consultants
2008. Please cite references consistently in the report.

Response: Referenced cited consistently.

The term “mildly saline” (for example, pages 5 and 18) is incorrect. The correct term is
“slightly saline”. Please correct wherever used incorrectly in the report.

Response: The term “mildly saline” has been corrected to “slightly saline.”
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TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

NOTICE OF PROPOSED UNDERGROUND INJECTION CONTROL GENERAL PERMIT
AUTHORIZING THE USE OF A CLASS I INJECTION WELL TO INJECT
NONHAZARDOUS BRINE FROM A DESALINATION OPERATION OR

NONHAZARDOUS DRINKING WATER TREATMENT RESIDUALS

The Texas Commission on Environmental Quality (TCEQ or commission) proposes to issue a
general permit (Proposed General Permit Number WDWGO010000) authorizing the use of a Class
I injection well to inject nonhazardous brine from a desalination operation or nonhazardous
drinking water treatment residuals. The proposed general permit applies to the entire state of
Texas. This general permit is authorized by Texas Water Code, §27.023.

PROPOSED GENERAL PERMIT. The executive director has prepared a draft general permit
that provides requirements and conditions for the authorization of Class I injection wells to inject
nonhazardous brine from a desalination operation or nonhazardous drinking water treatment
residuals. The executive director proposes to require regulated facilities to submit a Notice of
Intent to obtain authorization for injection.

The executive director has reviewed this action for consistency with the goals and policies of the
Texas Coastal Management Program (CMP) according to Coastal Coordination Council (CCC)
regulations, and has determined that the action is consistent with applicable CMP goals and
policies. ’

A copy of the proposed general permit and fact sheet are available for viewing and copying at the
TCEQ Office of the Chief Clerk located at the TCEQ's Austin office, at 12100 Park 35 Circle,
Building F. These documents are also available at the TCEQ's 16 regional offices and at
http:/hwww.tceq.state.tx.us/permitting/waste_permits/advgroups/uic_gp.ktml on the TCEQ Web
site.

PUBLIC COMMENT/PUBLIC MEETING. You may submit public comments about this
general permit. In addition, the TCEQ will hold a public meeting on this general permit
pursuant to 30 TAC §331.202. A public meeting is not a contested case hearing. The purpose of
a public meeting is to provide the opportunity to submit comments or to ask questions about the
general permit. The public meeting will be held as follows: June 2, 2009, at 1:30 p.m. at the
TCEQ Austin Office, 12100 Park 35 Circle, Building E, Room 254S.

Weritten public comments must be submitted to the Office of the Chief Clerk, MC 105,
Texas Commission on Environmental Quality, P.O. Box 13087, Austin, Texas 78711-3087 or
electronically at http://wwwS5.tceq.state.tx.us/ecmnts/index.cfm within 30 days from the date
this notice is published in the Texas Register or at the end of the public meeting, whichever
is later.



APPROVAL PROCESS. After the comment period, the executive director will consider all the
public comments and prepare a written response. The response will be filed with the TCEQ
Office of the Chief Clerk at least ten days before the scheduled commission meeting when the
commission will consider approval of the general permit. This commission meeting will be open
to the public. The commission will consider all public comments in making its decision and will
either adopt the executive director's response or prepare its own response. The commission will
issue its written response on the general permit at the same time the commission issues or denies
the general permit. A copy of any issued general permit and response to comments will be made
available to the public for inspection at the agency's Austin and regional offices. A notice of the
commissioners' action on the proposed general permit and a copy of its response to comments
will be mailed to each person who made a comment. Also, a notice of the commission's action on
the proposed general permit and the text of its response to comments will be published in the
Texas Register.

MAILING LIST. In addition to submitting public comments, you may request to be placed on a
mailing list to receive future public notices mailed by the Office of the Chief Clerk. You may
request to be added to: (1) the mailing list for this specific general permit; (2) the mailing list for
a specific county; and/or (3) the mailing list for a specific applicant name and permit number.
Clearly specify which list(s) to which you wish to be added and send your request to TCEQ
Office of the Chief Clerk at the address listed previously. Unless you otherwise specify, you will
be included only on the mailing list for this specific general permit.

AGENCY CONTACTS AND INFORMATION. If you need more information about this
general permit or the permitting process, please call the TCEQ Office of Public Assistance, at 1-
800-687-4040. General information about the TCEQ can be found at our Web site at
http://www.tceq.state.tx.us/. Further information may also be obtained by calling Kathryn Flegal
at (512) 239-6890.

Si desea informacion en Espariol, puede llamar al 1-800-687-4040.

Issue Date: April 14, 2009
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UL 62006 10:3€AM ANA-LAB | \}07“4 P 2

: Corporate 2600 Pudley Road -~ Kilgore, TX 75662
! 003/084-0651 FAX 903/964-5914
| R ORE - CMID
3 TRE CLIMALETESERVRIE LAR
ﬂ 07/06/2006
Sample Dezaription Haken Project Recaived Mail
. 836926 City of East Mountain B6/22/2006 0940 319734 06/22/2006 /!
I Parametex Results Units EQL analyzed BY
E Mtrics D nyg/L 4.2%0 06/212/4006  GDG
. Nitzats WD mg/L 0.250 06/22/2006  GD&
- Chloride 450 mg/L 30,0 £E/24/2008 BoG
‘ Fivoride WD ng/L 0.500 0B/22/2006  GDE
Sulfate 28.4 mg/L 1.50 06/22/2008  GDG
: Labearatory Dissolved DRygen 8.4 mg /L 1 06/23/2006  CBC
| Bulfiide a8 Hydrogen Sulfide ND /L 0.021 06/26/2006  RED
' sul £ide ‘ H #/L 0.02 06/26/2006  RED
i feidity ND wAg/L 160 06/28/2006  RED
L, alkalinity {ag Caco3) 200 g/ o 10 06/26/2006  BED
' Carbon Dioxide 177 mg/L 0.5 06/26/2006  THY
: Feee Carbon Dloxide 2,48 g/ L 0.5 06/26/2006  IWV
. Carbonate {as £af03) 2.93 mg/L 0.5 06/26/2006  TWV
] Lab Spe. Conductsnce at 25 € 2100 umhos /om 06/26/2006  HED
. Calor ND PtCo Units 5.0 06/22/2006  TLE
Bicarbonate (as £acod) 187 #g/L 0.5 06/26/2006  TWV
& Hydzoxids ND e/ L 0.5 06/26/2008 TNV
n Total Dissolvad Solids 950 ng/L 50 08/27/200¢  LLW
Torbidity 149 NTU 1 06/23/2006  KED
Lsboratony pH 8.2 § 12¢ g 06/23/2006 RED
! silver ND ma/L 0.001 08/23/2006  RVM
Aluminum ¥R /L 0.010 DE/21/2008  HVM
Argenie XD ma/L 0.002 B6/23/2008  RVM
Rarium G235 mg/L 0.001 06/23/2008  HWM
Betylllum ] rg/L 0.001 06/23/2006  HVM
Caloium 11.5 ng/L 0,200 086/2%/2006  ALH
Cacdmint ND g/ 0,001 Q8/23/2006  HVM
Cheomium 21 mg/L ¢.001 06/23/200¢  HVM
Copyer Ho mg/L 0.002 pE/23/2006  HVM
Yron ND mg /L 0.040 06/23/2006  ALH
Mercury MD . mg/L 0.000 06/23/2006 WOH
Fotassium 11.0 mg /L 0,500 06/23/2006  ALH
Magnesium 4.53 mg/L 0.200 05/23/2006  ALE
Manganese 0.0306 mg/L 0,001 p§/23/2006  HVM
Bodium 360 . MG/ 5.00 0E/23/2006  ALH
Wigkel _ ¥n mg/L 8001 08/23/2006  HVYM
Lead ND ng/t 0.001 06/23/2004  HWM
Belenium HD mg/L 0.0602 06/23/2006  HVM
Yina 9.,00%08 my/L 0.085 06/23/2006  HVM
Total Hardness Ca/Mg Bg. CaCo3 47.4 mg/L 0. 200 06/23/2008 ALY
Corporate Shipping: 2600 Dudley Rd,, Kigore, TX 75682 - hitpi/fwwalena-lab.com WMEMEEHR

NELAP-accredited #02008 F\CIL
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FEB. 2.2009 11:25AM ANA-LAB . ' NO.798 P 9

Corporate 2600 Dudley Road - Kilgore, TX 75682
903/984-0561 FAX 803/084-5314
‘cMID
02/02/2009
famnple Deacription Taken Pzojeat Received Madl

065785 TCEQ Dasp Well Construstion 01/18/2008 17:40 4geito 01/20/2009 /7
West Harrison Water Supply Com :

Paramater Resulte + Units EQL AnAlypud By
Mitrite ND mg/L 0,250 61/20/2008  gps
Nitzate Hp ' na/L C,250 01/20/2009  Qqbg
Chlezide 845 mg/l 15,0 bl/20/700%  @oe
Fluaride ND ng/L 0.500 01/206/290% Goa
Nitrate~Nitrogen Tatel ND Bg/L 0,080 0172072008  @pG
Sulfara ND mg/T %.50 V1/20/2009  GbG
Silvayr ND me/L 0,001 01/21/2009- wos
Aluminum . 0.0626 mg /L 0,010 01/21/2008 wos
Argenic NG nyg/L 0.002 01/21/2009 WOB
Barium 0,136 mg/L 0,00 0l/21/2008  woB
Baryllium (v mg/u 0.00% 01/21/2009  woB
Disselvad Galeium : 5.84 ng/L 0,250 01/21/2008 Las
Calciom ©ob.84 my/l 0.250 01/21/2008 Las
Grdmdum D ng/L 0.001 01/21/200% woB
Chromium Wp - mg/L 0,003 Ql721/2005  wom
Coppex 0.00¢04 ma /L 0,001 01/2% /2000 HWoB
Diasclved Iron ND . mg/L 0.040 D1/21/2009  iasB
Iren 0.1158 mg/L 0,040 Q1l/21/2009 LAg
Meroury ND mg/Y 0.000 01/21/2009  1ag
Disseived Potaasium 5.73 ng/L - 0,100 01/21/2008 Ihs
Potamsium €.15 © pgfu 0.100 OL/az1/2008  1am
pigselved Magnweium 1,29 mg/L 0. a00 01/21/2008  Iag
Magnseium 1.8 w8/ " 0.100 Qi/21/2008 ras
Disaolved Manganase 0.0206 mg/L 0.010 01/21/3098  Lhs
MiEnganess g.p213 g /L 0,001 0i/21/2008 Wop
blysolvad Sodium 5ag ny/L 12.% 01/21/72009  Lag
Sodium 84 ) mg/u 12,5 01/22/2009 Las
Nigkel ND mg/% g.p001 Ol/21/2009  woB
Lead ND my/L 0.001 01/21/200% wom
Eelenium ND ny/L 0.002 01/20/2009 WOR
Silicon Recoverable 6.04 g/l 0.620 e1l/21/200% HyM
Thalliugm Np mg/L 0.001 01/21/2009  wom
Zine 0.015% ey /L 0.005 01/21/2009 woB
Aoidity 38.7 uUEq/L | 50 01/21/2008  ALX
Alkalinity as Qago3 298 me/L 1 01/21/2009  ALX
cation-Anion Ralance 24.0 / 28,9 meq/mag 02/02/2009  Ner
Cyanigde . e /L . 0.008 01/21/200%  Rav
Carbon Digxide 258 ng/L e.5 0i/26/2009  BRJ
Free Carbon Dloxids 1,44 my/L ¢.5 01/28/z2009 BRY
Carbonate {as Gago3) 0.7 »g/L 0.5 01/28/2008  BRJ
Lab Zpsc, Conductante at 25 C 3120 wrhos/om 01/27/2b08 JUK
Colox 5 BtCo Unita 5,p 0l/237200%  Jpp
Diszvolved Oxygen, in Lab i¢.8 ng/L 1 8l/26/2009 CBG
Sulfioe as Hydrogen Sulfide ND hg/L 0.421 01/23/2008  any
Bicarbonate (ar UaC03) 287 mg/t 0.8 C1/26/2009  ERry

