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Executive Summary

The Permian Basin, like much of the western United States, has been subjected to an
unprecedented period of drought over the past seven years. While rains in the second
half of 2004 have reduced the severity of the current drought, reservoir levels remain low,
and there is some speculation that West Texas runoff response and reservoir yields are
fundamentally different than the conditions assumed when the principal reservoirs were
planned on the Upper Colorado River. The Colorado River Municipal Water District is
therefore seeking new supplies and alternatives to continue to provide a reliable and
sustainable water supply to its member and customer cities. A promising source of
supplemental supply is the treated wastewater currently discharged by cities in the
CRMWD service area. This report explores the feasibility of reclaiming this water to
augment existing CRMWD supplies.

Domestic wastewater contains a number of contaminants which are a concern to human
health, including various pathogenic organisms and organic substances, both known and
unknown. Standard wastewater treatment removes a large portion of these, but the
remainder is left to biodegrade in the environment at varying rates. Additional treatment
is required before this water can be considered equal to existing raw water supplies and
safe for human consumption. Although reclaimed water has been blended with other
supplies in other projects, the configuration proposed for the CRMWD system provides
little opportunity for natural systems to work, and the treatment sequence must be very
reliable to inspire public confidence in the finished water. A treatment sequence is
proposed which consists of membrane filtration, reverse osmosis and ultraviolet
oxidation.

Three regional projects are proposed, located to serve the District’s member cities of Big
Spring, Snyder and Odessa, and the key customer city of Midland. Effluent from Odessa
and Midland would be treated at a joint facility, while Big Spring and Snyder would have
independent facilities.

The Big Spring project is proposed adjacent to the City’s wastewater treatment plant and
would provide approximately 1.84 million gallons per day (MGD) of reclaimed water
into the District’s Spence Pipeline east of Big Spring. Desalination reject brine would be
discharged to Beals Creek for subsequent interception and storage in Red Draw
Reservoir. The concept-level opinion of probable cost for this project is $7.7 million, and
annual operating costs are estimated at $505,000, for a projected unit cost of $1.67/1000
gallons. These projected costs are favorable compared to previous estimates, and it is
recommended that this project proceed to preliminary design.

The Snyder project is estimated to provide about 720,000 gallons per day from a
proposed site adjacent to the Snyder wastewater treatment plant. The District’s existing
15 MG balancing reservoir west of the city would be replaced by a similar reservoir at a
location near the Snyder water treatment plant and reclaimed water would be pumped to
the new reservoir for blending with raw water from Lake J.B. Thomas. Desalination
reject brine would be returned to the wastewater treatment plant outfall and blended with
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the remaining effluent. This configuration will limit the fraction of effluent which can be
reclaimed, due to water discharge quality constraints. Additional study will seek feasible
disposal options to eliminate the effluent blending constraint. Aquifer storage and
recovery (ASR) may be feasible for this project to improve capture of available water and
storage for later use with minimal evaporative loss. The conceptual cost of including
ASR with the project at a site northeast of Snyder has also been included. The concept-
level opinion of probable cost for the project is $7.6 million, and annual operating costs
are estimated at $203,000, resulting in a projected unit cost of $2.95/1000 gal.

The final project proposed is to reclaim treated effluent from Odessa and Midland. The
project as currently configured provides the additional treatment at a common facility
located adjacent to the District’s 100 MG Terminal Reservoir between the two cities.
The Midland wastewater treatment plant will require upgrade to provide a total secondary
treatment capacity of at least 10 MGD, to produce satisfactory effluent for reclamation.
The water would then be pumped to the proposed treatment facility at the Terminal
Reservoir. Odessa already operates an extensive reclaimed water system for supply to
numerous industrial and irrigation customers from their Bob Derrington Water
Reclamation Plant. Their transmission line extends along the east side of Odessa, where
effluent could be transferred to the District’s proposed treatment facility whenever
surplus effluent is available. Approximately 3.5 MGD is estimated to be available during
winter months or other periods of low irrigation demand.

