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EXECUTIVE SUMMARY
This Executive Summary provides the key findings, results and recommendations of the
McLennan County Drought Contingency and Water Supply Resiliency Plan (referred to
throughout this report as “McL Co Plan”).

1. Introduction, Organization and Content of the McL Plan
The McL Co Plan is the result of a cooperative effort at every level within McLennan
County—local government, public, state and regional agency, federal agencies
through the US Bureau of Reclamation—to provide a comprehensive response that
addresses the current and future water supply needs and constraints on a county-wide
basis. The McL Plan sets out a response to McLennan County drought conditions;
further, water supply resiliency is considered through plans for conjunctive use of
surface water and groundwater sources currently available to the county.
The McL Co Plan report is organized in three component plans to best present these
water resources “problems” and corresponding “solutions.” The solutions are planning
level, well-vetted blueprints. The guidelines of the US Bureau of Reclamation (USBOR)
drought contingency plan are addressed. The following components are included:
Chapter 1: Background on McLennan County Water Planning
Chapter 2: McL Co Drought Response and Contingency Plan
Chapter 3: Groundwater-Surface Water Conjunctive Use Plan
Chapter 4: Arsenic Mitigation Plan
Chapter 5: Implementation
Public Outreach
This chapter, Chapter 1, discusses the water supply situation in McL Co and introduces
the McL Co Water Resources Group and its role and purpose. It provides an overview of
drought impacts in the County, and discuss the County-wide efforts through the
McLennan County Water Resources Group to undertake efforts to build a plan for a
resilient water supply. Chapter 2 is the McL Co Drought Response and Contingency
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Plan. It follows the requirements of the US Bureau of Reclamation. Chapter 3 is the McL
Co Conjunctive Use Plan. It provides a plan to strategically utilize surface water
resources in the county to reduce dependence on and depletion of groundwater
resources in the area. Chapter 4, the Arsenic Mitigation Plan, provides a plan to convey
surface water from Lake Waco to nine affected systems in McLennan County to dilute
arsenic concentrations from the groundwater supply. Chapter 5, Implementation,
provides details about executing the plans contained herein. Finally, the Public
Outreach Chapter contains items such as sign-in sheets, correspondence, and
presentations involved with public interaction on this project.

McLennan County Water Resources
The water supplies available to McLennan County include both groundwater and
surface water. The surface water supplies include both Lake Waco and to a lesser
amount Lake Belton. Lake Waco is the primary water supply for the City of Waco and
several wholesale water customers in McLennan County. The dependable yield of Lake
Waco is recognized as 78,790 acre-feet per year (AF-Yr). The City of Waco has
additional surface water supply available from the Brazos River. Based on 1914 water
right, one of the oldest and highest priority rights in the Brazos River basin, the City of
Waco has 5,600 AF-Yr of Brazos River water rights.
The Bluebonnet Water Supply Corporation, through a water supply agreement with the
Brazos River Authority for 8,301 AF-Yr, has commitments in McLennan County totaling
7,125 AF-Yr, with the Cities of McGregor and Woodway at 2,139 AF-Yr and 1,362 AF-Yr,
respectively, having the largest supply contracts.
The groundwater supply for McLennan County is primarily Trinity Aquifer supplies
although the Brazos River alluvium also has significant storage. For McLennan County,
the Texas Water Development Board (TWDB) established the Trinity Aquifer groundwater
availability based on the Modeled Available Groundwater (MAG) as 20,690 AF-Yr and
the storage of the Brazos River Alluvium in McLennan County as 15,023 AF-Yr. The
Southern Trinity Groundwater Conservation District (STGCD) in its 2015 Groundwater
Management Plan, cites the total amount of reported groundwater use to range, for
the period 2010 through 2014, from 12,410 AF-Yr in 2014 to a high in 2010 of 16,983 AF-Yr.
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Although the Brazos River alluvium has significant storage current use of these supplies is
constrained by a number of factors. The TWDB estimated the alluvium use at only 645
AF-Yr. Baylor University researchers and others are currently studying the Brazos River
alluvium that could lead to lessening the constraints on its use.

Drought Impacts
The impacts of drought in Central Texas and McLennan County are significant and well
documented. These occurrences, which at times are severe and extended, impose
stress on water supply systems—imposing diminishing supply conditions during periods of
abnormally high-water demand—restrict both agricultural operations and water
recreation, and stress the aquatic habitat and environmental conditions of lakes and
streams as flows diminish, water temperatures increase, and water surfaces recede.
The vulnerabilities caused by drought conditions in McLennan County and the various
responses and efforts to mitigate the impacts are presented in Chapter 2, the
McLennan County Drought Response and Contingency Plan.

Opportunity for Conjunctive Use
With properly planned interconnection of these two sources of supply, the overall
resiliency of McLennan County’s supply increases. The interconnected supplies can
provide a planned response to both the increased demand from growth in McLennan
County and the occurrence of prolonged drought. The City of Waco’s 2015 Water
Master Plan identifies conjunctive use as a viable opportunity for supplementing water
supplies. Chapter 3 presents the McLennan County Conjunctive Use Plan.

2. Drought Contingency Plan for McLennan County
The Drought Contingency Plan for the McLennan County area involves a twofold
process: first, to recognize, identify and address how certain existing risks and potential
constraints to water supply can be overcome and, second, to build a drought
contingency plan, using the Six Elements, to be compatible with resolving those local
constraints.
The six standard drought-contingency planning elements were used to incorporate
tasks to address the water risk elements unique to the planning area. The McLennan
Executive Summary
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County Water Resources Group served as the Drought Task Force to oversee and
comments on the Drought Contingency portion of the McL Plan.
The six elements addressed in the McL Plan include the following; these are
described in detail in Chapter 2:
1) The Drought Monitoring element defines a data collection and evaluation
plan; existing drought monitoring information at both the State and regional
(Brazos River Authority) level will be used. Extensive historical drought data
and daily updates are available from State and national agencies. Drought
models used by the Brazos River Authority for the Brazos River Basin and by
the Texas Commission on Environmental Quality (TCEQ) will be used as
appropriate.
2) The Vulnerability Assessment identifies risks due to drought; the Drought Task
Force, representing public and environmental interests, will provide input and
comment.
3) The Mitigation Actions will be based on input to local water risk and identified
drought vulnerabilities.
4) Response Actions include set of suggested actions, both for mitigation
projects and for triggered response actions; this will include an initial
prioritization. The actions and suggested priorities will be thoroughly reviewed
with the Drought Task Force and adopted by the Task Force in the
implementation phase (see Chapter 5).
5) Operational and Administrative Framework identifies the responsibilities of the
key agencies, including the McLennan County cities, water districts and
water supply corporations, in implementing and executing an effective
drought contingency plan for McLennan County. The implementation of the
framework is also discussed in Chapter 5 of this report.
6) Plan Updates are scheduled as part of the operational framework for carrying
out the McL Plan.
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McLennan County Drought Impacts
For this report, the TWDB groundwater availability model (Run #10) was used
to estimate groundwater availability and impacts of pumping scenarios (see
Chapter 3). For future phases and reports, the use of more recent
Groundwater Availability Model (GAM) runs should be considered.
The impacts of drought in Central Texas and McLennan County are significant and well
documented. In McLennan County, surface water supplies, particularly Lake Waco and
Lake Belton, have reduced the County’s vulnerability to drought impacts. While this is
true of the City of Waco water system, the outlying areas of McLennan County that are
dependent on groundwater are more vulnerable due to increased pumping of the
aquifer during drought. The increased pumping triggers a risk to the sustainability due
to loss of aquifer pressures, both short- and long-term availability of groundwater is
jeopardized.
The long-term dependable yield of major surface water reservoirs throughout Texas,
including Lake Waco and Lake Belton, were based on the hydrologic conditions of the
1951-1956 drought. The major factor that would impact (shorten) the dependability of
the surface water supply of these two Central Texas reservoirs is the occurrence of a
more severe drought than the 1951-56 “drought of record.” A severe drought
approaching the severity of the mid-1950s drought conditions, at least on an annual
cycle, occurred in 2011. Both of the 1951-56 and 2011 droughts were record-setting for
McLennan County in terms of lack of rainfall and declines in streamflows. The drought of
2011 is of primary concern to water planners and a benchmark in preparing the McL
Co Plan.

Vulnerabilities
Whereas severe drought presents the greatest vulnerability to McLennan County water
resources, other constraints on its water resources are recognized and addressed in the
McL Plan. Acting alone, the relative risk of these situations compared to the potential
drought impact on surface water supplies is relatively low. However, adding these
impacts during drought conditions increases the susceptibility of water supplies to
drought impacts.
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Of specific concern in McLennan County are two outside issues: zebra mussel impacts
on raw water intake and conveyance; and, arsenic contamination levels in several
small groundwater systems in the eastern portion of the County. The response to threat
of zebra mussels is being actively addressed by the City of Waco’s Water Utilities
Department. The response to arsenic contamination is more complex. This threat is
handled separately in the McL Plan in Chapter 4, the Arsenic Break-out Plan.

Identifying and Monitoring Drought Conditions in McLennan County
The following table shows the various agencies that will provide drought related
information used in triggering drought contingency plan responses:

Executive Summary
ES-6

Data Type
Drought Impacts

Record/Information
Needed or Desired
Water Supply Availability
(lake elevations), PDSI,
temperature, soil moisture,
Groundwater
conditions/pressures,
drought related regulatory
actions

Public Water Systems
Drought Contingency
Triggers or Stages –
Drought Response
Conditions
Effective Drought
Conditions (identifying
drought onset and ending
conditions)

Public water system
drought contingency
response to drought
impacts on water system

Drought Severity
Conditions

Correlation of drought
conditions, extent and
duration, to water systems
in McLennan County
Correlating McLennan
County drought response
to available surface water
for conjunctive use system

“Correlating Tables”

For McLennan County
measures of degradation
& improvement in droughtrelated conditions

Data Collection Agencies
US Army Corps of
Engineers (Fort Worth
District); NOAA, USGS;
Texas Water Development
Board (TWDB); Texas
Commission on
Environmental Quality
(TCEQ); BRA; Southern
Trinity GWCD; City of
Waco
Various Public Water
Systems in McLennan
County

US Drought Monitor; NOAA
Climate (drought monitor);
TWDB (Water Data for
Texas); TCEQ; BRA; and
several others
US Drought Monitor; TWDB
(Water Data for Texas)
McLennan County &
Drought Planning Task
Force

Drought Response
The response to drought conditions includes specific triggers related to the vulnerability
of Lake Waco, the primary surface water supply in McLennan County and the source of
surface water for use in the McLennan County Conjunctive Use Plan described in
Chapter 3. It is important to recognize that the availability of surface water in operation
of the conjunctive use plan is reduced relative to the drought impacts on Lake Waco.
As the Lake Waco vulnerabilities increases, the drought becomes more severe, the use
of surface water, Lake Waco supplies, is proportionately reduced. During drought
conditions, when the surface water supply for conjunctive use is reduced, the reduction
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is surface water supply is compensated by increased groundwater pumping. Therefore,
during drought conditions, groundwater use is allowed to increase for the drought
period, recognizing that after the drought conditions end and surface water becomes
available without vulnerability to Lake Waco, the aquifer conditions will recover as
pumping of groundwater is decreased (see Chapter 3).
The following table shows the reduction in available surface water, Lake Waco supplies,
as drought conditions increase and the additional restrictions are triggered under the
McLennan County Drought Contingency Plan.

Figure ES-1 Lake Waco Drought Stage & Available SW for Conjunctive Use

The responses triggered by each identified drought vulnerability stage are shown in the
following table:
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Drought
Stage
1 – Water
Watch

2 – MILD
Water
Shortage

Trigger

Response Actions

Yearly for the period
May 1 – September 30

Wise water use is encouraged during this
stage. Systems should practice good water
management techniques; homeowners to use
both inside and outside water smartly and
without waste. Consider landscape plants
and features that will require less water.

A decrease in the
Lake Waco reservoir
level to 452 msl (at
which the reservoir is
at about 60% of its
capacity).

Groundwater systems in McLennan County
should follow the recommendations of the
Southern Trinity Groundwater Conservation
District in the wise use of groundwater.
Available Waco water for the McLennan
County Conjunctive Use system is restricted to
60% of total committed amounts;
Irrigation of outdoor lawns and landscape
restricted to every third day as a limit;
The County shall limit use of water for purposes
to those activities necessary to maintain the
public health, safety and welfare and any
computer-controlled irrigation systems that
incorporate evapotranspiration data in setting
irrigation run times.
The Public Water Systems shall note any
incidents observed of “excessive watering”
and notify to customers. “Excessive watering”
occurs where run-off extends for a distance
greater than ten (10) feet from the customer’s
property or where there is washing or hosing
down of buildings, sidewalks, driveways,
patios, porches, parking surfaces or other
paved surfaces.
The Southern Trinity Groundwater
Conservation District’s advisories for wise
operation of groundwater systems and
conservation of groundwater should be
followed by McLennan County groundwaterbased systems.
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3–
MODERATE
Water
Shortage

A decrease in the
Lake Waco reservoir
level to 450 msl (at
which the reservoir is
at about 55% of its
capacity)

Available Waco water for the McLennan
County Conjunctive Use system is restricted to
40% of total committed amounts.
Non-essential water use shall be restricted.
Public Water Systems should impose a
mandatory limit on irrigation to a two (2) days
per week at designated, low-evaporation
times.
Hand-watering with hose or five (5) gallon
bucket allowed.

4 – SEVERE
Water
Shortage

A decrease in the
Lake Waco reservoir
level to 449 msl (at
which the reservoir is
at about 45% of its
capacity)

The Southern Trinity Groundwater
Conservation District’s advisories for wise
operation of groundwater systems and
conservation of groundwater should be
followed by McLennan County groundwaterbased systems. As deemed necessary, the
STGCD will issue special advisories in response
to drought conditions or other factors
impacting groundwater systems.
Available Waco water for the McLennan
County Conjunctive Use system is restricted to
10% of total committed amounts.
Public Water Systems should impose a
mandatory limit on irrigation to a one (1) day
per week but restricted to designated, lowevaporation times.
Newly constructed swimming pools, Jacuzzis,
spas, ornamental ponds, and fountains may
be filled once.
Watering of newly installed landscaping is
exempt from Stage 4 restrictions for no more
than one (1) month from the date of planting.
After the first month, the landscape water
day’s schedule and hourly restrictions must be
followed.
Excessive water run-off from any landscaped
area onto streets, alleys, or parking lots is
prohibited. Run-off is excessive when it
extends for a distance greater than ten (10)
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feet from the customer’s property.
Public Water Systems should consider and
impose as appropriate and necessary:
• Washing or hosing down of buildings,
sidewalks, driveways, patios, porches,
parking areas, or other paved surfaces
is prohibited.
• Refilling after draining private swimming
pools, Jacuzzis, spas, ornamental
ponds, and fountains is prohibited.
Refilling shall mean to replace more
than twenty-five (25) percent of the
facility’s water capacity.
• Washing or rinsing vehicles on owner’s
premises must follow the landscape
water days schedule as set out above.
A hand-held hose equipped with a
positive shut-off nozzle and/or handheld bucket must be used.

5 – CRITICAL
Water
Shortage

A decrease in the
Lake Waco reservoir
level to 445 msl (at
which the reservoir is
at about 40% of its
capacity)

The Southern Trinity Groundwater
Conservation District’s advisories for wise
operation of groundwater systems and
conservation of groundwater should be
followed by McLennan County groundwaterbased systems. As deemed necessary, the
STGCD will issue special advisories in response
to drought conditions or other factors
impacting groundwater systems.
Waco water for the McLennan County
Conjunctive Use system is NOT AVAILABLE.
Public Water Systems should impose all Stage
4 restrictions.
The Southern Trinity Groundwater
Conservation District’s advisories for wise
operation of groundwater systems and
conservation of groundwater shall be
followed by McLennan County groundwaterbased systems. As deemed necessary, the
STGCD will issue special advisories in response
to drought conditions or other factors
impacting groundwater systems.
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6–
EMERGENCY
Water
Shortage

A decrease in the
Lake Waco reservoir
level to 440 msl (at
which the reservoir is
at about 30% of
its capacity)

Waco water for the McLennan County
Conjunctive Use system is NOT AVAILABLE.
Public Water Systems should continue the
Stage 5 restrictions and consider further
actions as deemed necessary.
The Southern Trinity Groundwater
Conservation District’s advisories for wise
operation of groundwater systems and
conservation of groundwater should be
followed by McLennan County groundwaterbased systems. As deemed necessary, the
STGCD will issue special advisories in response
to drought conditions or other factors
impacting groundwater systems. The STGCD
will collaborate with the City of Waco and
other surface water systems on further
restrictions, as necessary.
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Drought Mitigation Actions
The mitigation actions identified for McLennan County are intended to build long-term
water supply resiliency, including mitigating impacts on the future loss of groundwater
pressures particularly in the Hosston Aquifer, and to mitigate risks associated with
Central Texas drought conditions.
For McLennan County, a number of mitigation actions were identified and evaluated.
These were discussed with the McLennan County Water Resources Group (the Drought
Planning Task Force) and presented in public meetings. The mitigation actions require
cooperation between McLennan County water systems. Both surface water-based
systems and groundwater systems considered actions that were based on conjunctive
use of the two supply sources.
The primary mitigation action in response is the conjunctive use of surface water and
groundwater. The conjunctive use plan by reducing dependency on groundwater
during normal, non-drought conditions, was shown to decrease the vulnerability of
surface water during drought conditions and increase the of McLennan County
resiliency of groundwater to recover after drought conditions. The McLennan County
Conjunctive Use Plan was prepared and presented to the McLennan County Water
Resources Group.