Corporals Shipplng: 2600 Dudlay Rd., Kiigore, TX 73862 - Rtiphwww.ana-lab.carm MEMBER

NELAP-accredited 402008
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FEB. 2.2009 11:25AN ANA-LAB

NO. 798

P. 3

Corporate 2600 Dudley Road -- Kligore, TX 75662
803/684-0651 FAX 908/0R4-8014
CMID
02/02/2005
Eample Deseription Takar Projact  Regeived Mail

Bilicen Dioxide {8i02) 12.% ng/L 0,042 01/21/2001 Vi
Hydroxide Ne By/L 0.3 01/28/2009 BRY
Bulfica ND rg/Ln ¢.02 Q1/23/72008 AL
Total Disgolved Solids 1280 mg/L BQ 01/18/2008  1IMB
®otal Hardnass Qa/Mg Eg. CaCo3 1s8.¢ my/L 0.250 0l/21 /2008 1AB
Turbidity 2.52 . N 1 01/20/200%  Jwk
Leboratory pH 8:6 & 6C 8y 01/26/2009 RED

00/ £00°d 6LIE#

NELAP-accredited $#0Z008

Corporate Shipping: 2600 Dudley Rd,, Kilgore, TX 76682 — htlpuiwww.ana-lab.com
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ya
Wast Harrison Well i'f/ - Summary of Test Well Analyses
ra
Well 4
No. Consfiituent results  |unit TXMCL| TXSCL |Referencs
1 Color 5 PiCo Units 15 SCOL (30 TAC 290.105(b))
2 pH a.6 >7.0 |SCL (30 TAC 290.105(b))
3 Alkalinity CaC0O3 298 |ppm
4 Total Hardness 196 |ppm
5 iron 0.115 |ppm 0.3 SCL (36 TAC 290.105(b))
6 Manganese 0.0213 'ppm 0.05  |SCL (30 TAC 290.105(b))
7 Turbidity Si02 252 [NTU
8 Acidity CaCO3
9 Chlorides 300 SCL (30 TAC 290.105(b))
10 Sodlum iNot regulated by State
11 Potassium 6.15  |ppm
12 Fluoride ND  |ppm 4 MCL for inorganic (30 TAC 280.104(b))
2 SCL (30 TAC 290.105(b})
13 Arsenic ND ppm 0.05 MCL far inorganic (30 TAC 290.104(b))
14 Gadmium ND ppm 0.005 MGL for Inorganic (30 TAC 290.104(b))
15 Chromium ND  |ppm 0.1 MGL for Inorganic (30 TAC 280, 104(b)}
16 Copper 0.00604 |ppm 1 SCL (30 TAC 290.105(b))
17 Aluminum 0.0626 |ppm 0.05 10 0.2 | SCL (30 TAC 290.105(b))
18 Beryilium ND ppm 0.004 MCL for Inerganic (30 TAC 290.104(b))
19 Lead ND ppm
20 Zinc 0.0135 |ppm 5 SCL (30 TAC 290.105(b})
21 Dissolved Oxygen 10.8  |ppm
22 co2 259 ppm
23 H28 ND  lppm 0.05 SCL (30 TAC 230.105(b))
24 Barium 0.138 |ppm 2 MCL for inorganic (30 TAC 280.104(b))
25 Mercury ND  |ppm 0.002 MCL for inorganic (30 TAC 290.104(b}}
26 Nitrate ND  |ppm 10 MCL for inorganic (30 TAC 280.104(b))
27 Selenium ND ppm 0.05 MCL for Inorganic (30 TAC 290.104(b))
28 Sliver ND  {ppm 0.1 SCL (30 TAC 280.105(b))
29 Calcium 564 |ppm
30 Magnesium 1.35 ippm
31 Temperature deg C
3z Conduclivity ohms
33 Nitrite ND  |ppm 1 MCL for inorganic (30 TAC 290.104(b))
34 Sulfate 3060 SCL (30 TAC 290.105(b))
35 Total Dissolved Sollds 1000 |SCL (30 TAC 290.105(b))
36 Nickel
ND=Not Detected -
A7
297




% FEEDS, DAIRY PRODS.

i ALY

POPE weting LABORATORIES, Inc.

CONSULTING ANALYTICAL CHEMISTS
AND TESTING ENGINEERS

P. O, BOX 9203

B HISCL. ANALYSES

é Lab No.

¢ s££0 PRODUCTS
G HOUSE PRODVCTS

port of Tests on:

entification Marks:

DALLAS, TEXAS 75221
AC 214 742-8491
FAX 214 748-5817

March 7, 1995

.ntinental Drilling Company
5 Montgomery Street
reveport, LA 71107

Water

Harleton W/S Test Well #4

Calcium
Magnesium
Iron
Manganese
Sodium
Carbonate
Bicarbonate
Sulfate
Chloride
Fluoride
Nitrate
Phenolphthalein Alkalinity as CaCO3
Total Alkalinity as CaCO3
Total Hardness as CaG03
Dissolved Residue {TS) Calculated
Specific Conductance Micromhos/em -- 1400

pH 8.5
Total IFON e e e e e e

FhRRR AR Rk Rk R v Tk ok

QFFICIAL CHEHISTS
WEIGHERS AND INSPECTORS
NATL, COTTONSEED PRODUCTS ASS'N.
REFEREE CHEMISTS

AMERICAN OIL CHEMISTS SOCIETY

Rec'd: 3-6--95

Respectfully submitted,
POPE TESTING LABORATORIES, INC.

C:&(W
Leon Hunt€r

76694
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1)
2)
— 3)

- 5)

(g )

11)
12)
13)

HARLETON WATER SUPPLY CORPORATION

PREVIOUS WELL TEST

DESCRIPTION

Gene Wrights House - Crystal Cove
Lake Deerwood

Louis Boyd #1

B. C. Newman #1

Louis Boyd #2

U.S. Corps -~ Brushy Creek Park
U.S. Corps - Shady Grove Park
C. C. Williams - 840’

M. Watts - 820°

8. B. Orr

G. H. Whitehead

Pine Ridge Subdivision

B. Humphries Survey

Gum Springs Water Supply

RESULT

See
See
See
See
See
See
See
Dry

Dry

Summary
Summary
Summary
Summary
Sumnmary
Summary

Summary

Excess Salt

Not Available

Not Available

Dry

See

Summary




FROJECT:

DESC.
GFM

SITE #

WHET

HARLETON WSC

-~ WELL
WELLE

150

TEST EUMMARY
BOYD2 BCF
&

=218

GUM S
2250

14

LIMITSE

MaGN
ITRON
MANG
SODI
CARH
BICAR
SULF
CHL.OR
FLOUR
MITRA
F—ALEK
T-~AlLk
. T—HAR
DR-TS
sSCM
pH

O.04
O
26003
14.4
429.7
i6
127.7
0.5

-
ht

12
376472
7
854.2
1000
8.4

DEER RBOYD1
185

2.4 H. 2

1.3 1.2

.16 (W}
0 i

JZ0.5 .
8] i
Z74.4
¥yl

297 B
0.4 G,

D e U B3

1 i

(] 10
06,9 84
11,5 2.5

1011,
1200
7.9

14025, 2
1200

8.5

1.9
0.2
Q.01
445.5
14.4

)
s

=
F

425
Q.46

v

12

292

18
1:297.4
1800
8.4

/’\

1 <1

0.4 S

0 A &

284.8 =282
28.8

S511.5 517

¥ A

117.%9 iz2g8

: 4356

10 5
?4%.5 &BO
1100 1240

Q.05
A 0
41004
£
=99

e
<

LT8R
o4
0. 465
[
27
g
10173
2000
8

<1
G. O3
(I
237

-r
-

508
=29
41
1
0.41
423
4
obhHb
1088

8.4




St SPre 7/

Send original copy by
certified mail to tha

Texas Water Developsent Board
P. 0. Box 12386

Austin, Texas 75711

H

tate of Tezas

HATER WELL REPORT

L %’7%1/ /@Wy

For TWDB use only
Well to.
Located on rap
Recelved:
Form GW 8

Form GH 9

1) DWNER: 1 922; [/[ Ls
Person having well drilled e Address _sner 0 UG WSIEIENIN G BNE VIDg W VRN LEIES
o 76) {Sireet or RFO) (Cily} (s1
Landodner fan Address Same
[TEET (Sireel ¢r RFD) {City) {5
2) LOCATION OF WELL: ,
Gounty. L.aricon Labor. League Abstraet Ko,
W3 NEY SW} 5E% of Section Block Ho. Survey
[Cizcle ag maay 23 gre Raown)
P . (T p—
miles tr]'_f__’(?_.%dhection froa_ ©TC LI Ly NORT
(NE, SW, elc) {Town) 1
Over
Sketch map of well location with distances from adjacent section
or survey lines, and to landmarks, reads, and creeks.
3) TYPE OF WORK (Chack): 4) PROPOSED USE {Check): /. 5) TYPE OF WELL (Check):
Rew Weli 3 Deepening I DomesticyO Industridf* [3 Huicipal [ Rotary [ briven O3 Dug |
i
Reconditioning (1 Plugging 3 Ircigation [0 Test Well OO Gther DI Cable O Jetted O Bored
6) WELL 106Gt o E{ -
Diameter of holeM—ijln?/ﬂepth tlril e t. BDepth of completed Hell._rii,.._ft Date dl:llled_H:[
Atl measureuenr.s m.arle from O ft. sbove ground level,
From To Deseription and color of From To Description and color of
{EL.) (Ex.) formation materlal (ft.) {EL.) formatlon material
0 25 lred,yollow & white snudy alay| 124 2001 rrean N bhravm an, ” oah
roan 200 2535 | fray _ghicky sh. w/bn;c\'m ah
25 | 65 |brown limétie sbh, w/ea, st, Yipnike stow/hine sh. nt,
£ lirnite 203 | 2G| fine pray mgo. !
65 1100 teray gha w/brown b, wived w/ 201 1300 heown 2 rray ghe w/Timnite
gp. oh. & Tienife an, o, '
7 -
10011310 |errgen & bhrown apnd | gandy abl. 300 %15 rray sh. w/sandy sh.st,
101 120 | beogun 8 preaws ﬂh. -(Use Teverse side 1f necessary)
7) COMPLETIOH {Check): < N La)’wmm 1EVELs
Straight wall [0 Gravel packed LT Other o -.\ Statie 1avai ft- below lend surface  Date '_E_,L!m-—r/',
CA oW
Under reamed [31 DOpen hole [ ) Avtesian pressure.——H53, pet square inch  Date
. ;
9) CASENG: ’ K 10} SCREEH: .
Type: old O New CJ7 Steel [3 Plastic 00 Other T -7 1Type 1 ¢ 3
Cezented from ‘ft. to ft. Perforatéd CI Slotted ‘ !
Diasneter Setting Gape . | .. Dldzeter Settin slot
(inches) From (L.} To (£t.} & o' (inches) From (£f.¥ To (Et.) size
w2i/e ol E NG 007 -
= t il — ;
s :
. Qo1 ]
2
L3
11) WELL TESTS: 12} PUMP DATA:
ot
Has a pump test made? [ Yes I Ko If yes by whom? Hanufzcturer's Hame 1 alrbanks & | opoe
oL )
Yields gpm with ft, dravdewn after hra Type Sub'l?l@]'.‘ﬂlb] 2 H.P, : P
i e g et s s [P '
L Bailet Eest 1 _()i—Lf Jdravdown after; 51 shrs ! Designed pumping rate gem O gk |
Artesian flow gpm — Date L3 -"" Type power unit ;
B [ 354
Tenperature of vater Depth to bowls, eylinder, jer, ete., 2 "-’)_______
L.'als & chezlcal analysls rmadet 8 Yes 3 He - belew land surface,
Did sny strata contain undesireble water? - CT Yes 2 He
Type of water? depth of strata
1 hereby certify that this well was dcilled by me (or under my supervisien) and that
each and all of the statecents hereln are true to the best of my knovledge and belief.
] N 1 ™
HAHFE Gasbomn M. Delterry Water Well Drillers Registratiom Ho. #2]
{Type ar Frinl}
adéress__ L. O Box 1520 Cro (Yitw ~ Moy
{Sireet or RFD) iciy) v [51ate}
(stgned) Deollorayy HQQ% rer Co.