Up to 10.8 MGD of treated reclaimed water would be blended with water from the lvie,
Spence and Thomas pipelines in the 100 MG Terminal Reservoir. There is also potential
for the use of ASR to provide longer term storage with minimal evaporation. Conceptual
costs have been developed for including ASR in the project using the City of Midland’s
abandoned McMillen Well Field as the underground storage aquifer. Disposal of
desalination reject brine represents a major obstacle to the implementation of this project.
A combination of disposal wells, storage and evaporation reservoirs, and transfers to oil
operations at the Mabee QOil Field are assumed as part of the brine handling, representing
a large fraction of the overall project cost. The concept-level opinion of probable costs
for the project is about $73 million, and annual operating costs are estimated at $2.7
million. The projected unit cost for reclaimed water from the project as currently
configured is $2.35/1000 gallons. Due to the expense and logistical obstacles to this
configuration, additional concepts should be explored before proceeding with the
preliminary design report for this project.

The following is a summary of the projected water which can be reclaimed through this
project:

Project Reclaim Annual Yield Unit Cost
Capacity (MGD) | (acre-ft.) ($/1000 gal.)
Big Spring 1.84 1855 $1.67
Snyder 0.72 726 $2.95
Odessa-Midland 10.8 9759 $2.35
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1.00 Water Demands and Supply

The state's regional water planning process was initiated by Senate Bill 1 in 1997. As
part of this process, the state of Texas was divided into 16 different planning regions,
each responsible for developing a regional water plan. The cities of Big Spring, Odessa,
Midland and Snyder are included in the Region F Regional Water Plan.

The share of water demands met by groundwater and surface water has changed over
time. Reliance on groundwater is facing serious limitations in West Texas because of
water quality problems. The city of Midland and other cities in the state have been
switching to surface water because of the increasing salinity and declining quality and
quantity of groundwater sources.

The passage of Senate Bill 1 (SB 1) reconfirmed that existing water rights holders who
take water out of a reservoir or stream can use and reuse up to 100 percent of the water
prior to its discharge to the stream, providing there is no return-flow requirement in the
permitted water right itself. Once water is used and is discharged to a waterway, it
becomes property of the state. Any water rights holders who wish to divert their water
for reuse after it has been discharged must obtain authorization from the TCEQ through a
"bed and banks" permit. Under SB 1, this type of indirect reuse might require that some
surplus water be returned to the river or stream to protect senior downstream water users
and environmental needs. In addition, SB 1 allows the TCEQ to condition new or
amended water rights to provide for return flows, potentially limiting the direct reuse of
wastewater as well. The diverter may also lose some of the flow to evaporation and other
channel losses as the water is delivered downstream.

1.01 Projected Demands

Currently, the regional planning groups are involved in the second phase of water
planning, with the next statewide water plan due in 2006. The projected water demands
for the Cities of Odessa, Midland, Big Spring and Snyder, include the most updated
information available.

The water demand projections (2006 Region F Water Plan) for the Cities of Odessa,
Midland, Big Spring and Snyder for the year 2010 and the following decades until 2060
are included in Table 1.1 and shown in Figure 1.1. Water demand projections include
reductions due to anticipated water conservation through implementation of the state
plumbing code. These reductions result in a total demand decline for Big Spring and
Snyder.
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Table 1.1

Demand Projections (Acre-feet/year) for Odessa, Midland, Big Spring

and Snyder
Entity Year Year Year Year Year Year Year
2000 2010 2020 2030 2040 2050 2060

City of Midland 27,879 | 28,939 | 30,056 | 30,804 | 31,246 | 31,631 | 32,112
Midland Sales 49 52 55 58 60 63
City of Odessa 21,189 | 21,927 | 22,687 | 23,350 | 24,145 | 25,222 | 26,484
Odessa Sales 3,579 4,223 4,793 | 5,284 | 5,721 6,063 6,403
City of Big Spring 5,596 6,016 6,077 | 6,035 | 5,945 5,915 5,915
Big Spring Sales 645 1,172 1,237 | 1,282 | 1,341 1,404 1,527
City of Snyder 2,343 2,792 2,834 | 2,844 | 2,829 2,832 2,832
Snyder Sales 484 478 471 449 431 422 403
Figure 1.1  Demand Projections for Targeted Cities in Region F Planning Group.