3. Conjunctive Use Plan
The Conjunctive Use Plan provides a method to strategically utilize available water
resources to ensure water supply resiliency for all of McLennan County. The Conjunctive
Use Plan will address three of the issues identified affecting water supply resiliency:
1.) Declining aquifer pressures;
2.) Future Growth/Development and increasing water demands; and
3.) Drought demands.

Components of the Conjunction Use Plan
1) Groundwater Modeling
Groundwater modeling was a critical component of developing the conjunctive use
plan. Groundwater modeling was used to assess the response of the Trinity aquifer to
Executive Summary
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continual pumping at present-day rates and to assess the aquifer’s response to different
scenarios of decreased pumping. A simplified analytical model was developed to
guide the more accurate numerical modeling approach using the TWDB Groundwater
Availability Model (GAM).

2) Analytical Model
Initially, a preliminary “analytical” model was created to model the effects of different
pumping scenarios. The analytical model was used to determine response patterns
from pumping variations (uniform pumping reduction vs targeted pumping reductions)
to narrow down the best approach for reducing drawdown in the county. The results
from the analytical model determined that a targeted approach, focusing on the
major groundwater producers, had the greatest regional benefit to the aquifer levels.
Therefore the targeted approach was used to guide numerical modeling.
3) Numerical Modeling: GAM
The TWDB Northern Trinity GAM was the numerical model used to obtain more accurate
results. Several run scenarios were created using the GAM. The GAM is the best tool for
verifying the long-term benefits to the aquifer of conjunctive use of surface water to
reduce groundwater pumping.
For this report, the most recent predictive simulation run available (Run 10) of the
Updated Northern Trinity-Woodbine GAM created in support of GMA 8 Joint Planning
was used and adjusted to reduce the groundwater pumping for several scenarios:
using surface water from Lake Waco delivered from the Waco Mount Carmel Water
Treatment Plant to reduce the current groundwater pumping by 30%, 50% and 75%.
For Run 10, the current groundwater pumping rates for several large groundwater users
in McLennan County were high to much higher than the actual rates reported by those
users. The GAM10 run for the Cities of Hewitt, Woodway, Robinson, and Bellmead, all
among the largest McLennan County groundwater users, had groundwater pumping
rates that were 151%, 80%, 58% and 29%, respectively, greater than the actual, current
production. It was therefore important the GAM inputs for these users be adjusted to
align with actual groundwater production.
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Using the adjusted model inputs, the long-term benefits to the Trinity Aquifer were
examined using the 50% reduction in production. The following exhibits show the
potential long-term benefits to the Trinity Aquifer based on the 50% reduction in
groundwater pumping by the five users, the Cities of Hewitt, Woodway, Bellmead,
Robinson and Lorena (Run 10.4.1). The pumping rates for both scenarios are

maintained through 2070. The Run 10.0 graphic is the drawdown in 2070 if no
reductions in groundwater pumping occurred; the second graphic, Run 10.4.1, shows
the levels of drawdown resulting with a 50% replacement of groundwater (reduction in
pumping) with surface.
Comparing the outcome of these two scenarios shows that a 50% reduction in
groundwater pumping by five major users (Cities Hewitt, Woodway, Lorena, Robinson
and Bellmead) results in a significant improvement in the aquifer levels or pressures in
the long-term future.

Surface Water Conveyance Plan
To reduce groundwater pumping by 50% on an average day basis, additional
connections to the City of Waco water system are necessary for Woodway, Hewitt, and
Bellmead. The City of Robinson is projected to have adequate supply, at 50% reduction
of groundwater, for 2070, assuming that their current contracts continue and water
rights are utilized.
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The proposed connections to the City of Waco water system are shown below:

Individual summary sheets are included in Chapter 3 for each of the five major
groundwater users requiring reduced groundwater pumping under the Conjunctive Use
Plan.
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4. Arsenic System Break-out Plan
Nine systems in McLennan County are currently under Administrative Order (AO) for
arsenic levels exceeding the drinking water MCL. The McLennan County arsenicimpacted systems are listed below:
1. Axtell Water Supply Company (WSC)
2. Birome WSC
3. City of Riesel
4. Elk Oak Lake (EOL) WSC
5. Leroy-Tours-Gerald (LTG) WSC
6. Meier Settlement (MS) WSC
7. Moore Water System
8. Riesel-Meier Settlement (RMS) WSC
9. Prairie Hill WSC
The arsenic concentrations of the systems vary. Even within a particular well, the arsenic
concentration can vary from day to day. The following table summarizes the maximum
arsenic levels available from TCEQ testing records or from data provided by the systems
for each of the systems under AO. The table also shows each system’s pumping permit
amount as provided by the Southern Trinity Groundwater Conservation District (STGCD),
and their projected 2070 Peak Day Demand.
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Water System

Max Tested
Arsenic
Concentration
(mg/L)
0.018

STGCD Permit Amount
(Gal/Yr)

2070 Peak
Demand
(Gal/Day)*

68,407,000

575,901

Birome WSC- Plant
5 Only

0.014

N/A (wells outside McL

71,428

City of Riesel

0.017

42,780,978

357,411

Elk Oak Lake (EOL)
WSC

0.022

69,989,000

664,248

Leroy-ToursGerald (LTG) WSC

0.022

54,419,000

318,207

Meier Settlement
(MS) WSC

0.0125

7,593,990

75,085

Moore Water
System

0.03*

6,397,000

97,065

Riesel-Meier
Settlement (RMS)
WSC**

0.018

51,957,203

549,485

Prairie Hill WSC

0.031

68,454,000

558,866

Axtell WSC

Co)

* See Appendix A of Chapter 4 for additional information on 2070 Peak Demands.
**Arsenic concentration data was unavailable for Moore Water System. A concentration of
0.03 was assumed.
*** RMS is a WSC that is shared between MS and City of Riesel. The total STGCD permitted
amount for RMS is split between MS and City of Riesel, with MS and City of Riesel having rights
to 48.62 acre-ft/yr and 110.83 ac-ft/yr, respectively.
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To mitigate the arsenic-contaminated groundwater issues within McLennan County, the
recommended approach is to blend the arsenic-contaminated groundwater with
another “clean” water source (having a much lower arsenic concentration) such that
the resulting solution will have a diluted arsenic concentration below the MCL. The
target “blended” solution arsenic concentration chosen for this plan is 0.0085 mg/l,
which provides a 15% buffer below the MCL. For this approach, it was assumed that
water blending will occur at well sites. Therefore, the assumed delivery point(s) for the
blending water source is to the individual well sites.
Proposed infrastructure needed to deliver treated Lake Waco surface water to the
arsenic-impacted wells is shown in Exhibits 1 through 3. Each conveyance plan is
discussed in detail in Chapter 4, which includes cost estimates for each.

5. Implementation
The scope of the McL Plan will require continued efforts and support of the wide range
of entities that participated in its development. As discussed in Chapter 5, there are a
number of task that will be required for implementation the concepts and
recommendations of the McL Plan. These include the following:
1) Discussions and on-going coordination with all McLennan County groundwater
users on the benefits of reduced groundwater pumping;
2) Coordination on the Operating Framework for the McLennan County Drought
Contingency Plan;
3) Adoption by McLennan County of the Drought Contingency Plan;
4) Instituting a framework of five-year updates to the McLennan County Drought
Contingency Plan;
5) Development of water rate structure(s) to support the reduced groundwater
pumping by the major groundwater users; and,
6) Ongoing public involvement, outreach and participation and costs and benefits
are considered during the implementation phase.
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CHAPTER 1- BACKGROUND
1.0- Introduction
The McLennan County Drought Contingency and Water Supply Resistivity Plan (McL Co
Plan) is a cooperative effort at every level within McLennan County—local government,
public, state and regional agency, federal agencies through the US Bureau of
Reclamation—to provide a comprehensive response that addresses the current and
future water supply needs and constraints on a county-wide basis. The McL Plan sets out
a response to McLennan County drought conditions; further, water supply resiliency is
considered through plans for conjunctive use of surface water and groundwater
sources currently available to the county.

1.1- Content and Layout of the McL Co Plan
Although one county in scope, the McL Plan deals with two primary water resources
issues: 1.) drought conditions and the means to respond and mitigate the impacts; and
2.) declining groundwater pressures and means to avoid potential losses in future
groundwater availability. The McL Co Plan also addresses two issues that are either
aggravated by these conditions, or exacerbate them. First, preliminary, planning level
plans to handle arsenic contamination in several small groundwater-based systems in
eastern McL Co are included and second, the potential for zebra mussels, an aquatic
invasive species, in Lake Waco interfering with surface water availability is addressed.

1.2- Organization of this Report: Individual Component Plans
The McL Co Plan report is organized in three component plans to best present these
water resources “problems” and corresponding “solutions.” The solutions are planning
level, well-vetted blueprints. The guidelines of the US Bureau of Reclamation (USBOR)
drought contingency plan are addressed. The following components are included:
• Chapter 1: Background on McLennan County Water Planning
• Chapter 2: McL Co Drought Response and Contingency Plan
• Chapter 3: Groundwater-Surface Water Conjunctive Use Plan
• Chapter 4: Arsenic Mitigation Plan
Chapter 1
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• Chapter 5: Implementation
• Public Outreach
This chapter, Chapter 1, discusses the water supply situation in McL Co and introduces
the McL Co Water Resources Group and its role and purpose. It provides an overview of
drought impacts in the County, and discuss the County-wide efforts through the
McLennan County Water Resources Group to undertake efforts to build a plan for a
resilient water supply. Chapter 2 is the McL Co Drought Response and Contingency
Plan. It follows the requirements of the US Bureau of Reclamation. Chapter 3 is the McL
Co Conjunctive Use Plan. It provides a plan to strategically utilize surface water
resources in the county to reduce dependence on and depletion of groundwater
resources in the area. Chapter 4, the Arsenic Mitigation Plan, provides a plan to convey
surface water from Lake Waco to nine affected systems in McLennan County to dilute
arsenic concentrations from the groundwater supply. Chapter 5, Implementation,
provides details about executing the plans contained herein. Finally, the Public
Outreach Chapter contains items such as sign-in sheets, correspondence, and
presentations involved with public interaction on this project.

1.3- Background Information
As background to the chapters, the following two items are discussed in some detail:
• Water resources and the related water supply situation for McLennan
County; and the
• McLennan County Water Resources Group (McL Group) and the overall
public involvement efforts.
Since the background information provides the framework for the developing the
component plans, this information is provided initially.

1.4- Purpose
Establishing a surface water/groundwater conjunction use arrangement between
cities, groundwater systems, large and rural water utilities throughout McLennan County
for the purposes of:
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1. Providing response action triggered by McLennan County drought conditions in
order to mitigate drought vulnerability for water systems throughout McLennan
County; and
2. Building county-wide water supply resiliency to drought, to declining conditions
in aquifer pressures, to arsenic conditions in the eastern area of the county, and
to risks compounding drought impacts in McLennan County.
The objective of these efforts was to provide long-term benefits to McLennan County
that build water supply resiliency to future droughts and conditions particular to
McLennan County water suppliers that constrain or may constrain the water supply
availability. The goal was to increase reliability of water supplies and propose a means
to improve overall water supply management.

1.5- McLennan County Water Resources
The water supply planning for McLennan County addressed the need to preserve
groundwater supplies for the future while increasing the resiliency of surface water
supplies during drought conditions. The water supplies available to McLennan County
include both groundwater and surface water. The surface water supplies include both
Lake Waco and to a lesser amount Lake Belton. As described below surface water, on
a volume basis, is the primary resource in McLennan County, with the City of Waco
providing Lake Waco supplies, a dependable supply of 78,790 acre-feet per year, and
the Bluebonnet Water Supply Corporation (WSC) providing Lake Belton to areas in
western McLennan County. Groundwater supplies in McLennan County are also critical
to both urban areas as well as the rural areas of the County. Using these sources
individually, without well-planned inter-connection of the two sources, is not the best
path forward for McLennan County to preserve and resilient supplies.
Lake Waco is the primary water supply for the City of Waco and several wholesale
water customers in McLennan County. The dependable yield of Lake Waco is
recognized as 78,790 acre-feet per year (AF-Yr). The City of Waco has additional
surface water supply available from the Brazos River. Based on 1914 water right, one of
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the oldest and highest priority rights in the Brazos River basin, the City of Waco has 5,600
AF-Yr of Brazos River water rights.
The City of Waco is a major Wholesale Water Provider (WWP) identified in the Brazos G
Regional Plan. The current plan shows the following summary of the wholesale water
contracts held by the City of Waco:

The Bluebonnet Water Supply Corporation, through a water supply agreement with the
Brazos River Authority for 8,301 AF-Yr, has commitments in McLennan County totaling
7,125 AF-Yr, with the Cities of McGregor and Woodway at 2,139 AF-Yr and 1,362 AF-Yr,
respectively, having the largest supply contracts.
The current Brazos G Regional Plan shows the following commitments for Bluebonnet
Water Supply Corporation in McLennan County:
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The groundwater supply for McLennan County is primarily Trinity Aquifer supplies
although the Brazos River alluvium also has significant storage. The Texas Water
Development Board (TWDB) established the Trinity Aquifer groundwater availability used
as 20,690 AF-Yr and the storage of the Brazos River Alluvium in McLennan County as
15,023 AF-Yr. The Southern Trinity Groundwater Conservation District (STGCD) in the 2010
Groundwater Management Plan, estimated McLennan County Trinity Aquifer use for
2008 as 19,830 AF-Yr. Although the Brazos River alluvium has significant storage current
use of these supplies is constrained by a number of factors. The TWDB estimated the
alluvium use at only 645 AF-Yr. Baylor University researchers and others are currently
studying the Brazos River alluvium that could lead to lessening the constraints on its use.

1.5.1- Current Water Supply Available in McLennan County
The City of Waco has a number of wholesale water contracts. Within the McLennan
County, even though Lake Waco, the surface water source, is substantially greater in
volume than the current groundwater production, consideration of the distribution in
use and sustainability of the two sources was critical. Lake Waco is the supply for the
primary source for the City of Waco; groundwater provides supply for both urban areas
(see Table 1.5.1-1) in the central area of the County and rural areas in the peripheral,
outlying areas.
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Table 1.5.1-1: Mixed Supply (GW & SW) Systems
System
Surface Water Connection
Type of Connection
City of Waco
City of Waco
Base Supply
City of Bruceville Eddy Bluebonnet WSC
Supplemental Supply
City of Crawford
City of Crawford
Supplemental Supply
City of Lorena
City of Robinson
Base Supply
City of McGregor
Bluebonnet WSC
Supplemental Supply
City of Moody
Bluebonnet WSC
Supplemental Supply
City of Robinson
City of Waco/City of Robinson Supplemental Supply
City of West
City of Waco
Base Supply
Elm Creek WSC
Bluebonnet WSC
Supplemental Supply
Spring Valley WSC
Bluebonnet WSC
Supplemental Supply
City of Woodway
Bluebonnet WSC, City of Waco Supplemental Supply
Bold Springs WSC
City of Waco*
Supplemental Supply
Cargill Meat Solutions
City of Waco
Emergency Supply
City of Bellmead
City of Waco
Emergency Supply
City of Hewitt
City of Waco
Supplemental Supply
City of Mart
City of Mart
Supplemental Supply
Hilltop WSC
City of Waco*
Supplemental Supply
Sanderson Farms Inc.
City of Waco
Emergency Supply
South Bosque WSC
City of Waco
Emergency Supply
West Brazos WSC
City of Waco
Emergency Supply
City of Robinson
City of Waco
Supplemental Supply
City of Lorena
City of Robinson
Base Supply
* Connection has been approved, but is not constructed/operable yet.

Both the Brazos G Regional Plan, published in December 2015, and the City of Waco’s
Water Master Plan, dated October 2015, stated that McLennan County groundwater
supplies, primarily from the Trinity Aquifer sands, were not sustainable. Referring to the
Trinity Aquifer, the Brazos G Regional Plan stated, “Trinity Aquifer is most extensive and
has about 79 percent of the supplies…. Although the Trinity Aquifer as a whole can
provide 148,441 acft/yr, local areas have experienced very substantial drawdowns and
probably will require many wells to be replaced with larger and deeper ones.” This
statement certainly applies to McLennan County groundwater supplies.

1.5.2- Water Users in McLennan County
The Certificates of Convenience and Necessity (CCN) held by water systems currently
operating in McLennan County are shown on Exhibit 1.5.2-1. There are a total of 56
Chapter 1
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water CCNs. Of these, 33 systems use only groundwater, 3 systems use only surface
water, and 20 systems use both groundwater and surface water. The following systems
have access to both surface water and groundwater sources. The majority rely on
groundwater for their primary supply and use surface water to supplement supply or for
emergency situations.
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Exhibit 1.5.2-1: McLennan County CCNs
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1.5.3- Opportunity for Conjunctive Use
With properly planned interconnection of these two sources of supply, the overall
resiliency of McLennan County’s supply increases. The interconnected supplies can
provide a planned response to both the increased demand from growth in McLennan
County and the occurrence of prolonged drought. The City of Waco’s 2015 Water
Master Plan identifies conjunctive use as a viable opportunity for supplementing water
supplies.
In addition, conjunctive use of water supply sources provides increased capacity to
address other types of constraints on the County’s water supply. Specifically, the
occurrence of arsenic in several groundwater supplies located in the eastern area of
the County and the sporadic occurrence of zebra mussels in Lakes Waco and Belton
that could interfere, at least for short-periods, with the production of surface water
supplies can be mitigated through the flexibility provided by conjunctive use of the
County’s two supply sources.

