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1. 0 INTRODUCTION

Lower Bois d' Arc Creek Reservoir (LBCR) is a proposed reservoir on Lower Bois d' Arc Creek, a tributary of

the Red River. The North Texas Municipal Water District ( NTMWD) will construct a raw water intake and

raw water pump station ( RWPS) at the proposed LBCR as a part of an overall system of raw water storage, 

transmission, and treatment facilities that will ultimately provide water to the growing northern areas of

the NTMWD' s service area. FNI was tasked with evaluating the RWPS and intake site locations, and

designing the RWPS and intake. 

1. 1 PROJECT BACKGROUND

By contract dated April 2, 2014, the NTMWD authorized Freese and Nichols, Inc. ( FNI) to perform further

analysis of the intake and raw water pump station siting and detailed intake configuration. This included

analysis of two alternative intake locations, two raw water pump station locations, and two substation

locations. As an amendment to this contract, on August 28, 2014, the NTMWD authorized FNI to proceed

with preliminary engineering services for the intake and RWPS. This Preliminary Design Report ( PDR) 

summarizes the intake, RWPS, and substation siting analysis, documents the technical decisions that were

made, and provides FNI' s recommendation for the intake and raw water pump station design. 

1. 2 PREVIOUS REPORTS

Additional background and project information can be found in the following previous reports: 

Preliminary Pipeline Routing Study and Conceptual Raw Water Pump Station Design Report" 

dated September 2009. 

Design Report for Lower Bois d' Arc Creek Reservoir Raw Water Pipeline" dated February 2014. 

Lake Raw Water Pump Station Alternative Analysis Report" dated May 2014. 

Lower Bois D' Arc Creek Reservoir Preliminary Design Report" dated January 2015. 

Technical Memorandum for " Leonard WTP Terminal Storage Reservoir Site Analysis" dated

January 2014. 

Proposed Lower Bois d' Arc Creek Reservoir, Fannin County, Texas, MITIGATION PLAN", dated

January 2014. 

1
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Report Supporting an Application for a Texas Water Right for Lower Bois d' Arc Creek Reservoir", 

two volumes dated December 2006. 

Section 404 Permit Application and Jurisdictional Determination Report", dated June 2008. 

Environmental Report Supporting an Application for a 404 Permit for Lower Bois d' Arc Creek

Reservoir", dated June 2008. 

Supplemental Data Supporting and Application for a 404 Permit for Lower Bois d' Arc Creek

Reservoir", dated December 2013. 

1. 3 PROJECT SCOPE

The scope of services for this project includes further analysis of the intake and raw water pump station. 

In particular, this project includes preliminary civil, structural, electrical, instrumentation, and controls

design of the intake. The final design and construction of the intake will be accomplished as part of the

dam ( NTMWD Project No. 344). The RWPS portion of the scope includes layout and site civil design, 

evaluation of pump and raw water system hydraulics, preliminary RWPS discharge pipe design, structural, 

architectural, mechanical, electrical, instrumentation, and controls design. 

2
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1.4 ABBREVIATIONS

Table 1- 1 displays a list of abbreviations used frequently in this report. 

Table 1- 1 List of Abbreviations

FREESE
Ii 4NICHOLS

Abbreviation

AFD

Full Nomenclature

Adjustable Frequency Drive

AOR Allowable Operating Range
BFV Butterfly Valve

CFD Computational Fluid Dynamics

CMAR Construction Manager -at -Risk

FNI Freese and Nichols, Inc. 

FPS Feet per Second

LBCR Lower Bois d' Arc Creek Reservoir

LF Linear Feet

HGL Hydraulic Grade Line

HIS Hydraulic Institute Standards

HP Horsepower

MG Million Gallons

MGD Million Gallons per Day

MSL Mean Sea Level

MUD Municipal Utility District

NPSH Net Positive Suction Head

NTMWD North Texas Municipal Water District

OPCC Opinion of Probable Construction Cost

PMF Probable Max Flood

PSI Pounds per Square Inch

RPM Revolutions per Minute

RWPS Raw Water Pump Station
TAS Texas Accessibility Standards
TDH Total Dynamic Head

TSR Terminal Storage Reservoir

WSL Water Surface Level

WTP Water Treatment Plant

3
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2. 0 DESIGN CRITERIA

2. 1 DESIGN FLOW

The Leonard Water Treatment Plant will be sized to treat all of the water available from LBCR as well as

water from other future sources. Based on the yield of LBCR, the ultimate annual average pumping will

be 110 MGD. The maximum diversion rate from LBCR in the water right permit application is 236 MGD. 

The proposed operations and the maximum annual diversion of 175,000 acre- feet will limit pumping

duration at a peak rate of 236 MGD; however designing for this peak rate will allow greater flexibility for

the NTMWD to manage their raw water supplies for normal and extraordinary operations. 

The maximum flow the pipeline and RWPS will be designed for is the maximum permitted diversion of

236 MGD. The pumping equipment will be designed for an initial firm capacity of at least 72 MGD and an

ultimate firm capacity of 236 MGD. The treatment plant is planned to be constructed in four phases with

the initial phase producing a capacity of 70 MGD treated water. A 3% loss in the delivery system from

LBCR to treated water system is assumed, meaning about 72 MGD of raw water pumping capacity will be

provided for 70 MGD treatment capacity. A similar ratio of raw water pumping capacity to treatment

capacity will be provided for future phases. 

2. 2 GOVERNING STANDARDS

The standards listed below will generally be followed in the design of the LBCR Raw Water Pump Station

and Intake. These standards, in conjunction with FNI' s experience on similar projects, will be the design

basis for the design of the RWPS and intake. If necessary, design will be adjusted to the current set of

codes at the time we begin final design. 

American Water Works Association (AWWA) 

American National Standards Institute (ANSI) 

American Society for Testing and Materials (ASTM) 

Hydraulic Institute Standards (HIS) 

Illuminating Engineering Society of North America ( IESNA) 

Institute of Electrical and Electronic Engineers ( IEEE) 

2015 International Code Council ( ICC) publications for Building, Mechanical, Plumbing and Energy

Conservation

o 2015 International Building Code

4
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o 2015 International Energy Conservation Code

o 2015 International Fire Code

o 2015 International Mechanical Code

o 2015 International Plumbing Code

Local Electrical Ordinances

2014 National Electrical Code ( NEC, NFPA 70) 

National Electrical Safety Code ( NESC) 

National Electrical Manufacturers Association ( NEMA) 

National Fire Protection Association ( NFPA) 

2015 Life Safety Code ( NFPA 101) 

Occupational Safety and Health Administration (OSHA) 

2012 Texas Accessibility Standards

Texas Commission on Environmental Quality (TCEQ) 

Underwriter' s Laboratory ( UL) 

5
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3. 0 INTAKE, RAW WATER PUMP STATION AND SUBSTATION SITING

ANALYSIS

3. 1 INTAKE LOCATION

Selection criteria and assumptions were established to identify the preferred location for the intake tower

within the reservoir. As detailed in previous studies, it is recommended that the lowest intake invert

elevation be 467 feet MSL and located near the intersection of Honey Grove Creek and the proposed dam. 

A channel will be constructed to connect Lower Bois d' Arc Creek to Honey Grove Creek. This channel will

also be used for diversion of flows during construction of the dam. The intake channel will need to be

excavated and maintained at elevations below 480 feet MSL, which is the natural floodplain of the

surrounding area, in order to uphold the intake invert elevation of 467 feet MSL. For this phase of the

study, the intake channel is assumed to be 50 feet wide with a 4: 1 side slope. Dimensions and design of

the channel for flow diversions will be determined in final design of the dam. 

Two intake locations were initially reviewed. Intake towers are shown at location Al and B in Figure 3- 1. 

Intake tower Al is located within Honey Grove Creek, utilizing the naturally lower ground elevations in

that vicinity. Intake Tower B is located approximately 330 linear feet southeast along the dam centerline. 

The main advantage of Intake Tower Al is that it utilizes the naturally lower ground elevations to limit

excavation. It is also along the natural flow line of Honey Grove Creek, therefore additional channelization

will not have to be constructed to the intake tower. The main advantage of Intake Tower B is that it will

cross less of the dam structure and slightly reduce the total length of intake pipe necessary. 

The borings performed for the dam, service spillway, and emergency spillway are relatively close to the

proposed intake tower locations and the nearest boring location was selected and analyzed. Borings at

more exact locations have been performed in later phases for final design. For Intake Tower Al it appears

that the rock is located at approximately elevation 467 feet MSL. For Intake Tower B the rock is

approximately at elevation 475 feet MSL. The current design elevation of the bottom of the intake tower

structure is 454 feet MSL. This will be further refined during final design of the intake foundation and

tower, however, it is an advantage to have the foundation of the intake tower on rock. It will also be

advantageous to have the intake pipes crossing the dam embedded in the natural rock of the area to

provide support and limit differential settlement. Excavation into the rock is not anticipated to be

significantly more time consuming or costly than excavation of the natural soils in the area. Two borings

6



Lower Bois D' Arc Intake and Pump Station Preliminary Design ReportFREESE
North Texas Municipal Water District

al7=NICHOLS

were obtained at the proposed intake tower location and the borings show the shale at elevation 462, 

confirming the foundation will be within the rock. 

During the final stages of construction of the dam, storm flows will be diverted through the dam. A

diversion channel will connect the flows from Honey Grove Creek and Lower Bois d' Arc Creek. When this

section of the dam is being closed, flows will be diverted from Lower Bois d' Arc Creek to Honey Grove

Creek and into the intake tower. It has been determined that the location of intake tower Al is too close

to Honey Grove Creek and the risk of flooding the intake tower construction area is too great in its initial

location. Intake tower B is the furthest tower from both Lower Bois d' Arc Creek and Honey Grove Creek, 

and will therefore require a longer channel excavation to reach the intake tower. In order to achieve the

greatest advantage in terms of the volume of excavation required, proximity to deepest water, and

locating the intake tower foundation on rock, a third location, intake tower A was developed. This intake

tower is just outside the existing banks of Honey Grove Creek. This location will allow flows to be diverted

from Honey Grove Creek and reduce the chance of flooding the intake tower construction zone. 

3. 2 PUMP STATION LOCATION

A conceptual footprint and layout of the pump station was identified in the previous May 2014 study to

construct a structure below -grade housing horizontal split case pumps downstream of the dam

embankment. The footprint identified was used as the initial basis for site planning. There were several

criteria developed to determine the preferred site for the pump station. The first major criterion is to

place the pump station finished floor and all electrical equipment above the probable maximum flood

elevation (PMF) of Bois d' Arc Creek downstream of the dam. The PMF elevation downstream of the dam

is 496.5 feet MSL. The second major criterion is to locate an area with five to ten feet of fall across the

site in an attempt to limit the site work necessary. The site plan will include an electrical yard at the station

for the anticipated transformers and pad mounted switches, as well as an access road surrounding the

station that will allow driveway access to the pump station at the ground floor level. Detailed station

layout and orientation are addressed in further detail in this report. 

Unfortunately, the areas on the downstream side of the dam that appear to have the most level grading

are well below the design flood elevation. Preparing a relatively flat pump station site will require adding

fill around the constructed building to reach the desired finished floor elevation. Another goal of the

selected site is to balance the required excavation and fill. Two alternate pump station locations were

identified to meet the criteria and are shown in Figure 3- 1. 

7



Lower Bois D' Arc Intake and Pump Station Preliminary Design Report r' 
FREESE

NICHOLSNorth Texas Municipal Water District

Pump Station Option 1 is located directly between the dam embankment and the service spillway and

Pump Station Option 2 is located between the service spillway and the emergency spillway. There appears

to be adequate room for construction between the dam and service spillway for Pump Station Option 1. 

There also appears to be adequate space between the pump station building and the toe of the dam for

a drainage buffer and to provide sufficient separation for the large excavation required to construct the

pump station. Option 1 is closer to the intake tower and makes use of lower ground elevations to limit

excavation for the below grade portion of the structure. This option will require crossing the service

spillway with the 90 -inch discharge pipe upstream of the stilling basin and chute. This is advantageous

because the discharge pipe will be shallower and in an area that will already be armored for the spillway. 

Ultimately, Pump Station Option 1 provides the greatest benefit for the project and is the recommended

location for the pump station. 

3. 3 SUBSTATION LOCATION

The site planning materials received from Rayburn Electric in May 2014 was used to locate the substation. 

This site plan requires an area of 230 feet by 340 feet to accommodate their proposed layout. Generally

it is the expressed opinion that a level site is preferred for ease of construction and design. The site will

also need to be located in an area that is raised above the PMF. Concepts to level the site using retaining

walls were considered to limit the area necessary to dedicate to the utility, however it was determined

that the retaining walls required to level the site would cost more than the mass grading work necessary, 

and the excess excavation spoils could be used as fill for the dam. 

Initially, two options were developed for the substation locations. These are shown as Substation Option

a and Substation Option a shown in Figure 3- 1. In later phases of the preliminary design in 2015 an

additional request from the utility to locate the substation on the east side of the emergency spillway was

received. This will allow access to the substation by the utility if the emergency spillway is ever engaged. 

A level surface has been identified in this area large enough to accommodate the latest site plan received. 

This revised site is shown in Figure 7- 4. Finalizing the substation location will require further coordination

by NTMWD and the utility in future phases. 

8
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4.0 INTAKE DESIGN

4.1 INTAKE ALTERNATIVE ANALYSIS

The purpose of the intake alternative analysis study is to: 

Evaluate alternate concepts for the intake tower; 

Update the size of the screen openings and velocity through the screens; 

Analyze hydraulics for the intake structure and intake pipes; 

Provide a recommendation for screens, gates, and stop logs; 

Evaluate hoisting systems for all appurtenances; 

Evaluate accessibility and other pertinent maintenance procedures; 

Examine intake gate levels. 

In order to develop design concepts for the intake structure, several design assumptions were made based

on previous studies conducted for NTMWD. For the design of the gates, stop logs, and screens, the 100 - 

year flood elevation of 541 feet MSL was used. The lowest gate invert is positioned at elevation 467 feet

MSL. It is also assumed that the intake channel will share much of the diversion channel. The majority of

the lake bottom is a floodplain at about elevation 480 feet MSL, therefore, the intake channel will need

to be excavated and maintained by dredging for purposes of accessing water at extremely low lake

elevations below 480 feet MSL. The intake tower is sized to handle a maximum flow of at least 144 MGD

for each side, providing half of the planned water treatment plant capacity with only half of the intake

system in service. The system will allow the maximum diversion for water supply at 236 MGD with both

sides of the intake in service. The May 2014 report states that all environmental releases (0. 6 to 323 MGD, 

1 to 500 cfs) will be routed through the intake tower. However, this design approach has been improved

and the larger environmental releases will be made through the gates at the service spillway. The revised

service spillway design will now accommodate all environmental releases over about 13 MGD ( 20 cfs). 

The smaller releases will be made through the intake tower system. 

Another criterion used for the design of the intake system is that all structures allow for two methods of

isolation for safe personnel entry into the tower and intake conduits. For all structure designs a gate and

stop log will provide the two levels of protection of any personnel within the interior of the dewatered

tower. To provide two levels of protection for the gates, two stop log slots will be provided on the outside

of the intake tower. Given that zebra mussels have a presence in North Texas, provisions will be made to
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address possible infestation within the LBCR watershed. All screens will be specified with anti -fouling or

foul -release coatings/ materials. All gates and other moving components will be reviewed for the

possibility of fouling and special steps to mitigate problems caused by fouling may be required. This will

be further evaluated in detail and incorporated into the design in future phases. To facilitate ease of

maintenance, all screens and stop logs will be removable for manual cleaning outside of the reservoir. The

concept will allow the screens and stop logs to be lifted out of their guides above the top of the intake

tower. A hoisting system will be installed to assist with lifting the screens and stop logs. 

4.1. 1 Intake Capacity

It is assumed that there will be a 3% loss in the delivery system from LBCR to the treated water system, 

meaning about 72 MGD of raw water pumping capacity will be necessary for 70 MGD treatment capacity. 

The intake tower is divided into two cells designed with a redundant intake capacity of 144 MGD in each

cell. This will allow half of the intake structure to be taken out of service for maintenance while

maintaining pumping capacity to the water treatment plant during average demand periods. Intake gate

levels will be discussed later in this chapter. 

The water that passes through the intake in the reservoir will either be pumped to the Leonard Water

Treatment Plant or will be released into the channel below the service spillway as required for

environmental releases. The required environmental releases will vary from between 1 cfs and 20 cfs ( 0. 6

to 13 MGD). There is further discussion of required environmental releases in Section 7. 6. 5. Detailed

analysis of sizes, type and location options for control valves required for these releases will be

undertaken in later phases of design. The remaining water from the intake tower will be pumped to the

Leonard Water Treatment Plant. The treatment plant will have an initial capacity of 70 MGD and will

expand in intervals of 70 MGD as shown in Table 5- 3. 

4. 1. 2 Intake Access Bridge

Access to the proposed intake tower will require a bridge that originates from the access roadway

on top of the dam. The top of the intake tower will be at the same elevation as the top of the

access roadway on the dam ( elev. 553 feet) so that the bridge is not sloped one way or the other. 

Sloping the bridge raises concern of overturning forces acting on the tower. Initially a bridge

width of 26 feet was used as the design criteria to fit all necessary construction access equipment. 

After further evaluation it was determined that a minimum bridge width of 32 feet is necessary
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to accommodate future maintenance equipment ( e. g. a Targe mobile crane) that may be

necessary as well as providing working space around the equipment. This will be further refined

in later design phases. 

4.1. 3 Intake Pipe Layout

The intake pipes will exit the tower and continue under the dam to the Pump Station. The dual 78 -inch

intake pipes will exit the tower near the center and be constructed in a reinforced concrete encasement

for both pipes. The spacing between pipes will be reviewed in final design for coordination with bridge

piers and overall encasement design details. 

It is preferred for the intake pipes to cross the dam and service spillway channel ( if required, depending

on pump station site selected) perpendicular to the centerline. Skewing the crossing will require more

compacted backfill and concrete encasement within the dam. 

4. 1. 4 Intake Screens

In preliminary phases of the LBCR study the intake tower concept was based on using barrel screens with

a 0. 5 -inch clear opening and an entrance velocity of 0. 5 feet per second. For a 72 MGD capacity each, 

these screens were approximately 16. 3 feet wide and dictated the size of the original intake structure. 

Since the preliminary phase, indications are that the individual permit for the project will allow a 1 -inch

clear opening with a 1 foot per second entrance velocity through the screen. This new criteria significantly

reduces the overall required size of the screens and the intake tower structure. Box screen and flat screen

alternatives have been reviewed and will allow for a smaller tower structure. 

The first of these options is a box screen. This box screen wraps the screen mesh around five sides, which

allows the overall size of the screen to be reduced, while maintaining the required surface area of 125 sf

for 72 MGD capacity. This concept reduces the width of the screen to approximately 6. 5 feet, and allows

a smaller intake structure to facilitate the same flows. These screens will be lowered on rails to the desired

intake elevation and raised to the surface when cleaning is necessary. 

The second option reviewed is a set of flat screens that span from the bottom of the intake tower to the

top. The flat screen has been selected as the most advantageous screen alternative. The District will be

able to lift and maintain the flat screens easier than the box screens. Using a flat screen in lieu of a box

screen to achieve the surface area required to meet the entrance velocity criteria results in a more
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efficient intake tower design. The flat screen will span 10 feet wide across the full height of the tower

structure in order to provide enough surface area to limit the entrance velocity. The screen entrance

velocity criteria of 1 fps will limit pumping at low lake elevations. Figure 4- 1 below displays the available

capacity based on the current screen design while maintaining velocity under 1 fps. 

Figure 4-1
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The screen option will be reviewed in detail for possible zebra mussel control in later design phases. The

flow patterns of the selected option will also be modeled using computational fluid dynamics ( CFD) to

analyze the velocity across the screens and through the nearby gates. 

4.1. 5 Intake Accessibility

Adequate accessibility for operation and maintenance at the top of the intake tower is required. Various

design vehicles were considered including a fork lift or boom lift. The intent is to provide enough room on

the top of the structure so that operators will be able to maneuver maintenance equipment. The top slab
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is considered to be the only typical entry point into the intake structure. Access to the interior of the tower

structure for operation and maintenance of gates, screens, intake conduits, and the structure itself is

required. Any openings in the top slab are designed so that a two -person man -basket may be lowered to

inspect and maintain gates, stems, and other components that are normally submerged. Removable

grating will be used to access the interior of the tower. The grating will be designed for a HS -20 design

load rating where susceptible to vehicle loads. The grating and associated support beams will be more

susceptible to corrosion and will require some effort to maintain coatings over the life of the structure. 

Grating will cover the intake structure above the proposed gates and a portion of the inner cell. The center

of the intake tower top slab will be concrete also be designed for HS -20 load rating. This will allow a truck

or trailer to back onto the intake structure. 

Removable guardrails and tie -off points will be installed around the perimeter of the removable grating

sections to provide safe access to the components on top of the intake tower such as gate operators, 

instruments, etc. This will allow grating to be removed for an extended period of maintenance while still

allowing safe operation and maintenance of active intake systems. 

4. 1. 6 Intake Hoisting Methods

Hoisting alternatives were evaluated for the expected maintenance activities on screens, stop logs, gates, 

and other components. The District has an existing 40 -ton mobile crane which will be able to reach all of

the gates and screens from the bridge. It has been indicated that the District' s mobile crane is frequently

in high demand and the preference is to install a permanent crane system for the intake tower. 

The permanent hoisting system for accessing all necessary equipment on the intake tower will be a 10 - 

ton, underhung, singe -girder bridge crane. This system will be similar to the bridge crane systems NTMWD

has at many of their facilities. The top of tower floor footprint was expanded slightly on the lake side to

allow the bridge crane to access all of the required stop log slots. No additional reinforcing beams are

required to be added to the structure to accommodate this hoisting system as the crane frame can be

built into the top of the structure' s walls. This hoisting option can be custom manufactured to reach all

areas necessary. 

A mobile crane may also be used to access all equipment on the intake tower. The bridge crane framing

has been kept as open as possible to allow use of a mobile crane, however some obstructions due to the

framing may be unavoidable. A 40 ton mobile crane will be necessary to access all equipment on and
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within the intake structures, while restricting the crane to the bridge deck only. This will need to be

verified in later stages of design as equipment weights are updated. 