{Waler Well Driller}

U(Cu-mpany Nome)

Please attach electric log, chemical analysla, and other pertinent information, iF avalleble,




. - Gtaafp SV By

215 - 324 Fray So.

220 ~ 380 fray shiclky sh. w/brown irnitic sh.sb. w/sandy sh. st.
700 -~ 420 Fpray sa. o sh. w/thin rk legyers

420 -~ 500 pray she w/lipnite st. @ lignitie sh.
00 -~ 514 rray sandy sh.

514 - 525 Tinge proy sa.

525 ~ 553 Fray sticlty sh,

555 -~ 561 rray S0.

561 -~ 5YY pray sads sh,

577 - 5az2 esray sondy sh,

582 - G605 aray sa. fine

rray shhle (| sandy sh. w/sa. st.
YA S0.

¥ so/id s.tnd

fu His Soctioy

72" fasf scrm N

!
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POPE Testiwg LABORATORIES, Inc.

CONSULTING ANALYTICAL CHEMISTS
AND TESTING ENGINEERS

P.O,.BOX 903

FOODS. FEEDS, DAIRY FRODS.
WATER, MISCL., ANALYSES
COTTON SEED PRODUCTS
PACKING HOUSE PRODUCTS

DALLAS, TEXAS 75221

iz Y

Daie Rec'd

To: Harletorn Water Supply Corporaticn

Harleton, Texas

Report of Tests on Water
Received From: You

Identification Mavks: Gene Wright's Houge

;VHVfV

Vealues reported are for minerals in solution

z

Erom et e L5
Manganese :

Sedium
Carbonate

Bicarbonate

SULPRILE oottt e e, 7
Chloride

FlOride. e z

YA s aeet ettt erer e e s e [

Phenolphthalein Alkalinity as CaCO........
Total Alkalinity as CaCO, E

Dissolved Residue {TS) Caleulated

specific Conductance Micromhos/em. . {80 ... 1000 5
L1 TSRS e, 8.l &&
e

OFFICIAL CHEMISTS
WEIGHERS AND INSPECTORS
HATL, COTTONSEED FRODUCTS ASE'H.
NATL, SOYBEAN PROCESSON'S ASS'N.
REFEAEE CHEMISTS
AMERICAN OIL CHEMISTS SQCIETY

6-4-87

i

Crystal Cone Sample #3

Puarts Per Million

o

=

N

-

DEFEO 000N

—
=

N 1=~ = O

p
=] W O~ M

»

=

[US]
=3

NONOOVN~OIEWOD D W
r

lo=]
N

FA33—1iM

RECOMMENDED LIMITS FOR DRINKING WATER (P. P. M)

1100 et 0.3 Fluoride —nveeeee, 0.6—1.0
Manganese .o 0.05 Nitrate. o 45
Sulphate ........ e 250 Total Solids............. 500
Chloride e 230
POPE TESTING LABORATORIES, Inc.
By
Lab. No. lip1sl Cicé'm/ M




Seczrecrte Sivoe £42

POPE Testiy LABORATORIES, Inc. &

CONSULTING ANALYTICAL CHEMISTS
AND TESTING ENGINEERS

FOODS, IZDS, DAIRY PRADS. OFFICIAL CHEMISTS
WATER. A.5CL, ANALYSES P.O.BOX 2023 WEIGHERS AND INSPECTORS

o NATL. COTTONSEED PRODUCTS ASS'N,
COTTON §i2I0 PRODUCTS DALLAS, TEXAS 75221 REFEREE CHEMISTS
PACKING ~QUSE PRODUCTS (214) 742.8401 AMERICAN OIL CHEMISYS SOCIETY
FERTILITEIRS

Date Rec’d 1-26-88

To:  Harleton Water Supply Corp.
Harleton, TX

Feport of Tests on Water

E:ceived From: You

Iientification Marks: 1., Dpeerwood #1

Falues reported are for minerals in aolution
Ports Per Millivn

CalCIUML e et et e s b 2.4
DMATRESIIN .ottt eeesre e s b et s 1.3
TEOM b et b et et et en e 0.16
A AN ANEER ettt e e en et ee ettt et eeersane e 0.0
SO oot ee e e et ora e e e s s s s sea et e ememen e e 330.5
Carbonate .o eeerrers s bambeerom s seernee s aeaaanrree 0.0
BICATBONALE - oeos ettt ettt eeeeee e rmren 374 4
SUIPRATE. oottt 4.0
Chloride e et et et ne e et e e rme s eten 267.0
FOT IO oottt ettt et et et et es e eeneee 0.4
Nitrate..ceciircnee. et h bRt fh e ren e cre e e en et srresme s sesa e e e means s en s e emnnn . 1.0
Phenolphthalein Alkalinity as CaCO, .o et 0.0
Total Alkalinity as CaCl, oo 306.9
Total Hardness as Callyen i 11.5
Dissalved Residue (TS} Caleulated......cove oo 1011.2
Specific Conductance Micromhos/em...ovieeceicveannen 1200

135 SO OO OO 7.9 '

RECOMMENDED LIMITS FOR DRINKING WATER (P. P. M.)

TTON wevremeereccremersrsnesassnserms 0.3 Fluoride vevinn. 0.6—1.0
Manganese ... NEES X T 45
Sulphate ... Total Solids........... 500

Chloride  aeciieseseenns . 250

POPE TESTING LABORATORIES, Inc.

_ By BRemen alcecTdiiT
Lab.No 59149

F-158-1v
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W<t ouiinat copy by . Stute of Texas Texas Water Ve § Cerlleis by 1o
ctrlihed mad 10 the v r.O.8

Tanas Dopasimunt of Water Resources WATER WELL REPORT 8. 8ox 13087

BP. 0. Box 12087

. e . ', , Austin, Texss 78711
WAusn, Texas 78711 ATTENTION QWNER: Conlistentiality Privilege Notice on Reverse Sice
i B OWNER Jloriefon Water Sunnlv Achruyy P‘O' Lox 3?2 HareltOn Texasr,"SG'fl
. (Nt ISteat ar RFD) [{{1%3 {S1ata) (2}
2 LOCATION OF WELL
Cuvnly larTison 1 'Es; pilay s 56 elircean feom Harleton

(N.E..SW., uic.) (Town]

O Legal deseription:
BO¢ilter 1nwst complete the lepal desanption 1 the Tight Seetion No. Bfock Na.-
ith ehstance wsd dirccaon from wwe 1AIREECEINg S6Ce .

Lotk or survey hines, o he must focade el wenufy the Abstroct No._is..—jurvuy Name d. . BI‘O\m
elf on an otficial Quarter or Half-Seale Texos Coumy

enarat Highway Map an alisch the fzp 10 this form. Distance and djre¢tion from two intersceling seclion or survey fines

TFuwnship

?5 Hua autacherl map,
I} TYPE OF WORK (Chuck); 4} PROPOSED USE {Chuck);

5) DRILLING METHOD {Check):
Tabhew Went {1 Deepuning L1 Demestie {3 Industrial Beublic Supply

X Mudt Forary L) Aie Hammer [ Driven 1) Bored
Ll Rvconditioning L] Praggng - I irwation T Tost Watt 1 Odher

B Aie Rotary Ll Coble Tool [T Jutied Clother

| WELL 106: DIAMETEN OF HOLE 7} BOAEHOLE COMPLETION:
' 8-3-87 Dia {in.) __From 1.} ToliL} [ Open Hota' . 1 Straighe wan CYundeervamen
. 12 1/4 surad0 362 33 Gravel Packed £l 0sher
Date drilted ﬁ'_?_“g_”a?__ __Z& 8 485 ;

HE—GEWH;@T 11 Gravel Pi«:ke& give interval ., , from 345 it.10 485 1.

From B Duscription and colos of faumation 8t CASING, BLANK PIPE, AND WELL SCREEN DATA:
0 9 tan % yellow sand P, | Pt R, e St the) P!
lf? yelmow & white clay '_Usn.-d Sereen Myf., if commereial From ! Tu Scrya
80 brown & gray sh. w/senddy Y B/Pn | steel pipe casing | +4 262
sh. & sa. st. 4 |n | blank-steesl pipe | 341 383
80, 141 brown sh. w/ sendv 9%. “4 In B.S.85andscreen 383 425
14y 180 gray sh, . 4 In | steel pipe blank 425 424
180 245 brown & pgray sh. w/few se. sb.BHn s, 3. sandscreen | 429 i I~
245 " 295 oreen sa, & sh. w/fossell 4 |n | steel pipe blank
275 " 330 brown & sray sh. w/sa., & .
sandy sh. st.
305 gray sendy sh.& sa. CEMENTING DATA
576 gray sand (ShaleY) Cemented from 0 I to 562 fe.
475 gray sa. Methad uged B X

485 brown sh. 6 lipnite littie

—DPBR3ISUre cement
.Cementad by Gib-Son Cement Co.
sandy

[Company or Indivedu et

Y OWATEH LEVEL.

LY o -
—r——— B sevi L2 11, beiow 4nd wurlsca COae—t=]9=47 o

Arreiien flow wom. AR - P
101 PACKERS: Type. Depth
. 1Y TYPE PUMP;:
O Turbine et [ submersitly I3 cytinder
JOther

{Use reversa aigle if necessary)
13} WATER QUALITY;

Tepth to pamp bawls, eylindar, jut, g1¢., —_—_—

Did you knowingly penelrate any strata which contalned undesiruble
water? [ Was EHo ) - »

if yor, tubmu “REPORT OF UNDESINABLE WATER" OO Type Test: O rump [ Buiter Ibdetred 3 Estamanea
Typa of water? Duepth of siratn

Yield: 50.0 4pm with 1_25 i1, drawdown after hirs.
. Waigchemical analysiimade?  [f Yes One - :

12} WELL TESTS:

1 hareby certify that this well was dritfed By ma {or under avy supervision) and that
each and all of the stataments herein aee trus to the best of my knowledge and belief,

COMPANY NAME DeBerry Butane Gas Go,

Water Wel! Driltars Licensa Na, 321
{Type ofr Print) d
ADDRESS P.0. Box 10 Ore Gity Daxng 25683
[Strust or AFD) {City} iS1atu} {Zip}
WiSipued) m%‘ Ew‘-‘r {Signed) e e e e
(Eacarisat Woter Welf Dafiret) {Husurel Dieattar Tracnuu} For TOWH vve unly
Pleasa attach electric lug, themical anglysis, and otherfeetlnany Information, if availabis, Wil a,
Lacsted anmap— '
W A-0302 iRy, 52782

_ DEPARTMENT OF WATER RESOURNFRS rrinw




4 \ Se# 57 3

<~ POPE “Zeitip LABORATORIES, Inc’

e CONSULTING ANALYTICAL CHEMISTS

; AND TESTING ENGINEERS
10008, FAEDS, DAIRY PRODS.