Water Demand in Acre-Feet
Cities of Odessa, Midland, Big Spring and Snyder
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1.02  Existing Supplies

The City of Odessa receives most of its water from the District’s surface water supplies
on the Colorado River. CRMWD supplies the City of Odessa with surface water from
the O.H. lvie Reservoir, E.V. Spence Reservoir and Lake J.B. Thomas, through Terminal
Reservoir located approximately 11 miles east of the City. The City also receives
groundwater from two well fields operated by CRMWD. Ward County Well Field and
the Odessa Wells supplement the City with groundwater during the summer months. An
additional well field in Martin County is also available to supplement other CRMWD
supplies in the Odessa area.

The City of Midland currently obtains water from CRMWD and the Paul Davis Well
Field in Martin and Andrews Counties. Additional groundwater is available from the
City’s McMillen Well Field northwest of Midland, but the city no longer uses this source
due to water quality issues, including arsenic and perchlorate. CRMWD supplies water
to the City of Midland through Terminal Reservoir that stores surface water from all three
major reservoirs they operate. According to the Senate Bill 1 Report for Region F
(Freese and Nichols, 2001), the City of Midland will begin to experience a need for water
starting 2029 with the expiration of one of the city’s two contracts with CRMWD. The
City primarily provides water to its municipal customers and a small amount of water to
industrial customers.

The City of Snyder obtains its surface water primarily through a 27-inch pipeline from
Lake J.B. Thomas. The city also can receive 1 MGD of groundwater from the Snyder
Wells. These wells are operated by the District and are scattered throughout the city.
The Snyder wells are operated as an emergency reserve.

The City of Big Spring receives its surface water primarily from E.V. Spence Reservoir
and Lake J.B. Thomas. The City also receives groundwater from the Martin County Well
Field to supplement the water supply during the summer months.

1.03 Potential Sources

Several sources have been identified which may provide significant additional supply to
CRMWD or its major customers. Five of these are described below; all have significant
development costs and/or obstacles. Other additional sources are available, but have less
potential impact on regional water supplies.

A. Reclamation

The passage of Senate Bill 1 reconfirmed that existing water rights holders who take
water out of a reservoir or stream can use and reuse up to 100 % of the water prior to its
discharge to the stream, providing there is no return-flow requirement in the permitted
water right itself. Once water is used and discharged to a stream, it becomes property of
the state.
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Wastewater collected by medium and large cities in the region represents a significant
drought proof source of water. With appropriate treatment, this water can be used for
agricultural or landscape irrigation, industrial uses or municipal water supply. The focus
of this report is to explore the probable cost and feasibility of reclaiming municipal
wastewater effluent to supplement municipal potable water supplies.

B. Lake Alan Henry

Lake Alan Henry is an 115,937 acre-foot reservoir on the Double Mountain Fork of the
Brazos River. The reservoir is located southeast of the city of Post in Garza and Kent
Counties. It was developed for water supply by the city of Lubbock and the Brazos River
Authority. Permit 4146 authorizes use of 35,000 acre-feet per year for municipal
purposes from the reservoir. Currently there is no water use from the reservoir, although
a small portion of the supply may be used locally in the near future. According to the
2001 Llano Estacado Regional Water Plan, the City of Lubbock has sufficient supplies
from other sources to meet its future needs, so all or part of Lake Alan Henry’s yield may
be available as a supply to the District [reference — Llano Estacado Regional Water
Planning Group: Llano Estacado Regional Water Planning Area Regional Water Plan,
prepared for the Texas Water Development Board, December 2001]. The reservoir is
approximately 25 miles from the city of Snyder and 35 miles from Lake Thomas.

There are several issues associated with developing Lake Alan Henry as a source for the
District:

1) Uncertainty regarding the reliable supply from the reservoir. The 2001 Llano
Estacado Regional Water Plan assumed that the yield of Lake Alan Henry was
approximately 29,900 acre-feet per year. However, according to the TCEQ
Brazos Water Availability Model (WAM) report, the yield of the reservoir is
estimated to be 9,595 acre-feet per year [reference - HDR Engineering, Inc.:
Water Availability in the Brazos River Basin and the San Jacinto-Brazos Coastal
Basin, prepared for the Texas Natural Resource Conservation Commission (now
TCEQ), December 2001]. A large part of the discrepancy in yield may be
attributed to the model theoretically passing water downstream to meet senior
water rights. Some form of subordination agreement would be necessary to
enhance the yield of the project. Also, there is uncertainty regarding the yield of
the reservoir based on recent drought conditions throughout the area.