4. 1. 7 Intake Levels & Water Quality Assumptions

In previous studies of the reservoir the lowest gate for the intake has been set at an elevation in order to

access all available storage. Based on this design criterion, the bottom intake gate invert will be at

elevation 467 feet MSL. The other design criterion is that the maximum diversion rate of 236 MGD be

possible at all elevations, however as shown in Figure 4- 1 above, this is limited some at lower lake levels. 

In order to provide the most flexibility possible, four levels of 7 feet by 7 feet intake gates will be installed. 

The second lowest gate invert is at elevation 484 feet MSL. The upper two gate inverts are 16 feet from

each other at elevations 501 and 517 feet MSL. 

Manganese and dissolved oxygen ( DO) is a concern with intakes in Texas. Manganese and DO are difficult

to treat and it is desired to design intake levels such that water with lower levels of manganese and higher

levels of DO can be withdrawn from the lake. Higher manganese concentrations are commonly seen in

the top and bottom 10 feet of reservoirs and are typically highest during the lake turnover twice a year. 

During this lake turnover, higher DO is typically seen deeper in the reservoir than the rest of the year. 

Studies have shown that an increase in manganese correlates to low levels of DO. As the depth of intake

increases and temperatures decrease the DO levels also tend to decrease. In order to avoid the highest

levels of manganese and lowest DO, it is recommended to avoid the top and bottom 10 feet of the

reservoir and intake water from the highest elevations possible, except during lake turnover. Four intake

gates allow the District to generally pull from higher water levels throughout the reservoir service

conditions. This will generally allow for an intake level with low manganese and high DO to be selected

more often. A more detailed water quality analysis will need to be conducted by the water treatment

plant design engineer. 

Another concern with water intake quality is drawing water from too large of a span within the reservoir. 

Currently, the intake gates are seven ( 7) feet tall. Due to this concern, the intake gate heights will remain

less than 10 feet during design. Drawing in more water at a lower lake level is an advantage that shorter

gates provide. 

Historical hydrologic data from previous yield analysis in the area was used to compare what the lake

levels in the proposed reservoir would have been over the past 50 years and compared to the design gate

14



Lower Bois D' Arc Intake and Pump Station Preliminary Design ReportFREESE
North Texas Municipal Water District

IF7 NICHOLS

elevations. The lake levels in the analysis are based on the average annual yield being diverted from the

reservoir. The purpose is to review most advantageous intake gate elevations within the reservoir. 

Hydraulic calculations determined the head loss across the intake system, through multiple 7' x 7' intake

gates to provide a total of 144 MGD through each intake pipe. This will require a lake elevation about 9. 25

feet above the top of the gates at elevations above the intake channel. 

Using this information, Figure 4- 2 was developed to determine what percentage of time various intake

gate elevations could be used to draw full capacity from the reservoir. 

Figure 4- 2 Percent of Time Gate Can Be Utilized
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Compiling the data above, the intake invert elevations for 7' x 7' gates are 467, 484, 501, and 517 feet. 

The minimum spacing for the intake inverts are controlled by the vertical separation required for the

overlap of the gate frames, overall constructability and structural design considerations for the tower. By

locating gates at four different elevations, the District will be able to withdraw from the anticipated higher
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water quality zone a majority of the time as well as having the flexibility to draw water out of various

intake levels as the reservoir rises and falls. 

4. 1. 8 Intake Gate Analysis & Arrangement

Two arrangements of the gates are possible for the intake tower: gates oriented for seating head and

unseating head. The seating head arrangement refers to the gates installed on the outside of the structure

using hydrostatic pressure on the gates pushing them back onto the structure against its seat. The

unseating head arrangement refers to the gates installed on the inside of the structure with the

hydrostatic pressure against the gate and pushing it off of its seat. Manufacturers generally recommend

using gates in a seating head arrangement when possible. 

The intake tower utilizes a design with all eight ( 8) intake gates installed in a seating head arrangement. 

Two gates connecting the intake tower cells will be unseating head gates. Wall thimbles are necessary for

the unseating head gates, but not for the seating head gates. However, to provide a more reliable

installation wall thimbles will be used for all gates, regardless of arrangement. This will allow for better

seating and the entire gate to be removed from the structure. 

An analysis of the intake gates was required to determine a recommended gate alternative and included

the comparison of fabricated stainless steel slide gates ( AWWA C561) and cast iron slide gates ( AWWA

C560). The cast iron gates have also historically been referred to sluice gates. The results, which are

discussed in further detail below, are that stainless steel gates are generally superior to cast iron gates in

terms of unseating head design. Historically, cast iron gates have been considered superior to stainless

steel gates in a seating head design. However, both types can be used successfully and for several reasons

discussed below, stainless steel fabricated slide gates are the recommended gates for the LBCR Intake

Structure. Further details will be reviewed as specifications are developed at later stages of the design. 

AWWA standard C561 governs the fabricated stainless steel slide gate design and AWWA standard C560

governs cast iron slide ( sluice) gate design. The main difference in these two standards is that the

fabricated slide gate is designed with a safety factor of 4 and the cast iron slide gate is designed with a

safety factor of 5. Another key difference between the two standards is that AWWA C561 requires a

maximum leakage rate of 0. 10 gpm/ foot of seated perimeter. AWWA C560 has the same leakage rate

requirements for seating head conditions, however if the gate is in the unseating position the leakage rate
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doubles. Where the unseating head exceeds 20 feet, the leakage rate also increases to a minimum of 0. 10

0. 005 * unseating head ( feet). 

Cast iron and fabricated slide gates both have different maintenance concerns. Both gates must be

exercised on a regular basis. There is a greater concern with the cast iron gates seizing than the fabricated

slide gates due to the materials of construction ( cast iron and bronze versus stainless steel and UHMW

polyethylene) if gates are not exercised consistently. Cast iron gates have a higher risk of corrosion than

stainless steel slide gates, however that does not appear to be a deciding factor for the service in fresh

water at this intake tower. In order to make repairs to the gate the cast iron gates always have to be

removed from the wall, while fabricated gates may be repaired while the gate is on the wall. Necessary

maintenance for the fabricated slide gates can be performed underwater with a diver, however, due to

the extreme difficulty of working underwater and inspecting repairs made by divers, it is recommended

to completely remove the gate and frame from the wall thimble and bring it up to the surface to perform

major maintenance. 

Both gates include seals that will need to be replaced within the life of the structure. The fabricated slide

gate seals are self-adjusting and have an expected life span of at least 10- 15 years. The replacement of

these seals may be done while the gate is on the wall. Cast iron gates have a non -replaceable seal that

must be manually adjusted, and have an expected life span of 50 years. When the seals wear out on cast

iron gates, a new gate must be purchased and installed. 

Typically, manufacturing and delivery of fabricated slide gates is quicker than cast iron gates, however

lead time for gates required at this tower will not be a limiting factor. During the gate analysis, the largest

and best- known cast iron gate manufacturer started the process of reorganizing their company and stated

that they will not be manufacturing and taking orders for new cast iron gates for at least the next 12

months. In the future all of their casting will be done in China when the manufacturing begins again. FNI

recommends reviewing this in later phases of design when finalizing design specifications. This may

eliminate the one manufacturer of cast iron gates that FNI recommends. There are several manufacturers

FNI will recommend for supply of fabricated stainless steel slide gates. The NTMWD has a history of better

performance using fabricated stainless steel slide gates than using cast iron slide gates when used in

similar applications. The fabricated stainless steel slide gates are recommended due to the current market

conditions and availability, past experience, and overall suitability for the application. 
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4. 1. 9 Stop Log and Screen Arrangement

The original concept for the screens used a barrel screen as described earlier. With the final requirements

of the individual permit, the use of a box screen and flat screen was evaluated. The flat screen design

accommodated the intake tower design the best and will be used for the intake tower. The screen mesh

will be set into a frame that will then be inserted into the guides behind the stop log system. This screen

system makes use of one large screen system for all gates on one side of the intake tower instead of

individual screens paired with each gate. The size of flat screen will match the size of the stop logs and is

estimated to be about 7. 5' x10' with 1 -inch mesh inside the frame. This arrangement will likely require

additional screen panels compared to the number of box screens required, however the shape of the flat

panel screen will allow for a simpler lifting mechanism to be used. Fabrication will also be simpler for the

initial installation and possible future replacement if an individual screen panel were damaged. 

4.1. 10 Intake Tower Location in Relation to Dam

The location of the intake tower along the dam centerline at approximately Sta. 105+50, as well as

distance from the centerline of the dam at about 200 feet has been set and it is not anticipated to move. 

The intake tower is set as close to the dam as possible without risking any unnecessary overturning forces

and thus allowing shorter intake pipes and bridge. Approach walls will be located on the front face of the

intake tower and will be sloped with the excavation of the channel. 

4.1. 11 Intake Tower Arrangements

Several different shapes were analyzed for the intake tower. These include a square, rectangle, octagon, 

circle, and hexagon. When laying out the gates on the structures, it became obvious that the rectangle

and hexagon were the most advantageous shapes. The octagon did not include enough sides to

accommodate all gates without increasing the structure size to something larger than the other

alternatives. A round intake structure is not conducive to efficiently accommodate the required size of

the gates. A square intake structure would require that all four sides accommodate two gates, including

the side facing the dam. This would push the intake structure farther into the reservoir. Access around

the intake tower to all of the gates for maintenance and dredging would also be restricted. There would

also be concern of something falling from the dam side of the intake tower and damaging the screens

and/ or stop logs. Of the arrangements evaluated, the final option developed is a rectangular seating head

option arrangement. 
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4.1. 12 Rectangular Seating Head Flat Screen Option

The rectangular seating head option features two structural walls for the construction of the intake tower

and utilizes a flat screen. The outer wall contains the screen and stop log guides and the inner wall contains

the seating -head intake gates with a continuous bay in- between. This continuous bay will allow one screen

system on each side of the tower for water to pass through. The screen openings will span the entire

height of the tower for a total surface area of approximately 860 square feet each. There is a space of 7

feet between the walls to provide room for a two -person man -basket to be lowered. This option

accommodates up to four different intake levels. The overall footprint of the structure is 71 feet by 50.5

feet. The hoisting system for this option will be a bridge crane oriented to keep the center of the tower

clear for access. This option requires 10 gates, two 74 feet tall stop log systems, and three 86 feet tall flat

screen systems ( one to be a spare while out of service for desiccating and manual cleaning). The intake

structure can be seen in more detail in Figures 4.3 through 4.9. 

4.2 INTAKE ELECTRICAL, INSTRUMENTATION AND CONTROLS

The intake structure is served in a single transmission distribution service provider area that can only be

served by Fannin County Electric Cooperative ( FCEC). It is anticipated that a 25KV aerial feeder will be

routed to the intake structure and spillway. Location of the aerial feed and associated power poles, 

electrical equipment and feeder devices will be resolved during the design phase. Both intake structure

and spillway locations will utilize a pad -mounted, liquid -filled service transformer to derive 480V service

voltage. The liquid inside the transformer and location of the pad will be reviewed in final design to verify

leakage and contamination in the lake is minimized. Metering equipment will be installed at either the

FCEC substation or at each service transformer. 

Power for the intake structure will be routed underground from the service transformer location to the

bridge. The service lateral will then transition from underground to above the bridge, routed on the inside

of the concrete rail. The service lateral will terminate to a disconnect switch adjacent to the electrical

room on the intake structure. A separate enclosure housing receptacles for a portable generator

connection will be installed near the disconnect switch. Power will then be routed from the disconnect

switch to 480V panelboard inside the electrical room. Electrical equipment will include a dry -type

stepdown transformer and 208Y/ 120V panelboard for 120V circuits. All gate operators ( motors) are

planned to be 480V, 3- phse, either 5HP or 10HP. 120V power will serve convenience outlets and electrical

room ventilating equipment. All panelboards will incorporate Surge Protection Devices (SPD' s). 
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All conduit is planned to be rigid aluminum or PVC -coated Rigid Galvanized Steel ( RGS) conduit. Aluminum

EMT may be used inside the electrical room. Conductors are planned to be copper with XHHW insulation. 

Lighting will be provided for the bridge, inside the electrical room, and on the intake structure. Lighting

fixtures will be state-of-the- art LED type, with minimum 5 -year manufacturer' s warranty on the drivers, 

LED modules and fixture components. A photocell with timeclock and H/ O/ A switch will control all exterior

fixtures. Lighting fixtures will be arranged to provide security and task lighting with minimal glare, in

accordance with IESNA guidelines. 

Instrumentation will consist of ultrasonic level sensors mounted at the top of the intake cell structure. No

cabling or instrument parts will contact the water. Ultrasonic level sensors are preferred over pressure

transducers when evaluating maintenance and operation concerns with potential zebra mussel

populations. One ultrasonic level sensor is planned for each intake structure cell ( two total). Final

configuration is dependent on the hydraulic analysis which will yield more conclusive information on the

dynamics of the water surface inside the intake structure cells. A SCADA cabinet mounted inside the

electrical room will collect data from the level sensors and the gate controllers (operators). Connectivity

from the intake structure SCADA system and the pump station will be thru underground fiber optic

cabling. Operators at the pump station and remotely -connected workstations will be able to view water

levels and gate operator positions. 

Security and access control devices will be connected to a headend cabinet inside the electrical room. 

Connectivity to the pump station will be similar to the SCADA system, with dedicated fiber optic cabling

routed underground to the pump station. Card readers will be installed at the gate controlling entry to

the intake structure bridge and the door to the electrical room. IP -based video cameras are planned to

cover the bridge, maintenance platform on the intake structure, and both card reader locations. Pan -Tilt - 

Zoom feature will be used on all cameras. Intrusion alarm for the electrical room will be integrated with

the security system. 

4.3 SUMMARY AND PREFERRED ALTERNATIVE

The design options considered for the intake tower include a balance of advantages and disadvantages

for initial construction cost and long-term operation and maintenance. The following is a summary of

recommendations presented above for the intake tower. 

Bridge width of 32 feet or more to accommodate a mobile crane for future maintenance
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Bridge crane on top of the intake tower to allow for reaching all elements for future

maintenance

Grating on the top of the tower to access gates and interior galley

Staggered intake gates at four or more elevations

Stainless steel fabricated slide gates installed in a seating head arrangement

Flat panel screens with two slots for stop logs upstream of the screen

Masonry electrical building at the tower with transformer at the crest of the dam

Additional analysis is required for many of the elements associated with the intake tower and will be

updated during final design phases. 
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5. 0 TRANSMISSION SYSTEM HYDRAULICS

5. 1 HYDRAULIC ANALYSIS

The hydraulic analysis of the transmission system was conducted using H2OMAP Water software by

Innovyze. The purpose of developing this model was to prepare an extended period simulation ( EPS) of

the raw water pumping system on a daily basis for one year. Unlike several of the NTMWD' s remote raw

water pump stations, pumping from the Leonard WTP will directly impact pumping required at the Lower

Bois d' Arc Reservoir (LBCR). 

The model consisted of the LBCR Raw Water Pump Station, the 90 -inch diameter pipeline between the

raw water pump station and terminal storage reservoir (TSR), TSR at the pipeline' s outfall, and two parallel

102 -inch pipelines connecting the TSR to the Leonard WTP. A Hazen -Williams roughness c -factor value of

120 was used for all pipes in the model, consistent with friction losses in raw water applications. The

system was analyzed with the LBCR water surface level ( WSL) at 525 feet MSL. The minimum WSL of the

TSR was modeled at 714 feet MSL. The analysis sought to determine the level of pumping at the LBCR

required to serve demands at the Leonard WTP while operating within the bounds of different TSR levels. 

5. 2 DEMAND ANALYSIS

Figure 5- 1 displays historical daily raw water pumping data for the years 2008 through 2011. This data

was normalized in order to project future daily demands. Figure 5- 2 displays the normalized historical

daily usage demands. A fairly consistent pattern is observed in these four years. The normalized pattern

from 2011 was used to estimate the daily flow from the Leonard WTP for all planning scenarios. More

recent years were not included because of high variability in the supply patterns due to drought conditions

and water restrictions. 
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Figure 5- 3 displays the projected daily supply from the Lower Bois d' Arc Creek Reservoir for 2020 through

2025 based on the Leonard WTP capacity of 70 MGD. A delivery loss of 3% was incorporated to account

for losses between the LBCR Raw Water Pump Station and the Leonard WTP for all daily demand patterns. 

The projected daily usage results in an average annual usage of 35 MGD from the Lower Bois d' Arc Creek

Reservoir; this pattern is based on a normal year instead of a dry year. Supply from LBCR in a dry year is

estimated to be around 45 MGD. Based on timing of the proposed pipeline from the Texoma raw water

pipeline to the Leonard WTP, it is assumed that LBCR is the only water supply for the Leonard WTP through

2031. 
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Figure 5- 3 Projected LBCR Daily Supply for 2020-2025
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Figure 5- 4 displays the projected daily supply from the Lower Bois d' Arc Creek Reservoir for 2026 through

2031 based on a proposed Leonard WTP capacity of 140 MGD. The projected daily usage results in an

average annual usage of 70 MGD from the Lower Bois d' Arc Creek Reservoir; this pattern is based on a

normal year instead of a dry year. Supply from LBCR in a dry year is estimated to be around 90 MGD. 
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Figure 5- 5 displays the projected total daily supply from the Leonard WTP and the projected daily supply

from the Lower Bois d' Arc Creek Reservoir and Lake Texoma for 2032 through 2035 based on the Leonard

WTP capacity of 210 MGD. During this phase, it is assumed the LBCR will supply 75% of the Leonard WTP

demands while Lake Texoma will supply 25% of the Leonard WTP demands. The average annual supply

from LBCR is projected as 78 MGD; this pattern is based on a normal year instead of a dry year. 

Figure 5- 6 displays projected total daily supply from the Leonard WTP and the breakdown of supply from

the Lower Bois d' Arc Creek Reservoir and Lake Texoma based on the ultimate capacity of the Leonard

WTP of 280 MGD. The same proportion of supply from the LBCR and Lake Texoma was assumed, including

75% from LBCR and 25% from Lake Texoma. The average annual usage of the LBCR for the Leonard WTP

capacity of 280 MGD is projected to be 105 MGD. The permitted capacity is between 108 and 109 MGD

on an annual basis. 
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Figure 5- 5 Projected Leonard WTP Daily Supply from LBCR and Texoma for 2032-2035
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5. 3 PHASED EXPANSIONS

Table 5- 1 summarizes phasing of improvements related to the LBCR system and the corresponding

projected capacity at the Leonard WTP and supply from the LBCR. It is assumed that the LBCR raw water

pump station expansions correspond with Leonard WTP expansions and the raw water pipeline between

the Texoma raw water pipeline and the Leonard WTP is in service in 2032. These expansions are

recommended to meet projected system demands as well as utilize projected water supply. The pumping

capacity requirements to meet demands in each expansion phase are detailed in Section 5. 5. 

Table 5- 1 Proposed Infrastructure Phasing

Planning Period
2021- 2025

2026-2031

2032-2035

Beyond 2035

Leonard WTP

Capacity
MGD) 

70

140

210

280

Leonard

WTP TSR

Capacity
MG) 

210

210/ 420(2) 

420

420

Average Annual

Supply from LBCR
MGD) 

35

70

78(1) 
105111

1) The supply from LBCR assumes 75% supply from LBCR and 25% supply from Lake Texoma. 
2) The second cell of the Leonard WTP TSR is estimated to be in service in February 2029
based on the NTMWD February 2015 CIP. 

5.4 STORAGE

Plans for the LBCR raw water pump station and pipeline include a terminal storage reservoir (TSR) at the

pipeline' s outfall, connected to the Leonard WTP by two parallel 102 -inch diameter lines. The ultimate

capacity of the proposed two -cell TSR is 420 million gallons (MG). NTMWD plans to phase the construction

of the TSR cells, with Phase I including one 210 MG cell completed and in service in 2020. Phase II includes

construction of the second 210 MG cell and is estimated to be in service in 2032. The bottom of both TSR

cells is 710 feet MSL, and the recommended minimum water surface level of the TSR is 714 feet MSL. The

recommended maximum level of the TSR is the normal pool elevation of 731 feet MSL. 

The TSR is a variable area reservoir. Table 5- 2 displays the elevation — area — capacity curve for the TSR. 

Table 5- 2 only displays capacity above the minimum WSL as the water between 710 and 714 feet MSL is

considered dead storage and does not add to the total storage volume of the reservoir. The hydraulic

model also discounts the dead storage and uses the minimum WSL of 714 feet MSL as the effective bottom

of the reservoir. 
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Table 5- 2 TSR Elevation — Area — Capacity Curve
Elevation

feet MSL) 

714

One CeII Capacity
MG) 

0

Two Cell Capacity
MG) 

0

715 11 22

716 22 44

717 34 68

718 45 90

719 57 114

720 69 138

721 81 162

722 93 186

723 105 210

724 118 236

725 131 262

726 143 286

727 156 312

728 169 338

729 183 366

730 196 392

731 210 420

732 223 446

733 237 474

734 251 502

735 266 532

736 280 560

737 295 590

738 309 618

To determine recommended minimum TSR elevations, it was assumed that one TSR cell is in service for

the Leonard WTP capacities of 70 and 140 MGD and two TSR cells in service for the Leonard WTP capacities

of 210 and 280 MGD. The recommended minimum elevation for the Leonard WTP capacity of 70 MGD is

720 feet MSL based on maintaining a minimum volume in the TSR equal to the plant capacity. The

recommended minimum elevation for the Leonard WTP capacity of 140 MGD is 726 feet MSL based on

maintaining a minimum volume in the TSR equal to the plant capacity. The recommended minimum

elevation is 723 feet MSL for the Leonard WTP capacity of 210 and 280 MGD based on maintaining a
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minimum volume equal to the peak day flow from LBCR of 210 MGD. The recommended minimum levels

are based on the normal pool elevation of 731 feet MSL for the maximum level. 

5. 5 EXTENDED PERIOD SIMULATIONS

FNI developed hydraulic model runs for each Leonard WTP expansion to determine pumping

recommendations. These scenarios are based on the projected daily water demands in Section 5. 2. Each

phased expansion utilized unique maximum and minimum water TSR water levels based on information

provided in Section 5. 4. The pumps were configured to supply the TSR within these bounds. Initially, 

multiple pump curves were evaluated for feasibility. Section 6 includes figures displaying pump curves for

different combinations of high head ( large) and low head ( small) pumps considered in this study as well

as system curves at varying elevations of the LBCR. These will be revised during final design to reflect any

modifications to the system and design. 