1.6- McLennan County Drought Impacts
The impacts of drought in Central Texas and McLennan County are significant and well
documented. These occurrences, which at times are severe and extended, impose
stress on water supply systems—imposing diminishing supply conditions during periods of
abnormally high water demand—restrict both agricultural operations and water
recreation, and stress the aquatic habitat and environmental conditions of lakes and
streams as flows diminish, water temperatures increase, and water surfaces recede.
In McLennan County, surface water supplies, particularly Lake Waco and Lake Belton,
have reduced the County’s vulnerability to drought impacts. While this is true of the
City of Waco water system, the outlying areas of McLennan County that are
dependent on groundwater are more vulnerable due to increased pumping of the
aquifer during drought. The increased pumping triggers a risk to the sustainability, on
the short- and long-term, of the Trinity Aquifer.
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The vulnerabilities caused by drought conditions in McLennan County and the various
responses and efforts to mitigate the impacts are presented in Chapter 2, the
McLennan County Drought Response and Contingency Plan.

1.6.1- Occurrence, Duration and Severity
For Texas water supply-planners, hydrologists and others managing surface water
supplies, the 1951-56 drought conditions have traditionally been markers for “worstcase” condition. Texas experienced its last extreme drought in 2011. Both of the 195156 and 2011 droughts were record-setting for McLennan County in terms of lack of
rainfall and declines in streamflows.
The long-term dependable yield1 of major surface water reservoirs throughout Texas,
including Lake Waco and Lake Belton, were based on the hydrologic conditions of the
1951-1956 drought. The major factor that would impact (shorten) the dependability of
the surface water supply of these two Central Texas reservoirs is the occurrence of a
more severe drought than the 1951-56 “drought of record.” Therefore, the recent,
severe drought conditions of 2011 are of primary concern to water planners, including
those that prepared the McLennan County Drought Contingency and Water Supply
Resiliency Plan.
From 1908 to 2011, the occurrence of long-term (>12 months), severe droughts in the
McLennan County area can be measured as the number of droughts exceeded a -4
on the Palmer Drought Severity Index (PDSI).2

1.7- McLennan County Water Resources Group (McL Group)
Since the supplies are in place and water systems dependent on those systems are in
operation and have been for many years, there is an opportunity to develop and
implement a viable conjunctive use arrangement that would provide these multiple
benefits. However, without cooperation of the entities operating those systems, it could
not be successful. Under the leadership of McLennan County Judge Scott Felton water

The long-term dependable yield or firm yield of a reservoir is typically defined as the maximum
yield that could have been delivered without failure during the historical drought of record.
2 The Palmer Drought Severity Index (PDSI) uses readily available temperature and precipitation
data to estimate relative dryness. It is a standardized index that spans -10 (dry) to +10 (wet).
1
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interests throughout the county voluntarily joined together to discuss and work on
successful water need solutions. This group, known as the McLennan County Water
Resources Group, began meeting informally in October 2014. Current members of the
Group are shown in the box below.

McLennan County Water Resources Group – Membership

Honorable Scott M. Felton,
McLennan County Judge

Mayor Kyle Deaver,
City of Waco

City of Bellmead
City of Lacy Lakeview
City of McGregor
City of West
Brazos River Authority

City of Hewitt
City of Lorena
City of Robinson
Bluebonnet Water Supply Corporation
Southern Trinity Groundwater
Conservation District
Baylor University

Texas Farm Bureau
Community Members:
Peter Kultgen
Lyndon Olsen, Jr.

All meetings open to the public

Since its formation, the McL Group has meet regularly, typically every two to three
months, to discuss water supplies and needs. The following shows the current members
represented on the McL Group. Although not directly under the Texas Open Meeting
rules, the meetings of the McL Group are open to the public. It is an open forum,
conducted with an agenda but with an opportunity for those attending to ask
questions and enter into the discussions.

1.7.1- Purpose of McL Group Defined
One of the first tasks accomplished by the Group was the definition of its purpose. In
November 2014, the Group agreed to the statement of purpose shown in the text box
at right.
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An immediate concern was the lack of representation on regional and State
committees, Boards, and advisory bodies that directly or indirectly dealt with McLennan
Purpose of the McL Group

County’s water resources.
It was important to the

Develop water management principals, strategies, and

Group that McLennan

projects to provide a sustainable water supply for McLennan

County water plans be

County.

initiated and prepared by

•

McLennan County
interests. The McLennan
County generated plans
could then be submitted
for consideration by State
and regional planning
groups. Members have
made progress toward

•
•
•
•

•

Ensure local representation at the State and Federal
level, including:
o Region G Regional Water Plan – Advisory
Group
o Brazos River Authority – Board of Directors
o Brazos River Water Master Stakeholders
Committee
o Groundwater Planning
Establish an intergovernmental partnership
Inventory and protect supplies for the County
Develop, fund, and implement infrastructure projects
to meet county wide demand
Encourage equitable water rates
Provide for public education and outreach

this objective with Judge
Felton and the City of Waco being represented on the Brazos G Regional Water
Planning Group. The preparation of this McLennan County plan fulfills the need to
prepare a locally-based plan.

1.7.2- Function of McL Group- Designation as “Drought Task Force”
Comprised of water managers from throughout McLennan County, the McL Group
discusses water challenges for McLennan County and works to carry out the purpose
adopted by the group. One important function of the McL Group is its role as the
“Drought Task Force” in developing and carrying-out the McLennan County Drought
Contingency Plan described in Chapter 2. This designation satisfies very well the Bureau
of Reclamation’s requirement of a group comprised of “interested stakeholders in the
area.” Not only are the members of the McL Group interested stakeholders, this group
had been meeting regularly, on a voluntary basis, for over a year to discuss the
McLennan County water situation.
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1.8- Inventory of McLennan County Water Supplies
An important starting point for the McL Group discussion was an overview of the water
supply resources available to McLennan County and the demands on those supplies.
The McL Group wanted to understand the extent of water supply currently available
and, importantly, how reliable and sustainable those supplies would be over time and
as the county experiences impacts from drought and other conditions.

The water supply resources for the county as presented to the Group are shown in
Figure 1.8-1.

The water resources of McLennan County consist of significant quantities of surface
water both within the County, Lake Waco, and imported into the County, from nearby
Lake Belton. Lake Waco, which is the primary water supply for the City of Waco, is a
reservoir owned and operated by the US Army Corps of Engineers. The City of Waco
holds the water rights for the reservoir’s water supply (water conservation pool yield),
and the Brazos River Authority serves as the non-federal sponsor for the project. The
water

Figure 1.8-1: McLennan County Water Resources
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conservation pool was enlarged in 2003 when its elevation was increased seven feet.
The current yield of the enlarged Lake Waco is 78,790 acre-feet per year.
The Brazos River and its major tributary, the Bosque River, also provide surface water
resources although the water supply use of the river resources is limited. Both the City of
Waco and the City of Robinson have rights to use the Brazos River as a water supply
source. Waco’s water right permit is one of the most senior water rights in the Brazos
River Basin, dating to 1914. Currently, Waco does not use the Brazos River for water
supply, but it is a vital component for Waco long-range water planning. In the past, the
Brazos River flows were diverted for use at Waco’s Riverside Water Treatment Plant. The
future use of Brazos River supplies are currently being considered by the City and are
included in the City’s recently completed Water Master Plan.

1.9- Inventory of Water Supply/Water Resources Challenges
Based on information from the City of Waco, Brazos River Authority, recent water master
planning studies, and input from City Managers throughout the County, the “water
supply challenges” were identified. These challenges were presented to the McL Group
as shown in Figure 1.9-1. These challenges were not quantified in detail but were
presented as a starting point, a means to orient the Group on water needs and help
establish the objectives of a McLennan County water plan.
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Figure 1.9-1: Water Challenges Presented to the McLennan County Water Resources Group

The challenges range from increased water demand from population growth, declining
pressures in the Trinity Aquifer, the primary source of groundwater in the County to
arsenic contamination in the groundwater used for water supply in the north and
eastern areas of the county. The population of McLennan County, particularly its urban
centers, continues to increase and is expected to reach 475,000 people by the year
2070. This will represent an increase in water demands throughout the County of
around 90,000 acre-feet per year. Recent groundwater modeling (the Groundwater
Availability Model Run 10 [GAM10]) shows significant declines in the Trinity Aquifer
hydrostatic pressures particularly in the urban areas that use groundwater
predominantly for municipal/industrial uses. These declines in aquifer pressures will
continue to drawdown the aquifer levels making the groundwater more difficult and
costly to produce. As a result of these declines, the Southern Trinity Groundwater
Conservation District or the Texas Water Development Board, following State law, could
impose restrictions on additional groundwater permitting and/or production.
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1.10- Public Outreach and Involvement
The public outreach for the McL Plan is led by the McLennan County Water Resources
Group, the McL Group, but each component of the plan has targeted public
involvement appropriate to those component efforts. Public outreach is stated and
adopted by the McL Group in its Purpose statement. All meetings of the McL Group
have been open to public. Further, the leadership of the McL Group has reached out
to specific groups (e.g., the groundwater systems with arsenic contamination problems)
to attend specific McL Group meetings where issues of importance to those groups
would be presented and discussed.
For the efforts under the drought

McLennan County Water Resources Group Meetings

contingency planning, Chapter 2,

Date

Description

the McL Group designated the

10/8/14

WRG Meeting

group, as a whole, to be the Drought

11/20/14

WRG Meeting

Task Force. Several specific meetings

3/19/15

WRG Meeting

were held with the arsenic

5/21/15

WRG Meeting

contaminated groundwater system

7/16/15

WRG Meeting

representatives to review in detail

9/24/15

WRG Meeting

the “Arsenic Break-out Plan.” This

11/19/15

WRG Meeting

included a McL Group meeting with

3/31/16

County Meeting

the arsenic group representatives

4/5/16

Waco City Council Meeting

and the head of compliance at EPA

4/12/16

McL Co Consultant Meeting

Region VI. The outreach efforts were

10/14/16

Arsenic Systems Meeting with EPA

important in compiling the data and

12/1/16

WRG Meeting

information needed to develop the

4/27/16

WRG Meeting

Conjunctive Use Plan, Chapter 3.
Separate meetings between the consulting team and individual cities and water
systems were conducted to collect current information.
The outreach to the public helped guide the overall approach to the McL Co. Plan as
well as the specific activities needed to build each component of the Plan.
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CHAPTER 2: DROUGHT RESPONSE AND
CONTINGENCY PLAN
2.0- Introduction
The Drought Contingency Plan for the McLennan County area involves a twofold
process: first, to recognize, identify and address how certain existing risks and potential
constraints to water supply can be overcome and, second, to build a drought
contingency plan, using the Six Elements, to be compatible with resolving those local
constraints.
The six standard planning elements3 will incorporate tasks to address the water risk
elements unique to the planning area. The Drought Task Force4 will oversee the effort.
A consultant with expertise in drought contingency and water supply planning will
conduct the planning. The consultant will work with the Task Force in preparing the
Work Plan that will identify how each of the six elements will be addressed and
accomplished. Public input on the Work Plan will be included. The Drought Monitoring
element defines a data collection and evaluation plan; existing drought monitoring
information at both the State and regional (Brazos River Authority) level will be used.
Extensive historical drought data and daily updates are available from State and
national agencies. Drought models used by the Brazos River Authority for the Brazos
River Basin and by the Texas Commission on Water Quality for the State will be used as
appropriate. The consultant will identify risks in the first step of the Vulnerability
Assessment; however, the Drought Task Force represents public and environmental
interests will provide input and comment. The Mitigation Actions and Response Actions
will be based on input to local water risk and identified drought vulnerabilities. The
consultant will build a suggested set of actions, both for mitigation projects and for
triggered response actions; this will include an initial prioritization. The actions and
suggested priorities will be thoroughly reviewed with the Drought Task Force and
adopted by the Task Force.
USBR
The McL Co Drought Task Force is comprised of members of the McL Co Water Resources
Group. The purpose of the Drought Task Force is to ensure a resilient water supply is available
during times of drought.
3
4
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The Plan will address the risks triggered or further aggravated by drought occurrence.
These include concerns include:
1) Public health concerns with limited groundwater supplies in rural areas that are
contaminated with arsenic levels exceeding the current EPA criteria;
2) Uncertainty of the future impacts of the recent occurrence of zebra mussels in
Lake Waco; and,
3) Decline in the Trinity Aquifer due to over-reliance and aggravated by climate
changes.
The Response and Mitigation Actions will be thoroughly evaluated, but water reuse has
already been identified as a key component to drought response because of its
potential to free surface water supplies to the groundwater systems with arsenic
problems. The diversity of water interests in McLennan County have been working
together to address long-term water resources concerns; the McLennan County Water
Resources Group, formed on a voluntary basis in 2014 and consisting of the cities, water
supply corporations, Brazos River Authority, groundwater conservation district, local
citizen and business interests has been informed of the WaterSMART grant opportunity,
supports this application, and will assist with successful development and
implementation of the Plan. Pertinent aspects of the McLennan County Plan will be
submitted for incorporation in the regional water plan, the Brazos G Water Plan, and the
state water plan.

2.1- Organization of the Drought Response and Contingency
Plan
2.1.1- Six Required Elements
The components of the McLennan County Drought Contingency Plan include the six
elements recognized by the US Bureau of Reclamation as necessary elements of a
sound plan. The following key elements are highlighted throughout the County’s
Drought Contingency Plan:
•

Drought Monitoring

•

Vulnerability Assessment
Chapter 2
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•

Mitigation Actions

•

Response Actions

•

Operational and Administrative Framework

•

Plan Update Process

2.1.2- McLennan County Distinctive Elements
These elements are considered in conjunction with several unique McLennan County
specific elements. These specific elements include the condition of the Trinity Aquifer as
monitored by the Southern Trinity Groundwater Conservation District, the occurrence of
arsenic contamination above the EPA limit (current MCL) in nine groundwater systems,
and the incidental occurrence of zebra mussels in both Lake Belton and Lake Waco.
Distinctive to McLennan County and related to establishing and implementing a
drought contingency plan include the opportunity for conjunctive use of surface water
supplies to supplement and relieve stress on groundwater systems thereby increasing
future availability in terms of sustainability and in response to increased demands during
drought conditions. As described in other sections, the County has the surface water
supplies available that can be wisely managed in conjunction with groundwater
supplies.

2.1.3- Collaboration Elements
McLennan County water managers also bring cooperation and a willingness to
develop a workable drought contingency plan. This element of cooperation is critical
in the development, implementation and updates to the plan. Collaboration is a
hallmark of the McLennan County Plan. As described previously, the McLennan County
Water Resources Group, consisting of water managers, public and other stakeholders
throughout the county, has directed the process. Shortly after the WaterSMART funding
was received, the McLennan County Water Resources Group voted to be designated
as “Drought Planning Task Force” to fulfill the requirements for stakeholders who want
to actively participate in the drought planning effort.
Through regularly scheduled meetings of the Drought Planning Task Force, water
interests and other stakeholders are given an opportunity to learn about the McLennan
County plan and to participate, ask questions and generally provide input.
Chapter 2
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2.1.4- Contents and Organization
In order to address all elements properly and to provide the background and
perspective on McLennan County drought conditions and impacts, this report is
organized and contains the following:
Section 1)

McLennan County Drought Impacts to provide background and answer

the question, “How will drought affect us?”
o Overview of Drought Severity and Occurrence
o Vulnerability Assessment to relate the Drought Risks
Section 2)

McLennan County Drought Monitoring to address the question, “How to

recognize the next drought in early stages?”
o Monitoring to Identify McLennan County Drought Conditions
o Discussion of Existing Drought Contingency Plans
o Use of “triggers” to Identify Appropriate Response actions, including the
operation of the McLennan County Conjunctive Use Plan
Section 3)

McLennan County Drought Mitigation Efforts to answer the question, “How

can the county guard and wisely use its water resources during the next
drought?”
o Discussion of the Conjunctive Use Plan to Mitigate Future Drought Impacts
o Identification of Emergency Actions for Unanticipated Situations
Section 4) Operational Framework to Identify Responsibilities in Implementation
o Conducting Monitoring to Identify Triggers and Response Actions
o Discussion and Schedule for Updating the Plan

2.2- McLennan County Drought Impacts
The impacts of drought in Central Texas and McLennan County are significant and well
documented. These occurrences, which at times are severe and extended, impose
stress on water supply systems—imposing diminishing supply conditions during periods of
Chapter 2
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abnormally high water demands—restrict both agricultural operations and water
recreation, and stress the aquatic habitat and environmental conditions of lakes and
streams as flows diminish, water temperatures increase, and water surfaces recede.
In McLennan County, surface water supplies, particularly Lake Waco and Lake Belton,
have reduced the County’s vulnerability to drought impacts. While this is true of the
City of Waco water system, the outlying areas of McLennan County that are
dependent on groundwater are more vulnerable due to increased pumping of the
aquifer during drought. The increased pumping triggers a risk to the sustainability, on
the short- and long-term, of the Trinity Aquifer.
The long-term dependable yield5 of major surface water reservoirs throughout Texas,
including Lake Waco and Lake Belton, were based on the hydrologic conditions of the
1951-1956 drought. The major factor that would impact (shorten) the dependability of
the surface water supply of these two Central Texas reservoirs is the occurrence of a
more severe drought than the 1951-56 “drought of record.” Therefore, the recent,
severe drought conditions of 2011 are of primary concern to water planners, including
those that prepared the McLennan County Drought Contingency and Water Supply
Resiliency Plan.
The vulnerabilities caused by drought conditions in McLennan County and the various
responses and efforts to mitigate the impacts are presented below.