2) Need for an interbasin transfer authorization for use by the District. Lake Alan
Henry is located in the Brazos Basin. Use of water from this source by the
District would require an interbasin transfer authorization. Under current Texas
law, use of water from Lake Alan Henry would be junior in priority to all other
water rights in the Brazos Basin, potentially negating any subordination
agreements that might increase the yield of the reservoir.

3) Uncertainty regarding availability of the reservoir. It is uncertain whether the
City of Lubbock and the Brazos River Authority would be interested in a
permanent transfer of water rights to the District. Because of the substantial
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investment in infrastructure to supply water to the District system, a long-term
agreement would be required.

4) Elevation difference. Water must be lifted about 500 feet from the Brazos basin
into the Colorado basin to be used in the District’s service area. This lift will
require significant pumping energy, in addition to the friction losses incurred in
the required pipeline. This energy will add a significant operating cost to
imported water.

C. Midland T-Bar Well Field

The city of Midland has owned an undeveloped well field, known as the T-Bar Well
Field, since 1965. The well field consists of approximately 20,230 acres located in
northwestern Winkler County and northeastern Loving County. Previous studies for the
city indicate that the well field could produce 13,400 acre-feet per year for a period of 60
years. The well field is approximately 70 miles from the city of Midland [reference:
Freese and Nichols, Inc. et al.: Region F Regional Water Plan, prepared for the Region F
Regional Water Planning Group, January 2001].

Although the city of Midland is a District customer, the city has its own groundwater
supplies which it uses to supplement water purchased from the District. The city of
Midland plans to develop the T-Bar well field when the city’s existing Paul Davis well
field in Martin and Andrews Counties is exhausted. Winkler County has a significant
amount of undeveloped groundwater resources including the District’s five sections of
land south of Wink which could be used to supplement supplies from the T-Bar Well
Field. Further studies will be required to evaluate the potential for groundwater
development in the area.

D. Hovey Trough Groundwater

The Hovey Trough is a proposed project by a group of investors to develop water
supplies from a water-bearing alluvial formation located northwest of the Glass
Mountains in western Pecos and eastern Jeff Davis Counties. Preliminary studies
indicate that the formation may be able to produce 50,000 to 100,000 acre-feet of water
per year. The area is approximately 105 miles from the city of Odessa [reference: Pecos
County Groundwater Co-Op Groundwater Marketing presentation. Date and author
unknown.]

Although the Hovey Trough may be a promising prospect for future water development,
a significant amount of additional studies will be required to quantify the amount of water
available on a sustainable basis. There is also some concern expressed by the project
developers regarding potential impacts on base flows in the Pecos River. Also, water
from this source could be expensive due to the long distance it would have to be pumped
to reach the District’s member and customer cities.
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E. Roberts Co. Groundwater

The Panhandle Water Project is a well field and pipeline project proposed by Mesa
Water, Inc. The well field would produce water from the Ogallala aquifer in Hemphill,
Lipscomb, Ochiltree and Roberts Counties in the Texas Panhandle. Studies performed
for Mesa Water indicate that the area could produce between 150,000 and 200,000 acre-
feet of water per year. Water reserves exceed projected demands in the four-county area
by about 30 million acre-feet. Transportation of the water from the project to the city of
Midland would require construction of a 344-mile pipeline.t

Developing water from this source would require a substantial investment in a very long
pipeline project. The yield of the project exceeds the potential needs of the District.
However, because of the large quantity of water available, there is a potential for this to
be a viable project for the District if other entities participate in the project. At this time
no other potential entity has been identified to participate in a project with the District.

1.04 Drought Impacts

District reservoirs remain in the grip of a severe drought. Despite significant rains over
the last couple of years, Lake J.B. Thomas has a supply approximately 31% of its storage
capacity, E.V. Spence Reservoir currently has only 15% of its storage capacity and the
District's O.H. lvie Reservoir has a stored supply approximately 42% of its capacity. The
District’s main water supply reservoirs are significantly under their designed storage
capacity.