The figures on the following pages display model results utilizing pumps with adjustable frequency drives

AFD). The initial modeling effort used discrete speeds for the pumps and did not take advantage of the

infinitely possible speed adjustments that can be made with the equipment. The goal of the analysis was

to determine if AFDs are a required piece of equipment to facilitate simple operation of the LBCR pump

station, TSR and Leonard WTP. One design parameter not explicitly included in the model results is that

the NTMWD will prefer the water level of the TSR not fall or rise more than one foot per day in order to

maintain consistent operations within the Leonard WTP. Use of AFDs will facilitate meeting this design

criteria. These model results will be refined at later stages of the LBCR design phase. 

5. 5. 1 Phase One — Leonard WTP Capacity of 70 MGD ( 2020- 2025) 

The initial phase was modeled using one small AFD pump operating between 85% and 95% speeds during

lower demand months and two small pumps during higher demand months. The maximum and minimum

WSL in the TSR used for this scenario were 731 and 720 feet MSL, respectively. Figure 5- 7 displays the

modeled results for this scenario with projected water demands, proposed pumping, and the resulting

TSR water surface level. 

This scenario was developed with consideration of maintaining low cycling of the pumps. During the

highest demand months, one small pump is insufficient to meet demands, requiring brief periods when

two pumps are operating. During lower demand months, the TSR contains adequate storage when filled

to 731 feet MSL to deliver water without pumping for periods of approximately one week. 
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Figure 5- 8 Modeled Results for Leonard WTP Capacity of 140 MGD
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5. 5. 3 Phase Three - Leonard WTP Capacity of 210 MGD ( 2032- 2035) 

The third phase was modeled with consideration of maintaining pump speed with minimal changes. 

During this phase, one small AFD pump operating at a speed between 94% and 100% or two small pumps

operating between 91% and 100% can meet projected water demands for low demand months. Three

large AFD pumps operating at a speed between 70% and 86% can meet water demands for the higher

demand months. The maximum and minimum WSL in the TSR used for this scenario were 731 and 723

feet MSL, respectively. Figure 5- 9 displays the modeled results for this scenario with projected water

demands, pumping, and the TSR water surface level. 
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Figure 5- 9
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Modeled Results for Leonard WTP Capacity of 210 MGD
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5. 5. 4 Phase Four - Leonard WTP Capacity of 280 MGD ( Beyond 2035) 

For the ultimate Leonard WTP capacity of 280 MGD, two small pumps were modeled operating between

speeds of 90% and 100% to meet projected water demands during lower usage months while three large

pumps operating between speeds of 78% and 97% were used to meet demands during higher usage

months. During the months of July and August, four large pumps operating at 95% were utilized to meet

projected daily water demands. The maximum and minimum WSL in the TSR used for this scenario were

731 and 723 feet MSL, respectively. Figure 5- 10 displays the modeled results for this scenario with

demands, pumping, and the TSR water surface level. 
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Figure 5- 10 Modeled Results for Leonard WTP Capacity of 280 MGD
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5. 6 RECOMMENDATIONS

Based on the results of the modeled scenarios, FNI recommends the following pump phases shown in

Table 5- 3. 

Table 5- 3 Pump Phasing Recommendations
Leonard

WTP Average Annual

Planning Capacity Supply from LBCR
Period ( MGD) ( MGD) 

Minimum Firm

Capacity at LBCR
MGD) Recommended

Pump Additions

2021- 
70 35 72 3 low head pumps with AFD

2025

2026- 
140 70 144 4 high head pumps with AFD

2031

2032- 
210 78( 1) 144

2035

Beyond
280 105( 1) 236 2 high head with AFD( 2) 

2035
pumps

Assumes 75% supply from LBCR and 25% supply from Lake Texoma

2) The sixth high head pump will be required to provide firm capacity up to 236

33



Lower Bois D' Arc Intake and Pump Station Preliminary Design Report r' NICHOLSNorth Texas Municipal Water District

6.0 PUMP SELECTION

In the previous study documented with the May 2014 report " Lake Pump Station Alternative Analysis

Report", horizontal split case pumps were selected as the preferred pump to be used for the design of the

LBCR raw water pump station. 

6.1 PUMP SIZES

The LBCR pumps will pump into a 90 -inch pipeline, approximately 35 miles to the TSR at the Leonard WTP. 

The ultimate firm capacity of the proposed raw water pump station will be 236 MGD. The design head

was determined by preparing a system curve and hydraulic grade line ( HGL) from the LBCR RWPS to the

TSR for a range of flows between 0 MGD to 280 MGD. The centerline elevation of the 90 -inch header in

the RWPS will be 450.25 feet MSL. The wide range of potential static head ( due to varying lake levels) 

affects the pump selection because the actual pump capacity of the station is relative to the lake level at

which the capacity is established. The following assumptions were made when preparing the system

curves shown in the proceeding figures: 

Elevation of the TSR at the Leonard WTP is 731 feet MSL

Maximum Head: Lake Level at 467 feet MSL, Hazen Williams roughness C -factor of 120

Lowest Anticipated Drawdown: Lake Level at 480 feet MSL, Hazen Williams roughness C -factor of

120

65% Conservation Pool: Lake Level at 525 feet MSL, Hazen Williams roughness C -factor of 120

Normal Pool Elevation: Lake Level at 534 feet MSL, Hazen Williams roughness C -factor of 140

Minimum Head ( 100 -year flood elevation): Lake Level at 541 feet MSL, Hazen Williams roughness

C -factor of 140

FNI selected a water level elevation of 525 feet MSL representing 65% of the full conservation pool to size

and select the pumps. Firm capacity and the nominal rated point for the pumps will be relative to this

elevation. All pumps intersect the system curve at lake elevations (467 feet MSL to 541 feet MSL) from

the maximum head to the minimum head curve. 
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Multiple Hazen Williams roughness C -factors were used in the analysis to develop system curves. For the

sake of simplicity on the following charts not all conditions are plotted. A Hazen Williams roughness C - 

factor of 120 would be expected for longer-term conditions on the raw water pipeline. However, during

its initial service life, a higher Hazen Williams roughness C -factor of 140 may be expected on the pipeline. 

The minimum and normal pool system curves are shown with this higher roughness factor in order to

evaluate and select pumps that will operated satisfactorily at the lower static and dynamic (friction) heads. 

The system curve is shown in Figure 6- 1. 

900

800

700

600

500

400

300

200

100

0

Figure 6- 1 System Curves
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Initially, demand to the treatment plant will fluctuate between 0 and 90 MGD as described in Section 5. 5. 

The peak capacity for the pump station will be 236 MGD. Pumps were evaluated to meet all the pumping

ranges necessary. FNI has received a pump curve that can meet the ultimate high head duty point and

also be slowed down to meet the initial proposed operating condition, however pump selection for this

scenario is likely to be extremely limited. A minimum of two pumps will need to operate at approximately
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65% speed to meet the initial proposed operating conditions with pumps rated for the build out duty

point. 

Separate lower head pumps will be used to meet the initial demand to the treatment plant to provide

station flexibility and simpler, more efficient operation. The lower head pumps can meet the initial

demands with one pump running and can be used for pumping low flows when the demand fluctuates

after the RWPS expands. 

Both pump selections are based on the 65% conservation pool in LBCR. The low head pump has a full

speed duty point of 50 MGD at 250' TDH and a reduced speed duty point of 30 MGD at 205' TDH. The high

head pump has a full speed duty point of 47 MGD at 600 feet MSL TDH and a reduced speed duty point

of 33 MGD at 295' TDH. Ultimately LBCR RWPS will have nine (9) pumps installed including one standby

low head pump and one standby high head pump. The first three pumps installed will be the low head

pumps and the subsequent six pumps will be the high head pumps. This may result in a lower capital cost

by allowing the District to purchase only three low head pumps and associated equipment to meet the

initial demand, however the inclusion of two standby units ( one for high and low head sets of pumps) 

increases the total size of the structure. The District will also benefit from not having to run multiple high

head pumps at very low speeds to meet initial demands and fluctuations in future demands. 

6.2 PUMP SPECIFICATIONS

FNI' s pump specification documents the requirements for the labor, materials, equipment and incidentals

necessary to design, manufacture, fabricate, test, and deliver the horizontal centrifugal pumping units. 

Detailed development and review of the pump specification will occur during the final design phase. The

following is a summary of the anticipated approach. 

The materials of construction and requirements of the pump components must be suited to the frictional

wear, corrosion, and chemical characteristics expected in the raw water. The following summary table

designates the proposed materials of construction for the major pump components. 
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Table 6- 1 Specification

Pump Component

Pump Casing

Material/ Requirements

Material/ Requirement

Cast Steel or Ductile Iron

Impellers Chrome -Nickel alloy stainless steel

Impeller and Casing Wear Rings 400 series stainless steel

Pump Shaft 410 or 416 stainless steel

Pump Shaft Sleeves 410 stainless steel

Seals Mechanical, split type, stainless steel with

filtered water flush

Bearings Oil lubricated anti -friction ball type

Coupling FAST' S" flexible gear type, stainless steel

Pump and Motor Base Fabricated steel

Pump Coatings Interior: Ceramic epoxy

Exterior: Match adjacent piping

The factory performance pump testing will be conducted to record the efficiency, capacity, horsepower, 

head, and NPSHR of the pump. The pump test will use a previously tested and accepted job motor

operated at full speed. A review of testing capabilities of the pump manufacturers and possible test

facilities for each has not been made. This review will be conducted during the process of vetting

manufacturers to determine any critical limitations ( capacity, pressure and/ or power) of their test

facilities. 

The pump and motor manufacturers will be required to have a service representative at site before, 

during, and after installation and field testing. The pumps and motors will be specified with a one year

warranty. 

The expected delivery method with the CMAR will allow for evaluation of proposals from pump

manufacturers based on price, qualifications and other factors. The pumps will be evaluated based on

wire -to -water efficiency at selected duty points. The wire -to -water efficiency of the pumps at these points

will be weighted with a dollar value to be used in evaluation of the proposals, such that initial costs and

operating costs are both considered to aid in selecting a pumping unit that minimizes life -cycle costs. 

6. 3 PUMP MANUFACTURERS

FNI' s has completed preliminary investigations and there appear to be six manufacturers of horizontal

split case pumps that may be able to meet the design conditions of this system. These manufacturers are

Flowserve, Xylem/ Flygt, Patterson, Fairbanks Morse, Sulzer, and Hitachi. The NTMWD has experience with

horizontal split case pumps manufactured by Flowserve, Xylem/ Flygt, Patterson and Fairbanks Morse and
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these will be recommended for inclusion as acceptable manufacturers. FNI is currently reviewing

additional information provided by Hitachi. To date, Sulzer has not provided additional information

requested regarding service history and qualifications. FNI will continue to review other alternative

manufacturers that may be presented between now and final design phase. 

6.4 EVALUATION OF PUMPS

Two sets of pump selections are required for planning out the ultimate LBCR pump station configuration. 

The selections for low head pumps and high head pumps are described below. Acceptable pump

selections will meet the required duty points within their AOR and ideally maximize the conditions where

the pumps operate close to their best efficiency point at full speed and reduced speed. 

6.4.1 Low Head Pump Selection

The low head pump selections are intended to operate between 30 to 90 MGD and supply the Leonard

WTP demands. Demands are within this range for the entirety of Phase 1 ( 70 MGD Leonard WTP) and

about 70 -percent of the time during ultimate Phase 4 ( 280 MGD Leonard WTP). Considering the expected

run- time for these low head pumps, it becomes very important to achieve pumping at the highest

efficiency possible. 

Two initial duty points were set for discussions with pump manufacturers and development of pump

selections. These will be reviewed further in final design prior to purchasing pumps. The rated point for

full speed operation is 50 MGD ( 34,700 gpm) each at 250 feet TDH. This will allow at least 90 MGD to be

supplied using these pumps at lake levels above the 65% conservation pool ( 525 feet MSL). The primary

reduced speed duty point is 30 MGD each at 205 feet TDH. This point is intended to allow greater than 30

MGD at lake levels from normal pool to minimum drawdown. 

Low head pump selections were received from five manufacturers: Flowserve, Patterson, Fairbanks Morse

Pentair), Sulzer and Xylem/ Flygt, with speeds ranging from 720 to 1200 rpm and motor horsepower

ranging from 2750 to 3000HP. Flowserve provided three selections: one side suction pump from their

Ingersoll -Dresser heritage line ( LNN); a bottom suction pump option ( LNNC); and a side suction pump

from their Dutch ( Hengelo) line ( LNGT). The other manufacturers provided one " best -fit" selection. These

selections are shown in Figure 6- 2 below. 
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Figure 6- 2 Low Head Pump Selections, Full Speed, Two Pumps in Parallel

Adjustable RPM Pumps and System Curves ( Low Head Options) 

0 50 100 150 200 250 300

FLOWRATE ( MGD) 

Flowserve 700 LNGT1050F

50MGD@250' 720 rpm) 2 Pumps

@ 720 rpm 100% 
Flowserve 700 LNN- 1225

50MGD@250' 715 rpm) 198' 

Runout 2 Pumps @ 715 rpm 100% 

Flowserve 700 LNNC- 1225 2 PUMPS

50MGD@250' 715 rpm) 168' 

Runout 2 Pumps @ 715 rpm 100% 
Flygt 36X30 WSHD # 76934

50MGD@250' 710 rpm) 2 Pumps

@ 710 rpm 100% 
Fairbanks 30" 5826A (50MGD@250' 

900 rpm) 2 Pumps @ 900 rpm

100% 

Sulzer SMD 600- 790A

50MGD@250' 1180 rpm) 2 Pumps

@ 1180 rpm 100% 

Patterson 36x30 MAA -C

50MGD@250' 72ORPM) 2 Pumps

@ 720 rpm 100% 

These pumps have generally similar hydraulic characteristics and will be considered for inclusion in the

final specifications. These pumps were evaluated for reduced speed operation to confirm operations

across the wide range of capacity needs and head variation due to changing lake levels. One example is

shown in Figure 6- 3 below. 
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Figure 6- 3 Low Head Pump, Reduced Speed Coverage

Fairbanks 30" 5826A (Low Head Pump) 

30 MGD @
200' 

30 MGD @
200' 

0

0 50 100 150 200

FLOWRATE ( MGD) 

6.4.2 High Head Pump Selection

r- FREESENM NICHOLS

Lowest Intake Level- Elev. 467 (C420) 

Lowest Anticipated Drawdown- Elev. 480 (C= 120) 

65% Full Conservation Pool- Elev. 525 ( 0120) 

Normal Pool - Elev. 534 ( C= 140) 

Minimum Head Curve - Elev. 541 ( C= 140) 

Fairbanks 30" 5826A (50MGD@250 900 rpm) 2

Pumps @ 900 rpm 100% 

Fairbanks 30" 5826A (50MGD@250 900 rpm) 2

Pumps @ 750 rpm 83% 

Fairbanks 30 5826A (50MGD@250 900 rpm) 1

Pump @ 900 rpm 100% 

Fairbanks 30 5826A (50MGD@250' 900 rpm) 1

Pump @ 750 rpm 83% 

The high head pump selections are intended to operate between 90 to 236 MGD and supply the Leonard

WTP demands. Demands are within this range for the beginning in Phase 2 ( 140 MGD Leonard WTP) and

operating about 30 -percent of the time through the future phases during high demand summer months. 

Additional pumps and higher speed operation will be used to meet growing demands as the systems is

expanded. Although the run- time for these high head pumps is much shorter duration than the low head

pumps, the capacity and pumping head require substantially greater power, therefore achieving high

efficiency across the system operation range is a primary goal in pump selection. 

Two initial duty points were set for discussions with pump manufacturers and development of pump

selections. These will be reviewed further in final design prior to purchasing pumps. The rated point for

full speed operation is 47 MGD ( 32, 600 gpm) each at 600 feet TDH. This will allow up 236 MGD to be
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supplied using five pumps at lake levels above the 65% conservation pool ( 525 feet MSL). The primary

reduced speed duty point is 33. 3 MGD each at 295 feet TDH. 

High head pump selections were received from five manufacturers: Flowserve, Fairbanks Morse (Pentair), 

Hitachi, Sulzer and Xylem/ Flygt, with speeds ranging from 720 to 900 rpm and motor horsepower ranging

from 6000 to 7400HP. There will be fewer options available from pump manufacturers that satisfy the

capacity and head requirements. The Flowserve high head pump is from the Dutch ( Hengelo) line of

pumps. The Fairbanks Morse selection for the high head pump selection is a two-stage split case design. 

This type of pumps has substantially different characteristics and will not be recommended for inclusion

in the project. Patterson did not have a pump capable of meeting the rated conditions and proposed two

pumps in series. This configuration will not be recommended for inclusion in the project. The Hitachi and

Sulzer pump selections are included, but the use of these pumps is still under review by FNI. FNI has past

project experience with Hitachi for similar applications, however the NTMWD does not. Neither FNI nor

NTMWD have past experience with Sulzer on similar large horizontal split -case pumps. Sulzer is relatively

new to this pump application and selection received appears to be from the new design. FNI is working

on getting information on pump service information within the United States and internationally. The

Xylem/ Flygt selection is from the Allis- Chalmers heritage line with a new impeller design. These selections

are shown in Figure 6- 4 below. 
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Figure 6- 4 High Head Pump Selections

Adjustable RPM Pumps and System Curves ( High Head Options) 

1000

900

800

700

600

500

400

300

200

100

0

0 100 200 300 400

FLOWRATE ( MGD) 

Flowserve 600LNGT1500F

47MGD@600' 720 rpm) 5

Pumps @ 720 rpm 100% 

Flygt 30x20 WSID # 76936 (47

MGD @600' 89Orpm) 5 PUMPS

@ 890 rpm 100% 

Fairbanks 20" 2925A 2 -Stage

Split Case ( 47MGD@600' 890

rpm) 5 PUMPS @ 890 rpm 100% 

Sulzer SMD 600- 1250A

47MGD@600' 890 rpm) 5

PUMPS @ 890 rpm 100% 

Sulzer SMD 600- 1280- 1d/ 22

40MGD@600' 890 rpm) 4

PUMPS @ 890 rpm 100% 

Sulzer SMD 600- 1250A

47MGD@600' 890 rpm) 5

PUMPS @ 890 rpm 100% 

Hitachi DV -CH ( 47 MGD @ 600' 

900RPM) 5 Pumps @ 900 rpm
100% 

These pumps have generally similar hydraulic characteristics and will be considered for inclusion in the

final specifications, except for the two-stage option shown. The single -stage pumps were evaluated for

reduced speed operation to confirm operations across the wide range of capacity needs and head

variation due to changing lake levels. One example is shown in Figure 6- 5 below. 

42



Lower Bois D' Arc Intake and Pump Station Preliminary Design ReportFREESErilNICHOLS
North Texas Municipal Water District

900

800

700

600

500

1- 

400
Z

300

200

100

0

Figure 6- 5 High Head Pump, AFD Coverage

Flygt 30" x20" ( High Head Pump) 

236 MGD @ 600' 

0 50 100 150 200 250

FLOWRATE ( MGD) 

6. 5 RECOMMENDATIONS

300 350

Lowest Intake Level- Elev. 467 (C= 120) 

Lowest Anticipated Drawdown- Elev. 480 (C= 120) 

65% Full Conservation Pool- Elev. 525 (C= 120) 

Normal Pod - Elev. 534 ( C= 140) 

Minimum Head Curve - Elev. 541 ( C= 140) 

Flygt 30x20 WSID 876936 (47 MGD @600' 89Orpm) 1

PUMP @ 890 rpm 100% 

Flygt 30x20 WSID 876936 (47 MGD @600' 89Orpm) 1

PUMP @ 520 rpm 58% 

Flygt 30x20 WSID 876936 (47 MGD @600' 89Orpm) 5

PUMPS @ 890 rpm 10096

Flygt 30x20 WSID 876936 (47 MGD @600' 89Orpm) 5

PUMPS @ 627 rpm 7036

Flygt 30x20 WSID 876936 (47 MGD @600' 89Orpm) 3

PUMPS @ 890 rpm 100% 

Flygt 30x20 WSID 876936 (47 MGD @600' 89Orpm) 3

PUMPS @ 625 rpm 7016

FNI recommends a pump station design with spacing for nine pumps. Initially three low head pumps

should be installed. As the water treatment plant expands, high head pumps will need to be added as

shown in Table 5- 3 in Section 5. 6. 

At this time, FNI recommends soliciting proposals for pumps from Flowserve, Hitachi, Xylem/ Flygt, 

Patterson ( low head option only), and Fairbanks Morse ( low head option only). The proposals should be

evaluated based on the evaluation criteria outlined above. If other manufacturers are able to provide a

selection that is able to meet the hydraulic requirements of the system as the design progresses, those

pumps should also be evaluated. FNI is still reviewing selections from Sulzer and other interested

manufacturers. 
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7.0 RAW WATER PUMP STATION DESIGN

7. 1 RAW WATER PUMP STATION SITE DESIGN

7. 1. 1 Finished Floor Criteria

The finished floor for the LBCR raw water pump station will be 497 feet MSL. This elevation has been set

above the PMF elevation of 496. 3 feet MSL for Bois d' Arc Creek downstream of the proposed dam. The

floor elevation provides almost 15 feet of freeboard above the 500 -year flood elevation. Setting the

building, electrical equipment and other components at the proposed floor elevation will protect from

flooding. 

7. 1. 2 Mass Grading

The site will be graded to freely drain in all directions from the pump station structure at slopes between

1% and 2% in the vicinity of the pump station. Drainage will be by sheet flow and swales draining to the

diversion and spillway channels to the west, north and east. No localized storm drain collection system is

anticipated. Where steeper grading is need to match finished or natural grades, this will be at maximum

slopes of 4H: 1V. The site will require approximately 54,300 cubic yards of cut ( including the structure

excavation) and 50, 600 cubic yards of fill to construct the RWPS and elevate the finished floor and

adjacent site above the PMF elevation. 