2.2.1- Occurrence, Duration and Severity
For Texas water supply-planners, hydrologists, and others managing surface water
supplies, the 1951-56 drought conditions have traditionally been markers for the “worstcase” condition. Texas experienced its last extreme drought in 2011. Both of the 195156 and 2011 droughts were record-setting for McLennan County in terms of lack of
rainfall and declines in streamflows.

2.2.1.1- Precipitation Records
In terms of precipitation, the 2011 drought resulted in a lower annual rainfall statewide
than any of the annual amounts for the 1951-56 drought. “A record low statewide
The long-term dependable yield or firm yield of a reservoir is typically defined as the maximum
yield that could have been delivered without failure during the historical drought of record.
5
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average annual precipitation of 11.27 inches for the period 1895-2011 was recorded
during the 2011 water year; the prior record low statewide average annual
precipitation was 13.91 inches during the 1956 water year.”6 Correspondingly, for the
year 1956 Texas received about 50 percent of its normal annual precipitation; in 2011
this dropped to about 40 percent of normal.7

2.2.1.2- Temperature Records
In terms of temperature extremes, Texas and McLennan County experienced, as shown
in Figure 2.2.1.2-1 taken from a recent National Oceanic and Atmospheric
Administration (NOAA) report8, shows the number of days the temperature exceeded
100° F. The summer of 2011, according to the NOAA constituted a “heat wave” of
significant historic proportion.

Figure 2.2-1 Persistent Heat - Number of Days in Summer 2011

USGS Scientific Investigations Report 2013-5113, A Historical Perspective on Precipitation,
Drought Severity, and Streamflow in Texas during 1951-1956 and 2011. Reston, VA. 2013.
7 Ibid.
8 NOAA Technical Report NASDIS 142-4, Regional Climate Trends and Scenarios for the U.S.
National Climate Assessment; Part 4. Climate of the U.S. Great Plains, 2013.
6
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The McLennan County area of Central Texas had 90 days of excessive high (> 100° F) in
calendar year 2011. This ‘heat wave’ included 44 consecutive days of 100° F, occurring
in the period from June 30 to Aug 12. This is the longest streak of 100° F days for the
climatologic record of McLennan County (1898 to present). The entire month of July
2011 had high temperatures equal or exceeding 100° F. Figure 2.2-2 presents the
temperature records for Waco, Texas prepared by the National Weather Service of the
NOAA (Dallas/Fort Worth Forecasting Center).

Figure 2.2-2 Temperature Records for Waco, Texas (NOAA)
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2.2.1.3- Drought Onset and Decline
It is also pertinent to this plan to recognize that the onset of drought, even severe
drought, can occur in a relatively short period of time. Again, referring to the USGS
report cited above, the onset of the 2011 drought occurred between October 2010,
when none of the state was classified as being in a drought, and April 2011, when
“…nearly all of Texas was in a severe to extreme drought, by July 2011, more than 75
percent (of Texas) was in an exceptional drought.”9 The USGS presented the variation
of drought magnitude over time graphically (see Figure 2.2-3; USGS Report Figure 3).
The rapid onset and decline in “exceptional drought” conditions should be noted. This
rapid onset of drought in Texas, including McLennan County, is a key consideration in
developing an effective drought contingency and response plan.

Figure 2.2-3
For purposes of the McLennan County Plan, these two record-setting drought events
are the markers that are used to define “worst case” condition in identifying
vulnerabilities and prescribing mitigation or response actions needed.

9Ibid.
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From 1908 to 2011, the occurrence of long-term (>12 months), severe droughts in the
McLennan County area can be measured as the number of droughts that exceeded
a -4 on the Palmer Drought Severity Index (PDSI)10
For McLennan County, the PDSI data for the occurrence of severe droughts between
1900 and 2011 is shown in Figure 2.2-4.

Figure 2.2-4

2.2.2- Drought Vulnerabilities – Central Texas and McLennan County
The NOAA classifies several types of drought—all occur in Texas and McLennan County,
and each has associated vulnerabilities based on the type of impacts. NOAA
distinguishes11 a meteorological drought based on the measured severity and duration
of a dry period.

The Palmer Drought Severity Index (PDSI) uses readily available temperature and precipitation
data to estimate relative dryness. It is a standardized index that spans -10 (dry) to +10 (wet).
11 NOAA Technical Report NASDIS 142-4, Regional Climate Trends and Scenarios for the U.S.
National Climate Assessment; Part 4. Climate of the U.S. Great Plains, 2013.
10
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• Meteorological droughts occur frequently, nearly every year, but are of short
duration. The vulnerabilities to meteorological drought is the least severe
because of the temporary and transitory nature of their occurrence.
• Agricultural drought is measured by the dryness relative to the needs for water
for watering crops. Vulnerability to this type of drought in McLennan County
relates to loss of pasture and high-quality grazing area for cattle. Non-irrigated
crops will be stressed under these conditions, often to the degree of loss of crop
yield. Local surface water “tanks” used for cattle and irrigation are vulnerable
to agricultural drought.
Loss of yield and requirements for purchasing feed or importing hay for cattle is
costly to Central Texas and McLennan County agriculture. Agricultural losses in
Texas due to the 2011 drought are estimated at over $5.2 billion.
• Hydrological drought occurs when water supply is reduced due to periods of
precipitation shortages. The hydrologic storage systems are negatively
impacted, with less water available for irrigation, navigation, hydropower and
recreation.
The 2011 drought in the southern Great Plains was the most intense event in that area in
the observational record extending back to 1895, based on the Palmer Drought
Severity Index in Texas, the summer of 2011 was both the warmest on record and the
driest on record.

2.2.3- McLennan County – Circumstances and Local Conditions Potentially
Increasing Water Supply Vulnerability
Several risks associated with circumstances external to drought conditions exist in
McLennan County. Acting alone, the relative risk of these situations compared to the
potential drought impact on surface water supplies is relatively low. However, adding
these impacts during drought conditions increases the susceptibility of water supplies to
drought impacts.
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Of specific concern in McLennan County are two outside issues: zebra mussel impacts
on raw water intake and conveyance; and, arsenic contamination levels in several
small groundwater systems in the eastern portion of the County.
The following subsections discuss the potential increased vulnerability due to these
outside factors.

2.2.3.1- Surface Water Augmented Vulnerabilities – Zebra Mussels
As shown in Figure 1.3.1-1, since the late 1980’s, zebra mussels have spread rapidly
throughout the northeast United States and Mississippi Valley and into Texas. Zebra
mussels invaded Texas in 2009 and have continued to spread throughout the State.
Water Supply Vulnerability. From a water supply perspective, zebra mussels, due to very
rapid and prolific population growth, have constricted the capacity of conveyance
pipelines, interfered with values and control mechanisms, resulted in operation
impediments and accumulations of foul-smelling mussel shells. During drought
conditions that occur contemporaneous with the presence of an established zebra
mussel population, water supply can be further threatened due to constrictions in the
raw water intake and/or need to employ chemical or other controls to reduce the
zebra mussel accumulation.
Local Water Supply Occurrence. Zebra mussels were found in both Lake Belton and
Lake Waco. Adult zebra mussels were reported at Lake Belton in September 2013 and
have continued to be found. At Lake Waco, there was an isolated incident resulting in
the detection of zebra mussels in October 2014; unlike Lake Belton, subsequent
monitoring did not detect the presence of adult or juvenile zebra mussels. Both
reservoirs are susceptible to continued or future proliferation. Monitoring is on-going
each spawning season by the Texas Parks and Wildlife Department.
At Lake Belton where the zebra mussel population continues to be well-established,
water purveyors are considering control methods that will ensure the capacity of the
intake structures and pumps are not limited. At Lake Waco control methods were
employed in the lake at the site of the potential infestation and continued monitoring
has not detected the presence of zebra mussels.
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Drought Response – Mitigation Actions. The methods of control of zebra mussels in
reducing or eliminating the water supply vulnerabilities are well documented and,
particularly in the Great Lakes and Mississippi Valley, control measures have been in
operation for many years. Zebra mussels, particularly at the veliger (larval) stage, are
highly susceptible to chlorine and other oxidants as well as a wide array of other
treatment methods. Based on this experience, the means to control zebra mussels at
both Lakes Belton and Waco are available.
The City of Waco currently monitors Lake Waco for zebra mussels and can initiate
chlorination at the raw water intake to eliminate accumulations (colonization) in the
raw water conveyance facilities. In 2014 when zebra mussels were accidentally
introduced into Lake Waco, the City employed measures immediately to isolate the
area where the zebra mussels were introduced (see Figure 1.3.1-2). Oxidants are
available that can safely be added at the raw water intake that will expiate zebra
mussels without causing harm to Lake Waco and its environment.
At Lake Belton, the Bell County Water Control and Improvement District No. 1 has
operated its raw water intake since 2013 without interference from zebra mussel
colonization. In order to be prepared for future problems, the District is considering
means to add zebra mussel controls at its intake structure.

2.2.3.2- Groundwater Augmented Vulnerabilities – Arsenic Contamination
In 2001, when EPA lowered the Maximum Contaminant Level (MCL) for arsenic from 50
parts per billion (ppb) to 10 ppb several small groundwater systems in McLennan
County exceeded the MCL. The arsenic occurrence in McLennan County is described
in more detail in the “Arsenic Break-out Plan,” Component Three of the McLennan
County Drought Contingency and Water Supply Resiliency Plan.
Vulnerability during Drought Conditions – The McLennan County Plan lays out how
treated surface water will be provided to the nine groundwater systems currently
exceeding the arsenic MCL. Through water supply agreements with the City of Waco,
treated Lake Waco water will be provided for blending in quantities sufficient to reduce
the arsenic levels to concentrations safely below the MCL.
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Unlike the conjunctive use system described in Chapter 3 of the McLennan Plan, where
surface water use could be restricted under specific drought stages (see Chapter 3,
Section 3.3.1 and other), the surface water provided for reducing arsenic
concentrations cannot be interrupted. The MCL for arsenic should not be exceeded
under any circumstances. However, the quantity of surface water required for
mitigating the arsenic impacts is minor relative to total capacity of the City of Waco’s
water supply. A special provision is included in this McLennan County DCP to note that
surface water to the arsenic-impacted systems cannot be reduced during drought
conditions.

2.2.3.3- Augmented Vulnerability – Future Drought Conditions/Climate Variation
A third external risk that adds to McLennan County’s drought vulnerabilities is the
potential for future drought conditions to increase in severity due to changing climate
conditions in Central Texas.
The NOAA report cited above includes a discussion of climate variation scenarios that
could occur in the future based on high and low emission conditions12. The future
scenarios are based on the 2013 National Climate Assessment report modeling. For the
Great Plains area the report shows a range of potential changes in the future (20412070), with the more drastic increases or changes associated with the high emission
condition. The following exhibits are taken from the modeling results as presented in the
NOAA 2013 report. A star () has been added to each set of maps to show the
general location of McLennan County.
Depending on the emissions generated in the future, the NOAA has identified the
following trends that will need to be considered in future updates to the McLennan
County DCP:
The “high” and “low” emission conditions as described in the NOAA report (NOAA 2013). The
high scenario “describes a very heterogeneous world. The underlying theme is self-reliance and
preservation of local identities, which results in continuously increasing global population.
Economic development is primarily regionally oriented and per capita economic growth and
technological change are more fragmented and slower than in the other storylines” (IPCC
2000). The low emissions scenario describes “a convergent world with…global population that
peaks in mid-century and declines thereafter…but with rapid changes in economic structures
toward a service and information economy…the introduction of clean and resource-efficient
technologies. The emphasis is on global solutions to economic, social, and environmental
sustainability….”
12
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o The projected number of “hot” days will increase in the future (2041-2070)
by a moderate number of 13 or less for the McLennan County/Central
Texas area under the “low” emissions scenario and more concerning
increase of 16 or more days under the “high” emissions scenario.
o Important to drought conditions, the projected number of consecutive
dry days will increase modestly by 1-2 days under the “low” emissions
scenario as compared to 2-4 days under the “high” emissions scenario.
o Heavy precipitation days will decrease but not significantly: under both
scenarios the change will be less than 0.4 days.

If these scenarios are sound indicators of future climate variation, it would be
anticipated that the drought conditions would become more severe and prolonged
with the increased number of hot days. The PDSI will reflect these conditions when
present. Updates to the McLennan County DCP and other DCPs will be required.
Current drought monitoring as discussed below will be important in identifying future
climate trends and variations. Changes to drought triggers or other DCP responses can
be developed to reflect the water supply risk associated with identified changes in
climate.

2.3- McLennan County Drought Monitoring
2.3.1- Data Collection & Drought Monitoring
A number of sources provide readily accessible data and information on drought
conditions in Central Texas and McLennan County. Working through the McLennan
County Drought Planning Task Force, the partners that routinely provide, assemble and
evaluate drought-related data and information were identified. The types of pertinent
information/data collected are used to identify drought response and trigger actions to
implement drought conservation and other measures.
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2.3.2- Pertinent Drought Information Collected and Monitored
The following are pertinent drought information/data used to monitor drought and to
identify triggers or stages for response actions (in local and regional drought
contingency plans):
o Lake elevations – as a measure of surface water supply impact (primarily
Lake Waco; secondarily Lake Belton);
o Palmer Drought Severity Index (PDSI) – as an index of daily air
temperatures combined algorithmically with area precipitation data and
available water in soil layer;
o Temperature (consecutive days of 100 degree or “heat wave” indicators);
and,
o Local conditions (effective storage, etc.) of the local water supply and
distribution system.
These data and information are not only specific to McLennan County but also applied
to McLennan County to identify drought stages or triggers. The application is unique to
McLennan County because of the surface water/groundwater conjunctive use system
described in a separate Component of this Plan.

2.3.3- Drought Data Collection Agencies
Considering these “special conditions” for McLennan County, the following table shows
the agencies providing data or information, type of data, and the records or
information typically collected. Drought-related data for McLennan County is readily
available from both federal and Texas agencies identified in the table.
With respect to water system-specific impacts, the individual water systems in
McLennan County would provide data or information on those impacts. These impacts
could include all supply-restricting conditions within the Public Water System for supply,
treatment and delivery, including conditions that would exacerbate drought impacts
such as water quality conditions (e.g., arsenic contamination in groundwater systems
that exceeds the EPA Maximum Contamination Level) and conditions affecting access
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to water supply (e.g., potential accumulation of zebra mussels that would restrict raw
water conveyance from Lake Waco or Lake Belton).
Data and Drought Monitoring Agency Partners
Data Type
Drought Impacts

Record/Information
Needed or Desired
Water Supply Availability
(lake elevations), PDSI,
temperature, soil moisture,
Groundwater
conditions/pressures,
drought related regulatory
actions

Public Water Systems
Drought Contingency
Triggers or Stages –
Drought Response
Conditions
Effective Drought
Conditions (identifying
drought onset and ending
conditions)

Public water system
drought contingency
response to drought
impacts on water system

Drought Severity
Conditions

Correlation of drought
conditions, extent and
duration, to water systems
in McLennan County
Correlating McLennan
County drought response
to available surface water
for conjunctive use system

“Correlating Tables”

For McLennan County
measures of degradation
& improvement in droughtrelated conditions

Data Collection Agencies
US Army Corps of
Engineers (Fort Worth
District); NOAA, USGS;
Texas Water Development
Board (TWDB); Texas
Commission on
Environmental Quality
(TCEQ); BRA; Southern
Trinity GWCD; City of
Waco
Various Public Water
Systems in McLennan
County

US Drought Monitor; NOAA
Climate (drought monitor);
TWDB (Water Data for
Texas); TCEQ; BRA; and
several others
US Drought Monitor; TWDB
(Water Data for Texas)
McLennan County &
Drought Planning Task
Force

2.3.4- Drought Monitoring Partners
For purposes of the McLennan County Drought Contingency Plan (McLennan DCP), the
local water systems with TWDB/TCEQ-approved drought contingency plans and the
Southern Trinity GWCD are important monitoring partners. These agencies are
responsible for monitoring drought conditions and assessing the impacts and response
under their drought contingency plan and/or ordinances.
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As mentioned above, several retail and wholesale water purveyors operating within
McLennan County have State of Texas approved Drought Contingency Plans (DCP):
o Brazos River Authority
o City of Robinson
o City of Waco
o City of Woodway
o City of Hewitt

These agencies and cities have developed DCPs specifically for the conditions of the
individual water system. The TCEQ requires all wholesale and retail public water systems
serving 3,300 connections or more to submit and have approved a DCP. For approval,
the DCP must conform to the requirements of the Texas Administrative Code §288(b).
DCPs must be updated every five years.
The approach adopted in these individual DCPs differs; however, the DCPs have a
number of items in common:
o Drought stages or triggers with responses specified;
o Specific targets for water use reductions (public water systems);
o Assigned responsibility or authority for implementing the DCP;
o Descriptions and/or measures for assigning stages or triggers;
o Notification procedures;
o Enforcement procedures;
o Description of exceptions and procedures for granting exceptions;
o Public input to the plan;
o Means for updating the DCP;
o Means of coordination with Brazos G Regional Planning; and
o Official adoption of the DCP by the City Council or governing Board.