An important consideration in evaluating new supplies is the susceptibility of the
proposed supplies to drought. The Alan Henry Reservoir, as a surface water supply, will
be subject to similar drought pressures to the District’s reservoirs. Its location in a
separate river basin may lessen the risk of simultaneous shortage during limited drought
conditions. However, for widespread events such as the current drought affecting the
entire Southwestern United States, location in an adjacent basin offers little drought
protection.

Groundwater sources such as the Midland T-Bar field, the Hovey Trough and Roberts
County groundwater, may offer somewhat greater insulation from drought conditions,
depending on the volume of water stored in the aquifer and how dependent it is on
recharge from surface sources. However, drought conditions tend to put greater pressure
on groundwater supplies due to higher irrigation requirements and limits on surface
sources. Typically, the Ogallala Aquifer which supplies water to much of the Texas
Panhandle, including the Roberts County fields and the northern part of Region F,
consists of vast deposits of water which have minimal recharge from surface runoff.
These aquifers will not be greatly affected by drought, except that increased usage will

! Mesa Water Inc.: Water Supply Study, Providing Groundwater from the Texas Panhandle to
Communities throughout the State of Texas, 2000. R.W. Hardin & Associates, Inc.: Groundwater
Availability Evaluation Hemphill, Lipscomb, Ochiltree, and Roberts Counties, prepared for Mesa Water,
Inc., December 2002.
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shorten their useful life. There is little consensus regarding the Hovey Trough
characteristics, so drought impacts regarding this supply are largely speculative.

Reclaimed water is dependent on the continued collection and treatment of wastewater
from residential, commercial and industrial sources. Provided the population remains
stable or increases, it can be assumed these sources will remain available regardless of
drought conditions, although mineral content can be expected to increase somewhat
during drought conditions. Its dependence on human activity rather than weather
phenomena cause it to be considered a “drought-proof” or “drought-resistant” supply.
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2.00 Indirect Potable Reuse

2.01 Background and Current Status

Population growth, uneven distribution of water resources and periodic droughts have
forced water districts and cities to search for innovative sources of water supply. A
traditional way of selecting drinking water supplies has been to use the highest quality
source available. Over the years, municipal wastewater effluent has been receiving ever-
increasing attention as a potential water source as the easier sources of water become less
available. Today, reclaimed wastewater reuse is an important element in water resources
planning in many parts of the country.

Beneficial reuse applications vary regionally to reflect groundwater recharge, agricultural
reuse, and several industrial and recreational applications. Most reuse has been for non-
potable reuse, the substitution of reclaimed water for dedicated non-potable uses.
Agricultural and landscape irrigation is by far the largest use of reclaimed wastewater.
The second major use of reclaimed municipal wastewater is in industrial activities,
primarily for cooling and process needs. Depending on the quality required, often
additional treatment is required beyond conventional secondary wastewater treatment.
The third most common reuse application for reclaimed wastewater is groundwater
recharge.

In a few cases, highly treated effluent has been intentionally incorporated into a public
water supply source, a practice known as indirect potable reuse. Notable examples
include reservoir blending at the Upper Occoquan Reservoir in Virginia, which supplies
water to several suburban cities near Washington, D.C., reservoir blending by the North
Texas Municipal Water District in Lake Lavon, and groundwater recharge in El Paso,
Texas and Orange County, California. Extensive testing has demonstrated that reclaimed
water can meet drinking water standards. These findings have satisfied some experts that
reclaimed water is acceptable as a drinking water source. However, other experts
disagree, saying that the water is inherently more risky. The City of Wichita Falls
currently has a project in development for supplementing its raw water supply with
reclaimed water. TCEQ has approved the concept report and has established a
classification of reuse as a raw water supply.

Another reality which must be recognized is the prevalence of unplanned potable reuse.
This occurs whenever municipal wastewater effluent is discharged to a water body which
serves as a public water source. This is a common occurrence, and while it may go
unnoticed by the general public, the potential for recirculating human disease agents is
the primary basis for modern water disinfection practice.