7. 1. 3 Access Roadways

Access to the pump station site can be made from the east or west end of the dam. The roadway on the

dam centerline will branch off near the west abutment of the service spillway bridge. This roadway will

be shared for access to the road along the toe of the dam and the pump station. A driveway into the pump

station site will have limited access for appropriate District staff. The roadway from the dam crest

elevation to the pump station site elevation will be designed to limit the maximum grade at 7% to allow

for maintenance and future construction vehicles. 

Access roadways, driveways, and parking areas in the immediate vicinity of the pump station will be

reinforced concrete. The pavement will have a minimum width of 22 feet, minimum thickness of 7 inches

and be designed for mobile cranes and other heavy vehicles that may be needed for future maintenance

of the pump station. Pavement design will require coordination with final geotechnical design
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recommendations for pavement above a large zone of backfill and address expected settlement of this

material. 

7. 1. 4 Site Fencing

A chain Zink fence that is 8 feet tall will be provided around the pump station site including electrical

equipment. Motorized sliding gate(s) will be provided at driveway entry into the pump station site. No

separate fence will be provided at the nearby flow meter site. Fencing at the electrical substation site will

be provided by the utility to meet their own requirements. 

7.2 RAW WATER PUMP STATION LAYOUT

The proposed LBCR RWPS site is located on the downstream side of the proposed LBCR dam embankment, 

between the dam and the service spillway. Apart from the pumps and associated mechanical equipment, 

the RWPS design will also include the discharge pipeline, flow meter site, reservoir release outlet valves

and pipe, pump and electrical building, and other infrastructure to support the pump station. The

proposed site layout is provided in Figures 7. 4 and 7. 5 at the end of this section. 

The RWPS will use side suction, horizontal split -case centrifugal pumps with suction from a pipe header

manifold) and discharge to a similar pipe header, located within a dry, below -grade pump room. The

system will be designed in accordance with the ANSI Hydraulic Institute Rotodynamic Pumps standards as

described in later section. Spatial allowances are made to accommodate work area around the pumps, 

motors, piping, valves and other equipment with needed operations and maintenance access. The ground

level finished floor elevation will be set to 497 feet MSL and the pump room floor elevation will be set to

457 feet MSL. The proposed plan and section view are provided as Figures 7. 6 through 7. 7 at the end of

this section. Details regarding these elements are discussed in the following sections. 

7. 3 PUMP SUCTION

7. 3. 1 Sizing and Arrangement

The pump suction piping has been sized to accommodate maximum pumping capacity within the station. 

The 78 -inch intake pipes enter the raw water pump station from the north through a pipe penetration in

the wall and connect to a common suction header. One 78 -inch butterfly valve is placed on each intake

pipe and a third 78 -inch butterfly valve is located between the intake pipes on the suction header. The

butterfly valves will be used to isolate a side of the RWPS for maintenance, replacement, or installation of
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future equipment. These valves will also allow isolation of one intake tower cell and intake pipe and still

maintain at least half of the pump station capacity in service. At the suction header, the flow splits to

either side of the RWPS to pumps operating in parallel. Pumps one through five are located on the west

side of the RWPS and pumps six through nine are on the east side. Each side of the RWPS contains three

high head pumps, the west side of the RWPS includes two low head pumps, and the east side of the RWPS

has one low head pump. The proximity of the RWPS to the service spillway excavation reduces the amount

of pumps on the east side of the station. 

The suction pipes to each pump were sized to meet HI 9. 6. 6- 2009 Standard for Rotodynamic Pumps for

Pump Piping. The pipe sizes accommodate the highest flows possible which typically occurs when a pump

is operating by itself at full speed. The nominal design capacity of each half of the intake system was

intended to allow supplying greater than 144 MGD, representing half of the Leonard WTP ultimate

capacity. The parallel 78 -inch diameter intake pipes are based on this nominal capacity to maintain low

head loss between the intake tower and pump station and keep velocity under 8 fps. Due to the pump

room layout, there is potential an operator could choose an unbalanced pumping scenario within the

room. While not recommended for normal operation, there are potential scenarios due to operations and

maintenance of the piping system or electrical feed system that may warrant this operation. The highest

flow and velocity condition possible occurs if three (3) high head pumps running on one side of the pump

station are at full speed and producing about 215 MGD. In this condition, the velocity in a single intake

pipe and the initial section of the suction header would reach 10 fps. While this velocity is greater than

desirable, it represents an extreme operating scenario. This will be reviewed during analysis of the

planned physical model study to determine if a pipe size change or other flow conditioning approach is

warranted to prevent uneven flow patterns at the pump suction flanges. In a more balanced operating

scenario ( three total running with two running on a single side) the maximum velocity through the 78 - 

inch section of the header is under 8 fps. 

After pumps five and six, the suction header is reduced to 72 -inch to support two ( 2) high head pumps

running full speed at 144 MGD and a velocity of 7. 9 fps. After pumps two and seven the discharge header

reduces to 60 -inch to accommodate the flow of two low head pumps running full speed at 99 MGD. The

velocity through this section of header is 7. 8 fps. 

The individual suction pipes will be a 54 -inch for the high head pumps with a flow of 7. 0 fps at full speed. 

The individual suction pipes for the low head pumps will be 48 -inch so that the flow through the pipe with
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the pump at full speed is 7. 5 fps. Eccentric reducers will be required upstream of each pump to mate up

with the smaller pump suction flange. These reducers will be designed at a 4:1 reducing ratio to meet

AWWA C208 standard as well as meeting HI 9. 6. 6 with required number of straight pipe length between

the reducer and the pump suction flange. This straight section of pipe will include a harness and coupling

to allow for disassembly and removal of the pump. 

7. 3. 2 Side Suction and Bottom Suction

Horizontal split case pumps are available with side and bottom suction options. FNI conducted an initial

review of the availability and feasibility of using both side and bottom suction pumps. There appeared to

be limited availability of bottom suction pump designs for the sizes desired at the LBCR pump station. This

could be overcome with additional engineering by the pump manufacturers during the design of the

pumps to create new design and casting molds, but would add costs to the pump equipment. The other

major disadvantage is the suction pipe layout beneath the station to accommodate bottom suction pumps

requires a substantially deeper structure. While the floor area at the pump level may be decreased, the

addition of another lower level for pipe and valve gallery would increase the total floor area required. 

Additional access and maintenance within the lower pipe gallery also raised concerns. The station design

is based on a side suction horizontal split case pump for these reasons. 

7. 3. 3 Pump NPSH and Submergence Analysis

A net positive suction head ( NPSH) analysis was performed for the LBCR raw water pump station

for a low and high capacity pumping scenario. The low pumping scenario correlates to the initial

30 MGD flows that will be pumped from LBCR. A lake elevation of 470.25 is the lowest lake

elevation that 30 MGD can be pumped while meeting the velocity requirements of lfps through

the intake screens. This condition is one small head pump running at approximately 90% speed. 

Friction and minor losses were calculated assuming 15 MGD will pass through each cell of the

intake tower and intake pipe. A 5' margin was used based on HI Standard 9. 6. 1. 4. The NPSHR of

the low head pump curves not including the margin is shown in Figure 7- 1. 
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Figure 7- 1 NPSHR Low Head Pumps

NPSHR LOW HEAD PUMPS

0

0 10 20 30 40 50 60 70 80

Flow ( MGD) 

Flygt 36x30 WSHD # 76934

Fairbanks 30" 5826A

Flowserve 700- LNN- 1225 3% 

Flowserve 700LNGT1050F

Sulzer SMD 600- 790A 3% 

The high pumping scenario analyzed was at the design capacity of 144 MGD with 10 cfs of

environmental releases through one intake cell. In this analysis, 10 cfs of environmental releases

was added to the capacity through the intake pipes to calculate losses through the system. A lake

elevation of 500. 5 is the lowest lake elevation that 144 MGD can be pumped out of one side of

the intake tower while meeting the velocity requirements of 1 fps through the intake screens. 

There is not a case where a pump, operating at full speed, crosses the system curve at run out at

lake elevations below 525 feet MSL. The NPSHR of the high head pump curves, neglecting the

margin is shown in Figure 7- 2. 
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Figure 7- 2 NPSHR High Head Pumps

NPSHR HIGH HEAD PUMPS

20 40 60 80 100

Flow ( MGD) 

Hitachi DV -CH

Flygt 30x20 WSID

Fairbanks 20" 2925A 3% 

Sulzer 600- 1250A 3% 

Sulzer HPDM 600- 1280- 1d/ 22

Flowserve 600LNGT1500F

Sulzer HPDM 600- 1280- 1d/ 22 3% 

The highest NPSHR is three Flygt high head pumps running at approximately 90% speed for a total

pumping capacity of 144 MGD. Three Sulzer pumps will need to run at 85% speed to meet these

conditions and will have a lower NPSHR. 

It should be noted that the highest NPSHrec from Sulzer is approximately 22 feet higher than the

NPSH3% for the same pump. Depending on which pump is selected, NPSHA may be exceeded if a

worst case scenario of one side of the station and intake operating at a capacity of 192 MGD and

20 cfs environmental releases at elevations below 483. 5 feet MSL. It should be noted that

according to Figures 4- 1 and 7- 3, the velocity requirements across the screen will control at this

capacity and the lowest elevation the pump station should be operating at this capacity only

using one cell is 511 feet MSL. If both sides of the intake tower are used, this capacity may be

pumped at elevations 483. 5 feet MSL with three pumps without exceeding the highest NPSHR. 

The screen velocity requirements will allow pumping at this capacity at elevations above 477. 6

feet MSL if both sides of the intake tower are used. If pumping is desired at this lower elevation, 

it is recommended that the District use four pumps to meet this capacity. The use of only three

pumps will exceed the NPSHrec for the Sulzer and NPSHR for the Flygt pumps. 
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The intake pipe at the tower was raised to limit the amount of excavation required at the intake

tower and minimize the total depth of construction. Submergence of the intake pipe will be the

controlling factor in the capacity available to pump from LBCR at low lake elevations. Velocity

across the screen will be the controlling factor for the capacity available to pump at elevations

higher than 473. 1 feet MSL and capacities of 28 MGD per cell and higher. Figure 7-3 shows the

available pumping capacities within LBCR assuming both intake cells are used. 
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Some of the intake submergence issues seen at low lake elevations where vortices could develop

at the pipe inlet may resolve themselves within the long length of the intake pipe. An air release

valve may be added on the downstream side of the intake system to allow any air to escape. CFD

and physical modeling during further design of the intake and pump station will determine if any

modifications to the design will be necessary and confirm if submergence will limit pumping

capacity at low lake levels. 
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The finished floor of the pump room was set based on the NPSHR for the pump and submergence

of the pump, while also considering reasonable elevations for equipment maintenance. The

centerline of the suction side of the pump is set at 459. 67 which meets the NPSHR requirements

and also correlates to 1. 15 -foot submergence measured from the top of the pump casing. A 1

foot pump pad was assumed to support the pump base. A larger pump pad will increase the

distance between the finished floor elevation and the pump equipment and appurtenances, 

making maintenance more difficult. As a result the RWPS pump room finished floor elevation will

be 454.5 feet MSL. 

7. 3. 4 CFD and Physical Modeling

Alden Research Laboratory Inc. will perform a CFD model of the proposed intake tower. The purpose of

the CFD model will be to: 

Evaluate flow patterns from the Lower Bois d' Arc Creek Reservoir approaching the intake tower, 

within the intake tower, and within the intake pipe system; 

Evaluate the velocities at the intake screens; and

Determine the extents of the physical model to be constructed. 

At the conclusion of the CFD model, a physical model will be constructed of the raw water pump station. 

The purpose of the physical model will be to: 

Evaluate the hydraulic performance of the RWPS in terms of flow patterns in the pump suction

piping for each pump drawing flow from a common manifold; 

Derive modifications to the piping, if necessary, to satisfy the HI 9. 8- 2012 and 9. 6. 6- 2009

standards acceptance criteria in terms of swirl and velocity non -uniformities at the pumps; and

A separate CFD model will be constructed of the raw water discharge pipeline. The purpose of the model

will be to: 

Evaluate flow patterns in the discharge piping leading to the planned flow meter in terms of swirl

and velocity irregularities. 
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7. 3. 5 Connection to Intake Pipe

The intake pipe will be constructed concurrently with the dam and will be used to divert storm flows and

make environmental releases during certain phases of the project. This will be completed before

construction on the RWPS is complete. The section of intake pipe constructed with the dam will terminate

just south of the proposed RWPS at the temporary diversion channel. The intake pipe will continue to be

used to make environmental releases as the pump station is constructed. Once the pump station is

constructed the intake pipe in service will be connected to the pump station suction piping. At that point

in time, the environmental releases will be made through the pump station. 

7.4 PUMP DISCHARGE

7. 4. 1 High Pressure Considerations

The highest pump shutoff head for designs provided to date is 760 feet. To accommodate this head, and

the additional static pressure of 81 feet, the discharge piping between the pump and the control valve

will be designed for a working pressure of at least 365 psig. A bypass pipe will be included to limit time at

shut-off head conditions. The highest pressure expected downstream of the control valve will correlate

to the pumping head at higher lake levels. The TDH of the pump at a lake elevation of 541 feet is 580. This

results in a gauge pressure of 286 psig. The pipe and valves will be designed for a working pressure of 286

psi. Steel pipe can be designed for the pressures required and will be used for the pump discharge piping. 

These pressures will also require a different review of valve options available for this pump station and

these considerations are discussed below in Section 7. 6. 

7. 4.2 Discharge Pipe ( from header to ground level) 

The individual discharge piping was sized so that the max velocities through the pump control valves

would be between 12 fps and 15 fps at pump run out conditions. A 42 -inch pump control valve was

selected for the high head pumps, which will allow a velocity of 11. 6 fps at 72 MGD. A thrust harness is

needed between the pump and control valve to allow disassembly of the pump, valve and piping. After

the pump control valve, a 42 -inch by 48 -inch reducer and 48 -inch pipe is used to keep the velocity at 8. 9

fps at 72 MGD through the 48 -inch isolation butterfly valve and the rest of the discharge pipe. 

A 36 -inch pump control valve was selected for the low head pumps, which will allow a velocity of 13.4 fps

at 61 MGD. A thrust harness is needed between the pump and control valve to allow disassembly of the
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pump, valve and piping. After the pump control valve, a 36 -inch by 48 -inch reducer and 48 -inch pipe is

used to keep the velocity at 7. 5 fps at 61 MGD through the 48 -inch isolation butterfly valve and the rest

of the discharge pipe. 

Downstream of the isolation butterfly valve the discharge pipes will turn down under the floor slab. The

pipe will be concrete encased and will connect to the common 90 -inch discharge header. This buried

discharge header allows clear walking access to each pump on the ground floor eliminating the need for

access via mezzanine. The below floor approach is preferred in this application due to the pressure rating

and diameter of the header. The discharge header will convey a maximum capacity of 236 MGD at a

maximum velocity of 8. 3 fps. The discharge header will have a 30 -inch access manway at each end of the

RWPS to allow for access and ventilation during entry. The 90 -inch discharge pipe will exit the pump

station on the northeast side below the floor and will generally follow the temporary excavation slope to

a depth at the proposed grade providing about 6 feet of cover. Design of grading in the vicinity of the

pump station and service spillway is incomplete and will affect the final pipe profile. 

Other appurtenances for the discharge pipe include pressure gauges, pressure transmitters, pump control

valve bypass, air valves, drain valves and water sample points. 

7.4.3 Pipe Restraint near Pumps

The buried discharge header will result in the transfer of higher loadings to the pump machinery. FNI has

had initial discussions with manufacturers and this layout may require reinforcement of the 90 -degree

bend above the foundation. The degree of the loading on the pump will also depend on the rigidity of the

connection between the pump and the concrete foundation and the rigidity of the concrete foundation. 

The discharge thrust harness will be designed similar to the traditional Type RR harness in AWWA M- 11, 

but with the additional goal of meeting the requirements in HI 9. 6. 6- 2009 addressing expansion joints

near pump nozzles to limit detrimental impact to the rotating elements of the pump. The goal will be

designing a harness system matching the stiffness of the adjacent piping. The elongation in the harness

rods at pump startup will be limited to an agreed upon acceptable amount by the pump manufacturers. 

Details will be addressed in later design phases after completing a pipe system flexibility analysis. 

7.4.4 Thermal and Pressure Expansion

The pipe within the pump station that will be subject to thermal expansion is limited to the suction header

and the individual discharge pipes. Assuming a temperature differential of 40 degrees the expected
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thermal expansion between the suction header and discharge pipe is approximately 0. 19 inches. The need

for expansion joint(s) on the suction header system will be reviewed in later design phases. 

7. 5 PIPE MATERIALS

7. 5. 1 Large Diameter

The suction pipe outside of the pump station will match the intake pipe material. This will be AWWA C301

Prestressed Concrete Cylinder Pipe, AWWA C200 Steel Pipe or ASTM D3262 Fiberglass Pipe. The suction

piping inside the pump station will be AWWA C200 Steel Pipe designed to meet a minimum working

pressure rating of 40 psi. Downstream of the pump, prior to the control valve, the discharge piping will be

AWWA C200 Steel Pipe rated for 375 psi to match the shutoff pressure at the pump. Downstream of the

control valve, the discharge piping will be AWWA C200 Steel Pipe rated for 300 psi which is the working

pressure in the pipeline. All AWWA C200 Steel Pipe will be designed in accordance with AWWA Manual

M11. The surge pressure is assumed to be 1. 5 times the working pressure and these pressure ratings will

be confirmed with a future transient analysis as discussed in Section 7. 7. 3. 

7. 5. 2 Small Diameter

It is recommended that all piping 2 inches and smaller in diameter be copper, to prevent fouling by zebra

mussels. Other small piping not susceptible to fouling will be PVC. 

7. 5. 3 Coatings and Linings

All steel pipe within the pump station is recommended to have flexible linings and coatings. The lining

system will be epoxy or polyurethane for all pipe within the RWPS. FNI does not recommend a cement

mortar lining for the RWPS piping due to the potential for delaminating at the numerous points where the

pipe interfaces with flanges, couplings, valves, etc. and there is a difference in the pipe and appurtenance

inside diameter. Mortar lining also has potential for cracking during the greater thermal cycling (expansion

and contraction) possible in exposed pipe. The pipe coating system will be an epoxy or urethane system

intended for a highly corrosive environment such as the pump room where moisture and condensation

are likely. 
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7. 5. 4 Corrosion Control

There are several cathodic protection systems available for the RWPS. An insulating kit will likely be used

inside or near the pump station to isolate the station from the overall pipeline cathodic protection system. 

A qualified corrosion consultant will be added to the team during final design and will determine the

appropriate corrosion control methods based on soil analysis and possible interference issues. 

7. 6 VALVES

7. 6. 1 Pump Control Valves

A. Control Valve

The pump control valve will be a slow opening and slow closing valve used to reduce surges

during pump start- up and pump stop. The valves will also close at a slow speed during power

failure. Typical normal opening and closing speeds range from 5 to 10 minutes and the power

failure slow close speeds range from 10 to 15 minutes. These times will be verified by the

surge analysis. 

The pump control valves will be ball or cone valves rated for 365 psig as discussed in Section

7. 4. 1. These valves have a full open port, resulting in low head loss when fully open. Dezurik, 

Golden Anderson, and Rodney Hunt are the only manufacturers that can meet this pressure

rating. Golden Anderson can supply a resilient seated, ductile iron ball valve with a maximum

rated pressure of 500 psi. Dezurik and Rodney Hunt can supply cone valves that meet this

pressure rating. Dezurik' s cone valve is a monel seated, carbon steel valve rated to 720 psi. 

Rodney Hunt' s cone valve is a monel seated, ductile iron valve rated to 525 psi. 

B. Actuators

FNI investigated two different types of actuators for the pump control valves: hydraulic and

Electro -hydraulic. Hydraulic actuators would have a centralized accumulator to distribute

pressured hydraulic oil to individual control panels and actuators at each valve. This system

will maintain sufficient pressure that during a power outage the actuators can bring the valves

fully closed. The District has numerous pump stations with this type of system. The electro- 

hydraulic actuators will have a small motorized pump to control actuation of the valve. As a

backup during power failure, the electro -hydraulic system will include a minimum of two oil - 
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over -water tanks to provide an additional 3 full open or close actions for the valves. The

District has at least one high service pump station with this type of system. Recent input from

the District has presented their preference for REXA actuators. GA and Rodney Hunt may be

unlikely to supply ball or cone valves if their actuator is not used. The SCUBA electro -hydraulic

actuator is designed specifically for GA and Rodney Hunt valves and further review of this

system with the District is recommended for the final design phase. 

C. Pump Control Valve Bypass

A bypass will be installed around each pump control valve. The purpose is to relieve pressure

on the pump during the slow opening and closing times when the valve is nearly closed and

the pump is near shut off condition. The bypass will be sized for about 10% of the rated pump

capacity and will be 10 -inch diameter. The bypass will include gate valves for isolation, a

diaphragm valve to act as a slow opening and closing check, and an orifice plate to restrict

flow to design capacity. Pressure ratings will be matched with the pump control valve. 

7. 6. 2 High Pressure Isolation Valves

A 48 -inch motor operated butterfly valve will be installed downstream of the control valve to isolate the

pump from the system and perform maintenance on the pump and appurtenances upstream. This valve

will be a rubber seated, Class 250 butterfly valve with a ductile iron body. A 90 -inch butterfly valve will be

installed downstream of the flow meter vault. This will be used with the individual discharge isolation

valves to isolate the flow meter. The 90 -inch butterfly valve will also be a Class 250, rubber seated motor

operated butterfly valve with a ductile iron body. The butterfly valves will be made for a working pressure

of 300 psi. Crispin, Pratt, and Pentair have confirmed that they can manufacture valves at the required

working pressure by increasing the shaft and body wall thickness. 

7. 6. 3 Low Pressure Isolation Valves

In order to isolate one side of the RWPS and a cell of the intake tower, a 78 -inch butterfly valve will be

included on each intake pipe prior to the tee for the suction header. The 78 -inch suction header will

include a 78 -inch butterfly valve between the two tees for the intake pipes. These butterfly valves will be

rubber seated with an electric motor actuator. 

The suction isolation valve is used to isolate the pump from the system for maintenance and repair. The

48 -inch and 54 -inch suction isolation valves will be motor operated, resilient wedge gate valves inside the
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pump station structure. The gate valve is a full port valve and is not considered to be a flow disturbance. 