The McLennan County Drought Contingency Plan (McLennan DCP) incorporates the
approved DCPs in McLennan County and relies on those agencies implementing DCPs
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in McLennan County to provide monitoring and drought trigger information. The
McLennan County Drought Planning Task Force oversees the coordination efforts.
The McLennan DCP provides recommended drought response actions, at stages
corresponding to the Waco DCP, for water systems that are not required to have an
approved DCP.

2.3.5- Correlation between Drought Stages/Triggers and Conjunctive Use
The relationship between drought responses and the availability of surface water must
be recognized in both the drought contingency and conjunctive use implementation
plans. Briefly stated: as drought conditions become more severe and the drought
responses more restrictive on water use, the restrictions on the availability of surface
water supply for conjunctive use in McLennan County will be needed.
There is a correlation between surface water availability, particularly from Lake Waco,
and increased drought severity; restrictions on surface water availability will limit
availability for conjunctive use with groundwater. As surface water becomes more
limited in drought, groundwater systems participating in the McLennan County
Conjunctive Use System will need to compensate for these surface water restrictions
either by increasing groundwater pumping, where possible, or implementing drought
response measures to reduce water demand.
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Figure 2.3-1 Lake Waco Drought Stage & Available SW for Conjunctive Use

Figure 2.3.5-1 shows the relationship between drought stage encountered at Lake
Waco, as monitored by the City of Waco, and the percent of Lake Waco surface water
available to be employed or used in the McLennan County Conjunctive Use System.
Exhibit 2.3.5-1shows the relationship between the McLennan County drought triggers
(response actions) and the City of Waco’s Drought Contingency Plan drought stage
triggers. As the drought stage increases in severity the corresponding availability of
Lake Waco water for conjunctive use in McLennan County is reduced. The exception
to this reduction in Lake Waco water use is the supply dedicated to the McLennan
County water systems with arsenic concentrations that must be reduced by dilution to
comply with the MCL. These systems must continue to receive Lake Waco treated
water for dilution even during severe drought conditions.
Exhibit 2.3.5-2 provides a description of the McLennan County response action
corresponding to each drought stage the Waco Drought Contingency Plan. The
availability of Waco water for conjunctive use is reduced and finally eliminated as the
drought stages progress in severity.
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Exhibit 2.3-1
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Exhibit 2.3-2. McLennan County Drought Contingency Response Actions Triggered by
Drought Stage and Corresponding to Lake Waco Drought Stage Conditions
Drought
Stage
1 – Water
Watch

2 – MILD
Water
Shortage

Trigger

Response Actions

Yearly for the period
May 1 – September 30

Wise water use is encouraged during this
stage. Systems should practice good water
management techniques; homeowners to use
both inside and outside water smartly and
without waste. Consider landscape plants
and features that will require less water.

A decrease in the
Lake Waco reservoir
level to 452 msl (at
which the reservoir is
at about 60% of its
capacity).

Groundwater systems in McLennan County
should follow the recommendations of the
Southern Trinity Groundwater Conservation
District in the wise use of groundwater.
Available Waco water for the McLennan
County Conjunctive Use system is restricted to
60% of total committed amounts;
Irrigation of outdoor lawns and landscape
restricted to every third day as a limit;
The County shall limit use of water for purposes
to those activities necessary to maintain the
public health, safety and welfare and any
computer-controlled irrigation systems that
incorporate evapotranspiration data in setting
irrigation run times.
The Public Water Systems shall note any
incidents observed of “excessive watering”
and notify to customers. “Excessive watering”
occurs where run-off extends for a distance
greater than ten (10) feet from the customer’s
property or where there is washing or hosing
down of buildings, sidewalks, driveways,
patios, porches, parking surfaces or other
paved surfaces.

3–
MODERATE

A decrease in the
Lake Waco reservoir

The Southern Trinity Groundwater
Conservation District’s advisories for wise
operation of groundwater systems and
conservation of groundwater should be
followed by McLennan County groundwaterbased systems.
Available Waco water for the McLennan
County Conjunctive Use system is restricted to
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Water
Shortage

level to 450 msl (at
which the reservoir is
at about 55% of its
capacity)

40% of total committed amounts.
Non-essential water use shall be restricted.
Public Water Systems should impose a
mandatory limit on irrigation to a two (2) days
per week at designated, low-evaporation
times.
Hand-watering with hose or five (5) gallon
bucket allowed.

4 – SEVERE
Water
Shortage

A decrease in the
Lake Waco reservoir
level to 449 msl (at
which the reservoir is
at about 45% of its
capacity)

The Southern Trinity Groundwater
Conservation District’s advisories for wise
operation of groundwater systems and
conservation of groundwater should be
followed by McLennan County groundwaterbased systems. As deemed necessary, the
STGCD will issue special advisories in response
to drought conditions or other factors
impacting groundwater systems.
Available Waco water for the McLennan
County Conjunctive Use system is restricted to
10% of total committed amounts.
Public Water Systems should impose a
mandatory limit on irrigation to a one (1) day
per week but restricted to designated, lowevaporation times.
Newly constructed swimming pools, Jacuzzis,
spas, ornamental ponds, and fountains may
be filled once.
Watering of newly installed landscaping is
exempt from Stage 4 restrictions for no more
than one (1) month from the date of planting.
After the first month, the landscape water
day’s schedule and hourly restrictions must be
followed.
Excessive water run-off from any landscaped
area onto streets, alleys, or parking lots is
prohibited. Run-off is excessive when it
extends for a distance greater than ten (10)
feet from the customer’s property.
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Public Water Systems should consider and
impose as appropriate and necessary:
• Washing or hosing down of buildings,
sidewalks, driveways, patios, porches,
parking areas, or other paved surfaces
is prohibited.
• Refilling after draining private swimming
pools, Jacuzzis, spas, ornamental
ponds, and fountains is prohibited.
Refilling shall mean to replace more
than twenty-five (25) percent of the
facility’s water capacity.
• Washing or rinsing vehicles on owner’s
premises must follow the landscape
water days schedule as set out above.
A hand-held hose equipped with a
positive shut-off nozzle and/or handheld bucket must be used.

5 – CRITICAL
Water
Shortage

6–

A decrease in the
Lake Waco reservoir
level to 445 msl (at
which the reservoir is
at about 40% of its
capacity)

A decrease in the

The Southern Trinity Groundwater
Conservation District’s advisories for wise
operation of groundwater systems and
conservation of groundwater should be
followed by McLennan County groundwaterbased systems. As deemed necessary, the
STGCD will issue special advisories in response
to drought conditions or other factors
impacting groundwater systems.
Waco water for the McLennan County
Conjunctive Use system is NOT AVAILABLE.
Public Water Systems should impose all Stage
4 restrictions.
The Southern Trinity Groundwater
Conservation District’s advisories for wise
operation of groundwater systems and
conservation of groundwater shall be
followed by McLennan County groundwaterbased systems. As deemed necessary, the
STGCD will issue special advisories in response
to drought conditions or other factors
impacting groundwater systems.
Waco water for the McLennan County
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EMERGENCY
Water
Shortage

Lake Waco reservoir
level to 440 msl (at
which the reservoir is
at about 30% of
its capacity)

Conjunctive Use system is NOT AVAILABLE.
Public Water Systems should continue the
Stage 5 restrictions and consider further
actions as deemed necessary.
The Southern Trinity Groundwater
Conservation District’s advisories for wise
operation of groundwater systems and
conservation of groundwater should be
followed by McLennan County groundwaterbased systems. As deemed necessary, the
STGCD will issue special advisories in response
to drought conditions or other factors
impacting groundwater systems. The STGCD
will collaborate with the City of Waco and
other surface water systems on further
restrictions, as necessary.
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2.3.6- McLennan County Response Actions – Triggering Stages
The following are recommended response actions by McLennan County water systems
that do not have an approved DCP. As discussed above, the stages correspond to
those adopted in the Waco DCP. The monitoring of drought stages will involve
coordination between members of the McLennan County Water Resources Group
(Drought Task Force). In areas of McLennan County with approved DCP, the stages
and triggers associated with those approved DCPs will apply; the McLennan County
DCP applies only to those areas without an approved DCP.

2.4- Drought Mitigation Efforts
2.4.1-McLennan County Drought Mitigation Actions
The mitigation actions identified for McLennan County are intended to build long-term
water supply resiliency, including mitigating impacts on the future loss of groundwater
pressures particularly in the Hosston Aquifer, and to mitigate risks associated with
Central Texas drought conditions.
For McLennan County, a number of mitigation actions were identified and evaluated.
These were discussed with the McLennan County Water Resources Group (the Drought
Planning Task Force) and presented in public meetings. The mitigation actions require
cooperation between McLennan County water systems. Both surface water-based
systems and groundwater systems considered actions that were based on conjunctive
use of the two supply sources. In considering the long-term viability of the Trinity Aquifer,
the McLennan County Water Resources Group recognized the need to wisely use
surface water to the extent practicable to replace continued heavy pumping of
groundwater. The studies and evaluations completed as part of this Plan documented
the long-term benefits to groundwater resiliency in McLennan County based on
pursuing smart, conjunctive use of the County’s surface water and groundwater.

2.4.1.1- Primary Mitigation Action – Conjunctive Water Use
Achieving a resilient, long-term water supply for McLennan County during both drought
and normal water demand conditions requires cooperation of McLennan County
water purveyors and the conjunctive use of supplies available to them. As part of this
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Plan, the opportunity for and benefits of conjunctively using surface water and
groundwater were evaluated. A McLennan County Conjunctive Use Plan was
prepared and presented to the McLennan County Water Resources Group. An entire
component of the McLennan County Plan is dedicated to the conjunctive use plan.
The conjunctive use details and recommendations are provided in Chapter Three of this
McLennan County Plan.

2.4.1.2- Primary Mitigation Action – Arsenic Mitigation
A critical component of the McLennan County Plan provides for the mitigation of
arsenic contamination levels in several, small groundwater systems in McLennan
County. These systems faced costly alternatives and the potential of EPA enforcement.
In a cooperative effort, the City of Waco, working with the County Judge and the
McLennan County Water Resources Group, agreed to make treated surface water
available to these systems in quantities sufficient to mitigate the arsenic concentrations
to levels below the EPA’s Maximum Contaminant Level. The Arsenic Break-out Plan was
prepared as a separate effort to provide the arsenic-impaired systems with a readily
available alternative that could be presented to EPA. On October 14, 2016, at a public
meeting of the McLennan Water Resources Group, the plan and a proposed schedule
for its implementation were presented to EPA Region VI officials, the McLennan County
Judge, and representatives of the affected groundwater systems.
The Arsenic Break-out Plan details and recommendations are provided in Chapter Four
of this McLennan County Plan.

2.4.1.3- McLennan County Drought Response Actions
This section identifies the specific response actions recommended for implementation
during drought conditions. The McLennan County Drought Contingency Plan (DCP) is
not a stand-alone plan but incorporates the existing, approved DCPs of water providers
in McLennan County. As mentioned above, the McLennan County DCP drought
triggers and response actions correlate to the stages, triggers and response actions
involving the primary surface water supply in McLennan County, the City of Waco’s
DCP.
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2.5- Operational Framework
This section discusses the procedures and responsibilities for implementing the
McLennan DCP.

2.5.1- Responsibility for Identifying Drought Stages and Triggers
Since the criteria for the McLennan County DCP drought stages are directly related to
the Lake Waco surface water elevation and its water supply, the Drought Task Force will
coordinate with the City of Waco on the monitoring of Lake Waco water supply. The
City of Waco staff monitor water supply and demand conditions on a daily basis. In
accordance with the Waco DCP, the City determines when conditions warrant
initiation or termination of each stage of the Plan, that is, when the specified triggers
are reached.

2.5.2- Framework and Responsibility for Notifying McLennan County Water
Systems
The Drought Response Task Force will be responsible for notifying McLennan County
public water systems without DCPs of drought conditions, stages and triggers. The Task
Force or its designated agent will identify contacts at the public water systems to notify
of drought stages and recommended response actions.

2.5.3- Schedule for Updating the McLennan County DCP
The Drought Response Task Force will ensure that the McLennan County DCP is
reviewed and updated as needed every five (5) years.
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CHAPTER 3- CONJUNCTIVE USE PLAN
3.0- Introduction
Meeting the challenge of maintaining a long-term resilient water supply for McL Co
requires two steps: 1.) Re-examining the County’s water supply needs, considering the
impacts of drought, arsenic contamination, and zebra mussel complications and 2.)
Applying methods to conserve and protect available supplies. One significant
opportunity for McL Co to help achieve resilient water supply is the conjunctive13 use of
surface water and ground water.
The Conjunctive Use Plan provides a method to strategically utilize available water
resources to ensure water supply resiliency for all of McLennan County. The Conjunctive
Use Plan will address three of the issues identified affecting water supply resiliency:
1.) Declining pressures in the Trinity Aquifer;
2.) Future population growth and development resulting in increasing water
demands; and,
3.) Drought impacts.
The general approach of the Conjunctive Use Plan is to more fully utilize renewable14
sources of surface water throughout the county in order to relieve dependence on the
Trinity Aquifer. In turn, this will reduce the depletion rate of pressures within the aquifer.
The benefits of this approach are two-fold: the viability of a reliable source of
groundwater may be extended for future generations, and groundwater may be more
readily available during future droughts when surface water supplies are limited.
Developing the Conjunctive Use Plan involved an analysis of existing and future water
supply and water demands for the county, groundwater modeling using the TWDB
Groundwater Availability Model (GAM), and a feasibility analysis for supplying water
from alternate sources to reduce groundwater pumping.
Conjunctive use for the purpose of the McL Co Plan is the joint utilization of both surface water
and groundwater sources for water supply.
14 Compared to the groundwater resources in McLennan County which essentially do not
recharge, surface water supplies may be considered renewable as they recharge with
precipitation.
13
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Solutions presented include a preliminary layout of infrastructure needed to distribute
supplementary surface water in the county, and planning level cost estimates for
infrastructure improvements and water rates.

3.1- Problem
Several problems threaten the resiliency of water supply in McLennan County. Declining
aquifer pressure levels pose a threat for several reasons: uncertainty about the quality
of groundwater from deeper levels of the aquifer, and increasing expenses to extract
the groundwater from deeper and deeper elevations. Future growth in the region
threatens water resiliency due to increased demands. Drought also poses a serious
threat to water supply resiliency. During a drought, the demand for water increases
while the available supply of surface water decreases. The complications of these
problems are discussed in greater detail below.

3.1.1- Declining Aquifer Levels
The Trinity Aquifer provides primary source of groundwater in McLennan County for
cities and rural communities in McLennan County. Declining aquifer levels over recent
decades due to large volume pumping have raised concerns about the availability of
groundwater supply for the future. Additionally, declining aquifer levels may lead to
water quality issues requiring additional treatment to bring to water to acceptable
standards for potable use.

3.1.2- Growth
Future growth and development in McLennan County will increase demand for water
supply, water distribution infrastructure, and water treatment infrastructure. A reliable,
resilient water supply is critical for continued development in the county.

3.1.3- Drought
Drought impacts both surface water and groundwater. Both sources are impacted by
increased demand during drought conditions. Additionally, surface water sources are
impacted by reduced available supply due to evaporation and lack of precipitation.
Through review of annual precipitation records from NOAA (see Figure 3.1-1), it was
determined that 2013 represented the closest rainfall to a “normal year,” and 2011
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represented a severe drought. To gauge impacts of drought on water demand, 2013
(normal rainfall year) production was compared to 2011 (drought condition)
production for several McLennan County systems. On average, 2011 (drought)
production was 20% higher than 2013 (normal rainfall) production.

“Normal” Annual Precipitation

2011 Observed Precipitation

2013 Observed Precipitation
Figure 3.1-1: NOAA Precipitation
Records

Chapter 3
P a g e | 46

A resilient water supply is critical to ensure sufficient supply during a drought, when
demands are increased and supply is reduced. The conjunctive use of water supplies
will provide an opportunity to improve the drought resiliency of the water resources in
McL Co.