QFFICIAL CHEMISTS

. WATER; MIBGL. AN P. Q. BOX @03 : WRIGHERS AND INBFECTORS
w:‘r ne ANALYAES HATL. COTTONSEED PRODUGCTS ASS'H.
SOTTON MTAD PACDUCTS DALLAS, TEXAS 75221 NATL. SOYAEAN FROCESJOR'S ABE'N,
SACKING HOUBK PRODUCTS ALFEALE CHEMISTS
' AMERIGAN OIL CHEMIBTS BOTIETY

Date Rec’d  8.6-87
To:

DeBerry Drilling Company
Ore City, Texas

Report of Tepls on Water

Recelved Froms You

Identification Marks: Harleton Water Supply Box 372 Harleton, Texas Test Well #5

Values reported are for minerals in solution

Pwl;fu Afilkon
CalCIUML et st vst st enre bereasen s et st st sae s r s r s e 3.2
MABNESTUM. ..o iumecrrmrirsessserssssessssssrsssssessssseassisssssesassasssmssssebesssassesrssenssasesenes 1.3
JPOD ottt st b st s s en b en et 0,10
Manganese......onvenncenonssninaseennaganes SOOI S VU . 0.0
SOQUUL ..ottt essa s s s ansesaa e 324,k
CAIBONBLE. ... crvrceereneccissssiss s s rssss s sssssessasessssssssssassesasssss s snar st e anssestes 12,0
BiCAIBONALE. .ot et serre e e aasa s oo as st b brento s seens e b1
. B SUIPRBLE...vvurrssreeieeesrererecenrarsasssssss st e ssaneeesrensssessrsesras seesseasaseearesesseesstresasens 8.0 -
1 L0411 113 211 OO
S MRENME s 211,
T Fluoride...ovvoverisernrnene fereeete e arierasteset et sttt eraatteesrentoreer e rere st aet smnsentanendaereenete 36‘2
NEEREC. st rise e cnseass e s et re i b b s sas bt sememn s easenneeee e st eensneae . 0.0
_ Phenolphthalein Alkalinity as CaCOy..ounnicrereniencsenvnt i sanie - 10,0
" Total Alkalinity a3 CaCO,.uicrirreererrrinnreseeeniescss et stesms e essessessnsenas 384,0
Total Hardness a5 CaCO,umimmreeirieisiinmnnenensves s e sessrsessesesaeseene 13,5
Dissolved Residue (TS) Calculated.....oooovreiriee e eeeseme e eesens e 1025.2
Specific Conductance Micromhos/em.....covvvvvvervvcrernin. 1200
pH ....................................................................................... 8.5
t
. i "
: RECOMMENDED LIMITS FOR DRINKING WATER (P. P, M.)
} Iron 0.3 Fluoride .omivecrmnee 06—1.0
3 . Manganese ..omumimomnn 0.05 :Nitrate.-.................'.....' 45
[ Sulphate mmimmmme — 250 Total Solids.....zee 500
! Chloride  mumimrrsciosecserns - 250 ' .
; ; POPE TESTING LABORATORIES, Inc.
i By
| 4,.1,. No. 45018 ': T | el
! : ' :
! ’ '
. y
roise-in

Lk, etV AE S

e ———— .
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Powell Drilling Co.

Rt. 4, Box 363 Lrrge PIAr
Jetferson, I'exas 75657 .
(214) 665-3615 L BT HE 5

—1 ) .
—P v
MATERTIAL REPORT
= Bit Size_______”/_/_z_é/é_ j;}C/
KN |
£ Depth___. R B Pe
Static level 225 Ceer
Casing__ g 3% ,., (/32 25 )Y 497 A

Submersible pump 2, »0 /50 A,

T

[ Cement_ )9Y Sachk £ Zopee T Leantlond

1

/Liner IAD FT o~ __f?,(f.é:___/.‘_?'_._-.__.___

Stainless steel wire wrap )
SCYeeN_ MO Er o F A FE

PR

\
P
_\

A T R AT
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Powell Drilling Co.

eyt 0 SV B

Lk M/ 7 F
) Rt. 4, Box 363
Jetferson, Texas 75657
(214) 665-3615
WELL LOG
CLERBWATER |~Foc HY92-%/0)

O— 2 Ses

T 9 Ay Aed

G- ¥3 Sond e locw

Y Y SA4adr blac
Yy - 7D Sand Gavy
70— T9 -S-‘c:nc{? She ke
34 /26 Sesd gary

Z = /5% Shadky Al
5y - 2o Send G ey
o Rio Sholt, b/l
im—i - 350 Shete & Seandy S hat,
1;5‘ - 9% SAhche blue N
.t??—- Szo Sond GCaey
|
i " i
" _ PUMP DATA
§ ‘Bowl Assembly: /z_ Stage, Size & ” Type S« 4 Discharge Column
| Setting_gs2 Feet, Discharge Size = Design__/so

GPM. At 400’ THD
'MOTOR DATA:

Remarks: _s.. S0 29.s7 (20mp) apy 5o o0

HP: Zo Make Fgontlir, Speed 3ysoVoltage s¢o Type S.4

CrondFos

)_5_41 62274&51:6 /v /Of-( s O
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Powell Drilling Co. =7~

N Rt. 4, Box 363
Jetferson, Texas 75657
(214) 665-3615

CASING AND CEMENTING DATA

~ementing Date R A S S

ize of Drill Bit )2 X

Size of Gasing g &

acks of Cement Used /9% Sec KAs o~ 7}7a¢- Z Vo 7dend
Calculated Annular Height Of Cement Slurry Behind Pipe 97 L7
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A "ﬁ:s. FE3sS, DAIRY PRODS.

S # ¥
POPE 7esting LABORATORIES, Inc. o apuret 5

CONSULTING ANALYTICAL CHEMISTS

AND TESTING ENGINEERS
OFFICIAL CHEMISTS

R, MISIL. ANALYSES . P.C. BOX 803 WEIGHERS AND INSPECTORS
—oTT NHATL. COTTONSEED PRODUGTS ASS'N.
~TTON SEX3 PRODUCTS DALLAS, TEXAS 75221 REFEREE CHEMISTS
PACKING HRUSE PRODUCTS AMERICAN Oll. CHEMISTS SOCIETY
214) 742.8491
FERTILIZERS (

Date Ree’d 1-20-88
To: Powell Driliing
Jefferson, TX

Report of Tests on Water
Received From: You

Identification Marks: Harleten WSC

Values reported are for minerals in solution
Ports Per Million

Caleium....cvovrevevecreresrsrarsssnenens eeeteresrrsarate e te s r et etesan e aertsma st enaaen 4.0
MAEREIIUML. c.ve e eresser s ene st srss s s eba et b s s 1.9
JEOM et crr s e e veass s et a st b s stas sttt e reenesrasea s e e reas - 0.20
MANZANEIE. ... et ensresmsssste st st ss e s senesae s seessessensesesss s rareeeseanans 0.01
SOGHIII. coeecrceensreceteree e erasecee s enssessssssssssassrees s mmess st sb e semteseeetreene 449.5

} CAIDORALE......ovr e meerresrrssrerrrsssassstssrasssssacss s s s cecnerenecarseseas 14.4
BICATDONALE. ...t e ne sttt et tee s ser e e eenee e saenees 327.0
SUIPRALE. ..ot tn s cmersas st ane s eeessse s s e sasssass s esins 5.0
CRIOTIE. ettt v sess s s s o sas b e ee e me s enas 495.0
Fluoride...couiverrecnn. ettt ba b et b e o bbb s drens e srs st abene st aRa Aot ea bbb e e annnerensargerasnres 0.6
INETRLE...cooevoecmes e e s semscecce s evessieeessessrsassees Leereatsnb s e ar e ans s s e e s nsses e 0.0
Phenolphthalein Alkalinity 88 CaCOmmiioeeeoeersrseeeeemeessseeesseseneeo 12.0
Total Alkalinity 83 CRCO,ummmmmrememmrmenreeeemsusseensceceeremnsnseeseeaseseseseeseessesseeseeesn 292.0
Total Hardness 88 Cat0,..ccccrivcorrmrirniessreeeese s eeccecseesssossesemssss s s 18.0
Dissolved Residue (TS) Calculated. ..uuuurrrmmmmrrommresersomesssooseeessoseesessesen 1297.86
Specific Conductance Micromhos/cm.....v..ocoecceronrenen. 1,800
1 o O OO SS U SI 8.4

RECOMMENDED LIMITS FOR DRIi\"KING WATER (P. P. M.)

Iron . 0.3 Fluoride .vereererenees 0.6 — 1.0
Manganese ce.ercesseneen0.05 Nitrate.vorcevreee. 45
Sulphate e - 250 Toetal Solids..cwwne.. 500

Chloride wereeerenrraeene 2830

POPE TESTING LABORATORIES, Ine.

By dda’w 9&49%:5
Lab. No. 51881

)

©OF.158-1M
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L UWOLL LY

Itt. 4, Box 363
Jellerson, T'exas 75657
(214} 665-3615

\JQO gt p2

&

Sczsego/c Sive &5
fk/y////%ﬁafz

MATERTAL RIEPORT

= /
- Bit size__ /2 & ,,./4
'-: L\\ ‘.
wa Depth__ . S20 Fx
Static leval 5 =
\Onsing 5} % /ﬁc.{.

\

. ————Cement s,

Submersible pump

s 5 o2 % D G
Sac.fr ’/":u.OV v )Qat,fé./qacf
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Liner /O &
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Seruge £ SiFe 5

Powell Drilling Co.”*"**~

Rt. 4, Box 363
Jefferson, Texas 75657
(214) 665-3015

WELL LOG

@-—- z So f'< .
22— /0  CAhoy yulloww
/0-— l/'f Snmd c/.e//ow

"5’—- 27 Sead £ Soady She Lo
P/ 114 Shote Ml
/Y=~ /Y Soend Carey
Joy— 250 Shale {3l
2 D =07 S/I7y Saud Oaey
307~ 398 Shake Blew
3 0. 420 Sand Correy

PUMP DATA

.Ezowl Assembly: ,;, Stage, Size_ g “ Type_ sS4 A

Discharge Column

Design & 2

Setting =2 >3 Feet, Discharge Size =3,
"GPM. At 4o THD :

MOTOR DATA: HP: s Make fompnA//y SpeedzyspVoltage .up  Types..4

Remarks: Se # <0 % (e an) 3ok

S 2O (rttris o Lo s

".Su};mua -5/;,(/‘, ,)anr)a
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Powell Drilling Co. <"

Rt. 4, Box 363
Jefferson, Texas 75657
(214) 665-3615

CASING AND CEMENTING DATA

Cementing Date S Z e T 2

ize of Drill Bit_ 22

Size of Gasing g %

acks of Cement Used 257 SocdhAs o Zgne 7~ Vs hon o

fglculated Annular Height Of Cement Slurry Behind Pipe 3%¢ F~
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Powell Drillihg Co. ©

Rt. 4, Box 363
Jefferson, Texas 75657
(214) 665-3615

cJMP TEST

" 28t Conducted By: po(.ue,/:'/ Zm,‘%h? [P

Well Owner: Ao le sy lod S.C.
" 211 No: = = Pump Setting: w4g Static Water Level: SO A
ate Pumping Altitude
aid Rate Gage
Time GPM Reading
COLEEEY | . . e e e
000 2e 0 pﬁ" , s 0o X 2éZ
| 23§ 200 Roo BLoo 62 ZAZ.
| _a:4D Z¥ 22 o0 42 A
/oS &0 Z2eiz L loo . £ zEez
o0 - &0 HébZ L2100 — 4D ZoHT
(2100 40 bz L2l it O S XS
120 o, 2éz 7y 4o Zéz |
2100 —a 242 |2l 80 N REZ ]
3/00 A, 2eZ 2100 SUS”-7 2SS WO - X =S
Yieo 60 Rz L Dleo ) A, JE -2 Y-S
Ty o0 62 RéZ .02, SOSU IRRND - AU RN ceet -2 =
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7 Joo &0 REz 200 £2 Y- X
Rleo 50 42 gloo - éo i ZEZ
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200 | D REZ W NEen — e e LS L
"z:aom _ D 242 L L 2D g Z
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POPE “eswiwg LABORATORIES, Inc.