There is an option to move the gate valve to the smaller side of the suction reducer, which will reduce the

cost of the valve, and increases the clearances between the valve and the pump station structure. 

7. 6.4 Air Valves

An air valve will be installed on each pump discharge arrangement. The air valves will be located

downstream of the pump assembly on the 90 -degree vertical bend. A combination air and vacuum valve

will be installed to vent air from the pipe system. 

With the pumps located well below the lake level and with a continuous flooded suction, no air valve will

be installed on top of the pump volute. A manual ball valve will be provided to allow venting the pump

during filling of a pump lineup. 

7. 6. 5 Dam Low Level Outlet Works and Release Valves

Flows for the dam low level outlet works will be routed through the pump station intake structure and

suction header piping. The flows that will be routed through the low level outlet works include subsistence

flows, freshet flows, and base flows. These will be controlled by valves and metered inside the pump

station. The flows will be piped from the 78 -inch suction header pipe inside the pump station. Two

connections will be made to the header to allow use of the control valves if one side of the intake system

is out of service. The release flow pipe will be routed along the pump station along the south wall, exit

near the southwest corner and terminate at the diversion channel. There are design criteria for water

quality, screening and uninterrupted service that are outlined in the separate LBCR Reservoir Preliminary

Design Report and have been incorporated into the design. The release flows required by the Draft Water

Use Permit are as shown in Table 7- 1 below. Base flows and subsistence flows will be released

continuously. Pulse flows required when the lake elevation is above 516.4 feet MSL will be made through

the service spillway outlet works and not pass through the intake and pump station system. 
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Reservoir Environmental Release Requirements

Season Subsistence Flow Freshet Flow Base Flow

Cavitation

Constant ( a) 

0. 71

480 < Lake Elev. < 516.4) ( 480 < Lake Elev. < 516. 4) Lake Elev. > 516.4) 

Fall — Winter 1 cfs Peak: 20 cfs 3 cfs

Nov. — Feb.) 

1

Volume: 69 acre- feet

0. 99 105

516. 4

Duration: 3 days

18. 39

Spring 1 cfs Peak: 20 cfs 10 cfs

Mar. —Jun.) 

1. 02

Volume: 69 acre- feet

516. 4 20 17. 50

Duration: 3 days

2, 146

Summer 1 cfs Peak: 20 cfs 3 cfs

Jul. — Oct.) 

480

Volume: 69 acre- feet

1. 74 11. 06 6, 808

Duration: 3 days

The critical design considerations for these control valves will be the cavitation constant (a) and the valve

coefficient (Cv). These are summarized in Table 7- 2 below. 

Table 7- 2 Reservoir Release Valve Calculations

Lake Elevation

feet MSL) 

534

Flow

cfs) 

3

Differential Pressure

psi) 

26.01

Cavitation

Constant ( a) 

0. 71

Valve Coefficient

Cv) 

264

534 10 25. 79 0.72 884

516.4 1 18. 41 0. 99 105

516. 4 3 18. 39 1. 00 314

516.4 10 18. 17 1. 02 1, 053

516. 4 20 17. 50 1. 10 2, 146

480 1 2. 65 6. 91 276

480 20 1. 74 11. 06 6, 808

The calculated values above will be verified based on final design pipe sizes, valve elevation and discharge

elevation. Current design criteria are the use of a 30 -inch pipe, valves at 461.5 feet MSL and discharge

point at 471. 0 feet MSL. The valve coefficient (Cv) is expected to vary as shown in the table. The range for

continuous operations ( base and subsistence flows) is from 105 to 1, 053. The range for the intermittent

freshet flows is from 2, 146 to 6, 808. It will be desirable to select two valves that can operate in parallel to

meet the high freshet flow ranges and individually meet the low base and subsistence flow ranges. 

Sleeve and piston globe valves were reviewed to determine ability to meet these service conditions. Based

on the current information provided by valve manufacturers, it appears that two 16 -inch piston valves

can be more economically used than two sleeve valves. An alternative approach that may be used is one

control valve and one ball valve ( likely 12 -inch diameter) where the control valve is used for continuous
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base and subsistence flows and the ball valve is used for intermittent freshet flows. This is likely a lower

cost alternative, but sacrifices fine regulation of the flow rate. It also does not provide the redundancy of

having two parallel control valves where one can be out of service for maintenance and still allow for

releasing flows. 

Release flows will be metered inside the pump room. The location of the flow meter will be on the run of

pipe downstream of the control valves along the south wall of the pump station. This will be the longest

straight -run of pipe where the best flow conditions can be found for metering. Other hydraulic conditions

and sizing of the flow meter will be reviewed during final design. Control of the valve will be tied to the

flow meter. The valves will be operated with electric motor actuators. 

7. 7 SURGE CONTROL

7. 7. 1 Pump and Pump Control Valve

Surge events occur when the velocity of the water is changed quickly. The magnitude of a surge can be

reduced if the water' s rate of acceleration (or deceleration) is reduced which can be successfully done by

using appropriate pump control valves. Surge events can be controlled by choosing a slow opening and

closing pump control valve for the pump start and stop sequence. 

The largest magnitude of surges can occur during a power failure, when the motors de -energize very

quickly. In this case, the water column comes to a stop and reverses direction. The pump control valves

will be designed to close very slowly as the water column is allowed to reverse flow through the pumps

and drain back into the sump. By slowly closing the pump control valves, the reverse flow of the water

column is gently decelerated and the surges generated are small. The small surge pressures will dissipate

in magnitude with each wave cycle due to friction in the piping system. 

During a power failure, electrical power is not available; therefore, the pump control valves will be closed

using air stored in a tank. The hydraulic controls allow the pump control valves to close at the emergency

slow close speed, usually between 10 to 15 minutes. 

Past experience with this type of surge control indicates the maximum surge pressures will be well below

the standard allowable surge pressure rating of the pipeline. For pre -stressed concrete cylinder pipe

AWWA C301) and steel pipe (AWWA C200), the standard allowable surge pressure is 1. 5 times the pipe

pressure rating (maximum operating pressure). 

59



Lower Bois D' Arc Intake and Pump Station Preliminary Design ReportFREESE
North Texas Municipal Water District 

7NICHOLS

This method of surge control has been used successfully on many similar projects. The surge analysis will

verify that the method of surge control is acceptable, the normal opening and closing speeds of the pump

control valves, and the emergency (power failure) closing speeds of the pump control valves required to

keep the maximum surges within acceptable levels. This type of surge control offers several advantages

over other methods of surge control as follows: 

The method is less expensive than large surge tanks or standpipes. 

The method does not require higher pressure rated pipe, thus reduces cost. 

The method is more reliable than surge relief valves or surge tanks since the pump control valve

operation is verified every time the pump is started or stopped ( the controls have frequent

exercise). Surge tanks and surge relief valves must be relied on to operate properly on a very

infrequent basis. These systems require frequent maintenance to verify proper operation. 

7. 7. 2 Future Surge Analysis

A surge analysis will be performed by Foster Wheeler for the approximately 35 mile 90 -inch pipeline from

the raw water pump station to the terminal storage reservoir at the North Texas Water Treatment Plant. 

The system will be analyzed with a steady state flow rate of 236 MGD. Transient case simulations will be

finalized at a later date but are anticipated to be: 

100% power failure at the RWPS

Partial power failure at the RWPS

Normal start and stop of pump at RWPS

The purpose of this surge analysis will be to identify areas of concern within the proposed pipeline and

RWPS and make recommendations to mitigate the transients. 

7. 8 PIPE DEWATERING

7. 8. 1 Intake Pipe & Dewatering Pump

Provisions have been established to dewater the intake structure and pipes for required inspections, 

maintenance and repair activity. When dewatering and entry into the intake is needed, the intake gates

will be closed and stoplogs installed. The isolation valves at the suction header will be closed providing
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two valves between the active side of the header and the dewatered side. Water above elevation 471

MSL may be drained by gravity through the 30 -inch environmental reservoir release pipe. Once the water

level is no longer able to drain by gravity, a dewatering pump will be used to drain the intake and pipe. 

Directly inside the RWPS, 8 -inch tangential outlets located on the 78 -inch intake pipes are routed to a

dewatering pump. The 1, 000 gpm dewatering pump will drain the intake structure and pipes in

approximately 4 hours. 

7. 8. 2 Discharge Pipe

Blow off valves will be used to dewater the discharge pipeline on either side of the flow meter. The valve

immediately downstream of the flow meter and the valves at the individual pumps will provide isolation

of the pipe section. This may be necessary for maintenance or removal of the flow meter. The blow off

valves will drain into the service and emergency spillway. Draining the discharge header at lowest point

inside the pump station can be accomplished by installing a small drain line and valve routed to the sump

pump system. However, complete draining will require the use of temporary submersible or self -priming

pump installed through one of the access manways. 

7.9 SUMP PUMPS

Duplex sump pumps will be used to keep the floor of the raw water pump station dry. These sump pumps

will be located in the southeast and southwest corners of the RWPS, although the exact locations and

routing of floor drains has not been determined during preliminary design. Drains from the pump piping

and appurtenances will be routed to the sumps. The RWPS building will have perimeter finger drains that

will also be routed to the RWPS sumps. Each set of sump pumps will operate based on level floats tied to

the control panel. 

7.10 ELEVATIONS AND BUILDING HEIGHT

The overall height of the pump vault is set based on the required pump elevation to meet the NPSHR

requirements, and the finish floor elevation requirement to be above PMF. The clearance between the

top of the motor and the bottom of the bridge crane is 483'. The height of the tallest motor selection

received to date is 11'- 9". The clearance in the station will allow for the motor to be lifted and moved

directly to the area under the pump station access hatch for removal. The available clearance will allow

the motor to be hoisted above other installed motors in the station if required. 
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8.0 SYSTEM OPERATIONS

8. 1 OPERATION OBJECTIVES

The system operation should meet the following objectives: 

Allow simple operation; 

Allow efficient pumping to the extent possible; 

Allow continuous delivery of water to the future WTP without interruptions; 

Control surge pressures in the pipelines to acceptable levels. 

8.2 NORMAL OPERATING PROCEDURES

The normal operating procedures of the LBCR RWPS will be to supply the required water to the Leonard

WTP. The pump station will be the only supply for the Leonard WTP for the initial phases of the facility. 

The treated water demand required by the North water system will have a significant diurnal pattern. 

However, there is intended to be sufficient storage within the treated water clearwells and the raw water

terminal storage reservoir so the raw water pumping will not likely need to meet the same diurnal

patterns. The use of the AFDs and the volume in the TSR will allow operators to select a target flow rate

from the RWPS for a given period ( one to several days). The operator will be able to select a certain

combination of pumps and operating speed to achieve the highest efficiency pumping and minimize

energy costs. An initial version of this operating scenario was modeled and is discussed in Section 5 of this

report. An alternative operating scenario to adjust pump speed using the AFDs to maintain a target water

elevation in the TSR may also be considered. 

8. 3 CONTROL SYSTEM FEATURES

In the Remote mode, the pumps will be controlled remotely from the SCADA system via the Operator

Interface Terminal (OIT) at the Pump Station or from NTMWD' s central control station at the Wylie Plant. 

In the Local mode, the pumps will be controlled locally from the adjustable frequency drive ( AFD) 

start/ stop pushbuttons. 
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8. 3. 1 Start/ Stop Sequence

The start sequence is initiated when the motor is called to start by either a start push button located on

the AFD control panel or through a start signal from SCADA. The AFD will start the motor upon

confirmation of all start permissive settings. The start sequence will ramp up the speed of the AFD slowly

to a preset value (adjustable by programming). Upon reaching a certain pressure, a signal will be sent to

the valve controller to begin opening the pump control valve. When the valve has reached the fully open

position and confirmed by limit switches, control of speed of the AFD will be allowed by an operator or

the PLC. 

An emergency stop is initiated by any of the following: 

As a result of a power failure; 

When an emergency stop is called on by an E -stop pushbutton located on the motor starter

or the E -stop pushbutton located near the motor or from SCADA; and

Fault conditions in the AFDs and Motor Protection Relay. 

An emergency stop will cause the motor to stop immediately. 

The normal stop sequence is initiated when the motor is called on to stop by either a stop push button

located at the AFD or through a stop signal from SCADA. The normal stop sequence will initiate closure of

the pump control valve. When the valve reaches 95% closed position, the motor will be stopped and the

valve will continue to close. An un -commanded normal stop is initiated by the detection of the motor

winding RTDs exceeding the specified limits. Final design will confirm which shutdown functions will be

latched and need to be manually reset. 

8. 3. 2 Safety Features

Local automatic safety features will be provided for the following: 

Motor shutdown and warning protective features ( temperature, overload, undercurrent, 
phase failure, ground fault, etc.); 

Automatic shutdown for fault conditions in the AFDs and Motor Protection Relay; 

Time-out for motor protection after emergency pump stop or power failure; 

Automatic shutdown for high water level in the pump room; 

Automatic shutdown for pump control valve failure (valve did not open within a given time); 
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Pumps cannot start if the pump control valve is not closed; 

Time-out for surge dissipation after emergency pump stop or power failure; and

Automatic shutdown for fault conditions in the AFDs and switchgear. 

The following alarms will be reported back to SCADA: 

Pump room/ electrical room door intrusion alarms

Pump room high water level ( flood) alarm

Pump control valve failure

High discharge pressure

Transformer alarms

Transformer protection relay trip

AFD trip

Motor protection relay trip

Vibration alarm ( pump and motor) 

Motor cooling system failure

Reservoir release control valve failure

Meter vault high water level

The following analog signals will be reported back to SCADA: 

PLC cabinet temperature

Electrical room temperature

Pump room temperature

Motor cooling system flow rates

Discharge pipeline flow rate

Discharge header pressure

Pump discharge pressure

AFD speed

Vibration signals ( pump and motor) 

Lake elevation

Reservoir release control valve position
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Reservoir release control valve pressure ( upstream, downstream and/ or differential) 

Reservoir release flow rate

The following discrete inputs will be reported back to SCADA: 

SCADA cabinet doors open

SCADA enable

Pump status ( running/ stopped) 

Pump control valve status

6. 9kV Switchgear Tie breaker open/ close status

Reservoir release control valve status

The following data highway signals will be reported back to SCADA: 

Each 6. 9kV metal -clad switchgear main breaker and feeder protective relay

Each motor starter (AFD) protective relay

Each transformer protective relay

8.4 PROCESS AND INSTRUMENTATION DIAGRAM

An overall process and instrumentation diagram for the pump station is attached as Figure 8- 1. 
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9. 0 ELECTRICAL SYSTEMS

9. 1 UTILITY POWER SUPPLY

The pump station is served in a single transmission distribution service provider area that can only be

served by Fannin County Electric Cooperative ( FCEC). FCEC will provide a substation with two 25kV aerial

feeders to the pump station. The two aerial feeders will be routed across the emergency and service

spillways to the pump station. It is anticipated that the meter vault and intake structure will also have

their own service drops from these same aerial feeders. More detailed information on the utility power

will be determined after further coordination with the FCEC. 

9.2 UTILITY SUBSTATION SITE REQUIREMENTS

In order to maintain ease of access FCEC has indicated that the substation needs to be on the east side of

the emergency spillway. A preliminary location has been identified, however final determination of

location, easements, size, site preparation and other requirements will need coordination with FCEC, 

NTMWD and CMAR for the dam project. 

9.3 POWER DISTRIBUTION AT THE METER VAULT

The electric service to the meter vault will be 120/ 240V, 1 -phase, 60 -Hz supplied from a FCEC pole

mounted transformer. The transformer will feed a 120/ 240V panelboard via a fused service entrance

rated disconnect switch. 

9.4 POWER DISTRIBUTION AT THE PUMP STATION

The electrical service to the pump station will be 6. 9kV, 3- phase, 60 -Hz supplied from FCEC from two loop

connected aerial feeders in order to provide the required level of redundancy. That same level of

redundancy will be carried through the electrical design from the 6. 9kV metal clad switchgear to the 480V

switchboard. 

The two 25kV aerial feeders will be connected via several pole mounted reclosers located near the pump

station. During the initial phase when only three pump motors are installed, one-6. 9kV metal clad main - 

tie -main switchgear line- up will be provided at the site which will be fed by two unit transformers. The

initial 6. 9kV metal clad switchgear (SWGR- 1) will also feed breakers for the three initial motor controllers, 

for the two pad mounted transformers for house loads and for two future motor controllers. The pad
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mounted transformers will feed a 480V switchboard that will include two main breakers, a tie breaker and

circuit breakers for the feeder sections. During the second phase of the project when the larger pump

motors are installed, a second 6. 9kV metal clad main -tie -main switchgear ( SWGR- 2) line- up will be

provided at the site that will be fed by two additional unit substation transformers. At this point the site

will have a total of four unit substation transformers and each 6. 9kV switchgear line- up will be kirk -key

interlocked to allow a maximum of two unit substation transformers to operate in parallel at a time. The

new 6. 9kV metal clad switchgear will be similar in design to the one installed during phase one, in that it

will also include main -tie -main circuit breakers and feeder breakers for each motor controller, and for a

pad mounted transformer for house loads. 

When SWGR- 2 is installed one of the smaller pump motors and one of the pad mounted transformers will

be disconnected from SWGR- 1 and be refed from SWGR- 2 in order to provide redundancy. Figure 9-1

shows an overall one -line diagram of the pump station' s electrical distribution system for the selected

pump station layout for Phase I. Figure 9- 2 shows the ultimate overall one -line diagram with all 9 motors. 

9.4.1 Design Voltage

A majority of NTMWD' s facilities with high horsepower motors have the motors rated at 4. 16kV or less. 

Due to the number and size of the motors anticipated at this site ( 3- 3000HP and 6- 7500HP motors), FNI

is recommending that 25kV utility service be stepped down to 6. 9kV for the utilization voltage at the pump

station. 

9. 4. 2 Power Factor Correction

FCEC is required by ERCOT to maintain a power factor of 97% or better, therefore FCEC is extending the

same requirement to this site. Since adjustable frequency drives (AFD) can only correct the power factor

at approximately 97% at 100% speed, power factor correction will be required regardless if AFDs are in

use. Although power factor correction capacitors can be connected to the load side of the motor

controller, it can only correct the power factor to approximately 95% without overexciting the motor. 

Therefore a switched capacitor bank(s) will be required off the main incoming electrical equipment in the

pump station in order to correct the power factor to meet FCEC' s requirements. 
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9. 4.3 Motor Starting Requirements

FCEC has not indicated if there are any motor starting requirements for the site. Any requirements will

need to be reviewed with the proposed AFDs and included in final specifications. 

9.5 ADJUSTABLE FREQUENCY DRIVES

The AFDs will be Active -Front -End ( AFE) using semiconductor switching to reduce line current harmonics

to acceptable limits. The AFDs will be specified to control the motor speed throughout the entire

operating range. The AFD will also include a bypass switch with an output contactor to allow the operator

to choose to operate the pump motor either from the AFD or from the across -the -line starter. The motor

will be able to operate while running using the across the line starter but will be limited to starting using

the AFD due to motor starting restrictions. 

The AFDs will be specified to have front access only but the room layout design will allow for rear access. 

In addition to the main medium voltage power, each AFD will have one external 480V, 3- phase source. 

The 480V, 3 -Phase source will be used to power any cooling equipment (air or liquid cooled) as well as an

internal control power transformer to power AFD boards, PLC, RTD interface module, AFD controls and

other critical equipment. The AFD will include an operator interface which consists of a LCD display used

for start-up, monitoring and troubleshooting. Each AFD has a power monitor for voltage, current and

power monitoring. 

AFD standard motor protective features are used for motor protection along with a remote mounted

Schweitzer Motor Protection Relay that will be located near the pump motor. Motor protective features

that are used are: overload, overvoltage, undervoltage, overcurrent, etc. Each AFD has a RTD interface

module that interfaces with the motor winding and bearing RTDs to generate alarms and shut -downs. 

AFDs will be specified to meet IEEE 519- 1992 requirements for the total harmonic distortion limit. AFDs

have 0.95 lagging power factor for speeds 60- 100 percent, and might have leading power factor for speeds

below 60 percent. 

9. 5. 1 Liquid vs. Air Cooled

At the horsepower being considered for this project there is an option for the AFDs to be either liquid or

air cooled. An AFD that is air-cooled will include built in redundant fans. The redundant fan comes on

when the default fan fails. Additional external cooling will also be required to maintain an ambient
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temperature of 95 degrees F for the electrical room. Another option is for the AFD to be liquid -cooled

which would include a closed loop system that would include a heat exchanger located outside the room

to help remove the heat from the drive enclosure. 

A. Availability: 

At the ultimate 7500HP size there is a limited availability from several of the manufacturers

to provide an air cooled option. For the most part a liquid cooled drive is the more readily

available option at this horsepower. At the initial 3000HP there is a higher availability for an

air cooled drive but there are some manufacturers who also offer a liquid cooled option. 

B. External Cooling: 

If the AFDs are air cooled the drives then during the initial phase each drive will have a heat

loss of approximately 95kW/ each. This will require very large HVAC units to cool the room in
order to maintain an ambient temperature of 95 degrees F. The larger 7500HP drives will have

a heat loss of approximately 184Kw/ each. 

It is our recommendation that the drives be liquid -cooled for both the small and larger horsepower pump

motors. 

9.6 MOTOR TYPE

9. 6. 1 Compare WP -1 vs. TEWAC

A Weather Protected I ( WP -1) motor is an open type of motor that includes ventilation to minimize the

entrance of some air -borne particles and is therefore suitable for a mild outdoor environment. NTMWD

has several WP -1 motors located within their system. 

A totally enclosed water to air cooled ( TEWAC) motor is suitable for dirty locations where cooling water

is available. NTMWD does not have any TEWAC motors located within their system. A TEWAC motor

limits the amount of warm air that is discharged using a closed loop glycol system, a one or two tube

cooler design or a U -Tube design. The water cooling design is determined by the motor manufacturer

based on the specification requirements given. The cooling water used typically has a temperature of 86

degrees F, but if a higher temperature is present the motor manufacturer may be able to design around

it by providing a larger cooling box. Discussion with the motor manufacturer has indicated that some

Owners also choose to install additional accessories in order to monitor the system. These accessories

would be installed by the Contractor ( not the motor supplier) and could include water temperature
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meters, flow meters, a diverter system if the water temperature is too high, etc. Further coordination

during design will be done to determine which accessories NTMWD would like to include. 