3.2- Approach
To address the problems identified in the previous section (declining aquifer levels,
future growth, and drought), the approach of the conjunctive use plan is to
strategically reduce pumping of the aquifer. Strategic reduction of pumping means
that pumping is reduced in systems such that the greatest benefit to the aquifer may
be realized. The main premise is to reduce groundwater pumping in order to slow the
decline of aquifer levels, and instead to utilize surface water for supply where feasible.
Reducing the decline of the aquifer will help to preserve groundwater for use during
times when surface water supplies become limited, such as during a severe drought.
The overall approach consisted of the following steps, which are discussed in greater
detail in the sections which follow.
1. Review Existing and Future Supply and Demand
2. Identify Surface Water Availability by System
3. Identify Existing Connections Between Systems
4. Modeling Recommendations- Determine Surface Water Needed by Systems to
Achieve Benefit to Aquifer
5. Recommendations for Surface Water Conveyance

3.2.1- Evaluation of existing and future supply and demand
To understand the water needs of the county, a review of existing and future water
supply and demand was conducted. Data was collected for nearly 60 water supply
systems identified as having service area within McLennan County. Data was compiled
from multiple sources including the water systems themselves, the Southern Trinity
Groundwater Conservation District, Texas Water Development Board Regional Plan,
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TCEQ, Waco Water Master Plan, and FHLM Report. A table of compiled data is
provided in the Appendix.

3.2.1.1- Surface Water Supplies
Based on review of the water rights data available from the TCEQ’s online resources,
the following table, Table 3.2-1 summarizes the surface water rights of public water
supply users in McLennan County.

Table 3.2-1
Surface Water Rights in McLennan County- Public Water Supply Systems
Water Right
Water Right
Volume (acre- Volume (acreReservoir Name
Number(s)
Holder
ft/yr) 2020
ft/yr) 2070
2315, 2317,
City of
Lake Waco
96,919
96,919
5094, 5840
Waco
City of
4340
Lake Brazos
5,600
5,600
Waco
Tonk Creek;
City of
4135
Rock Quarry
55
55
Crawford
Lake
5000
New Lake Mart
City of Mart
500
500
City of
5085
Brazos River
13,100
13,100
Robinson
City of
*Expires Sept.
2154
Brazos River
1,000
Lorena
2047
116,174
TOTAL

117,174

(assuming
Lorena WR is not
renewed)

As seen in the table, five different entities currently hold surface water rights in
McLennan County: City of Waco, City of Crawford, City of Mart, City of Robinson, and
City of Lorena, for a combined total of 117,174 acre-ft/yr. The City of Waco is the most
significant surface water rights holder in McLennan County, accounting for nearly 90%
of the total surface water rights in the county.
Several water suppliers in McLennan County have access to surface water sources
through their water rights or through wholesale contracts with other systems. The
following table summarizes those systems with access to surface water.
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Table 3.2-2
System
Bold Springs

Cargill Meat
Central Bosque
WSC
City of Bellmead
City of Bruceville
Eddy
City of Crawford

City of Hewitt

City of LacyLakeview
City of Lorena

Summary of Surface Water Uers in McLennan County
Surface Water Amount
Comments
Source
(Acre-ft/Yr)
Lake Waco
560
Through wholesale contract with City of Waco
(0.5 MGD). Note- this agreement/connection is
still pending at the time of the report.
Lake Waco
Unknown
Through City of Waco
Lake Waco
70
Through wholesale contract with City of Waco
Lake Belton
Unknown
Through wholesale contract with City of
McGregor, through Bluebonnet WSC
Lake Waco
EMERGENCY
Through wholesale contract with City of Waco
Lake Belton
938
Through wholesale contract with Bluebonnet
WSC
Tonk Creek;
55
WR# 4135
Quarry Lake
Lake Waco
2,240
Through wholesale contract with City of Waco
(not to exceed 2 MGD)
Brazos River
280
Through wholesale contract with City of Lorena
(not to exceed 0.25 MGD). Note- The water
received from City of Lorena may be SW + GW,
as City of Lorena uses GW and also uses a
wholesale SW contract with City of Robinson
Lake Waco
1,120
Through wholesale contract with City of Waco
Brazos River

1,000

New Lake
Mart
Lake Belton
Lake Belton
Brazos River
Lake Waco
Lake Waco

500

Lake Brazos
Lake Waco
Lake Waco

5,600
1,120
431

Lake Belton

1,362

Elm Creek WSC

Lake Belton

654

Hilltop WSC
South Bosque WSC

Lake Waco
Lake Waco

Spring Valley WSC

Lake Belton

97
EMERGENCY
ONLY
301

West Brazos WSC

Lake Waco

City of Mart
City of McGregor
City of Moody
City of Robinson

2,139
401
13,100
560
96,919

City of Waco

City of West
City of Woodway

EMERGENCY
ONLY

WR# 2154; Treated and transmitted to Lorena
system through contract with City of Robinson.
(Current contract: not to exceed 0.5 MGD or
surcharge fee)
WR# 5000
Wholesale contract with Bluebonnet WSC
Wholesale contract with Bluebonnet WSC
WR# 5085
Through wholesale contract with City of Waco
WR#’s 2315; 2317; 5094; 5840. Note that the firm
yield for Lake Waco is 81,070 acre-ft/yr (Source:
City of Waco Water Master Plan, 2015)
WR# 4340
Through wholesale contract with City of Waco
Through wholesale contract with City of Waco.
Increases each decade to 1548 acre-ft/yr in
2070.
Through wholesale contract with Bluebonnet
WSC
Through wholesale contract with Bluebonnet
WSC
Through wholesale contract with City of Waco
Through wholesale contract with City of Waco
Through wholesale contract with Bluebonnet
WSC
Through wholesale contract with City of Waco
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3.2.1.2- Groundwater Supplies
The Southern Trinity Groundwater Conservation District (STGCD) regulates the
withdrawal and use of groundwater in McLennan County. Permits are required to drill or
operate a well within McLennan County. Certain wells may qualify for exemptions if the
following criteria are met: “A well may be considered exempt if it is equipped to
produce no more than 25,000 gallons of groundwater per day, is intended solely for
domestic or livestock use, and the well is located on a tract of land that is 10 acres or
more in size.” To date, the district has issued permits to approximately 60 users in the
area for 17,748 acre-ft/yr (5,782,947 thousand gallons), and there are 52 exempt permits
encompassing 137 wells in the county. The allotted maximum annual withdrawal,
including exempt uses, is 20,194 ac-ft/yr (6,580,215 thousand gallons). Based upon this
information, nearly 90% of the allotted maximum withdrawal is already permitted.
Approximately 60% of the total permitted groundwater in McLennan County is held by
the top 10 by volume permit-holders. The table below summarizes the permitted use
and the historical production of the top ten users (by HUPP).
Water
Supplier

City of
Woodway
City of
Bellmead
City of Hewitt
City of
Robinson
Sanderson
Farms
City of Waco
Aqua Texas
Inc.
City of
Lorena
Cargill Meat
Solutions
Cross
Country WSC
Total (Top 10)

Aquifer
Formation

Permit
(1000
Gallons)

Hosston

664,212

2013
Production
(1000
Gallons)
414,419

2014
Production
(1000
Gallons)
386,387

2015
Production
(1000
Gallons)
404,459

Hosston

481,279

400,025

337,616

422,622

Hosston
Hosston

469,655
462,035

438,421
433,652

323,966
350,827

372,441
351,675

Hosston

391,987

365,167

385,065

369,342

Hosston
Hensell

289,169
250,733

167,962
100,038

112,262
79,029

194,710
82,854

Hosston

189,962

46,687

55,257

62,963

Hensell

181,821

137,100

152,308

131,231

Hensell

170,562

131,778

118,583

115,885

3,551,415

2,785,942

2,444,534

2,668,067
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The following table summarizes the current overall water supply resources available in
McLennan County. As a whole, McLennan County currently has 134,922 acre-ft/yr of
water supply available.
Existing McLennan County Water Resources
Summary
Acre-Ft/Yr
Total Surface Water (SW)
117,174
Rights
Total Groundwater (GW)
17,748
Permits
Total SW + GW Available
134,922

3.2.1.3- Water Demands
Water demands in McLennan County come from a diverse spectrum of needs:
residential, municipal, industrial, and agricultural. The TWDB 2016 Region G Water Plan
projects the total water demand for McLennan County to increase from 72,092 acreft/yr in 2020 to 98,392 acre-ft/yr in 2070, a 35% increase.
Water demands from various sources such as TWDB, TCEQ, FHLM, and input from local
water suppliers were analyzed. Every water supplier identified in McLennan County was
sent a summary sheet for their system. The summary sheet included water supply and
demand data which was collected from various sources, and also requested local
input about the supply and demand for each system. For the purposes of the McL Co
Plan, preference was given to locally provided data, where available.
A summary of the demand data for the various entities is included in the appendix.

3.2.2- Groundwater Modeling
Groundwater modeling was a critical component of developing the conjunctive use
plan. Groundwater modeling was used to assess the response of the Trinity aquifer to
continual pumping at present-day rates and to assess the aquifer’s response to different
scenarios of decreased pumping. A simplified analytical model was developed to
guide the more accurate numerical modeling approach using the TWDB Groundwater
Availability Model (GAM).
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3.2.2.1- Analytical Model
Initially, a preliminary “analytical” model was created to model the effects of different
pumping scenarios. The analytical model was used to determine response patterns
from pumping variations (uniform pumping reduction vs targeted pumping reductions)
to narrow down the best approach for reducing drawdown in the county. The results
from the analytical model determined that a targeted approach, focusing on the
major groundwater producers, had the greatest regional benefit to the aquifer levels.
Therefore the targeted approach was used to guide numerical modeling.

3.2.2.2- Numerical Modeling: GAM
The TWDB Northern Trinity GAM was the numerical model used to obtain more accurate
results. Several run scenarios were created using the GAM.
3.2.2.2.1- Modeling Methodology/Assumptions
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3.2.2.2.2- Modeling Results
The following table summarizes the scenarios and the results. Run 10.0 represented the
baseline condition in the GAM, meaning that no changes were made to the current
well pumping rates. The baseline scenario was setup to simulate pumping continuing at
the 2010 GAM well pumping rates (2010 is the “current” year in the GAM model)
through 2070. The baseline scenario results predict an average county drawdown from
current levels of 543 ft by 2070. Runs 10.1-10.7 show varying degrees of improvement
from different reductions in pumping. The “Reduced by %” column shows the
percentage reduction in average drawdown compared to the No-Change/Baseline
condition, Run 10.0.

Run
10.0
Run
10.1
Run
10.2
Run
10.3
Run
10.4
Run
10.5
Run
10.6
Run
10.7

Trinity Aquifer Hosston Formation GAM Results (Original GAM Pumping Rates)
Description
Average
Reduced Max DD Min DD
Drawdown by (%)
(ft)
(ft)
∆ (feet)
No Change/Baseline: Existing Pumping
543
–
1,064
256
Rates (as in GAM) continue through
2070
Reduce All McLennan County Wells by
320
48
592
191
30%
Reduce Robinson, Lorena, Hewitt, and
353
47
695
196
Woodway by 50%
Reduce Robinson, Lorena, Hewitt,
393
37
661
212
Woodway, Bellmead, Waco, and
Sanderson by 30%
Reduce Robinson, Lorena, Hewitt,
320
48
611
179
Woodway, and Bellmead by 50%
Reduce Robinson, Lorena, Hewitt,
414
33
725
218
Woodway, Bellmead, Waco, and
Sanderson by 25%
Reduce Robinson, Lorena, Hewitt,
285
54
420
181
Woodway, Bellmead, Waco, and
Sanderson by 50%
Reduce Robinson, Lorena, Hewitt,
158
75
297
-103
Woodway, Bellmead, Waco, and
Sanderson by 75%

The following table summarizes the pumping rates for the various Hosston Aquifer wells
for the different model scenarios:
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Run

Description
Hewitt

10
10.1
10.2

10.3
10.4

10.5
10.6
10.7

Base, no
change
Reduce all
by 30%
Reduce 4
South users
by 50%
Reduce Top
10 by 30%
Reduce 4
South users +
Bellmead by
50%
Reduce Top
10 by 25%
Reduce Top
10 by 50%
Reduce Top
10 by 75%

Total GW Used
(cf/day)

GW Pumped by User (cf/day)
Woodway

Robinson

Lorena

Bellmead

Sanderson

Waco

Total
Drawdown

Drawdown
Reduced %

Other

372,056

269,969

226,879

8,649

194,909

179,464

4,633

645,357

1,901,915

543

N/A

260,439

188,978

158,815

6,054

136,436

125,625

3,243

451,750

1,331,340

320

48

186,028

134,984

113,439

4,324

194,909

179,464

4,633

645,357

1,463,139

353

43

260,439

188,978

158,815

6,054

136,436

125,625

3,243

645,357

1,524,947

393

37

186,028

134,984

113,439

4,324

97,454

179,464

4,633

645,357

1,365,684

320

48

279,042

202,477

170,159

6,487

146,182

134,598

3,475

645,357

1,587,775

414

33

186,028

134,984

113,439

4,324

97,454

89,732

2,317

645,357

1,273,636

285

54

93,014

67,492

56,720

2,162

48,727

44,866

1,158

645,357

959,496

158

75

Notes:
“4 South Users” = Robinson, Hewitt, Lorena, and Woodway
“Top 10”= Members of the Top 10 (by HUPP) with Hosston wells: Robinson, Hewitt, Lorena, Woodway, Bellmead, Sanderson, Waco
“Other”= Remainder of wells in the county

Aerial views of the county showing projected drawdown contours for the various model
scenarios listed in the table above are included below.

Run 10.0: Base, no changes made
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Run 10.1: Reduce all users by 30%

Run 10.2: Reduce Hewitt, Woodway, Robinson, and Lorena by 50%
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Run 10.3: Reduce Top 10 Users by 30%

Run 10.4: Reduce Hewitt, Woodway, Robinson, Lorena, and Bellmead by 50%
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Run 10.5: Reduce Top 10 by 25%

Run 10.6: Reduce Top 10 by 50%
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Run 10.7: Reduce Top 10 by 75%

Run 10.8: No Flow for Top 10 until 2050 (40 Years)
Chapter 3
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Run 10.0 represents the “base-line” condition, meaning the GAM was run with no
changes to pumping rates from 2010 through 2070. This run simulates the drawdown
response of the Hosston aquifer if the current pumping rates (as in the GAM 10)
continue through 2070. As seen from the Run 10.0 baseline image, there are two “hot
spots” of drawdown in the county: one centered over the Hewitt area and the other
centered over the Bellmead area.
The results images of the remaining scenarios show drawdown conditions for the
different scenarios of pumping reduction. As can be seen from the images, reducing
the pumping rates of the largest volume users benefits the aquifer by lessening the
projected drawdown, as compared to the baseline condition.
The following table summarizes the amount of “replacement” surface water that would
be needed to supplement the pumping reductions for each model scenario, so that
there is no overall change to each system’s water supply. The far-right column, “SW
Reqd/Total Drawdown,” shows a normalized value of the volume of water required
(cubic ft) to reduce the average drawdown of the aquifer by one foot. This number
shows the benefit of strategic pumping reductions compared to uniform pumping
reduction, and provides a means to compare scenarios to see the which scenario
provides the most best improvement to the aquifer with the least amount of
replacement water needed. For example, Run 10.1 and Run 10.4 both produce an
average drawdown of 320 ft (see Table above.) as compared to 543 ft. However, Run
10.1 would require greater pumping reduction than Run 10.4. It’s important to note that
the “SW Reqd/Total Drawdown” does not take into account expense related to
transmitting the replacement water. It only accounts for volume of water needed
compared to the resulting benefit to the aquifer.
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Run

Description

SW Required to Replace GW by User (cf/day)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

SW Reqd/Total
Drawdown
(cf/day/ftsaved)
N/A

111,616

80,990

68,063

2,594

58,472

53,839

1,390

193,606

570,574

2,559

186,028

134,984

113,439

4,324

0.00

0

0

0

438,776

2,309

111,616

80,990

68,063

2,594

58,472

53,839

1,390

0

376,967

2,513

186,028

134,984

113,439

4,324

97,454

0

0

0

536,230

2,405

93,014

67,492

56,719

2,162

48,727

44,866

1,158

0

314,139

2,435

186,028

134,984

113,439

4,324

97,454

89,732

2,316

0

628,279

2,435

279,042

202,476

170,159

6,486

146,181

134,598

3,475

0

942,419

2,448

Hewitt
10
10.1
10.2

10.3
10.4

10.5
10.6
10.7

Base, no
change
Reduce all
by 30%
Reduce 5
South users
by 50%
Reduce Top
10 by 30%
Reduce 5
South users
+ Bellmead
by 50%
Reduce Top
10 by 25%
Reduce Top
10 by 50%
Reduce Top
10 by 75%

Woodway

Robinson

Lorena

Bellmead

Sanderson

Waco

Total SW
Required

Other

Notes:
“5 South Users” = Robinson, Hewitt, Lorena, Bellmead and Woodway
“Top 10”= Members of the Top 10 (by HUPP) with Hosston wells: Robinson, Hewitt, Lorena, Woodway, Bellmead, Sanderson, Waco
“Other”= Remainder of wells in the county

3.2.2.2.3- GAM Findings/Adjustments
The GAM model breaks McLennan County into 0.25 square mile grids. Pumpage is
attributed to grid cells representing wells within the county. The majority of the large
volume groundwater users (“Top 10” discussed above) in the county have wells located
in the Hosston formation of the Trinity aquifer. A comparison between the 2010 pumping
rates used in the GAM model with the 2013 and 2015 production values and the STGCD
permitted production is shown in the table below.
From the comparison table, it can be seen that there are significant differences
between the GAM and the actual or permitted production for some systems. For
example, the permitted amount for Hewitt is approximately 469,655 thousand gallons
per year. The pumping rate for Hewitt in the GAM is set at approximately 1,015,788
thousand gallons per year (115% higher). The differences are not all consistently higher,
however. The GAM pumping rate for Lorena is 88% lower than the permitted amount.
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Comparison of Pumping Rates: GAM vs Actual Production and STGCD Permit- Hosston
Formation
Description
GAM
(1000gal/yr)
STGCD Permit
(1000gal/yr)Hosston
STGCD 2015
(1000gal/yr)
STGCD 2013
(1000gal/yr)
Avg (2013 and
2015, 1000gal/yr)
% diff between
model and avg
production
% diff between
model and
permit

Hewitt

Woodway

Robinson

Lorena

Bellmead

Sanderson

Waco

1,015,788

737,068

619,424

23,613

532,139

489,973

12,649

Other in
McL Co.
1,761,952

469,655

664,212

462,035

189,962

481,279

391,987

289,169

1,423,035

372,440

404,459

351,675

62,962

422,622

369,342

194,709

987,457

438,420

414,419

433,651

46,687

400,025

365,167

167,961

997,132

405,430

409,439

392,663

54,824

411,323

367,254

181,335

992,295

151%

80%

58%

-57%

29%

33%

-93%

78%

116%

11%

34%

-88%

11%

25%

-96%

24%

Although it is possible that some of the variability in pumping values may be attributed
to exempt15 wells in the county, in order to assess the response of the aquifer locally to
changes in pumping, revisions were made to the GAM to use production values more
closely representing actual conditions.
3.2.2.2.4- Adjusted GAM Results
The GAM model was re-run for the “10.0.1-revised baseline” (i.e. maintain revised 2010
pumping rates through 2070) and 10.4.1 (i.e. 50% pumpage reduction of Bellmead,
Hewitt, Woodway, Robinson, and Lorena). The drawdown results for the revised
scenarios are presented below.