CONSULTING ANALYTICAL CHEMISTS

AND TESTING ENGINEERS
GOS8, FEEDS, DAIAY PAODS, OFFIGIAL GHEMISTS

A . P. Q. BOX 903 : WEIGHERS AND INSPECTORS
\_-ATER, HISCL, AHALYSES HATL, COTTONGEED FRODUCTS ABR'N,
. COTTON #KED PRODUCTS DALLAS, TEXAS 75221 NATL. SOYBEAN PROCKISOR'S ASS'N.
PACKING HOUSE PRODUCTS

REFEREL CHEMISTS
AMERICAN OIL CHXMISTE SOCIETY

Date Ree'd 10-21-87

To: Powell Drilling
Jefferson, TX

Report of T'ests on Water

Received From: You

Identification Markst Neme- A x/er0n 205 c,

Falues reported are for minerals in salution

Pargs Per Million
CAlCIIIML oottt eesteens e scssse s s stsmsrsssessres st smss st sossnseaesan 2.4
MAENICHIUI. c.oovcrcrreeesneresesnsessessesase s sss e sssensssereeesseeesesesrestcesnsseses e 1.0
LEOM sttt st men et e nee e ses et st 0.40
MOIBANESC....oeevt i sases e s sesesesssane s e seeeeescenssee s 0.0
SOBIUIL. ..o teese et s eseeeeeeeoseseseeesssess et e saees e semmees 286.8
CATBONLE. ...oeoe e ren s eeesseses e eemeeesmesseeseseseessssessssesss oo ssssseee e 28.8
e BICArBONALE. .. ...t eessceme s eas s es s sessases e eee e 511.5
SUIPROIC.. oot eaesceresnasees s eese e eeenestens e eem e e e s esesessan, 0.0
CRIOEICctr s et aot e sseeeese e seseees s ses e s et ee e 117.9
FIHOTIO oo et et eeee s st 0.7
NELEBIC ettt s rasess s s ment et aneses et st se oo . 0.0
Phenolphthalein Alkalinity as CaCO.....o.uomeemmoeeeeeeeeeeeeeee e, 24,0
Total Alkalinity 83 CaCOju.um et 467.3
Total Hardness as CaCO, i oo .0 =
Dissolved Residue (TS) Calculated.........ooecovuveeeecmmcmreeeneemsscsooooo 949.5
Specific Conductance Micromhos/em.........on.veononnee..... 1100
PH ettt e e ettt e 8.6
RECOMMENDED LIMITS FOR DRINKING WATER (P. P. M.)
Iron i sssseerennnes 0.3 Fluoride . cvmemne 0.6 —1.0
Manganese ..o 0.05 Nirate s 45
Sulphate .ririneennnen. 250 Total Solids......vueeeu. 500
Chioride  oonvesienrscnnrens 250
POPE TESTING LABORATORIES, Inc,
\ By
Lab. No. A ftcedor—
. 48083
~

F-158~1M




WATER ANALYSIS REPORT

TEXAS DEPARTMENT OF HEALTH
CIVISION OF WATER HYGIENE

1100 WEST L9 TH STREeT

AULSTIN, TEXAS

HARLETON WATER SUPPLY (QRP,
JoF +FONTAINE £ASSOC.,INC.
P« BOX 9EC

PALESTINE : TX 75801

COLLECTOR REMARKS:

SOURCE: WELL 2

DATE COLLECTED 2I16/7EE DATE RECEIVED
1

CONSTITUFKT NAME

Calcium

Chlgride

fluoride

Magnesium

Nitrate {(as M)
Sodium

Sulfate

Total Hardness/CaC03
oH
Pil.Conduct(umhos/cm)
Tot. Alka. as Cal(3
Bicarbonate
Carbonate

Dissolved solids

P, Alkatinity /Cal03
Iron

Manganese

78756

WATER SUPPLY

Soragpie S5 BT
Lok st Ao

-
e

LABOGRATCRY NO:

SAMPLE TYPE:

£/22/3%38 DATE REPORTED

RESULT

4
101
UG8
< 1
< G.C1
278
4
11
8.8
1260
482
544
22
679
18
0.07
< 0.02

URITS

mg /L
mg/ L
mg /L
mg/l
mg /L
mg/l
mg/ i
mg/l

mg /L
mg /1
mg/{
mg /L
mg /1L
mg/l
mg /1

EPED2G62

3/ 1/eg

1/
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Non-community Water Supply Chemical Analysis Report

|

Texas Department of Health
1100 West 49 th Street

Send Report To:

L S Awm\g);‘ C;rIDS OJ— E"‘]S‘h({d
i F O; Dr‘qur— L\/
J{-‘Hlehfdni Texag 1557

JAMPLE TYPE

IF FROM WELL

Depth ng(] fr,

[ Distribution

fJ Plant Discharge Age yrs,
0O Raw Supply Well No. /4 3

1
i

- Division of Water Hyglene
Austin, Texas 78756

S S B
NAME OF WATER SUPPLY:
Bru.sl’ls.j CM{CK Pc\i—t(

Water Supply I.D. # /S¥ Ao
(1-7)

County Mc(m'o [

IF SURPACE SUPPLY

Name of Source

Date Collected o 1 / 5 ] S8

(31-36)
DiC
Laboratory Date Received 1! -‘Q%}«p,ﬂ,- Date Reported APR 10785
110-13) (17-20) (10-13) 7 "%~ (17-20)
T 010-13) saMPLE ND. 1EPS-S062(17-20) e e eren
1016 Calcium ma/l 1 BAMPLE NO. FRT-Sn6s
4 s
| 1031 Magnegium nasl {1 Cin—1T -
/1052 Sodiom mo/l 2RP LS (17-29
1929 Carboenate 294 matl
Ajl?EB Bicarbonate o/l 217
\\! 1055 sulrate ma/1 X .
™ 1017 Chloride Mo/l 128
E\Q’1025 Flueride Mo/l .7
1040 Nitrate (asi) t1a sl 4R 40 'T ; o :
1930 Dissolved solide 680 L0E] TRON 0.0z taer 1
1931 Phenciphthalein nx o . ;
o ANCAME R { P /
! Alkalinite as Cal0Z mo/]l 6 1032 MANGANFER thL0g e/
1927 Total Alkalinity .
as CaCN3 masl A%E
. 1915 Total Hardness
- as CaCb3 ma/ 1 =
1925 pH B.5
1926 Diluted Conductance :
Micromhos/cm, — 1240 ;
1927  Total Alkalinity
as CaCo — . mg/d
1315 Total Hardness
' as CaCo — . mg/1
1925  pH .
926  Diluted Conductance

Micromhos/cm.

FORM NO H.71
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Non-community Water Supply Chemical Analysis Report

a

Texas Department of Health -

1100 West 49 th Street

Send Report To:

UAS.Ammj—C@?fo;Ek

A é%un((ti
0. Deawer W
.JC-’Lcr(u-iuld inXcs 250687
SAMPLE TYPE IF FROM WELL

ﬁ‘ Distribution
"1 Plant Discharge
1 Raw Supply

- O oOther

Depth (,OO ft.

Age YIS,

Well No. Zﬂ:”/

IF SURFACE SUPPLY

Name of Source

Division of Water Hygiene
Austin, Texas 78756

e dre S T D
NAME OF WATER -SUPPLY:

f;k¢xcﬁj C;vuuﬁL’ iéﬁﬁﬁ

Water Supply I.D. ¢ [§BO0g
1-7)

County_ Ma o

Q%/QS/C,L

- (Signature)

Date Collected

031/ | &8

Pt A (31-36)
rl]l“-”
A 25
Date Received bkﬂ £.198° Date Reported R10%5
(17-20) (10-13) (17-20)
" 1016 Calcium . mg/l
i BAMPI S NG,

t10~-13) SAMPLE NO.:EP3

_5059(17-20) \

Bte Calcium R ma/l o
1031 Magnesiun X mg/ 1 i
1052 Sedium ma/l 404
. 1929 Carbonate 194 Y oo/l 0
1928 Ricarhonate A 399
1655 Sulfate Mg/l 2
017 Chleride Mo/l A03
1025 Fluoeride Mg/ A
1040t Nitrate (aaMN) Mo/ ] LT
1930 Dissolverd colids jo13
.9%1 Phenolphthalein
Alkalinity as £aC03 mq/l 0
1927 Total Alkalinity '
§ as ac03 M/l 327
1915 Tetal Hardness
as (ar03 mig/ 1 g
1925 pH 8.0
1926 Diluted Conductance
Hicromhos/cm. 2000
N ULl ALKHLINITY
as CaCO o . mg/l
1915 Total Hardness
as CaCO o . mgfl
£ 1925 pH e
1926 Diluted Conductance

-rr& ____ _w F]

FP5-50%0

‘(10—131 (17501 \

1022 Ypow

1032 HANGANESF
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/am: 214-068-2222 ﬁ

DEBERRY DRILLING COMPANY

/ — = WATER WELL CONTRACTORS

Ve  P.O.Box 1524 W[f)_/?f’ ﬁ‘f

ORE CITY. TEXAS 75683

July 23, 1987

Harleton Water Supply Corp.
P.0. Box 372
Harleton, Texas 75671

Statement on test welil #Eq

840 fHesesen.odrill 3 7/8" test hole w/test well
logging and hand sampling.
Irice per ft. top to bottom....%3.50 ft.. .....% 2,940.00

Note: Hand sampling no good productive water bearing sand.
Test well plugged.
Included is & copy of log.

~g§§i§5§5£;;;iﬁzxii,

Gaston W. DeBerry
Texas Water Well License 321

"Test well located on B. Williems place.




&
HONE 214-968-2222
DEBERRY DRILLING COMPANY

W:‘rln WELL CONTRACTORS ﬁjj{, #7

. P.O.Box1524
ORE CITY, TEXAS 75683

[

P

Iy Y YA
S et

July 20, 19897

Harleton Water Suuvply Corp.
P.0. Box 372
Harleton, Texas 75671

Statment on test well #¢3 '

820 ft......drill 3 7/8" test hole w/test well
- logging and hand sampling.
Frice per ft. top to bottorm...$3.50 ft........$% 2,870.20

Yote: Hand sampling no good productive water bearing sand.
Test well plugged.