A. Noise

The noise level on a WP1 motor can possibly be as low as 80dBA. The noise level output for

a TEWAC motor is typically less than 80dBA. 

B. Maintenance

The additional maintenance required for a TEWAC motor includes maintenance to the cooler

box every 5 years. It is also recommended by the manufacturer to trend the motor

temperature ( from the winding RTDs). If it starts increasing, it could be indicative that

maintenance needs to be done to the cooler box or that there is a leak in the system. 

It is our recommendation that TEWAC motors be used for the small and larger motors at the pump station. 

9. 6. 2 Vibration Monitoring

The motors will include motor vibration sensors. The vibration sensors will send a 4- 20Ma signal to SCADA

to be used for monitoring purposes only. The vibration signal will not automatically shut down the pump

motors when a vibration warning or alarm set point is triggered. 

9. 7 MAJOR ELECTRICAL EQUIPMENT

The site will include two sets of unit substation transformers that will operate in parallel and feed a 6. 9kV

metal clad switchgear. Each 6. 9kV switchgear line- up will consist of two ( 2) main breakers and a tie

breaker that can be sub -fed from the other 6. 9kV switchgear line- up. During the initial phase only one set

of unit substation transformers and one 6. 9kV metal clad switchgear will be installed. The switchgear will

also include feeder breakers for the house load transformer and for the motor controllers. The pump

motor loads will be split between the two line- ups. Each switchgear will include kirk -key interlocks to limit

a maximum of any two transformers from running in parallel at any time. 

The major electrical equipment located outside will consist of the following: 

Four ( 4) 12MVA/ 20MVA, 25kV to 6. 9kV unit substation transformers ( only two installed

during phase one) 

Two (2) 750KVA, 6. 9kV to 480V pad mounted transformers

The major electrical equipment in the Electrical Room will consist of the following: 
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Two (2) 6. 9kV metal clad main -tie -main -main switchgear (only one installed during phase one) 

AFDs with a run duty bypass for each pump (only three installed during phase one) 

Two ( 2) 6. 9kV power factor correction switched banks (only one installed during phase one) 

480V Switchboard with main -tie -main

208Y/ 120V panelboard

The switchgear bus and main/ tie breakers will be sized for the ultimate pump station loads, but these

breakers will have their trip settings reduced to a lower set point for the Initial loads. The current

transformers (CT' s) on the incoming main breakers will be sized for the ultimate loads as well. 

The station electrical loads including unit heaters, A/ C units, exhaust fans, and the 208Y/ 120V three phase

panelboard will be fed from the 480V switchboard. The 208Y/ 120V panelboard will feed miscellaneous

equipment in the pump station. 

Figure 9- 3 shows the pump station site plan. Figure 9- 4 shows a proposed layout of the electrical room

with liquid cooled adjustable frequency drives. 

The inclusion of equipment required for future phases of the pump station will require further discussion

with the District. The one -line drawings and discussion above include the ultimate equipment required, 

however not all of this will be required to provide redundancy if the initial installation only includes the

three low head pumps (3000 HP motors). 

9.8 MISCELLANEOUS ELECTRICAL EQUIPMENT

Medium voltage cable (15 kV) will be shielded type MV -105 rated for conduit runs with stress cones at the

terminations. Low voltage wiring will be XHHW- 2 rated for conduit runs. Conduit in concrete encased duct

banks will be PVC schedule 40 and the minimum size conduit in a duct bank will be 2 -inch diameter. All

above grade conduit at the site will be aluminum or rigid galvanized steel ( RGS). 

Lightning protection will be provided on the pump station building. 

9. 8. 1 Conduit and Cable Routing from Pump Level to the Electrical Room

Conduits and cable trays will be used for routing of 6. 9kV, 480V power, control and instrumentation cable

in the pump, control, storage and maintenance room, and electrical rooms. There will be separate cable

trays for 15kV power, 480V power and control/ instrumentation. The medium voltage cables from the

adjustable frequency drives to the motors will be armored cable. These cables will be routed in cable trays
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from the electrical room to the storage and maintenance room where the cables will penetrate the floor

along the west wall via conduit. Once on the lower level cables will continue to be routed in conduit and

then transition to cable tray along the north wall. All cables routed from the cable trays to the pump

motors, valves, and instrumentation will be routed exposed above grade and grouped together in order

to avoid restricting maintenance access. 

9. 8.2 Conduit and Cable Routing from Transformers to the Electrical Room

The incoming 6. 9kV power cables will be routed to the unit substation transformers to accommodate the

ultimate load. The feeders from each unit substation and pad mounted transformers to the 6. 9Kv

Switchgear can either be via conduits or cable trays. Due to the size of the service each service each group

of feeders will need to be routed in its own separate cable tray. Conduits routed from the transformers

to the electrical room will stub -up in a designated area along the east wall of the electrical room. Medium

voltage cables from the unit substation and pad mounted transformers will be armored cable. Bus duct is

not being considered due high cost/ LF for the size of service combined with the significant amount of

linear feet between the switchgear and the transformer. 

9.9 LIGHTING

The pump room lighting will consist of LED fixtures with a luminance level of 35- to 40 -foot-candles on

average. Electrical room lighting will consist of LED fixtures with a luminance level of 40 to 50 foot-candles

on average. Outdoor lighting will consist of wall mounted LED fixtures mounted off to the side of

pedestrian doors and centered over truck doors. Light poles to will be used to illuminate the transformer

area on top of the pump station and the driveway area immediately around the pump station. The outdoor

lights will be controlled by a lighting contactor via a photocell. The lighting contactor will have a Hand -Off - 

Auto selector switch for manual override of the photocell. Emergency lights with battery back-up will be

located throughout the pump and electrical rooms. The lighting will be designed in accordance with the

International Energy Conservation Code. 
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10.0 INSTRUMENTATION, SECURITY AND SCADA

10.1 PUMP STATION INSTRUMENTATION

All field instrumentation and controls will be terminated in a programmable logic controller (PLC) cabinet

located in the control room. Exact field instrumentation and controls will be determined after further

coordination with the District. Refer to Section 8. 3 of this report for discussion of instrumentation

required for control of the pump station. The pump station will include as a minimum a: 

Discharge pressure transmitter; 

Electrical room temperature transmitter; 

Level floats in the pump room for operation of the sump pump; 

A high level float in the pump room to indicate a pipe break; and

Intrusion detectors at the pump room hatches and electrical building doors. 

10.2 FLOW METER VAULT INSTRUMENTATION

All field instrumentation and controls at the meter vault will be terminated in a programmable logic

controller ( PLC) cabinet located above the meter vault. Exact field instrumentation and controls will be

determined after further coordination with the NTMWD. The meter vault will include as a minimum a: 

Discharge pressure transmitter; 

A spool piece magnetic flow meter with remote transmitter; 

Level floats for operation of the sump pump; 

A high level float alarm; and

Intrusion detectors to the building. 

The meter vault will contain a sump pump, exhaust fan, lights, and receptacles. 

10.3 SECURITY SYSTEMS

10.3. 1 Access Control & Camera System

Security at the pump station will include intrusion alarms to SCADA for building doors and meter vault and

pump room hatches. Security access will be provided to the electrical building and the exterior doors

leading to the lower level pump room. Security access will be provided at the gate( s) into the pump station

site. 
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Exterior mounted surveillance cameras will be provided to monitor the gate entrance and access to the

building. Interior mounted cameras within the electrical room and pump room will also be provided and

the exact locations will be determined after further coordination with NTMWD. 

The surveillance cameras will be monitored locally. Local monitoring will include providing a control

station at the pump station with a flat panel monitor and a DVR to store the video with communication

link to the NTMWD' s central SCADA system. The video surveillance system cameras will be tied to SCADA

for remote monitoring via a Security Access Panel located in the Control Room. 

10.4 COMMUNICATIONS SYSTEMS

10.4.1 Pump Station

Fiber optic cable will be the primary means of communication for the pump station. The fiber optic cable

will be used for security, SCADA and telephone service. The pump station will either be controlled

from/ tied to the Wylie WTP or the Leonard WTP. Alternatively, NTMWD may decide to have the ability to

control the pump station from both sites. Which site the pump station will be controlled from will be

decided by NTMWD at a later date. 

10.4.2 Dam and Other Facilities

Fiber optic lines will be installed along the dam from the intake tower, spillway, and pipeline flow meter

vault and will be routed to the RWPS control room. The fiber optic cable will transmit security and SCADA

information from the dam and other facilities to the RWPS. 

10.4. 3 Interconnection to Leonard WTP

A fiber optic line from the LBCR site to the Leonard WTP site will be constructed in parallel with the raw

water pipeline. 

10.4.4 Interconnection to Wylie WTP

A fiber optic line from the Leonard WTP site to the Texoma -Wylie pipeline will be constructed in parallel

with the treated water pipeline to McKinney. These pipelines will intersect near Blue Ridge and a

connection between fiber optic systems will be made. This connection will allow communication and

control of the entire LBCR system to be made from the Wylie WTP if necessary. 
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10.4.5 Construction Phasing

A more detailed discussion of the construction plan will be required with the District since the

communications system will cross over between multiple CMAR projects ( dam, pump station and WTP, 

and pipeline). 

10.5 SCADA

A new SCADA PLC cabinet will be installed in the Pump Station and Meter Vault Control Rooms. The pump

station SCADA PLC cabinet will include a graphic user interface touchscreen that the operator will be able

to use to monitor and control the pump station operations. The graphic user interface will be Modicon

Magellis. 

The SCADA PLC cabinet will include: 

A backup uninterruptible power supply; 

A managed Ethernet switch with expansion modules as required for the number of network

connections; 

Cisco network switches and Cisco expansion modules; 

A switched light and receptacle; and

Temperature sensor inside the cabinet. 

10. 6 NETWORK DIAGRAM

All power meters, feeder protection relays, motor protection relays, AFDs, and power factor correction

capacitors will include an Ethernet data highway to SCADA. The metal clad switchgears and AFDs will each

include an Ethernet Switch that will tie into the multiple data highway connections included in the

electrical equipment. Where the manufacturer provides an Ethernet switch in the electrical equipment, 

the switch will follow NTMWD' s standard (managed switch Cisco). 

The signal from the flow meter will also include an Ethernet data highway to SCADA. 

Information to be read over each of the data highways will be determined after further coordination with

the NTMWD. 
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11.0 RAW WATER PUMP STATION BUILDING

11.1 GEOTECHNICAL DESIGN

11. 1. 1 Summary

FNI has selected locations and completed exploratory borings at the pump station site. The borings are

currently being analyzed. Geotechnical analysis will be used to determine required foundation

considerations for the pump station structure, electrical equipment pads, HVAC equipment pads, 

driveways, pipeline support, flow meter vault structure, and other miscellaneous facilities. A geotechnical

report that presents boring locations, boring logs, and a discussion of subsurface conditions and their

impact on design will be forthcoming. 

11. 1. 2 Excavation for the RWPS and Interaction with Dam Facilities

Sloping for excavation of the RWPS will be determined based on the results of the geotechnical analysis

at the pump station site. For site planning purposes a 3H: 1V slope was used for locating the pump station

based on the assumption the excavation will be opened for a lengthy period. The RWPS is located so that

the excavation limits of the service spillway, diversion channel and the pump station excavation do not

intersect. 

11.2 STRUCTURAL DESIGN

11.2. 1 Structural Design Criteria and Codes

The raw water pump station will consist of the pump station vault located below grade and servicing

buildings founded on the RWPS vault roof slab which is at or near grade. 

Below grade construction, the RWPS station vault, will be designed in accordance with the governing ACI

350 code. Above grade construction will be designed in accordance with IBC 2015, and the applicable

ASCE 7, ACI 318, and AISC 360 codes and specifications. The live load design for the vault roof slab will not

be less than 250 pounds per square foot or 16,000 pound wheel load. The roof slab, as applicable, will be

designed for specific equipment loads ( i. e., transformers, vehicle traffic, etc.). 

The vault will be designed for applicable soil and hydrostatic loads as recommended by the forthcoming

geotechnical report. 
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Buildings atop the vault will be designed for the applicable IBC and ASCE 7 dead, live, wind, and seismic

loads with a Risk Category of III. 

Normal weight concrete will be used in all construction. All steel framing will be hot -dipped galvanized in

accordance with ASTM A123 and A153. 

11. 2. 2 Raw Water Pump Station Vault

The RWPS vault will consist of a reinforced concrete structure buried in the ground to within

approximately one foot of the existing ground surface. The structure/ vault size is approximately 81 feet

wide by 289 feet long by 42. 5 feet deep. 

The vault will be founded in limestone and backfilled with onsite materials for portions above the

limestone and flowable fill for portions at and below the top of limestone surface. If onsite materials result

in an inefficient, non -cost effective design approach, then imported materials will be provided around

part or all of the vault. 

11. 2. 3 Raw Water Pump Station Electrical and Storage Buildings

The electrical and storage buildings will be founded on the vault roof slab and will consist of precast

concrete load bearing wall panels supporting roof framing. Interior columns will be provided as required

to support the long spans for the electrical building roof. 

Load bearing wall panels for the buildings will have a minimum structural thickness of not less than 5. 5

inches. Final panel thicknesses will be determined based on building wall heights, loads, and architectural

treatments. 

Pad mounted HVAC equipment will be located out-of-doors on the backfill surrounding the RWPS. 

Depending on equipment size, ductwork flexibility, and equipment tolerance of differential settlement it

may be necessary to provide drilled shafts for support of the HVAC equipment. 

11.2. 4 Bridge Crane Systems

A bridge crane is recommended to move pumps, motors, valves, and other equipment to a centralized

staging area on the vault bottom slab when necessary for installation and maintenance. The centralized

staging area will horizontally align with an opening in the vault roof slab overhead. 
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The bridge crane inside the vault will be underrunning and the supporting rails will be underhung from

the roof slab girders. The size of the bridge crane is controlled by the maximum weight the crane must

lift. The pump motors are approximately 60,000 pounds, requiring a 35 -ton bridge crane. 

A mobile crane will be required to retrieve items from the centralized area on the vault bottom slab — 

raising them up the roof slab and placing them on a truck bed or the top surface of the roof slab. 

11. 2. 5 Equipment Pads

Equipment pads will be provided as required for support of pumps, transformers, electrical gear, and

HVAC equipment. Additionally a secondary containment curb will be provided around the transformers. 

11.3 ARCHITECTURAL DESIGN

11. 3. 1 Raw Water Pump Station Building

The raw water pump station will consist of an approximately 25, 500 -square foot concrete Pump Room

vault with a concrete roof deck as shown in Section 11. 2. Approximately 12, 800 square feet of additional

ancillary areas for the pump station will be located at grade above the pump room and consist of: an

electrical room, control room, storage/ maintenance, restroom, corridor, stairs, and an elevator with a

controls room. 

11. 3. 2 Architectural Design Criteria and Codes

The RWPS will be located in rural Fannin County outside of the jurisdiction of any local building code

enforcement, and therefore, the State of Texas building codes would apply. The design will follow the

current codes listed in Section 2. 2. 

11. 3. 3 Raw Water Pump Station Building Systems

A. Building Envelope: 

Precast concrete panels are recommended for the walls of the above grade facilities - they

are strong, durable and virtually maintenance free. Concrete panel walls are historically

NTMWD' s preferred wall system for pump stations. The structural wall panels will support a

low -sloped steel frame roof structure consisting of a galvanized metal deck, rigid insulation, 

substrate board and membrane roofing. 
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An internal roof drain system will not be provided because of the danger internal drain lines

present over electrical equipment and control areas if they were to leak. Roof drainage will

be accomplished by through -parapet scuppers with conductor heads and downspouts. 

To meet the Energy Code, all above grade building rooms that are air-conditioned (all rooms

except the storage/ maintenance and stairwells), will have continuous rigid insulation added

to the interior face of the concrete wall panels. The insulation will be adhered to the panel

face, covered with either metal wall panels, or gypsum board, and secured through the

insulation to the concrete panels. 

Daylighting will be provided in the electrical and storage/ maintenance rooms and at the

building entry via hurricane resistant glass block windows. These windows are non- operable

and are virtually maintenance free. The windows will be mounted high on the walls just below

the joists and above the electrical equipment and storage areas; this location will let natural

light inside without providing views to the interior from the outside. These windows are

assembled at the factory and installed much like traditional windows, and can have either

heavy duty (thicker than normal) hollow glass blocks, or solid glass bricks, which are bullet

resistant. 

B. Room Functions: 

The electrical and control rooms will be sized to accommodate the equipment they house. 

Oversized double doors at the north and south sides of the electrical room will allow loading

and unloading of electrical equipment. Normal sized personnel doors on the east side of the

electrical room will allow convenient access to the outdoor electrical equipment. All electrical

room doors will be equipped with exit devices ( panic bars) to meet National Electrical Code

NEC) requirements. 

The storage/ maintenance room will have an overhead coiling door on the south side, to allow

access for trucks and other wheel based equipment. There will be enough room for storage

and maintenance of valves and other pump related equipment. The room is not planned to

be designed for vehicle storage which would require additional fire safety systems. 
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The restroom will be provided with Building Code required fixtures: One toilet, one lavatory, 

and a service sink (mop sink). The code also requires a drinking fountain which will be located

just outside of the restroom. 

The elevator functions are described in greater detail below. The requisite elevator controls

room will be located on the ground floor level, adjacent to the elevator. Both the ground floor

and the pump room level will have elevator vestibules, just outside the elevator. At the pump

room level, the vestibule will have double doors with hold -open devices. These doors will be

held open by magnets; if the smoke or fire alarms are activated, the magnets disengage and

the doors close automatically, preventing smoke from traveling up the elevator shaft to the

spaces at the ground floor. Even though the doors are closed, they can be always be operated

manually. 

Stairs from the pump room to ground level will be enclosed in stairwells to meet Building

Code egress requirements, and spaced so that in the pump room, at least one exit stairwell

will be within 200 feet of travel distance. The stairs will be constructed according to the

Building Code, with requisite guardrails, handrails, closed risers, 1 -inch nosings, etc. Ship' s

ladders will not be used, even though they would be OSHA ( Occupational Safety and Health

Administration) compliant, the more stringent Building Code requirements for stairs apply

here. 

11. 3. 4 Accessibility

The building will have to meet the current Texas Accessibility Standards (TAS). These standards apply only

to the parking area, the restroom, and the control room. The other areas of the building are considered

machine rooms" and will not need to be accessible. TAS requires a designated accessible parking space

closest to the entry) with striping and signage. Because the site is not accessible by public transportation, 

an accessible sidewalk to the road with public transportation is not required. The project will have to be

registered with the Texas Department of Licensing and Regulation ( TDLR) by a Registered Accessibility

Specialist (RAS), who will also review the drawings, and inspect the project. 
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11. 3. 5 Vertical Circulation

A. Elevator System: 

The vertical distance from the ground level facilities to the pump room floor is approximately

50 feet, which makes it impractical to rely on stairs exclusively for vertical circulation. A single

building supported traction -type" service elevator will be provided. The elevator will have a

5, 000 Ib. load capacity, which will accommodate RWPS personnel, tools, welding equipment, 

and minor motor and pump parts. The footprint of the elevator will be large enough to

transport a gurney, if needed. Loads greater than 5, 000 lbs. will be accommodated via a crane

through a hatch at ground level. 

B. Stairs: 

Three enclosed exit stairs are required by the Building Code and will be provided at each end

and in the center of the pump room. The Building Code limits excess access to 200 feet or

less. The center and east exit stairs will terminate at grade; and the west stair will terminate

in the grade level corridor, near the building entrance. 

C. Ladder to Roof: 

A ladder up to a roof hatch will be provided in the west stairway to allow access to the rooftop

HVAC equipment that will service the control room, corridor and restroom. (A separate HVAC

system will service the Electrical Room — see Section 11. 4.) 

A. Catwalk: 

A catwalk will be installed at the valve alcove, above the west intake pipe and suction header

at approximately 12 feet above the pump room floor. The galvanized steel catwalk will be

accessed by galvanized steel stairs with aluminum handrails. Stairs on either side of the

catwalk will allow access to the piping and equipment at the pump room floor. 

11. 3. 6 Sound Attenuation

Each of the pump motors at this facility generates approximately 82 dBA of noise at a 3 -foot distance as

measured on the equivalent A -weighted scale. The pumps and piping can also generate some level of

hydraulic noise. OSHA allows employees to be exposed to 85 dBA for a maximum period of 8 hours. The

noise reflecting off of the hard concrete walls, ceiling, and floor, together with the source noise could
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generate a condition known as constructive interference — where the sound wave compressions and

rarefactions line up with each other to create a higher intensity noise. A sound consultant can be retained

during the final design phase to determine the severity of interference in the Pump Room, and to

recommend attenuation solutions. Generally, these solutions may include: 1) insulated, perforated metal

panels that are bolted to the wall, and 2) cementitious spray applied insulation. The metal panels have

stand- off attachment clips, allowing conduits to pass behind the panels. The spray -applied insulation cures

rock -hard and is durable. Not all of the wall and ceiling surfaces will need attenuation. The initial

assumptions for this scenario is that 30% of the pump room walls and ceiling will need to receive

attenuation. The quantity and locations will be determined by the sound consultant during final design

phase. 

11.4 MECHANICAL ( HVAC) DESIGN

11.4.1 Mechanical Design Criteria and Codes

A. The HVAC system for the buildings will be designed in accordance with: 

Applicable codes listed in this report

ASHRAE 62. 1- 2010 — "Ventilation for Acceptable Indoor Air Quality" 

ASHRAE 90.1- 2010 - " Energy Standard for Buildings" 

B. The HVAC system will be sized based on summer and winter peak load calculations using the

following design conditions: 

Outdoor: 

Summer: 99.5° F DB / 74. 6° F WB ( ASHRAE 1%) 

Winter: 22.4° F DB ( ASHRAE 99. 6%) 

Indoor: 

Electrical Room: 85° F DB / 50% RH

Control Room: 75° F DB / 50% RH

Pump Room: No more than 10° C DB above ambient outdoor temperature

Ventilation only) 

11.4.2 Electrical Room Air Conditioning

The electrical room will be air conditioned by three grade -mounted packaged DX units sized to maintain

n+ 1 redundancy such that if one of the units fails, the other two units will be capable of handling the
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entire heat load generated by the electrical equipment. The air conditioning units shall be controlled by

wall mounted thermostats to maintain the design indoor conditions. 