In McLennan County, exemptions may be granted for wells that produce less than 25,000
gallons per day, are located on over ten acres, and are used solely for domestic or livestock use.
There are 52 exempt permits which encompass 137 exempt wells in the county. Source: STGCD
15
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Run 10.0: Base, no changes made

Run 10.0.1: Run 10.0 Corrected for Reported Q / Permitted Q
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Run 10.4: Reduce Hewitt, Woodway, Robinson, Lorena, and Bellmead by 50%

Run 10.4.1: Run 10.4 Corrected for Reported Q / Permitted Q
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Based upon the results of the revised GAM runs, it is clear that the pumping rates have
significant impact on the drawdown of the aquifer. Therefore it is recommended that
additional review to the GAM model be made, in order to ensure that pumping rates in
McLennan County accurately reflect pumping conditions.

3.3- Solution
In order to slow the declining aquifer levels, prepare for future growth, and provide a
drought resilient water supply, conjunctive use of water sources in McLennan County is
needed. In order to achieve conjunctive use, it is recommended that the major
groundwater users reduce groundwater pumping by 50% on average (as discussed
earlier in the modeling section) and supplement water supply with surface water from
the City of Waco.

3.3.1- Recommendation
To reduce groundwater pumping by 50% on an average day basis, additional
connections to the City of Waco water system are necessary for Woodway, Hewitt, and
Bellmead. The City of Robinson and City of Lorena are projected to have adequate
supply, at 50% reduction of groundwater, for 2070, assuming that their current contracts
continue and water rights are utilized.
For the McLennan County Conjunctive Use Plan, it is assumed that groundwater
pumping will be reduced by 50% of current pumping rates, on average. Therefore,
supplemental surface water from the City of Waco would also be supplied to meet any
predicted shortfalls on an average demand basis. Any peak demands, such as during a
time of drought, would be met by increased groundwater pumping. However, over the
long term, groundwater pumping would be reduced by 50% such that the benefit to
the aquifer might be realized, as demonstrated by the modeling effort.
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Proposed Connections to Waco System

Chapter 3
P a g e | 65

3.3.2- Cost Estimates
The following tables present planning level cost estimates for each of the major entities
recommended to construct a supply connection to the City of Waco system.
City of Hewitt: Alternative 1

City of Hewitt
50% Reduction of Current Groundwater Pumpage
To Meet Existing (2020) Demands:
No system improvement needed. Utilize existing wholesale contracts with City of Waco and City of
Lorena to replace groundwater.
To Meet Future (2070) Demands:
Exist. COW
Prop. User Prop. Length
Delivery Location
Prop. Connection Location
WL Size (in) WL Size (in) (ft)
Bagby Ave (~650 LF N. of
Hewitt EST
12
12
1,500
Alliance Rd Intersection).
(Alliance Pkwy)
Alternative 1
Description
12" PVC WL
12" Water Tie-In
12" Gate Valve
Meter
Subtotal
Contingency (20%)
Total

Cost

Cost Units

$
65.00
$ 3,000.00
$ 2,500.00
$ 16,550.00

20%

$/LF
Ea.
Ea.
Ea.

Quantity
Units
1,500 LF
2 Ea.
1 Ea.
1 Ea.

Quantity

Estimated
Cost
$
97,500
$
6,000
$
2,500
$
16,550
$
$
$

122,600
24,500
147,100
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City of Hewitt: Alternative 2

City of Hewitt
50% Reduction of Current Groundwater Pumpage
To Meet Existing (2020) Demands:
No system improvement needed. Utilize existing wholesale contracts with City of Waco
and City of Lorena to replace groundwater.
To Meet Future (2070) Demands:
Exist. COW Prop. User Prop.
Delivery Location
Prop. Connection Location
WL Size (in) WL Size (in) Length (ft)
Bagby Ave (~650 LF N. of
Hewitt EST
12
12
1,500
Alliance Rd Intersection).
(Alliance Pkwy)
Alternative 1
Description
6" PVC WL
6" Water Tie-In
6" Gate Valve
Meter
Subtotal
Contingency (20%)
Total

Cost

Cost Units

$
35.00 $/LF
$ 2,000.00 Ea.
$ 1,250.00 Ea.
$ 7,316.00 Ea.

20%

Quantity
Units
1,500 LF
2 Ea.
1 Ea.
1 Ea.

Quantity

Estimate
d Cost
$ 52,500
$ 4,000
$ 1,250
$ 7,316
$ 65,100
$ 13,000
$ 78,100
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City of Lorena
50% Reduction of Current Groundwater Pumpage
To Meet Existing (2020) Demands:
No system improvement needed. Utilize existing wholesale contract with City of Robinson.
Recommend connection to COW system for redundancy.
To Meet Future (2070) Demands:
Exist. COW
Prop. User Prop. Length
Delivery Location
Prop. Connection Location
WL Size (in) WL Size (in) (ft)
Intersection of Old Lorena Rd.
12
6
14,000 145 Mattson Ln. EST
and Spring Valley Rd.
Description
6" PVC WL
6" Water Tie-In
6" Gate Valve
Meter
Subtotal
Contingency (20%)
Total

Cost
$
$
$
$

Cost Units
35.00
2,000.00
1,250.00
7,316.00

20%

$/LF
Ea.
Ea.
Ea.

Quantity
Units
14,000 LF
2 Ea.
1 Ea.
1 Ea.

Quantity

Estimated
Cost
$ 490,000
$
4,000
$
1,250
$
7,316
$
$
$

502,600
100,500
603,100
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City of Bellmead
50% Reduction of Current Groundwater Pumpage
To Meet Existing (2020) Demands:
Shortfall of ~0.45 MGD (average). Supplement with City of Waco surface water.
To Meet Future (2070) Demands:
Shortfall of ~ 0.64 MGD (average). Supplement with City of Waco surface water. Recommended
connection size: 8".
Exist. COW
Prop. User Prop. Length
Delivery Location
Prop. Connection Location
WL Size (in) WL Size (in) (ft)
Meyers Ln (~500 LF East of
Meyers Lane Tank(s)
Intersection of Bellmead Dr.
16"
8"
200
and Meyers Ln.)
Description
8" PVC WL
8" Water Tie-In
8" Gate Valve
Meter
Subtotal
Contingency (20%)
Total

Cost

Cost Units

$
45.00
$ 2,000.00
$ 1,500.00
$ 11,930.00

20%

$/LF
Ea.
Ea.
Ea.

Quantity

Quantity
Units
200 LF
2 Ea.
1 Ea.
1 Ea.

Estimated
Cost
$
9,000
$
4,000
$
1,500
$
11,930
$
$
$

26,400
5,300
31,700
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City of Woodway
50% Reduction of Current Groundwater Pumpage
To Meet Existing (2020) Demands:
Shortfall of ~0.59 MGD (average). Supplement with City of Waco surface water.
To Meet Future (2070) Demands:
Shortfall of ~ 0.59 MGD (average). Supplement with City of Waco surface water.
Alternate 1: New connection to supply 2070 shortfall.
Exist. COW
Prop. User Prop. Length
Delivery Location
Prop. Connection Location
WL Size (in) WL Size (in) (ft)
Bent Oak/Old McGregor Rd
16
8
1,150
M-B Industrial GST
Alternate 2: Deliver to 2 locations
Bent Oak/Old McGregor Rd

16

6

1,150

M-B Industrial GST

Jewell Dr/Railroad

16

6

1,825

Cactus Ln GST

Cost Estimates
Alternate Option 1
Description
8" PVC WL
8" Water Tie-In
8" Gate Valve
Meter

Cost

Cost Units

$
45.00
$ 2,000.00
$ 1,500.00
$ 11,930.00

Subtotal
Contingency (20%)
Total

$/LF
Ea.
Ea.
Ea.

Quantity
Units
1,150 LF
2 Ea.
1 Ea.
1 Ea.

Quantity

Estimated
Cost
$
51,750
$
4,000
$
1,500
$
11,930
$
$
$

20%

69,200
13,800
83,000

Alternate Option 2
Description
6" PVC WL
6" Water Tie-In
6" Gate Valve
Meter
Subtotal
Contingency (20%)
Total

Cost
$
$
$
$

Cost Units
35.00
2,000.00
1,250.00
7,316.00

20%

$/LF
Ea.
Ea.
Ea.

Quantity
Units
2,975 LF
4 Ea.
2 Ea.
2 Ea.

Quantity

Estimated
Cost
$ 104,125
$
8,000
$
2,500
$
14,632
$
$
$

129,257
25,851
155,108
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3.4- Conclusion
The following “cut sheets” summarize the conjunctive use plan for the five major entities
requiring reduced groundwater pumping under the Conjunctive Use Plan. Each “cut
sheet” contains a summary table of existing connections to the City of Waco system, a
summary of supply and demand for 2020 and 2070 conditions, recommendation exhibit
and summary, cost estimates, and a graph showing the projected relationship between
supply and demand from 2020-2070.

Participating Entity
(Individual Conjuctive Use
Systems)
City of Hewitt (p. 72)
Full Capacity
Phased (Phase 1)
City of Robinson (p. 74)
Full Capacity
City of Bellmead (p. 75)
Full Capacity
City of Woodway (p. 76)
Single connection
Two connections

Estimated
Cost
$147,100
$ 78,100
$603,100
$ 31,700
$ 83,000
$155,000

TOTALS by Options
(Combined Options for
Indv Systems)
Full Capacity systems plus
Single Woodway connect
Full Capacity systems plus
Two Woodway connects
Phased Hewitt plus Single
Woodway Connects
Phased Hewitt plus Two
Woodway Connects

Estimated Cost
$864,900
$936,900
$795,900
$867,900
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City of Hewitt

Existing Connection to COW System
Loca tion

COW Di a meter

Us er Di a meter

Wa rren Rd/Ri tchi e Rd

16"

16"

Conjunctive Use Plan- Summary

Supply and Demand Analysis
Yea r

Servi ce Area Avg.
Dema nd (MGD)

Whol es a l e
Contra ct Dema nds
(MGD)

Total Avg.
Dema nd (MGD)

GW Suppl y (a s s umed SW Suppl y (Exi s ting
a t 50% of permi t)
Contra ct w/ COW not
(MGD)
to exceed 2 MGD)

Suppl y from Lorena
(Exi s ting Contra ct i s for
0.25 MGD)

Total
Suppl y *

Avg. Shortfa l l
Suppl y-Avg. Dema nd
(MGD)

2020

2.56

0

2.56

0.64

2

0.25

2.89

0.33

2070

3.75

0

3.75

0.64

2

0.25

2.89

-0.86

Recommendations
Al terna tive

Avg. SW Needed
from COW (MGD)

As s umed Vel oci ty
(ft/s )

Requi red
Di a meter

Sel ected Di a meter

Des cri ption

Al t. 1

0.86

3

9"

12"

New connection to COW s ys tem, wi th ca pa ci ty to s uppl y Avg 2070 s hortfa l l

Al t. 2

0.00041

3

3.8"

6"

Util i ze exi s ting 16" connection to COW a t 3 fps for the exi s ting COW contra ct +
a dd'l SW, a nd then cons truct a n a ddi tionl connection to s uppl y rema i ni ng 2070
Avg s hortfa l l .

Cost Estimate
Alternative 1
Description
12" PVC WL
12" Water Tie-In
12" Gate Valve
8” Meter
Subtotal
Contingency (20%)
Alt. 1 Total
Alternative 2
6" PVC WL
6" Water Tie-In
6" Gate Valve
4” Meter
Subtotal
Contingency (20%)
Alt. 2 Total

Cost
$
65
$ 3,000
$ 2,500
$ 16,550

Cost
Units
$/LF
Ea.
Ea.
Ea.

1,500
2
1
1

Qty
Units
LF
Ea.
Ea.
Ea.

1,500
2
1
1

LF
Ea.
Ea.
Ea.

Qty

Estimated Cost

20%

$
35
$ 2,000
$ 1,250
$ 7,316

$/LF
Ea.
Ea.
Ea.
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$
$
$
$
$
$
$

97,500
6,000
2,500
16,550
122,600
24,500
147,100

$
$
$
$
$
$
$

52,500
4,000
1,250
7,316
65,100
13,000
78,100

Existing Connection to COW System
Location

COW Diameter

User Diameter

N. Side of Corp. Pkwy at IH35

16"

18"

City of Robinson
Conjunctive Use Plan- Summary

Supply and Demand Analysis
Year

Service Area Avg.
Demand (MGD)

Wholesale
Contract
Demands (MGD)

Total Avg.
Demand (MGD)

GW Supply (assumed SW Supply (Robinson's BRA SW Supply (Lorena's BRA
SW Supply
at 50% of permit)
contract, 13,100 ac-ft/yr)
contract, 1000 ac-ft/yr) (Contract w/ COW
(MGD)
(MGD)
(MGD)
for 560 ac-ft/yr)

Total Supply

Avg. Shortfall
Supply-Avg.
Demand (MGD)

2020

2.18

0.89

3.07

0.63

11.7

0.89

0.5

13.72

10.65

2070

3.94

0.89

4.84

0.63

11.7

0.89

0.5

13.72

8.89

Recommendations
N/A: Robinson is projected to have surplus water supply, considering their existing water rights and contracts.
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City of Lorena
Conjunctive Use Plan- Summary

Cost Estimate
Alternative 1
Description
6" PVC WL
6" Water Tie-In
6" Gate Valve
4” Meter
Subtotal
Contingency (20%)
Alt. 1 Total

Cost
$
35
$ 2,000
$ 1,250
$ 7,316
20%

Cost
Units
$/LF
Ea.
Ea.
Ea.

Qty
14,000
2
1
1

Qty
Units
LF
Ea.
Ea.
Ea.

Estimated Cost
$
$
$
$
$
$
$
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490,000
4,000
1,250
7,316
502,600
100,500
603,100

Existing Connection to COW System
Location
COW Diameter User Diameter
Corsicana St. & Bethard
8"
6"

City of Bellmead
Conjunctive Use Plan- Summary

Supply and Demand Analysis
Year
2020
2070

Service Area
Avg. Demand
(MGD)
1.11
1.3

Recommendations
Avg. SW
Alternative Needed from
COW (MGD)
Alt. 1

Wholesale
Contract
Demands
(MGD)

0.64

Total Avg.
Demand
(MGD)
0
0

GW Supply
(assumed at 50% of
permit) (MGD)

1.11
1.3

SW Supply
(MGD)

0.66
0.66

Assumed
Velocity (ft/s)

Required
Diameter

Selected Diameter

3

7.79"

8"

Total Supply
(MGD)
0
0

Avg. Shortfall
Supply-Avg.
Demand (MGD)

0.66
0.66

-0.45
-0.64

Description
Construct new 8" line connecting to COW's 16" waterline along
Meyer Ln to deliver water to the 3 GSTs.

Cost Estimate
Alternative 1
Description
8" PVC WL
8" Water Tie-In
8" Gate Valve
6” Meter
Subtotal
Contingency (20%)
Alt. 1 Total

Cost
$
45
$ 2,000
$ 1,500
$ 11,930

Cost
Units
$/LF
Ea.
Ea.
Ea.

Qty
200
2
1
1

Qty
Units
LF
Ea.
Ea.
Ea.