Included is a copy of log.
9% Q)
L Tl
ston ¥W. DeBerry
Texas Water Well Iicenss 21 !
Test well located on Milton Watts land.

sSurvey: . Albright




£ 214-968-2222 .
DEBERRY DRILLING COMPANY @

WATER WELL CONTRACTORS

P.O.BoX 1524 Mﬁ_}}% Z e

ORECITY. TEXAS 75683

e -
(i Thscernacntc
July 22, 1887 o

Harleton VWeter Supply, Inc.
¥.C. Box 372
Harleton, Texas 75671

Statrent on testines %, . Urr susply well Ir arion counir.
F.U.Fields - urvey. '

Idinirun rie charge with two comzressor, all ecuipment,
and crew Lo test water well with comrressed agir for
gsalt cornitent in water, Test showed excess zmount of
e2lt. 7% could nov be used in veater systeZ..i.eee.ie..ol 1,295.C0

Eexas Nayer eTl _1ce:ce %2




L SR ()

Send original copy by For TDWR use only.
certified mail to the Water R State of Texas Well No.
Texas Department of Water Resources '
P. O, Box 13087 . WATER WELL REPORT Located on map
Austin, Texas 78711 . Received:

Ge. He Whitehead poute 5, Box- 164 A Harteton, Texas

1) OWNER Address § :
{WNamg} [Streat or RFD} - ° (City) {Stata) {Zip)

2) LOCATION OF WELL:
County . miles in

direction from

[N.E., S\, atc.} {Fowa}

3 Legal destription: ,

Dirlller must complete the legal deseription 10 the right Section No Block No Township
with gistance and direction from two intersecting sec- ' y

tian or survey lines, or he must locate and Identify the AbstractNo.______ - Survey Name

well on an offigisl Quarter- or Half-Scale Texas County Distance and dicection from two interseciing section or survey lines

General Highway Map and attach the map to this form.

g

)é] Ssa attached map,

' 3) TYPE OF WORK (Check): 4} PROPOSED USE {Check): 6} DRILLING METHOD (Checkh:
X X
é New Well [1 Deegening 0 Domestic O tadusirial O Public Supply G Mud Botary O Air Hammer 0O Driven (1 Bored
) Reconditioning O Plugging O Irrigation O TestWelf 0O Other 0O AlrRotary O Cable Toal 0 Jetded 0O Other
B) WELL LOG: DIAMETER OF HOLE 7) BOREHOLE COMPLETION:
Diadjn.} From {ft.} To lfL)
1r A 0O Open Hole D Straight Wall a Underreamed
18Dec79 M YT ’ '
Datedridled ________ i i ~ 0O Gravel Packed O Othner 370 520
if Gravel Packed give interval .. . from fr. to ft.
From To Description and color of formation .
{Ld {1} ematerial . 8} CASING, BLANK PIFE, AND WELL SCREEN DATA:
O 12 shale Dia News| Steel, Plastic, elc. Satting {ft.} Gage .
. fing [, Perf., Slotted, stc, asing
i P49 I3y W. S5dnd STTredrs ! |Used| Sereen Mgt,, if commarcial From To S%{E
A 4 4t n aan
o9 ne PidBTLIT %] ol i% SE'
20 77 Clay (white) 1 !
7T 154 Tand{ wn/bl Jdacker on Bglo| "—Iap pipe 37—, 410 200G
! S¢h
164 168 Lignite L R L, U0Ih sIOYEEQ iU T asl al
168 194 shale{tdark) L
e - b 4 t " T Blank 4blU 1455 F401¢)
1 cah
194 223 sand {dark) v oo v ,016 slotted | 465 :475 “26
223 260 strare{tTightt—on——end?) T " Blank 475 485 300
A { o .
260 Fdi18) Shale (CnocolIatey ' ~CIT
"o " W 0Ll6.5dRkEEHATaA485 517 40
280 304 Shale (IIgGht) 0 350
Cementad from it to ft.
804 392 sand {3 layer rocks) Method used Haliburton
392 395 Lignite " Cemented by Self
{Company or Individual}
395 410 shale {(rock at 410)
Ly ay) 135 sang{rock —at442) g ;
R 8] WATER LEVERD i8 Dec 79
435 ¥4 Bhaleée (SOt Static level ft. below land surface Data
. Arteslan flow gom, Date
a7 460 Sand
460 467 Lignite 10} PACKERS: Type Depth
— 44 75— Sand ;
475 119 ignite
a4 rad 489 Shale
485 457 Sand /
11} TYPE PUMP:
X
E?Z ?eg Sha];e ; N L oA f O Terbin L1 Jtet [} Submersible O Cylinder
U0 P rAY) Sanmg A\ roOCK At ey T O Other
{Use reverse side if necessary) N N FAeav)
Depth to pump bowls, cylinder, jet, ate., t.
13) WATER QUALITY: ' ) f
Bid you knowingly penatrate any strata which contained undesirabta i
wates7 O Yes No 1.2) WELL T,ESTS'
If yes, submit “REPORT OF UNDESIRABLE WATER" 1 Type Test: 0 Pump E]fgilér If.fetted I§Est' ated
Type of water? - Depth of strata Yield: - gpm with ft. crawdown aiter brs.
2 g\rz}a@a %agtcd 3nal§s£3 Hnade@ pBrKesirorP Not Es g E Sf LI: rf

I hereby eertify that this well was drilted by me {or under my supeivision} and that
each and all of the stataments herein ara trua to the hast of my knowdedae and belief,

Melvin Y. Fuller . 1845
NAME . Water Well Drillers Reglstration No.
802 East RUZE*™"Mlrshall Texas 75670 -
ADDRESS
Wireat or HEDY I pyI LER WATER wELISWRILLING @9
{Signed) )

{Water Well Brifter) . " {Company Name}

Please attach eleciric log, chemizal analysis, and other pestinent Infosmation, it availahte.

*Adiditional Instrsections on reverse side.
Thwa-n3a2




.t gmll topy hy
Jfad resil 1o the
] D-pammnl AW
). Box t308
;ﬂn, Yoxm TITH

it qulmn

/2“ L l"/(cu-m, Vs 'rU/{nu

qu Texass
WATER WELL HEPOBT

/ ‘_i;?’?' #Jné\’ﬂﬂ uss only, J
Dt'{,) Wil No.

locatedonmaep .
Received: — ]

= J:

OwNER _TouUmy r-'pseley"’?)"( /5 Addren_ ou #5. “ox 33AA, Harleton 75651
li ——— =
{Namal NN + " {8treat or RFD) {Ciwy} {S1atel 1Zipl
1l LOCATION OF WELL: = ). : .
County _HAry rison . F 1 ’PA mile in south ditection from Harleton
T RE.5W.sc) on Hwy. $450 {Town)

lagal description 10 tha right
fom twe intersacting mc-
t locats and identify the

-llllr must compiats the
Ah giatence mid dirsction T Eection No,

0 or siny tine, of he mus

D Ll desariptiont

Abutract MO e _
" Distence and dirpcllon from two !nnructinq section of survey lines

Tawnship.

Block Mo,
Sureay Name

i on an ofikcial Quarier- or Hail-Scale Toxss County
”nt Highway Map and attach the mep to this torm.
rz‘ . . © s““w.d.w ._‘J
E TYPE OF WORK (Gneck): _ 31 PROPOSED USR {Check: R __6) DRILLING METHOD (Checkl: -
(rrPAIRARIEPY S - T —
n Naw Wall [ Deapaning u Oommic o Incortriat T Publis Supph/ i x M\ld Rotary O Alr Hammer (1 Driven O Borad
’ - 0 Reconditioning 0 Plugging 1 irdgation O Tplwm Q Othw 0 Air Rotary 1 Cable Teot O Jotiad B3 Other
l! WELL LOG: DIAMETER OF HOLE C13) BOREHOLE COMPLETION:
) Dia. lin.) From {iL) Tnlitl Open Ho! straight Wl
y O Qpen Hole [ Streight Wal 03 Undi med
0 _15_73 Surfsce ereea
Dﬂe drilled o T VBN n E2YY " 3 Gravel Packed 0 Otlm BT LED
. 7Y AT A0 ¥ Graval Packed glve interval . . from _= ___{t. [Pryhudd 1.

o i Deserption a0 e tormation 8} CASING, BLANK PIPE, AND WELL SCREEN DATA:

0 110 sand w. clay streaks |bi N S, e, ovc. Sating (i} ]‘3235. ,
110 130 park Sand Uwd] Screen Mgl i commarcial From ‘ To kS eraen
130 160 sahle (dark) 4 New Plastic 0 1170 h60
160 205 ' i X 4 New plastic 170 i3 18]

[ L
205 215 shale (dark brown) J: N stic 2179 |3uo 200+
215 217 Lignite X | plamtic .0356 sloth 380 1450 1k
217 265 shale (darkwe rock) . - H .
265 270 sand (uark) :
270 310 shale CEMENTING DATA
310 334 -~ .. sand (Black) Comented from 319 oo surface
334 348 Zamashale {(Dark brownt  wsmodusmy — HBlibDurton seal
348 353 sand {Dark) Cemanted by __Self A
7 {Company ot indiyidual}
353 360 | Shale (Dark) B
1-360 364 Lignite 4) WATER LEVEL: ) i _
F 364 372 shale (ilght gray) Suatic lavel LD 3 . betow tend surfecs m;ﬂ&-—la- 16
Arteiinn flow opm, T Date
372 415 .. Sand (light gray) —_— —_——
| 415 418 Shale (grayl 10} PACKERB: Tvpe Depth
‘418 460 sand (light gray)
. 11} TYPE PUMP:
f] Turbin n Jet ¥ Submersible 3 Cylindsr
. @ Oher .

{Use roverss sith it necessary} ©

240

Depth 1o pemp bawds, cylinder, jat, #1¢., 11,

13) WATER QUALITY:

DId you knowingly pennlriu any tirata whi
wates? 11 Yes NN

11 yes, sobmin * ‘REPORT OF UNDES!RABLE WATER"
Type of water? Depih of flrata

ich contsined undeiirsble

12} WELL TESTS:

1 Type Tests 11 Pump ) Baitur X levted XK Esumiated
Yield: 20 gpm with 77 11. dravedown after 1 nts.

Iroﬁ"ﬁ"ﬁ'ﬁ'ﬂ"“ﬂ&?@ﬂ”&sf?@pg DER 9.5

t herehy certit
eagh andvali of t¥|

that this will was dritled by me (o
¢ statements harein are trus to the

1 under my supervision) and that
bast of my knowledgs and belief,

16 .
it W 1545

if NAHE relvin ayne"Fu ! ler) Water Well Drillars Ragistration Ne.

i ype or Print

23" .ADBHESS 02 Bast Kusk ""Marshall  Texas 75670

.

3 B T Suet i
i e RED! el pULLER WATER witts (2ip}
o [Bigned} .

o TWater Well Deitle) " {Company Narosl
‘ﬂ Plaase attach slactric %o-u, cmmiul snalytis, and dthat pmlmnt lnlwmnlun. it mllgbla.