The capacity of the HVAC units will depend on the type of electrical equipment in the electrical room. If

liquid -cooled AFD' s are used, the heat load will be greatly reduced, and much smaller HVAC units can be

used. 

Air shall be distributed in the electrical room with horizontal ductwork to evenly distribute air. The supply

air ductwork shall be mounted so that it stays clear of the space required for the electrical equipment and

cable trays. 

The electrical room will normally be unoccupied and hence does not require outside air ventilation for

people. However, a minimal amount of outside air will be provided through the roof -mounted packaged

DX units to slightly pressurize the spaces to prevent infiltration of unconditioned, unfiltered air. Since the

space is unoccupied, the HVAC system serving the electrical room will be cooling -only and shall not have

heating capability. 

11.4.3 Pump Room Ventilation

The pump room will be ventilated and freeze -protected, but not air-conditioned. The ventilation system

will be sized such that it does not allow the indoor conditions of the pump room to exceed more than

10°C above the outdoor ambient temperature. The ventilation system will be comprised one supply and

one exhaust fan, both fans will be ducted to the finished floor level of the pump room. The operation of

the fans will be controlled by a wall mounted thermostat. When the temperature in the pump room

exceeds the designated set point, the fans will engage and ventilate the space. The design will depend on

the type of pump motors used. Currently the pump motors will be water-cooled; if air-cooled motors are

used, additional fans will need to be added to handle the ventilation requirements for the space. 

Freeze protection will be provided for the pump room during low ambient conditions by electric unit

heaters controlled by an integral thermostats. 

11.4.4 Control Room Air Conditioning

The control room will be air conditioned by a wall -mounted packaged DX unit, controlled by a wall

mounted thermostat to maintain design indoor conditions. Since the control room is occupied, it will be

provided with outside air ventilation and heating. 
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11.4.5 Rest Room and Storage Room Ventilation

The restrooms and storage room will be provided with an exhaust fan interlocked with the light switch in

order to provide ventilation to the space. Unit heaters will be provided for freeze -protection heating. 

11.5 PLUMBING DESIGN

11. 5. 1 Plumbing Design Criteria and Codes

A. The plumbing system for the buildings will be designed in accordance with applicable codes

listed in the report. 

11.5. 2 General Plumbing

A freeze protected non -freeze shower/ eyewash will be provided on the exterior of the grade -level

building. Non freeze hose bibbs will be provided along the exterior perimeter of the building not more

than one -hundred feet apart. 

11. 5. 3 Restroom Plumbing

There will be one restroom located adjacent to the control room. The restroom will be provided with a

water closet, wall hung lavatory, floor -mounted service sink, floor drain and instantaneous water heater. 

Hot and cold water piping will be purple CPVC with 1 -inch thick insulation. The water source will be the

discharge header from the pumps which will be under pressure. This line will be tapped off from in order

to feed the building with non -potable water. The tap -off will be located on the top side of the discharge

header so that sediment will not be drawn into the non -potable water line. The non -potable water line

will be purple CPVC as an indicator that the water is non -potable. In addition, signage will be provided

next to the mirror above the lavatory and around any hose bibbs warning occupants that the water is non - 

potable and is not suitable for drinking. 

Any sanitary waste pipe will be cast iron above finished floor, DWV Schedule 40 PVC below finished floor

and will extend five feet outside the building and continued by others. The vent pipe will be cast iron and

one 4 -inch vent will terminate above the roof to serve the restroom. 

11. 5. 4 Pump Room Plumbing

An emergency shower/ eyewash will be provided in the pump room. The intention is that when activated

the water will drain to the sump pump systems. 
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11.6 SITE UTILITY DESIGN

11. 6. 1 Water Supply

Water supply to the pump station facility will be required for latrine facilities, water cooled motors and

fire protection systems. The potable domestic water demand is 50 GPM, and the non -potable water

demand for the pump motor cooling system is 800 GPM ( assuming five high -head pumps running). Single

source options for water supply to the pump station are connecting to an existing 8 -inch waterline, drilling

water wells and chemically treating the well water, and treating the LBCR raw water. The closest potable

water system with potential capacity is an 8 -inch water line, owned by the Bois D' Arc Municipal Utility

District ( MUD), and is approximately 5 miles away. The approximate cost for this option is $ 1. 25 million

and the cost of the water will need to be negotiated between the owners. An estimated six drilled water

wells will be necessary to meet the total water demand and will cost approximately $1. 3 million. Treating

the LBCR raw water will require a micro -strainer and a media cloth filter located at ground level within. 

This will likely be housed in the pump room. This option will cost approximately $625, 000. 

A more economical option to supply water to the pump station is to combine two water sources. The first

combination is an approximately three mile, 2 -inch water line extension from the MUD distribution

system for potable water and raw water treatment for non -potable water use ( e. g. motor cooling, wash

down, etc.). The raw water treatment side will not require the media cloth filer system since it will be used

for non -potable application. The reduced quantity of water to be treated will result in a smaller amount

of treatment equipment which can be installed in the pump station room. The anticipated cost for this

option is approximately $400,000. The advantage of this option is that the same domestic supply line can

be used for dam maintenance facilities planned on the east side of the emergency spillway. A

disadvantage of this option is that the water may only be used intimately and may require flushing to

maintain water quality. A water well can also be installed in combination with raw water treatment to

provide the necessary water to the pump station at an approximate cost of $450,000. FNI recommends

using one of these combinations to provide water to the pump motors and station facilities. 

11. 6. 2 Septic System

Existing wastewater facilities are not within the project site. FNI recommends the design of an on- site

septic tank system and leach field. Regular pumping of the tanks would be required, but would be on an

annual or greater basis due to the limited use of the facilities. If an onsite perforated drain field is used, it

will be located a minimum of 150 feet from any treated water pipeline or ground water well per TCEQ
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Chapter 290 regulations. The drain field will also be located at least 150 feet from the pump station facility

and raw water transmission line. Any additional storage facilities or offices that NTMWD plans to build in

the future have not been included in the septic system analysis. Given the distance between the pump

station site and the planned dam maintenance facilities, it is likely that separate septic systems at each

facility will be more cost effective. 
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12. 0 INVASIVE SPECIES MANAGEMENT

The 2009 discovery of zebra mussels in Lake Texoma brought a new focus to evaluating the vulnerability

of water system infrastructure to impacts caused by invasive species. The proposed LBCR will be a new

reservoir and while there are currently no known findings of zebra mussels in Lower Bois d' Arc Creek a

prudent step during the design of the new infrastructure is to consider the potential impact of invasive

species and identify control strategies. The primary vulnerability evaluated as part of this project is fouling

of and immediate impacts to the LBCR raw water intake and pump station systems. Control strategies

identified may be implemented as part of the initial project or a future effort. 

12.1 ZEBRA MUSSELS AND OTHER SPECIES

Zebra mussels are small freshwater mussels from the Dreissenid family classified as an invasive species. 

They reproduce abundantly and the free swimming larva will attach to any hard substrate. 

Quagga mussels are a sister species to zebra mussels, but can thrive in colder environments, and are less

selective with their food source. Zebra mussels prefer a warmer environment, rich with algae. Quagga

mussels are primarily seen in the western United States and the Great Lakes region, and are not yet

present in Texas. Management and prevention of both species is the same. 

A third species called the Golden mussel is currently spreading in South America, slowly making its way

north through Brazil. The Golden mussel prefers warm climates, and is more difficult to manage than the

zebra or quagga mussels. 

12. 2 ENVIRONMENTAL REQUIREMENTS

The first step in reviewing the likelihood of zebra mussels at the proposed LBCR is consideration of their

environmental requirements. Table 12- 1 below is a summary of water quality characteristics and likely

survival of zebra mussels. 
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Parameter

Calcium ( mg/ L) 

Adults do not

survive long-term

8 to <10

Uncertainty of
veliger survival

15

Moderate

Infestation Level

16- 24

High Infestation

Level

24

Alkalinity (mg
CaCO3/ L) 

30 30-55 45- 100 90

Total Hardness

mg CaCO3/ L) 

30 30-55 45- 100 90

pH 7. 0 or >9. 5 7. 1- 7. 5 or

9. 0-9. 5

7. 5- 8. 0 or

8. 8- 9. 0

8. 2- 8. 8

Mean Summer

Temperature (°C) 

17 C 17- 20 or >29 C 20-22 or 25- 28 22- 24

Dissolved Oxygen

mg/ L
saturation) 

3 ( 25%) 5- 7 ( 25- 50%) 7- 8 ( 50- 75%) 8 (> 75%) 

Conductivity
S/ cm) 

30 30-60 60- 110 100

Salinity (mg/ L) 
ppt) 

10 8- 10 (< 0. 01) 5- 10 ( 0. 005- 0.01) 5 (< 0.005) 

Secchi depth (m) 0. 1 > 8 0. 1- 0. 2 or >2. 5 0. 2- 0.4 0. 4- 2. 5

Chlorophyll a ( p./ L) 2. 5 or >25 2. 0- 2. 5 or 20-25 8- 20 2. 5- 8

Total

phosphorous

p.g/ L) 

5 or >50 5- 10 or 30-50 15- 25 25- 35

The water quality parameters of primary concern are calcium content and pH. Table 12-2 below is a matrix

comparison of these parameters and the threshold values for survival of zebra mussels. 

Table 12- 2 Calcium Concentration and pH Threshold Values

pH Level

pH<_ 7. 3

7. 3< pH<_ 7.8

pH > 7. 8

Calcium Concentration

Ca <_ 12 mg/ L 12 mg/ L < Ca <_ 15 mg/ L Ca > 15 mg/ L

unable

unable

unable

unable

potentially able

potentially able

unable

potentially able

able

Other characteristics such as temperature, dissolved oxygen, food, turbidity, and others become

important if the calcium and pH are suitable. Water quality data for the proposed reservoir is obviously

not available. However, water conditions in the reservoir are anticipated to be ideal living conditions for

zebra mussels, based on estimated calcium, pH, temperatures, and dissolved oxygen from available
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knowledge of water in Lake Bonham and sampling programs within Bois d' Arc Creek. Other environmental

factors that can mitigate zebra mussel development are lack of hard substrates, high temperatures, low

dissolved oxygen, and high turbidity. 

12. 3 CONTROL STRATEGIES

The purpose of this analysis is to focus on possible strategies to protect the intake and raw water

transmission systems from detrimental impact due to zebra mussels. Prevention is the first line of defense

for invasive species control and monitoring is a key component. Frequent monitoring in order to detect

presence or absence early on during the life of the reservoir using plankton nets and other methods is

highly recommended. In the worst case, after an initial detection there can be sufficient time for

implementation of planned control strategies. Sampling points, boat ramp controls, community

education, and signage are all recommended for the reservoir. A wider analysis of sampling, monitoring, 

prevention and planning of control strategies for the reservoir as whole is beyond the scope of this report

and is recommended to be undertaken as part of the overall LBCR program development. A unified effort

between NTMWD, state agencies, federal agencies, and community stakeholders will be required. 

12.4 INTAKE SYSTEM CONTROL STRATEGIES

The dual 78 -inch intake pipe design allows the shutdown of one intake chamber and pipe at a time. The

intake pipe taken out of service can be pigged without the need to dewater the pipe. Zebra mussels can

be removed from the interior of the intake tower and pipe manually by power washing, or scraping and

vacuuming. A concept to use pipeline pigging and the high pressure discharge of the pump station to clean

the 700 foot long intake pipe was considered, but ultimately deemed not a viable option. A large space

would be required in the pump room valve alcove to insert a pig upstream of the isolation valves. The

debris from the operation would also be pushed back into the intake tower. The District has experience

will manual cleaning of a similar size pipe from the Texoma Pump Station and has expressed some comfort

with occasional manual cleaning of large diameter pipes. Access for this is provided both in the pump

room at pipe manways and the intake tower through the removable grating. A self-contained breathing

apparatus will be required for manual cleaning of the intake pipe and structure. 

A spare set of screens can be included with the tower design to allow the complete removal and

replacement of one set for easier cleaning. This will prevent the additional costs and risks associated with

divers removing mussels by hand. The crane on top of the intake tower is sized to remove and maneuver

89



Lower Bois D' Arc Intake and Pump Station Preliminary Design Report r' NICHOLSNorth Texas Municipal Water District

screens onto a trailer for transport off of the intake structure. FNI recommends desiccation of the mussels

by laying the screens on the ground in direct sunlight at the RWPS site or the planned dam maintenance

facility. Mussels can take anywhere from two weeks to two months to die, after which they can be scraped

off of the screens, and properly disposed of at a landfill. Screens should be pressure washed over the lake, 

because zebra mussels may be categorized as hazardous waste due to high levels of trace metals. 

FNI is considering several different linings for the intake pipe and coatings for the screens including

silicone, zinc, and copper. Zebra mussels do not attach to copper and zinc, but zinc coatings are only

effective for one year or Tess. Once zinc develops a thin biofilm, the mussels will attach. A copper lining or

sheeting is being considered, but may not be cost effective. 

There are multiple silicone coating systems on the market that have been successfully used as foul -release

coatings. FNI will only consider manufactured silicone coatings that have study periods greater than 18

months. The disadvantage of silicone coatings is that they are soft and are easily damaged during

construction and cleaning. An initial silicone coating is recommended on the stainless steel screens, with

periodic recoating. The mussels will still attach to the silicone coatings, but they will easily fall off once

disturbed. 

Pipe silicone linings may perform effectively for 10 years without recoating, but this will depend on

frequency of cleaning and disturbance to the pipe lining. To reline the intake pipes, they will need to be

completely drained and dehumidified, which is unlikely to be possible once the system is put into

operation. Coatings inside the intake pipes are not proposed for this reason. 

12. 5 RAW WATER PUMP STATION CONTROL STRATEGIES

12.5. 1 Large Diameter Pipe

Chemical injection on site, downstream of the 78 -inch isolation valve on the intake pipes should be

considered for zebra mussel control. Zequanox has greater than 80% mortality rate. Aquatic herbicides

have shown promise — Bulab — chemical dosing approved for drinking water. Potash, pH above 6. 9, 80

micron square filters and UV dosing have all proven effective. Space can be made available for chemical

storage and feed pumps in the pump room and empty maintenance rooms on the ground level if chemical

control is the preferred alternative. 
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Zebra mussels will not attach to submerged surfaces with velocities greater than 4. 5 feet per second, 

however the shells will still clog up small orifices. Due to the variable demands from the Leonard WTP, 

maintaining velocity above this threshold will not be possible. 

Oversized cranes and actuators are recommended to account for the additional weight due to fouling and

resistance caused by shells. This will apply to equipment on the intake and valves within the pump station. 

12. 5. 2 Small Diameter Pipe

All piping 2 inches in diameter and smaller will be copper to prevent zebra mussel attachment. Brass and

bronze pipes are not as effective as copper in deterring zebra mussels. 

12. 5. 3 Cooling Water Systems

Raw lake water will not be used in cooling water systems. Section 11. 6. 1 of this report details the available

sources for cooling water systems. Any raw water used for cooling water systems will be filtered and/ or

treated to eliminate zebra mussels and veligers to prevent fouling of piping, valves and motor cooling

jackets. 

12. 6 PIPELINE CONTROL STRATEGIES

Similar to the discussion above for control of large diameter piping in the pump station, chemical control

solutions should be investigated to maintain the 90 -inch discharge pipeline. Unlike the pump station

piping with numerous fittings and valves, the discharge pipeline can be designed for pigging. This would

allow disposal of debris from the pipeline at the proposed TSR in Leonard. Detailed review of pigging for

the pipeline should be reviewed as part of the pipeline preliminary design. 

12. 7 RECOMMENDATIONS

A Biobox monitoring system will be set up to provide early warning of zebra mussel biofouling similar to

what was installed at the Sherman control valve and WTP. RNT Consulting will review the intake and RWPS

facilities during final design and recommend alternatives for invasive species control and prevention. 
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13.0 FLOW METERING

13. 1 FLOW METER LOCATION

The flow meter will be located approximately 1, 350 LF downstream of the pump station, between the

service spillway and emergency spillway as shown in Figure 7. 8. This location was selected due to the

limited area at the pump station site, the number of pipe bends near the pump station, and providing

access from the adjacent dam crest road. There is adequate room to allow the manufacturers' 

recommended 5 -pipe diameters upstream and 3 -pipe diameters downstream of undisturbed flow, as well

as an additional 25% for an additional factor of safety. At the planned location, approximately 6. 25 pipe

diameters of straight pipe can be provided upstream of the meter. A CFD model of the piping will allow

for review of the flow conditions upstream of the meter and aid in determining flow conditioning

improvements that may be required. FNI considered above ground and below ground options for the flow

meter design, but ultimately the NTMWD preferred a below ground meter in a concrete vault for security

and safety purposes. 

13.2 FLOW METER AND INSTRUMENTATION

The flow meter and instrumentation selected for the LBCR RWPS will be consistent with the Meter Vault

Standardization project ( Project # 338). An electro -magnetic flow meter will be used, due to its low

maintenance and high accuracy. The two NTMWD approved manufacturers for these meters are

Endress+ Hauser and Siemens. 

Based on the range of flows and range of allowable velocities through the meter, FNI has determined that

a 66 -inch flow meter is appropriate for the system. The minimum flow the system will see is 30 MGD and

the maximum is 236 MGD. Table 13- 1 displays flows correlated to the velocity recommended by

manufacturers 60, 66, and 72 -inch meters. FNI recommends the 66 -inch diameter flow meter to maintain

appropriate velocity at low and high flow rates. 

Table 13- 1 Magnetic Flow Meter Sizing

Meter Size

in) 

60

66

72

Low Allowable

Flow @ 2 fps
MGD) 

25. 38

30.71

36. 55

Optimum

Flow @ 8 fps
MGD) 

101. 52

122.84

146. 19

Recommended

max flow @ 15 fps
MGD) 

190.36

230.33

274. 11

Allowable Max

Flow @ 35 fps
MGD) 

444. 17

537.44

639. 60

92



Lower Bois D' Arc Intake and Pump Station Preliminary Design Report r' 
FREESE
NICHOLSNorth Texas Municipal Water District

Additional instrumentation will include a pressure transmitter, collocated in the vault with the flow meter. 

SCADA and electrical instrumentation is discussed in more detail in Section 10. 5 of this report. 

13. 3 FLOW METER LAYOUT

The Meter Vault Standardizations report (Project #338) was utilized for the preliminary design of the LBCR

flow meter vault. The proposed flow meter vault will be approximately 14.5' deep, 20' long and 21'- 8" 

wide. A stairway of minimum 30 -inch width and 50 -degree slope will be installed on one side of the vault

for access. Lighting, ventilation and floor drainage will be designed per the NTMWD' s standards. All

electrical equipment and instrumentation will be located in a masonry building above the vault, with the

same footprint as the vault foundation. A metal hatch will be located directly over the flow meter. A

permanent monorail crane system to facilitate maintenance will be evaluated during final design. The raw

water pump station storage room will include space for a 66 -inch spool piece of pipe to be used during

flow meter maintenance. 

A 90 -inch motor operated butterfly valve is proposed approximately 50 feet downstream of the vault for

isolation purposes. The valve actuator will be housed in a separate 84 -inch diameter manhole, with

stiffener rings 4 feet on either side of the centerline of the valve to prevent deflection of the butterfly

valve housing. This isolation valve, as well as the isolation valves on the discharge piping at the pump

station will be closed when it is necessary to drain the line and pull the flow meter for maintenance. This

portion of pipeline will be drained through a blow off valve located at the service spillway. A motor

operator is included on this valve due to the susceptibility of flooding with the pump room from any major

leak. This will allow remote closure of the valve after all pumps have stopped to limit water from the

remainder of the pipeline from draining back through a leak. 

13.4 FLOW METER PIPING ALTERNATIVES

The flow meter piping may not be the same material as the majority of the discharge pipeline and may

transition to a different material inside of the vault walls. Acceptable pipe materials within the vault are

urethane or epoxy coated steel pipe with a coating system suitable for a corrosive environment. The pipe

will be mortar lined to match the rest of the discharge piping. Outside of the vault, the pipe material and

coating will match the rest of the transmission pipeline. 
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14.0 TRANSMISSION PIPELINE

14.1 SUMMARY

FNI was tasked to design the initial section of the of transmission line that originates at the proposed raw

water pump station and terminates just east of the emergency spillway. The end of this pipeline will then

connect to the proposed LBCR transmission pipeline. The pipeline will be in a 50 -foot wide raw water

pipeline buffer zone, with a parallel 70 -foot wide temporary construction zone, to match the easement

width requirements of the main transmission line where it is located off NTMWD property. The pipeline

will be 90 -inch pipe based on the pipe diameter optimization as discussed in previous reports for the

pipeline. 

14.2 SERVICE SPILLWAY CROSSING

The 90 -inch discharge pipeline crosses the service spillway at approximately STA 5+ 76 of the pipeline, 470

feet downstream of the dam centerline. FNI selected a location that would minimize the risk of future

erosion. The service spillway crossing is upstream of the spillway basin and abutments, where the service

spillway has a slope of -3. 5%. The service spillway is comprised of 2 -foot thick concrete, constructed

directly on top of the existing rock. Locations downstream in the earthen channel were avoided due to

erosion potential and the armoring they would require to protect the pipeline. The top of the discharge

pipeline will be approximately 6 feet below the spillway concrete channel well within the existing rock. 

Construction sequencing of the dam and RWPS will require the spillway to be constructed prior to the

discharge pipeline. To avoid future disturbance to the spillway, FNI recommends placing a portion of the

pipeline in a concrete encasement under the spillway. The pipe will include a capped end on each side of

the crossing. The discharge pipe will later be welded to the encased pipe as part of the RWPS construction. 

The minimal slope, concrete channel lining, existing rock and concrete encasement is expected to prevent

any future disturbance to the transmission pipeline or spillway. 