Estimated Cost

20%
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$
$
$
$
$
$
$

9,000
4,000
1,500
11,930
26,400
5,300
31,700

Existing Connection to COW System
Location
COW Diameter
Otis Dr/Old McGregor Rd
8"
Broad St. at City Limits
6"
Delhi Rd at City Limits
16"
Bosque Ln at City Limits
8"
Sunn Dr/Old McGregor Rd
16"
Sunn Dr/Old McGregor Rd
16"
Wickson Rd/Hwy 84
12"
Bush Dr/Hwy 84
12"

City of Woodway

User Diameter
6"
6"
6"
6"
3"
4"
6"
6"

Conjunctive Use Plan- Summary

Supply and Demand Analysis
Year
2020
2070

Wholesale
Contract
Demands (MGD)
3.1
0
4.1
0

Service Area Avg.
Demand (MGD)

Recommendations
Avg. SW Needed
Assumed
Alternative
from COW (MGD) Velocity (ft/s)
Alt. 1
0.59
3
0.297
3
Alt. 2
0.297
3

Total Avg.
GW Supply
SW Supply (Bluebonnet
SW Supply (COW
Demand
(assumed at 50% of Contract: 1,362 acre-ft/yr)
Contract) (MGD)
(MGD)
permit) (MGD)
(MGD)
3.1
0.91
1.22
0.38
4.1
0.91
1.22
1.38

Required
Diameter
7.5"
5.3"
5.3"

Selected Diameter
8"
6"
6"

Avg. Shortfall
Supply-Avg.
Demand (MGD)
2.51
-0.59
3.51
-0.59

Total Supply
(MGD)

Description
New connection to supply Avg. 2070 shortfall.
2 new connections to supply Avg. 2070 shortfall, each assumed to supply 50% of
shortfall.
Cost Estimate
Alternative 1
Description

8" PVC WL
8" Water Tie-In
8" Gate Valve
6” Meter
Subtotal
Contingency (20%)

Cost
$
45
$ 2,000
$ 1,500
$ 11,930

Cost
Units
$/LF
Ea.
Ea.
Ea.

Qty
1,150
2
1
1

Qty
Units
LF
Ea.
Ea.
Ea.

20%

Alt. 1 Total

Estimated Cost
$
$
$
$
$
$

51,750
4,000
1,500
11,930
69,200
13,800

$

83,000

$
$
$
$
$
$

104,125
8,000
2,500
14,632
129,257
25,851

Alternative 2

6" PVC WL
6" Water Tie-In
6" Gate Valve
4” Meter

$
35
$ 2,000
$ 1,250
$ 7,316

$/LF
Ea.
Ea.
Ea.

2,975
4
2
2

LF
Ea.
Ea.
Ea.

Subtotal
Contingency (20%)

Alt. 2 Total

$
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155,108

3.5- Appendices
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CHAPTER 4: ARSENIC MITIGATION PLAN
4.0- Introduction
The McLennan Country Water Supply Plan is cooperative effort between public water
suppliers in McLennan County to manage and strategically use water resources in the
county. The three main goals of the plan are:
1. Preserve Groundwater Availability
2. Provide Drought Resiliency
3. Mitigate Arsenic-Impacted Water Systems
In 2001, “EPA adopted a new standard for arsenic in drinking water of 0.01 mg/l or 10
parts per billion (ppb), replacing the old standard of 50 ppb.”16 When the new
Maximum Contaminant Level (MCL) for arsenic became effective, several groundwater
systems in McLennan County became non-compliant. The “Arsenic Mitigation Breakout
Plan” addresses the third overall plan goal listed above.

4.1- Affected Systems
Nine systems in McLennan County are currently under Administrative Order (AO) for
arsenic levels exceeding the drinking water MCL. The McLennan County arsenicimpacted systems are listed below:
10. Axtell Water Supply Company (WSC)
11. Birome WSC
12. City of Riesel
13. Elk Oak Lake (EOL) WSC
14. Leroy-Tours-Gerald (LTG) WSC
15. Meier Settlement (MS) WSC
16. Moore Water System
17. Riesel-Meier Settlement (RMS) WSC
18. Prairie Hill WSC

16

Source: https://www.epa.gov/dwreginfo/drinking-water-arsenic-rule-history
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The nine arsenic-impacted systems are groundwater systems located along the
northeast edge of McLennan County as shown in Figure 2.

Birome
LTG

Axtell
Moore
EOL
Prairie
RMS

Hill

MS
Riesel

Figure 2: Nine Arsenic Systems in McLennan County

The arsenic concentrations of the systems vary. Even within a particular well, the arsenic
concentration can vary from day to day. The following table summarizes the maximum
arsenic levels available from TCEQ testing records or from data provided by the systems
for each of the systems under AO. The table also shows each system’s pumping permit
amount as provided by the Southern Trinity Groundwater Conservation District (STGCD),
and their projected 2070 Peak Day Demand.

Chapter 4
P a g e | 79

Water System

Axtell WSC
Birome WSC- Plant
5 Only
City of Riesel
Elk Oak Lake (EOL)
WSC
Leroy-ToursGerald (LTG) WSC
Meier Settlement
(MS) WSC
Moore Water
System
Riesel-Meier
Settlement (RMS)
WSC**
Prairie Hill WSC

Max Tested
Arsenic
Concentration
(mg/L)
0.018

STGCD Permit Amount
(Gal/Yr)

2070 Peak
Demand
(Gal/Day)*

68,407,000

575,901

0.014

71,428

0.017
0.022

N/A (wells outside McL
Co)
42,780,978
69,989,000

0.022

54,419,000

318,207

0.0125

7,593,990

75,085

0.03*

6,397,000

97,065

0.018

51,957,203

549,485

0.031

68,454,000

558,866

357,411
664,248

* See Appendix A for additional information on 2070 Peak Demands.
**Arsenic concentration data was unavailable for Moore Water System. A concentration of
0.03 was assumed.
*** RMS is a WSC that is shared between MS and City of Riesel. The total STGCD permitted
amount for RMS is split between MS and City of Riesel, with MS and City of Riesel having rights
to 48.62 acre-ft/yr and 110.83 ac-ft/yr, respectively.

4.2- Solution
The solution and schedule described in the following sections were presented to
members of the EPA Region VI Enforcement Group and engineers/representatives of
the arsenic-impacted systems at a McLennan County Water Resources Group meeting
on October 14, 2016. At the meeting Region VI members expressed their approval of
the plan to address the arsenic issues in McLennan County.

4.2.1- Approach
Public involvement and local input were critical components to development of the
Arsenic Mitigation Plan. Information about each water system’s individual needs and
unique situation were needed to develop a feasible plan. Requests for system-specific
information were sent out to the various entities. Several public meetings were
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organized to discuss project progress and receive feedback from stakeholders.
Additionally, meetings were held with the affected systems’ consultant engineering
representatives to discuss specific technical aspects of each system’s needs.
To mitigate the arsenic-contaminated groundwater issues within McLennan County, the
recommended approach is to blend the arsenic-contaminated groundwater with
another “clean” water source (having a much lower arsenic concentration) such that
the resulting solution will have a diluted arsenic concentration below the MCL. The
target “blended” solution arsenic concentration chosen for this plan is 0.0085 mg/l,
which provides a 15% buffer below the MCL. For this approach, it was assumed that
water blending will occur at well sites. Therefore, the assumed delivery point(s) for the
blending water source is to the individual well sites.
The recommended water source for blending is treated surface water from Lake Waco.
Treated Lake Waco surface water has a low arsenic concentration, and the existing
City of Waco distribution system has large diameter transmission mains located a
reasonable distance from the target delivery points. Treated Lake Waco surface water
may be obtained through a wholesale contract(s) with the City of Waco.
The nine arsenic-impacted systems in McLennan County are all located along the
northeastern county boundary. The close proximity of the systems to one another allows
the opportunity to share the infrastructure needed to transmit water from the Waco
system to the delivery points (well sites). Logical grouping of the systems to maximize
infrastructure sharing opportunity and minimize infrastructure capital costs resulted in
three groups:
1. MS WSC, RMS WSC, City of Riesel (and H&H17)
2. Axtell WSC, Moore WSC, EOL WSC, Prairie Hill WSC (and Birome18)
3. LTG WSC

H&H WSC is not under AO by the EPA for arsenic MCL violation. However, it may be
advantageous for H&H to participate in a shared water transmission main supplying City of
Waco surface water to provide a redundant source of supply for their system for future needs or
emergencies.
18 Birome WSC’s wells are located outside McLennan County. Birome has a treatment plant site
(Plant 5) in close proximity to the Axtell system. Infrastructure sizing has been calculated
including only the projected needs for Birome’s Plant 5 location.
17
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4.2.2- Proposed Infrastructure
rf Assumptions used in developing the “planning level” infrastructure design are
summarized below:
•

Pipe sizing was based on an assumed transmission velocity not exceeding 3 ft/s
and delivering sufficient dilution water to meet projected 2070 Peak Day
demands for each system concurrently.

•

For systems with multiple delivery sites, the projected total blending water
demand for the system was assumed to be equally distributed between delivery
sites. (i.e. for a system with 2 well sites, 50% of their total blending water needed
was assumed delivered to each well site)

•

No pipes smaller than 6 inches were recommended, although in some cases
capacity requirements may allow for a smaller diameter pipe.

•

Elevations along proposed route layouts based on TNRIS contour data.

•

Tank sizing was based on 200 gal/connection19.

•

Pump sizes were based on assumed efficiency of 70% and providing sufficient
head to deliver water to a height of 30ft20 above ground surface at the delivery
points, while maintaining a minimum of 35 psi21 in the transmission line.

Planning level design calculations for each proposed connection are included in the
Appendix.

The number of connections used for tank sizing was adjusted by the percentage of Waco
blending water needed to meet the target arsenic concentration.
20 Height of 30ft above grade was chosen to represent delivering blending water to the top of a
30ft tall tank. A 30ft tall tank may represent a potential blending tank, depending on individual
system design.
21 It may be possible to receive an exception to the 35 psi requirement, reducing to 5 psi,
provided that certain criteria are met. For planning purposes, the 35 psi requirement was
assumed.
19
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Exhibit 1: LTG Layout Exhibit Placeholder (11x17)

McLennan Co. Regional Water Plan
“Arsenic Mitigation Breakout Plan”
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Exhibit 2: EOL-Axtell-PH-Moore-Birome
Layout Exhibit Placeholder
(11x17)

McLennan Co. Regional Water Plan
“Arsenic Mitigation Breakout Plan”
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Exhibit 3: City of Riesel-MS-RMS (H&H)
Layout Exhibit Placeholder
(11x17)

McLennan Co. Regional Water Plan
“Arsenic Mitigation Breakout Plan”
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4.2.3- Cost Estimates/Funding
Planning level cost estimates are summarized in the tables below for each of the three
proposed connections to the City of Waco system. Detailed cost estimate breakdowns
are included in the appendix for each proposed connection.
Proposed
Participants
Estimated Cost
Connection
1
Leroy Tours Gerald (LTG)
$ 3,091,400
2
EOL-Axtell-Prairie Hill-Moore-Birome Plant 5
$ 10,613,200
3A*
City of Riesel+ RMS+ MS+ H&H
$ 7,673,400
3B*
City of Riesel+ RMS+ MS
$ 5,939,000
*Note- For Connection 3, Alternative A includes H&H. Alternative B does not include
H&H.

A brief description of potential sources of funding for these systems is listed below.
1. TWDB’s SWIFT funding provided the plan is approved in the Brazos G Regional
Plan
2. TWDB low-interest loans
3. USDA grants and/or low-interest loans
The United States Department of Agriculture offers grants and low-interest loans
to help small, rural communities finance necessary water projects. An
application is required. Selection priority is based on a number of factors
including project necessity, number of affected residents, average household
income of affected residents, and length of time the improvement has been
needed.
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4.3- Schedule
The schedule below was presented during one of the Water Resources Group Meetings
which included representatives from the EPA.
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4.4- Appendices
Appendix A: Compiled Arsenic Test Data from TCEQ Online Database
Appendix B: Arsenic- Impacted Systems Maximum Day Water Demand
Projections
Appendix C: Arsenic-Impacted Systems Blending Water Demand Projections
Appendix D: Arsenic Mitigation System Design Calculations/Cost Estimates
Item D1: Leroy Tours Gerald (LTG) System
Item D2: EOL + Axtell + Prairie Hill + Moore + Birome System
Item D3: City of Riesel + RMS + MS + (H&H) System
Appendix E: Water Resources Group Meeting with EPA Representatives
Item E1: Water Resources Presentation
Item E2: Meeting Sign-In Sheet
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CHAPTER 5- IMPLEMENTATION
The scope of the McL Plan will require continued efforts and support of the wide range
of entities that participated in its development. There are a number of tasks that will be
required for implementation the concepts and recommendations of the McL Plan.
These are briefly discussed in the Sections below.

1.0- Continued Discussion and Presentations regarding
Groundwater Benefits to McLennan County
Although positive, groundwater modeling to simulate the long-term results of
decreased groundwater pumping by the largest groundwater users in McLennan
County involves complex methods and the explanation of the approach and results, in
terms that groundwater water systems in McLennan County will recognize and
appreciate, will require more effort. The continued discussions will involve both the
groundwater systems—from the large systems involved directly with the conjunctive use
of Lake Waco water to all the other systems that will benefit from improved aquifer
conditions—and the Southern Trinity Groundwater Conservation District (STGCD)
It is anticipated that the STGCD will undertake additional groundwater modeling,
further improving the GAM runs to reflect actual pumping conditions and will work with
individual groundwater systems to identify local well conditions and vulnerabilities.
The McL Group will coordinate with the STGCD in future discussions and presentations.

2.0- Adoption of the McLennan County Drought
Contingency Plan
The leadership of the McLennan County Judge, the important implementation step of
formally adopting the McLennan County Drought Contingency Plan will be undertaken.
The McLennan County Commissioners will be briefed on the plan and its potential
benefits for McLennan County and its water users. During the Implementation phase,
the Drought Contingency Plan will be presented for consideration and formal adoption.
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3.0- Coordination on the Operating Framework
The McLennan County Drought Contingency Plan specifies a number of actions that
will be taken. During the Implementation phase, the responsibility for these actions will
be formally assigned. This will include not only identifying the agency but also the staff
member(s) responsible.
The McL Group will work with the various McLennan County agencies to insure the that
the Operational framework laid out in the Plan is properly assigned and executed.
A framework for preparing and approving the required five-year updates to the
McLennan County Drought Contingency Plan will be an important part of the
assignments formalized during the Implementation phase.

4.0- Development of water rate structure(s) to support the
reduced groundwater pumping by the major
groundwater users
During the development of the McL Plan presented in this report, several scenarios were
presented to the McL Group on developing water rate structures to support or help
defer the cost by the large groundwater users of taking Lake Waco water. The
deferred cost would relate directly to the economic benefits of future aquifer
conditions and availability resulting from the reduced pumping of groundwater by the
large groundwater users.
Experienced water rate consultants will evaluate different scenarios and present those
first to the McL Group and then to the groundwater users in McLennan County. The
following tasks and rate scenarios will be evaluated.

Task 1 – Sample Selection and Information Gathering
At the outset of Task 1, the Project Team will work with Engineer to select up to three (3)
sample groundwater users to consider within the financial analysis. This sample will seek
to select three representative groups from various geographical, financial, and
demographically diverse areas. The final selection will be approved by the Engineer as
well as the County’s representatives. Once selected, data requests will be provided to
the selected groundwater users to gather information needed for the financial analysis.
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Such data may include, but not be limited to, financial, operating, ordinances, and
utility billing data.

Task 2 – Pricing Scenarios
Based on the information collected in Task 1 and the data provided by the Engineer,
the Project Team will consider three different scenarios for pricing surface water to the
selected sample groundwater users. These scenarios are outlined in further detail
below:

Task 2a – Blended Rate
The Project Team will first consider developing a blended production rate for
each selected groundwater user. This rate will include the cost, per 1,000
gallons, of developing groundwater and the cost, per 1,000 gallons, of
producing surface water. These costs will then be blended, or weighted, based
on the blending or weighting of the total supply to be provided.

Task 2b – Surface Water SWAP
In the second pricing scenario, the Project Team will seek to develop a pricing
mechanism whereby groundwater is “swapped” for surface water. Under this
pricing scenario, the Project Team will develop a price per 1,000 gallons based
on the avoided cost of produced groundwater coupled with the incremental
cost associated with producing surface water.

Task 2c – Groundwater Credit
In the third and final scenario, the Project Team will develop the cost of
producing surface water, with a per 1,000 gallon credit provided to the
groundwater user for unused groundwater supplies. Under this scenario, it is
anticipated that the credit will diminish overtime as economically feasible. The
level and phasing of the credit will be discussed with the Engineer and with
representatives of the County.

Task 3 – Present Value Analysis
Each scenario developed will be analyzed for a 20- to 30-year period, depending on
the term of debt needed to support capital costs associated with converting from
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groundwater to surface water supplies. The annual rate will be developed on a real
dollar as well as a present value basis, and a range of impacts will be developing
showing the low, high, and average impact to the groundwater customer of each
pricing scenario.

Task 4 – Report Development and Presentation
On completion of the analysis, the Project Team will develop a draft report presenting
the analysis conducted including an overview of the methodology utilized under each
scenario, as well as the Project Team’s overall findings and conclusions.
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PUBLIC OUTREACH

The following includes the copies of agenda, presentations, meeting notes, efforts, and
sign-in sheets for the McL Group meetings, City Council meetings, and called meetings
of interested stakeholders in McLennan County.

Public Outreach