H 5

«f TAck lional Intlruntions on reverte side, ‘é M

i Town0%2 ’ y
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Méﬁf? s |

o et | reronrTno.  TO3H

LAYNE TEXAS COMPANY v.o. 2701-66
HOUSTON -te DALLAS rage 1 or 1
reno. 3116
\ MATERIAL SETTING sare 10/4 /67
CUSTOMER LOCATION WELL DATA At site of T
_Gum Springs Water Supply Corporation| mame wew WILL NO, 1
E: ELEVATION DATUM
ATION WELL Gum Springs . yyrr wret, Gravel-wall
_ sURFACE CAsinNG cEMENTED 385' No, sAcks 121+8
avey FIELD ) size, vore unornrcames 20" peerw 4651

sraveeyver 112,113, no. cu. vos. 18 -
oty HArrison . enare Texeas TYPE d‘i:u S.8. W.W. . saar. 030" .-
: pricLzr &, Butler mewno. 15 '

er Lano Marks 3 M1, E, of intersection orver J.0. Rowe
¢+ .M. Road No. 450

LENGTH 81Z€, KIND, WEIGHT MATERIAL ' BKETCH
10-3/4" 0.D. surface casing
2t above ground ie— , >
Surface _ .
§30 ! Top of 6-5/8" 0.D. liner
355 0 3871 10-3/4" 0.D. surface casing
200! 70! 6-5/8" 0.D. blank liner
50! 501 6-5/8" 0,0, S.8. W.W. screen
:6 éOBOg“ga. ,
#63! 13! -5/8" 0.D. blank pipe - :
1651 21 6-5/8" 0.D. set nipple & ' .ement
back pressure valve
otal gepth 465 ft. 104"
. 330
L
\ | . (W 285
| 00" &l k7
! B = gﬂ %
Q —= 111
: ——o%obgj : %‘P(‘,'o,_ZQ
AE= - i
§ y X : %
o a2 Y
Rl
T.D-465'

-

==




\ LANFORD DRILLING COMPANY. INC.

‘ 0. Box 98 Shreveport,

Louisiana 7116t . Tel,869-2519

WELL LOG and MATERIAL REPORT

. oMER . Gum Springs Water Supply Corporation . . . WELL NO. .2

ATION

Hwy. #449 - 2 miles East of Carterville = compLErep. Nov, 1982
rEss Po.0. Box 173, Marshall, TX 75670 . |

cieeer .« CONTRACT NO. .. .

DIMENSIONS:
A—. 227 ffa..

Weight 40, 48§

Wall ...a365..... -

{sue_lgzéfﬂnug'f.

(Statie Level)

“msill

Weight ..18.97# ..

size .6-5/8" 0.D
{Wa}.l _.2280 .

-yt

: T e A L e e T T T e e S L R R R LR
)
-
]
o]
=
w
—
w
w

., ey :
U ]
e . - 1
4% ",-. Slze §_§/8__9°D~
L]
:9’ :s.‘ T'y'pe ...Bi?'..]:.....].'-.ll]..%.....
dp .
Ho . el o/ fNhaleria]l 2eXa
+, ol
* i Gauge 2920 .
L 4
’ /G'.-.'.',-, Opening —.+020
» I==l= o0 ©aean
% ::::/E[a'o A
L =y Py B ) .0‘. 5
° ’E ¢ % NN
- -l * ...l.'l
= *
3 » [ =5 B R N
I3 L4 = . .
f e s 0" =1= '::;W I
’fﬁl *s © =l*e e’
a0 - ¢ L Zle_ o re
s $8, 0 4° coo'.’
.9 o L. LR L.
" * oo‘o. e = ..o.'o ol
37 oo ®,elsZITS | 2, e 000
¥ PRI na—_-: S e ol
° e bt re
! L N R e LTI
? T e G0 IZTIT Tl e s e
. °-_—:l—:""a;‘
4 tota 3.
& o . . o ¢

PUMP DATA: ..
Bow! Assembly 8. Stage, Size ..6" ..... Type JSub.
Discharge Column — Sefting 252 Feet
Size — .3\ . PIPe v, TUBING o ... Shaft
Head-TYPe oo oo T Sovoeresrs $126 DISCHATEE coeS s o

Suction, Lengih ..., 6" i Size 6_" ............................

Design Conditions: — .....200 . vscepMm ...305.. TDH |

MOTOR DATA: -
HP .20 30, MakeFranklin . speed ..3450.. ...
Voltage .. 460 Frome .3 Phase Type .Sub,

£ergi=No, .. . et e eee s seesse e oo
REMARKS; ..Set Grundfos ( SP-45-8 ) Pump End,

FORMATION LOG:

0 - 3 Sand

3 - 11 Clay

11 - 60 Sand

60 - 90 Clay

90 - 120 Sand
120 - 220 Shale
220 - 280 Sand
280 .- 290 Shale
290 - 330 Sand
330 - 437 Shale
437 - 518 Sand
518 - 705 Shale
705 - TD

AMew preror [ =




St ST

o e -

ooy Brn

WATER ANALYSIS REPORT
TEXAS DEPARTMENT OF HEALTH
pIVISION OF WATER HYGIENE

1100 WEST 49 TH STREET

AUSTINy TEXAS 18756

GUM SPRINGS WATER SUPPLY CORP WATER SUPPLY #: 1020026

C/0 JIMMY STEELE - PRESIDENTY LAECRATORY NO: EP1018618

P 0 BOx 750 SAMPLE TYPE: ODISTRIBUTION

HALLSVILLE X 75650

COLLECTOR REMARKS:

SOURCE :

DATE COLLECTED 11/ 1/90 DATE RECEIVED 11/12/980 DATE REPORTED 1/10/%1
CONSTITUENT NAME RESULT UNITS +/-
CALCIUM 2 MG/L
CHLORIDE . g3 MG/L
FLUORIDE 0.7 MG/L
MAGNESTUM < 1 MG/L
NITRATE (AS N) 0.40 MG/L
SODIUM 218 MG/L
SULFATE 23 MG/L
TOTAL HARDNESS/CACO3 5 MG/L
PH 8.3
DIL.CONDUCT(UMHOS/CHM} 980
TOT. ALKA. AS CACO3 335 MG/L
BICARBONATE 409 MG/L
CARBONATE 3] MG/L
DISSOLVED SOLIDS 531 MG/L
P. ALKALINITY /CACO3 Q MG/L
ARSENIC < 0.010 MG/L
BARIUNM g.020 MG/L
CADMIUM < 0,005 MG/L
CHROMIUM < D.02 MG/L
COPPER < 0.02 MG/L
IRON 0.03 MG/L
LEAD < 0.0200 MG/L
MANGANESE < 0.02 MG/L
MERCURY < B.0002 MG/L
SELENIUH < 6.002 MG/L
SILVER < 0.010 HG/L
ZINC < 0.02 MG/L




Seapsse 10 ST ' "

Prevy Y e
~ariginal copy by State of Texas Texas Water Well Dritlers Board
ritfied mail to the P, D, Box 12087
Texas Depariment of Water Rasources WATER WELI? REFORT Austin o‘l"laxas 28711
P. 0, Box 13087 . ? il il P i ‘
Austin, Taxas 78711 ATTENTION OWNER: Confidentiality Privilege Notice on Reverse Side |
» quner _Don lHewmen Address __SEe 1, Box 52 Harleton Texaa 75651
era Williams Faoia (Streot or RFDI (ciy) (State) | (zip)

2} LOCATION OEWELL:, o

county }fvarr:\.son 1 1/2 miles in south direction from Harleton

{N.E., S.W., stc.) [Town}
. [0 Legaidescription:

Driller must complete the legal description to the right B Section No, Block No., Tovwmship
with distance and direction from two intersecting sec- -
tion or survey lines, or he must tocate and identify the Abstract ND._A;]'_'&L.Suwav Name P, K, Thomas

welt on an official Quarter- or Half-Scale Texas County

General Highway Map and attach the map 1a this form. Distance and direqtign from two intersecting section or supvey lines

[ $See atiached map,

3} TYPE OF WORK {Check): 4} PROPOSED USE (Check): 5) DRILLING METHOD (Check):
Ef New Welt [3 Decpening [ Domestic [ industrial O] Public Supply ¥ Mud Rotary [ Air Hammer [ Driven LI Bored
[ Recanditioning [ Plugging [ irrigation [l Testwell 0 Other_SUPPLY | [ air Rotary [ Cabte Too)  DiJetted [10thec
6] WELL LOG: HAMETER OF HOLE 71 BOREHOLE COMPLETEION:
Dia. lin.) From (ft.} To tit) [T Open Hate L[] Straight Wall [T Undarreamed
9"9_'85 7 s"éiaca ¥ Gravel Packed O Giher
Drate drilled 9-12-95 / ‘}/ 450 1f Gravel Packed give intervat . . . from o ft. to 450 ft.
From Te Description and celor of formation 8) CASING, BLANK PIPE, AND WELL SCREEN DATA;
£12] lfr.) rmaterial
o ] . New Steel, Plastic, otc, * Setting {fv.} Gaga
0 15 red yellow & white sandy c%?i or Pert. Slonted, eto. Cotina
15 20 light brown sh. " [Used Screen MgE., if commercial From ~ To Screen

20 50 gray

50 105 green & brown sh, & sa.

105 120 brown & gray sh.w/lignite |st,

120 157 brown sa.

159 165 brown sh.

165 185 gray sh, & brown uw/ st, of

green sandy sh.

185 260 brown & green sh. w/sandy

,Sh‘ % sa. st,. CEMENTING DATA
260 280 green Sa. Cemented from ft. 10 fr,
, 280 295 brown sh. Method used
295 305 fine gray sa. Cemented by
3051355 gray & brown sh. (Gomeany or ralvizuat
335 350 fine gray sa.t: sandy sh. 9] WATER LEVEL:
250 555 gray sh. ﬁ/SEL'ﬂ.dV st. Static level 40 ft. below land surface Date‘—_z_.._g—la_S
555 450 EI‘&E sand Artesian flow.—_________opm. Date
10} PACKERS: Type Depth

111 TYPE PUMP:

1 Turbine Aot O submersible O Cylinder
L Other
IUse reverse side if nacessary) Depth to pump bowls, cylinder, jet, ete., [ 'Y
13) WATER QUALITY:
Did you knawingly penetrate any strata which contsined undeasirable '{2) WELL TESTS:
ﬁa\:izfsubgi:(f;EPDR*%I\;DUNDESIRABLE WATER" O TypeTest: [iPump O Bailer  @Jetted [ Estimated
’ Typa of water? Depthofstrata — . vield; B0 gpmwith_31 Q0 f1. drawdown after .1 _ hrs.

Was a chemical analysis made? [ Yes HiNa

| hereby certify that this well was drilled by me {ar uader my supervision) and that
sach and all of the statements herein ara teue to the best of my knowledge and helief.

company wame DeBerry Drilling Co. Water Wesl Drillers Litense Ra. 321
{Typa or Print}
ADDAESS P.0. Dox 10 Ore Gity, MPaxas 75683
(Steest 0r RFO} [City) (State) {Zip)

b

|Signed) {Signed)

{Registered Driller Trainea) for TDWHR use only
Walt Na.
Located on map

Please attach electrit log, ehemical analysis, and other pertinent iﬂfﬂf}h-” available.