2.02 Public Health Issues

Public health concerns regarding the use of reclaimed water center on water quality,
treatment reliability, and the difficulty of identifying and estimating human exposure to
potentially toxic chemicals and microorganisms that may be present. Public health
protection is based on identifying potential contaminants and providing a series of
barriers to prevent their passage into the finished water supply.
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A. Pathogenic Microorganisms

Diseases are caused by a multitude of microorganisms that are broadly classified based
on some of their common microbial characteristics. The principal infectious agents that
may be present in reclaimed wastewater can be classified in three groups: bacteria,
parasites and viruses.

Bacteria compose a large class of microscopic unicellular organism with a size in the
range of 0.2 ug and 15 pg and are responsible for numerous water-borne diseases,
including cholera, dysentery and salmonellosis. Waterborne viral diseases that are most
common are gastroenteritis and hepatitis A. For parasitic diseases the most common are
those associated with Giardia lamblia and Cryptosporidium parvum. Diseases that are
spread via water consumption and/or contact can be severe and sometimes crippling.

To some extent, an assessment of possible public health risk can rely on the vast
knowledge that has been developed for water supplies using conventional source waters.
As noted previously, many of these source waters include varying amounts of treated
domestic wastewater.

B. Emerging Contaminants

Some experts say that disinfected wastewater effluent originating from raw municipal
treatment plants may create different and often unidentified disinfection byproducts than
those found in conventional water supplies. Since only a small percentage of the organic
compounds in drinking water have been identified and the effects of only a few have
been determined, the health effects of mixtures of two or more of the hundreds of
compounds in any reclaimed water used for potable purposes are not easily characterized.
Similar concerns may also apply to many other water supplies, which have various
sources of contamination aside from municipal and industrial wastewaters. These may
include urban and agricultural runoff, atmospheric pollutants, and naturally occurring
contaminants such as arsenic and radon.

Continuous improvement in the field of laboratory analysis provides increasing
knowledge of the nature and/or identity of the myriad substances which may be found in
our water supplies. Some of these substances have legitimate health implications which
should be considered in the general context of water treatment practice, but have
particular importance in the evaluation and design of systems for treatment of reclaimed
water for human consumption. Recent attention has focused on a broad range of
chemicals which have been described as endocrine disruptors, personal care products,
and/or pharmaceuticals.

The endocrine system is a combination of glands and hormones that affect biological
reproduction, growth, and development. Endocrine disruptors are compounds that can
block, mimic, stimulate, or inhibit the production of natural hormones, disrupting the
endocrine system’s ability to function properly. Endocrine disruptors can be natural or
synthetic and persist in the environment and can bioaccumulate. Many chemicals,
particularly detergents, resins, pesticides and plasticizers, are suspected endocrine
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disruptors. Some human and livestock drugs are designed to be persistent in order to be
effective.

Endocrine disruption is widespread. Pharmaceuticals, personal care products and their
metabolites have been found in wastewater treatment plant effluent, surface water, and
groundwater samples. Such endocrine disruptors find their way into the environment via
wastewater, landfill leachate and agricultural and urban runoff. Exposure to endocrine
disruptors can occur through direct contact with pesticides and other chemicals or
through ingestion of contaminated water, food or air.

At present, regulatory action in the United States probably will be delayed until more
research is done because most existing data on human-made chemicals focuses on cancer
risks.  Suspect contaminants appear in EPA’s National Toxics Rule and in state
regulations governing discharges of toxic substances. However, the rule does not specify
which contaminants to monitor. Chemicals that are known human endocrine disruptors
are dioxin, PCB’s, DDT and some other pesticides. These pesticides were banned in the
United States due to their carcinogenic effects, not their estrogenic effects.

In addition to endocrine disruption, some pharmaceutical and other chemicals are causing
concern for other traits. Antibiotics from medications and from cleaning products are of
interest due to the potential to allow widespread exposure and increased tolerance among
the target organisms they are designed to attack. Other medications may have other
unintended consequences that are not limited to the endocrine system. Another chemical
gaining attention as an emerging contaminant is NDMA. This compound, known also as
N-Nitrosodimethylamine, has long been recognized as toxic to humans, but has recently
been identified as a potential by-product from disinfection with chlorine or chloramines.

Research on endocrine disruptor treatment is just beginning. Before the best practicable
treatment processes can be determined, researchers first must identify endocrine
disruptors, determine their hazardous concentrations, and develop analytical methods for
quantifying the dose response of such chemicals.