TPWR A302 [Rev. 527 82) DEPARTEENT OF WATFR RESOUIRCFS COPY
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R | S st S /7
W _. A LRGeS

i Sunﬂf:}ginaﬁ_:bi:;}; by - . : State of TBKGS Texes Water Wall Dritlers Board
: t m o-the . i
J g’i’xasi)ep:ﬂmln! of Water Resources i WAT,EH WELL.'REPDRT &u?tllfo;e:’c::fel'?sﬂl
: iu?“§°§al§fﬂ;"§m ATTENTION DWNE R: Confidentisiity Privitege Notics on Reverse Side )
' 1} OWNER hglmﬂ-ﬂ Corporation ! édd"il I s QuBox 376 sarlaeton s Gran P90
. : {Name) _' ARrley ; Su'utcr'HFDI (City) (State) (Zip}
i Lo ATy T .
5 AR j‘ rnllu, [ — opnt : direction from Sl G

[N.B,, 3., atc.} {Towa)

00 Lagel descrlption:

Driltar muu cornplate tha lagst deteription Lo the right ~

b o dices tion f d ! - BectionNo, _____ Block No., Township
with distancs gn reclion from two fniersecting tecs: - € W P |
tivn or supvey linas, or he must locate sad identify the - Abstract No. s AZ9Y Survay Nama __M&E1iun o Ly

well on an official Quarter- or Half- -Seala Texas County |
Gerwrat Highyedy Mep and attach ihs inap 1o this form, i

Distance and'dfrectlon from two intersecting seclion or survey lines
[

:D Seo attached map,

3 TYPE OF WORK (Check): 4} PROPOSED USE (Chuck); '61 DRILLING METHOD (Checkk:
*10 New Wﬂl #7 . [1Deepening | [0 Domestlp D Inn‘l,mrla[ [m] Pubhr.- Supply . X Mud Rotary [ Air Henmer Bl Driven [ 8ol
0 Recnndn!nnlng 1 Plupging A 1rrigatian I:!Tm Well [T Other = . DAirAotary D cable Tool  [Fetted Ol Quaer
6 WELL LOG: - DIAMETER OF HOLE 7 BOREHOLE COMPLETION:
: _- 1&10-{5 Dia. fin.) . F:;m’::' To Ift.) - O'0pen Hl’e xDSHaigthﬂII E] Undarreamed
. Ll i Graval Packed [JOther
Dats drll}od 0"21’8 ¥ ?/a i 0 : 1 441 . ‘__‘x‘j'II(Grsvel ?ackeﬂ aive interval , , . from L f1, 10 AHE1 I

e -asa pray £ brown ah

Dsscripnur! "‘::a::rl?arl of formaﬁpn . -ﬂ) -'CASIHC}I, BLANK FIPE, AND WELL SCHEEN DATAT
’ I Steel, Plastic, etc. . ing {ft.
_sursaoo o o, tom] gt swnaits_[gor |
brown,, ved, Whita SE_BAL ;_ ,-Boreea Mal,, if commerciat From E To Sceeen
. white « yollow mand%: A n bteed vhpe casing | el Git
brown S gray aliale © 14 |n% sloked pipse BYR 400

A7 90 durk prows ahalegdie & sondy bhl
e 3130 brown sh, wggggg; pha - [¢ [

C#ty. rook st 159

P65 ligaise .

h "._’;'»Qt)_~ gray i brown shs

R _'Tx'iue [XTRY 084" w/uom she .. .. oo . CEMENTING DATA
G B 1’; Eray” oh, ./Iit‘illﬂ ﬂmﬂ! Cymentad from fi. 1o i,
H3)- “1 tlﬂ' ﬁl’ax ag}:d : b .<Mslhodju:ed:"

- Cemenjed by

{Company or Iadividual)

. 81 WATER LEVEL:

Lty e e S . KNS Statlclevel________ft. below land surface  Date e
' ‘ AT TR Artedlan flow___{"'_. gam. Data_ﬁu_
"10) PACKERS: Type Depth
) '
131 TYPE PUMP:
O Turblne 1 Jer [ Submersible O eylinder
. O Other -
i [Use reverse side if necessary) Depth to pump bowls, eytinder, jet, etc., . .
13) WATER QUALITY: ‘
Did yoir kﬂlenglv peanetrata any streta which contained undesirabla 12} WELL TESTS:
waterto « i3 Yus - Lino e T I Type Test: O Purp O paiter  KlJetted [ Estmancy

1E vey, submlt - HEPORT OF UNDESIHABLE WATER”
Typa o(‘wgtlr? Depth of sirata

Yisld: i@,_,__ gpm with &3_5._[;. drawdown after], hrs.

Was p :herql;al malwls made? D Yes .ONe

I hereby cenifv that this well was drll!Ed by ma [or under my supervision) and that
ezch and alk uf the stetements hereln are trup 1o the best of my kaowledge end belizf,

21
COMPANY NAM; ’3°==em‘:f irilliog: Gmm! Water Well Dsillar's License No, 5 -
T, AType ar Princ} -
ADDRESS '-'. Pt 0 EOI 1630 i Ure ﬂit’ THLAR T S
{Streat or RF D) iCltyl (S1a1a) i2ipl
{Signed} {Signed) _ e
{LEcansed Wasor Wall Drlltar) [Registered Dyllior Traines) For TDWAR uia oaly
Please altgch pllclnc log, chemical enalysis, and other part:n t tation, If svailable. . k:’:l'ﬂ?;;—n T

'vdR 0392 [Rev, 6-27-82) . ’ WELL OWNER’S COPY
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APPENDIX B
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et surface casing dow
1 B zone to minimize!
¢ connections from the}
length of the surface

H water along the

1so to retard corro
ther; (3) set screen
w-pumping levels to

.

pls are allowed to
: xidation of the re-
zL:oxidation of the
sase of iron to solu-
. 3d iron will be pre-
1 1 water conduits of
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3 in dissolved iron
vt water conduits can
atsdd iron oxide.

1~ levels above the
r_zoval of the accumu-
a¢_lire further correc-

JELOPMENT

T 3t from the Cypress
lééic, chemical-

f importance are the
4 {rate of recharge to
s.ire the low pH water
4ater in zone B, and _
r ‘us depths. Chloride:
‘| the cost of the
ties of water.

f. lcient of traansmis-
rated sand thickness
nat approximately

rrison County; how-
atxe for development.
e of the aquifer can
e .fic yield of 15
1 uld be about

e per mile), the
cre-feet, or 13.4 mgd.
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t : aquifer, and an
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Figure (O
Approximate Thickness of Sand Containing Fresh to Slightly Saline
Water in the Cypress Aquifer

U.S. Geological Survey in cooperation with the Texos Water Development Board
and the Harrison County: Commissioners Court
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ore start of flow) is
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| Structure Contour
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North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
April 9, 2009

Jeff Hogan, P.E.

Entity  Air Liquide 903-553-1821 water utilities

System City of Longview

County Gregg

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?

3. Do you currently use groundwater to satisfy any aspect of your operations?

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other
37.2 Treated water for boiler feed H,0O, 2,000 # boiler, feed water, cooling
tower water, solid levels real close. Not interested due to boiler feed quality

specs and cooling tower water....”We have to watch our solids closely.”



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater

April 8, 2009

Jeff Hogan, P.E.

Entity  Eastman — Kevin McGuire (903-237-6742) called; left message on 4/8/09
called; left message on 4/9/09

System  City of Longview W.U.

County Gregg

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?

3. Do you currently use groundwater to satisfy any aspect of your operations?

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
May 8, 2009

Jeff Hogan, P.E.

Entity Eastman - Steve long 903-237-5311

System City of Longview (Lake Cherokee, Sabine River, Lake Fork)

County Harrison

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?
no

3. Do you currently use groundwater to satisfy any aspect of your operations?
yes

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.
no

5. What factors would effect your decision - cost, location, water quality, other?

all

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?
Sanitary sewer

8. Other
Generally, not interested in using treated or non-treated brackish groundwater
Processes and equipment are too sensitive to TDS. Treated BGW is not as cost
Effective.



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
April 2009

Jeff Hogan, P.E.

Entity Keller’s Creamery (903-342-3713) Rick Grigsby, Quality Control
System  City of Winnsboro

County Wood

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?

3. Do you currently use groundwater to satisfy any aspect of your operations?

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other
Called, left message on ~ 4/9/09



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
April 9, 2009

Jeff Hogan, P.E.

Entity L3 Communications (903-455-3450) Left message on Facilities Voice Mail
System City of Greenville

County Hunt

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?

3. Do you currently use groundwater to satisfy any aspect of your operations?

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
April 9, 2009

Jeff Hogan, P.E.

Entity MorningStar Specialty Foods (903-885-0881) Randall W left message
System City of Sulphur Springs

County Hopkins

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?

3. Do you currently use groundwater to satisfy any aspect of your operations?

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
April 9, 2009

Jeff Hogan, P.E.

Entity Ocean Spray - 903-885-8676 - Craig Miller left message

System City of Sulphur Springs

County Hopkins

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?
No.
3. Do you currently use groundwater to satisfy any aspect of your operations?
No.
4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are

comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other
96.7 MG/YR Water goes into product. Not a possibility....too picky about their water
quality.



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater

April 30, 2009

Jeff Hogan, P.E.

Entity Pilgrim’s Pride - Vernon Rowe (903-856-5133 office; 903-767-0945 cell)
Called on 4/30/09 and 5/7/09; left messages

System City of Pittsburg; City of Mt. Pleasant; Bi-County Water — chicken farms

County Camp + five

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?
no

3. Do you currently use groundwater to satisfy any aspect of your operations?
yes

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

No interest

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
April 8, 2009

Jeff Hogan, P.E.

Entity Rexam (903-297-5400) Philip Burgess, Finance Mgr. called 4/8/09

made contact 4/9/09
System City of Longview Water Utility

County Gregg

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?
No.

3. Do you currently use groundwater to satisfy any aspect of your operations?
No.

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

No.

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other
Cooling; washing; R.O.I. too low to bother with it; ww going out. Mr. Burgess,
Finance Mgr., state entertaining different water would not make a significant
difference in their bottom line; therefore, he did not think Rexam would be

interested.



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
April 9, 2009

Jeff Hogan, P.E.

Entity Rubbermaid (903-455-0011) Bill-TRAFFIC; Joe Castillo-overall mgr.
System City of Greenville (dialed 7 then, Facilities Support, left message)

County Hunt

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?
No.

3. Do you currently use groundwater to satisfy any aspect of your operations?
No.

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

No.

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other
Patrick McGrath (903-455-0210) — Water quality is significant factor due to our

Injection mold process.



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
May 7, 2009

Jeff Hogan, P.E.

Entity Max Shumake (maxshumake@aol.com

System Individual family

County well is in Bowie Co. at county line with Bowie

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?

3. Do you currently use groundwater to satisfy any aspect of your operations?

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter hat are dissolved in water.

5. What factors would effect your decision - cost, location, water quality, other?
6. What amount would you likely be able to use?
7. What method of disposal do you have access to, or, be interested in using?
8. Other
Family well, 1955, drilling rig seismic 800’ cased-up, drink, watered stock, used it

for everything. High sodium, collect on side 3 of jars and bucket 73° (hot). Artesian

wells most are similar; diary years and years. Test water?



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
March 25, 2009

Jeff Hogan, P.E.

Entity Steam Electric (AEP-SWEPCO)

System N/A

County Harrison

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?
No

3. Do you currently use groundwater to satisfy any aspect of your operations?
No, not really.

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

No.

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other
Greg Carter, P.E. (903-746-4585) Corrode and scale...would not go up

the towers very well. Not applicable to Steam-Electric.



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
April 7, 2009

Jeff Hogan, P.E.

Entity The Pines (903-845-5834)  Message left for Bill Tuttle, Prop. Mgr.
System Pritchett WSC

County Upshur

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?

3. Do you currently use groundwater to satisfy any aspect of your operations?

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other



North East Texas Regional Water Planning Group

Brackish Groundwater Study

Telephone Survey of Non-Residential Users Interest in Using Brackish Groundwater
April 23, 2009

Jeff Hogan, P.E.

Entity Titus Co. Fresh Water Supply

System N/A

County Titus

1. How much water do you use annually in your operation?

2. Do you currently use non-treated water to satisfy any aspect operations?
No.

3. Do you currently use groundwater to satisfy any aspect of your operations?
No.

4. Would you be willing to use groundwater that has higher total dissolved solids (TDS)? TDS are
comprised of inorganic salts, principally calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates, and some small amounts of organic matter that are dissolved in water.

No.

5. What factors would effect your decision - cost, location, water quality, other?

6. What amount would you likely be able to use?

7. What method of disposal do you have access to, or, be interested in using?

8. Other
Tommy Spurill (903-572-1844) said there is no need for Titus Co. to look to
BGW as it is very hit and miss to find groundwater and they have a very large

lake.