2.03 Proposed Concept

CRMWD is investigating the feasibility of reclaiming treated wastewater effluent for
subsequent use. This report examines the feasibility of providing adequate additional
treatment to blend the reclaimed water into the raw water supply system the District
operates. The blending could occur in a raw water pipeline or off-channel raw water
reservoir. A secondary goal will be to examine the feasibility of taking reclaimed water
during periods of low demand (primarily winter) and using ASR to make the water
available during periods of high demand (summer). Adequate treatment must achieve
specific water quality goals and must provide reliable barriers to chemical and biological
contaminants which pose a threat to public health.
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2.04 Quality Requirements
A. Regulatory Requirements

Regulatory agencies are faced with the challenge of developing criteria for the safe use of
reclaimed water to augment potable water supplies. The regulatory challenge is to ensure
that high quality water supplies are maintained regardless of their source.

Representatives of CRMWD, Freese and Nichols, Inc. and Daniel B. Stephens and
Associates met with officials of the Texas Commission on Environmental Quality
(TCEQ) on October 12, 2004 to discuss the regulatory requirements that will apply to the
proposed CRMWD water reclamation project. The Commission’s rules for use of
reclaimed water do not address its use for supplementing public water supplies. The
overriding guidance provided at the October 12 meeting was that the finished water
provided to consumers must meet TCEQ’s Rules and Regulations for Public Water
Systems, contained in Chapter 290 of the Texas Administrative Code. These rules are
also known as the primary drinking water standards.

Specific requirements depend on whether reclaimed water is used as a surface supply or
is injected or percolated below ground for storage. TCEQ’s surface water blending
requirement is that the reclaimed water blending with the existing surface water supply
must not hinder the finished water producer’s capacity to provide water that complies
with primary drinking water standards. No limits on blending ratios or treatment
techniques were indicated to apply to this project. Groundwater injection requirements
stipulate that reclaimed water must be treated to levels that meet or exceed drinking water
standards prior to injection.

B. Accepted Practice and Public Acceptance

A multiple-barrier approach to treatment and disinfection is essential to ensure that
reclaimed water is as safe and reliable as any other drinking water supply. Removal of
pathogenic organisms has historically been the primary focus of sanitary engineering and
water reclamation. Viruses and protozoa are more resistant to disinfection than bacteria,
therefore an important aspect of water reclamation is the reliability of treatment processes
to inactivate resistant organisms.

The uncertainty of emerging contaminants, like endocrine disrupters, pharmaceuticals,
pesticides, fuels and additives, and the lack of monitoring capabilities provides an
obstacle towards public acceptance. Although regulations have not been identified for
some of these contaminants, public opinion will likely dictate inclusion of credible
barriers to their passage. Due to the limited history of large-scale potable reuse projects,
it is prudent to provide every reasonable precaution against known health threats.

The existing raw water supply contains high Total Dissolved Solids levels that vary from
site to site. Regulations allow a reclaimed water stream to blend with the existing water
supply only if the quality of the receiving stream is not compromised. Treated reclaimed
water should be as good or better than the existing water supply, and a recognizable
quality enhancement should improve the public’s perception of the project.
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3.00 Technology Update

Several developing technologies have potential applications for the reclamation concepts
under consideration. These include membrane processes to efficiently remove various
contaminants of concern, desalination to improve water quality by reducing dissolved
salts, advanced oxidation and the use of natural underground storage to manage timing
differences between new supplies and demand.

3.01 Membrane Filtration

Membrane filtration is the use of a manufactured surface, normally in the form of a
hollow fiber, to separate or remove suspended particles from a liquid. This process is
fundamentally different than conventional water treatment techniques and is rapidly
changing the water treatment industry. Figure 3.1 illustrates the pore size ranges of
various classes of membranes as well as conventional filtration, and shows comparative
sizes of various pollutants of interest.

A. Micro-filtration / Ultra-filtration

Micro-filtration (MF) is a pressure-driven membrane process that targets removal of all
particulate matter larger than approximately 0.05 um. MF is an effective barrier to
Bacteria, Giardia and Cryptosporidium and can reduce disinfection requirements by
reducing formation of disinfection byproducts. MF provides an effective pretreatment for
Nano-filtration (NF) or Reverse Osmos