14.3 EMERGENCY SPILLWAY CROSSING

The 90 -inch discharge pipeline crosses the emergency spillway at approximately STA 29+25 of the

pipeline. The pipeline is located approximately 25 feet upstream of the emergency spillway crest and the

site access road. The pipeline will have a minimum of 5 feet of cover at this location to protect against

potential erosion from wave action during periods of time with high lake level. The proposed ground

elevation at the selected location is approximately 540 feet MSL. During events greater than the 100 -year
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storm when the spillway is engaged, velocities over the spillway crest will be lower on the upstream side

than the downstream side of the crest. FNI has placed the transmission pipeline on the upstream side of

the crest to limit erosion concerns with the pipeline cover. Additionally, FNI is considering a 20 -foot wide

swath of concrete or soil cement on top of the pipe to act as an erosion cap. It is anticipated that this

section of the pipeline across the emergency spillway will be constructed with the rest of the transmission

pipeline. 

14.4 EASEMENTS AND WORK AREAS

The discharge pipeline is shown in a 50 -foot wide raw water buffer zone, measured off of the upstream

edge of the proposed dam road for the majority of the alignment. There will also be a 70 -foot wide work

area to serve as a temporary construction area, but no easements will be required as the project is on

NTMWD property. These work areas match the proposed easements for the main transmission pipeline. 

It should be noted that a 100 -foot wide electrical easement will be required for the Fannin County

Electrical Cooperative' s ( FCEC) 138 kV overhead transmission lines and 25 kV overhead feeder lines, which

will be located along the proposed 70 -foot work area. 

14.5 CONNECTION TO TRANSMISSION PIPELINE

The 90 -inch transmission line included in the raw water pump station project will be plugged for a future

connection to the LBCR transmission pipeline. This plug will allow hydrostatic testing of the pump station

piping and the downstream transmission pipeline. The exact location of the transition from the pump

station CMAR project to the pipeline CMAR project will be determined at a later date. For purposes of this

design it is assumed to be immediately downstream of the meter vault and pipeline isolation valve. 

14.6 PIPE MATERIALS

The pipeline will be constructed as either Polyurethane Coated Steel Pipe ( AWWA C200) or Pre -Stressed

Concrete Cylinder Pipe ( AWWA C301) with mortar lining. All pipe joints for the pre -stressed pipe are to

be a bell and spigot -type with rubber gaskets, and bonding clips for electrical continuity. Welded joints

will be provided where required for thrust restraint. All pipe joints for the steel pipe will be the welded

bell and spigot type. All materials will be specified to meet ANSI/ NSF Standard 61. 
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14.7 TRENCHING AND EMBEDMENT

The pipeline embedment will be an imported granular embedment material compacted to 95% maximum

density in accordance with ASTM D4253 measuring from the trench bottom to 70% of the pipe' s outer

diameter for steel pipe, and measuring 30% of the pipe' s outer diameter for pre -stressed concrete cylinder

pipe. 

For polyurethane coated steel pipe, the pipeline embedment from the trench bottom to seven -tenths of

the pipe' s outer diameter will be an imported granular embedment material compacted to 95% maximum

density in accordance with ASTM D4253. For polyurethane coated steel pipe, the granular embedment

will continue to the top of the pipe zone, 12 inches above the top of the pipe. For pre -stressed concrete

cylinder pipe, the remainder of the pipe zone above 30% of the pipe' s outside diameter will be select

material compacted to 95% Standard Proctor density in accordance with ASTM D698. Above the pipe

zone, ordinary trench excavated material compacted to 95% of Standard Proctor density will be specified. 

The final 12 inches of the pipe trench will be topsoil. For depths of cover greater than 13 feet, flowable fill

or concrete encasement will be used in the pipe zone for both pipe options. The pipeline crossing of the

service spillway will be concrete encased. 

Details of the pipeline embedment system will be further developed during preliminary design of the

pipeline. 

14.8 CORROSION CONTROL

Cathodic protection systems available for the transmission line are buried anodes and impressed -current

systems. A qualified corrosion consultant will determine the appropriate corrosion control methods based

on soil analysis and possible interference issues along the pipeline. 

14.9 PIPELINE PIGGING

Provisions will be made to insert a pig downstream of the proposed flow meter and isolation valve. The

approximately 1, 350 LF of pipe between the pump station and the flow meter will need to be manually

cleaned. A pig launching facility will be located along the proposed discharge pipeline near the LBCR site. 

A pig retrieving facility will be located near the TSR. Details of the pipeline pigging system will be further

developed during preliminary design of the pipeline. 
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15.0 REGULATORY REQUIREMENTS

15.1 TCEQ

15. 1. 1 Public Water System Requirements

Public water system regulations are listed in Chapter 290 of the Texas Administrative Code (TAC) and are

enforced by the TCEQ. The raw water intake, pump station and pipeline will be subject to these rules. 

Chapter 290.41. e. 2 covers regulations for surface water intakes. Regulations include that raw water

intakes have a 200 -foot radius exclusion zone marked with buoys. Public boat launch facilities may not be

located within 1, 000 feet of the intake. The restricted zone ( 200 -foot radius) around the intake shall be

marked with signs in plain view and visible from all parts of the restricted area. Other requirements

addressing access, multiple intake levels, screens and gates and location relative to sewage plants have

already been discussed in this report. The TCEQ will perform an on- site assessment of the intake location

prior to final design and also perform a design review of the pump station and pipeline plans to check for

conformance with the requirements of TAC Chapter 290. 

Chapter 290.41. e. 3- 5 address requirements of the raw water pump station. These include allowing

operation during flood events, all-weather access roads, and a secure site with lockable building and

intruder -resistant fencing. 

Potable water line and groundwater well options will be designed to meet Chapter 290 rules and

regulations. Any septic system will be designed to meet Chapter 285 rules and regulations. 

Based upon past experience with TCEQ staff, they do not have specific regulations for raw water pipelines

other than meeting the AWWA standards; however as the system connects directly to a surface water

treatment plant they typically require plans and specifications to be submitted for review and approval. 

TCEQ has specific regulations for the raw water intake facilities including water quality, quantity and

protection of the intake. 

15. 1. 2 Dam Safety Requirements

The design of the intake, intake pipe through the dam, and the dam will comply with the TCEQ Chapter

299 requirements where applicable. These are addressed further in the LBCR Dam PDR. 
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15.2 ENVIRONMENTAL PERMITTING

Authorization to construct the pump station and pipeline will be approved in the Record of Decision for

the Environmental Impact Statement prepared for the Lower Bois d' Arc Creek Project. Design

considerations associated with the construction of the intake and pump station and pipeline are included

in the following reports or memoranda. 

Proposed Lower Bois d' Arc Creek Reservoir, Fannin County, Texas, Mitigation Plan

Report Supporting an Application for a Texas Water Right for Lower Bois d' Arc Creek

Reservoir, 2 volumes

Section 404 Permit Application and Jurisdictional Determination Report

Environmental Report Supporting an Application for a 404 Permit for Lower Bois d' Arc Creek
Reservoir. 

Supplemental Data Supporting and Application for a 404 Permit for Lower Bois d' Arc Creek
Reservoir
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16.0 OPERATION AND MAINTENANCE

16.1 MECHANICAL AND ELECTRICAL EQUIPMENT

The new LBCR water supply and transmission system will require an expanded operation and maintenance

program by the NTMWD. The new pump station is over 80 miles away from the Wylie WTP, 45 miles from

the proposed Leonard WTP and 25 miles from the Bonham WTP. Similar to other remote raw water supply

stations for the District, these distance are a challenge for operators and maintenance staff to visit on a

regular basis as needed. The whole of the LBCR transmission system will require some additional staffing

of operators and maintenance staff and a determination of where this staff is based. The NTMWD will

need to plan for this additional staffing as this system is designed and put into service between now and

2020. The following sections lists the anticipated general maintenance program requirements for the

mechanical and electrical equipment at the LBCR RWPS and can be used as a guide for evaluating new

staff necessary. A more detailed operation and maintenance program can be developed during later

design and construction phases for the LBCR transmission system. 

16. 1. 1 Pump Operational Checks and Minor Maintenance

The following recommended daily operational checks and minor maintenance at the pump station can

reduce pump maintenance and downtime: 

Check flow and pressure

Verify that check valves and control valves are working properly

Verify that isolation valves are properly positioned

Listen for any abnormal noises, vibrations or temperatures

Check for leaks, mechanical seals should not leak. Packing boxes should have a slight leakage

Check and clean all system strainers or filters

Check for loose bolts, nuts and fittings

Check drive shaft and coupling integrity

Open and bleed air vents to remove any trapped air

Report any abnormal conditions to maintenance
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16. 1. 2 Motor Operational Checks and Minor Maintenance

The following recommended daily operational checks and minor maintenance can reduce motor

maintenance and downtime: 

Check for abnormal noises or vibrations

Check for excessive heat

Clear dust and dirt from the motor and motor air vents

Check for corrosion and condensation

If excessive heat from the motor is observed, verify that ambient conditions around the pump are within

the manufacturer' s specifications and that the cooling systems are intact and operating properly. Report

any abnormal conditions to maintenance. 

16.1. 3 Electrical Equipment Preventive Maintenance

There are several basic categories that influence deterioration of electrical equipment including: 

The effect of foreign material ( i. e. dust and dirt from environment) 

The effect of chemicals in the atmosphere

Mechanical wear and fatigue on all moving parts

Heat

Loose joints and connections

Periodic PM activities should include monitoring these influences. Visual inspections should be made

frequently of all electrical equipment. The following are some general recommendations for semi- annual

mechanical and electrical inspections and tests: 

Check for general cleanliness, buildup of dust and dirt, and particularly for accumulation of

foreign material on insulators. Thoroughly remove all dust and other accumulations. 

Check for any evidence of melting, discoloring, deterioration, etc. of wire and cable that would

indicate excessive heat and insulation breakdown. 

Check isolation and disconnecting mechanisms. 

Inspect, clean and lubricate racking mechanisms and other moving parts. 

Measure resistance to ground and between phases using megger tests. Since definite limits

cannot be given for satisfactory insulation resistance values, a record must be kept of the
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reading. Weakening of the insulation from one maintenance period to the next can be

recognized from the recorded readings. 

Check and tighten electrical connections. 

Check and clean air filters as applicable for outdoor equipment and equipment with cooling

fans. 

These recommendations and the following industry standards along with the original equipment

manufacturers' recommendations should be considered when programming electrical equipment PM

activities into MAXIMO. Other suggested references include: 

NFPA 70B (2010) — Recommended Practice for Electrical Equipment Maintenance

IEEE Standard 3007. 2 ( 2010) — Recommended Practice for maintenance of Industrial and

Commercial Power Systems

IEEE Standard P3007. 3 ( pending) — Recommended Practice for Electrical Safety of Industrial and

Commercial Power Systems
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17. 0 CONSTRUCTION

17.1 PHASING WITH DAM CONSTRUCTION

The intake tower and dam will be the first items constructed at the LBCR site. The intake pipes will be

constructed to the temporary section of the diversion channel. The current flows through Honey Grove

Creek and Lower Bois D' Arc Creek will be directed through the dam until the intake tower and pipes are

constructed. The intake tower and pipes will be used to convey the creek flows while the dam construction

is completed. Special attention will need to be paid to maintaining these facilities at this time, particularly

during storm events. The intake tower and pipes will only be used to make the required reservoir release

flows once the dam construction is completed prior to the pump station commissioning. 

The pump station construction will commence mid -way through the dam construction. The pump station

suction piping will be constructed up to the location of the intake pipe release outlet. This suction piping

will remain plugged until the pump station construction is completed and the reservoir release valves

inside the station are operable. The plug will then be removed and the pipes will be connected. 

The discharge pipe for the pump station will cross the service spillway encased in concrete. The section of

discharge pipe that crosses the service spillway will be constructed with the service spillway construction. 

The concrete encasement for the pipe will also be poured at this time. This pipe will be plugged at either

end until the remainder of the discharge pipe is constructed. 

17.2 PHASING WITH PIPELINE AND LEONARD WTP CONSTRUCTION

Construction of the RWPS, Leonard WTP, and HSPS are all scheduled to commence in the fourth quarter

of 2017. Construction of each facility is expected to span approximately 32 months. Construction of the

raw water pipeline is expected to begin just prior to the fourth quarter of 2017 with completion in the

first quarter of 2019. The raw water system, including the RWPS, electrical supply, pipeline, TSR and

Leonard WTP are all to be completed by the second quarter in 2020. Figure 18- 1 displays the project

schedule for the associated facilities. 

17.3 STARTUP

The CMAR for RWPS and pipeline components will be consulted regarding the preferred method for

testing facilities individually as they are commissioned. The RW pipeline will be completed prior to the

RWPS and Leonard WTP completion. Filling and testing the RW pipeline without the RWPS and the TSR
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will need to be evaluated. The Leonard WTP and RWPS are scheduled to be completed within the same

general timeframe. It is expected that the RWPS will provide the water necessary to commission the

Leonard WTP. A detailed startup and commissioning plan will be developed during the final design and

construction phases of the RWPS. 

17.4 PROJECT DELIVERY METHOD

Construction Manager at Risk ( CMAR) will be used for construction of the LBCR RWPS. This is the method

proposed for all of the work associated with the LBCR program. The CMAR process allows the NTMWD to

select a contractor or team based on qualifications and cost to provide pre -construction services and

management of various sub -contractors during construction. The CMAR is selected early in the design

process so that they can work closely with and serve as an advisor to the NTMWD and project designers. 

This provides the opportunity to tailor the design of the project to the details and suggested means and

methods of the specific CMAR, thereby expediting the construction. The CMAR will provide other pre - 

construction services such as detailed schedule preparation and cost estimating. A total of five CMAR' s

will be used for the LBCR program. CMAR 1 will provide services for the dam and intake construction. 

CMAR 3 will provide services for the RWPS, Leonard WTP, and the High Service Pump Station ( HSPS). 

CMAR 5 will provide services for the raw water pipeline. CMAR 1 was awarded at the end of March 2015

and CMAR 3 is expected to be awarded as early as the last quarter of 2015. CMAR 5 is not expected to be

awarded until late 2016. 
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18.0 PROJECT SCHEDULE

FREESE
I NICHOLS

Level 1 Intake plans were submitted in December 2014 and Level 2 Intake were submitted in March 2015

with the Level 2 Dam plans. The final intake design plans will be submitted in fall 2015 or as needed to

meet the schedule for the dam and will be included with that project component from this point forward. 

Level 1 pump station and discharge pipeline design are submitted with this draft report. Preliminary

design will conclude in winter 2015 with the completion of hydraulic modeling and transient modeling. 

Final engineering of the RWPS will commence in February of 2016 and conclude by July 2017. A key

component in completing the pump station will be the power supply. The second quarter of 2019 has

been identified as the preferred deadline for completion of the substation and transmission system

required to support the RWPS and allow sufficient time for installation and testing of the electrical

equipment at the RWPS. Figure 18- 1 below shows a more detailed schedule for the LBCR dam, intake and

pump station design and construction. This schedule is current as of May 2015 and will continue to be

updated as the program progresses. 

Figure 18- 1 Design and Construction Schedule

C= SZCZa CZ= L p wer 1
North Tens Municipal Water District

Lower Boisd'Arc Reservoir Program

Project Schedule Summary

Duration

2015 2016 2017 2018 I 2019 2020

011021 031 Q4 Q11 Q2 1 43144 0.1102103104 41 1421 Q3 1 44 1 011 02I 031 Q4 Q11 421, 031 Q4

CMAR 1

Dam Engineering (344) 
Dom Phase 1 Construction (TBD) 1

Dam Phase 2 Construction (180) 1

Close Dam - Impoundment x 
y

Raw Water Pump Station- Intake Engineering (317, 359, 344)" x"_-'^^' il

Raw Water Pump Station - Intake Construction (TBD) 

Reservoir clearing - Engineering (TBD) 113MINIMMINMa 1

Reservoir dealing- Construction ( TBD) 

Terminal storage reservoir - Engineering (317) INNIMMEMPl

Terminal s -- reservoir -Construction . s

CMAR 3

Leonard Water Treatment Plant- Engineering (314
Leonard Water Treatment Plant - Construction (TBD) 

Leonard Water Treatment Plant - Power (317j. j

NS Pump Station - Engineering (TBD) I

HS Pump Station - Construction ( TBD) 

Raw Water Pump Station - Engineering (317, 358) 
Raw Water DumpStatlon- Construction (TBD) Mina

Raw Water Pump Station - Power (317) 

CMAR 5

RW Pipeline - Engineering (317) 

111111111111t
RW Pipeline - Construction ( Sections A, B, C) ( TBD) mommommummi

Treated Water Pipeline - Engineering (TBD) 
rested Water Pipeline - Construction ( Sections A, 8, C) ( TBD) 
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19.0 OPINION OF PROBABLE CONSTRUCTION COST

An OPCC has been prepared by FNI for the pump station preliminary design. The estimated construction

cost of the RWPS is $ 54,800,000. This estimate was developed using a variety of tools, including actual

bid data for some common elements, price quotes from vendors for equipment, discussions with

specialty contractors, and other sources. This estimate is based on prices available in the spring of

2015 and does not include any escalation for inflation that is expected between now and project

completion. A detailed OPCC can be found in Appendix A. 
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20.0 RECOMMENDATIONS

Recommendations section will be completed after further review of this draft report with the District. The

summary of recommendations is constructing a new pump station with horizontal split -case pumps

downstream of the dam. The pump station is to have ultimate firm capacity of 236 MGD. This will be met

with three low head pumps to be installed during the initial phase to provide at least 72 MGD firm capacity

along with required supporting infrastructure and equipment. Later phases will include six high head

pumps and additional support equipment. 
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APPENDIX A

OPINION OF PROBABLE CONSTRUCTION COST
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FREESE LOWER BOIS D' ARC RESERVOIRr
R

NICHOLS NORTH TEXAS MUNICIPAL WATER DISTRICT
PUMP STATION CONFIGURATION STUDY

OPINION OF PROBABLE CONSTRUCTION COST, PHASE 2 June 30, 2015

MAI ( CHECKED BY ACCOUNT NO

ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL

Mt Miktra.,oh€I st, ? i ` a"° w < : a . ;: I.: x, VW

Net 1SOTAT.(O,('1! lAE F..' fA "'` 7. f".•.._ 2COh3;8 39, 
54" GATE VALVE 6 EA 323,400.00 1, 940,400.00

30" THRUST HARNESS ( SUCTION SIDE) 6 EA 17, 630.60 105,783. 60

HIGH HEAD HORIZONTAL PUMP ( 7400 HP) 6 EA 2,350,000.00 14, 100,000. 00

20" THRUST HARNESS ( DISCHARGE SIDE) 6 EA 11, 753. 30 70,519.80

42" PUMP CONTROL CONE VALVE 6 EA 539,000. 00 3,234,000.00

48" THRUST HARNESS ( DISCHARGE SIDE) 6 EA 28,210. 00 169, 260. 00

48" BUTTERFLY VALVE ( 300 PSI) 6 EA 51, 480. 00 308,880. 00

MISCELLANEOUS APPURTENANCES 1 LS 85, 000. 00 85, 000. 00

P<F: F,** 111.:' 1Q,' ` rs , w 0080$1100
25kV RECLOSER 2 EA 37,500.00 75, 000.00

12MVA/20MVA UNIT SUBSTATION TRANSFORMER (25kV TO 6.9kV) 2 EA 252,000.00 504,000.00

6. 9 kV METAL CLAD SWITHCGEAR ( MAIN TIE MAIN) 1 EA 1, 848,000.00 1, 848, 000.00

7500HP, 6. 9kV ADJUSTABLE FREQUENCY DRIVE BYPASS, NEMA 1
ENCLOSRE 6 EA 1, 451, 510.00 8, 709,060.00

POWER FACTOR CORRECTION STEPPED BANK 1 EA 1, 050,000.00 1, 050,000.00

750KVA PAD MOUNTED TRANSFORMER ( 6.9kV TO 480Y/277V) 1 EA 31, 920.00 31, 920.00

MISC. ELECTRICAL (GROUNDING, ETC.) 1 LS 7,500.00 7,500.00

CABLE AND CONDUIT 1 LS 2, 288,240.00 2, 288,240.00

INSTRUMENTATION & CONTROL PANEL MODIFICATIONS 1 LS 15,000.00 15,000.00

SCADA MODIFICATIONS 1 LS 85,000.00 85,000.00

START UP AND TESTING 1 LS 50,000. 00 50,000. 00

SUBTOTAL: $ 34,677,570

SUBTOTAL: $ 39,879,210

191
SUBTOTAL: $ 41, 873, 180

a 4$ 

PROJECT TOTAL 49, 410,400

NOTES: 

LBCR PS OPCC_ 6_ 30_ 15 Phase 2 7/ 1/ 2015 9: 11 AM Page 1 of 1
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1. 00 INTRODUCTION

This memorandum supersedes the previous version of the same name and dated August 2, 2013. 

The previous version of this memo documents the site analyses for three potential reservoir sites: Sites

1, 2, and 3. The recommended site in that memorandum was Site 3. After that recommendation there

were additional discussions with the NTMWD regarding their desire to explore additional sites. Sections

2. 0 through 4.0 have been modified to not only include the analysis for the original three sites, but also

the additional sites studied. Section 5. 0 was added to further explore Site 1 and the summary and

recommendations provided in Section 7. 0 was updated to reflect the results of the new analysis. 

As part of the Lower Bois d' Arc Creek Reservoir ( LBCR) Final Pipeline Alignment Study project, FNI was

tasked with analyzing potential Terminal Storage Reservoir ( TSR) sites near the future North Water

Treatment Plant ( NWTP) in Leonard, Texas. 

In previous studies, the ultimate reservoir capacity had been set at 560 MG. This represents

approximately two days of storage at peak demands, given that the NWTP will ultimately be a 280 MGD

plant. It has been assumed that the TSR will be constructed in two phases of 280 MGD each. The first

phase would be constructed prior to commissioning of the NWTP and the second phase would be

scheduled to coincide with future expansions of the NWTP. These previous studies were conceptual and

no information on the NWTP layout or hydraulic profile was available. The approximate ground level of

700 feet-msl at the NWTP was assumed and no detailed hydraulic analysis was performed. This study
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updates and provides a greater level of detail now that the hydraulic information for the NWTP is

available. The intent is to provide the information necessary for the NTMWD to identify and procure a

TSR site. 

In addition to a site analysis to determine feasibility of seven sites, this memorandum also discusses the

ability to send future LBCR water from each TSR site to the Wylie Water Treatment Plant via the

Texoma -Wylie pipeline ( currently under, costruction) and the potential future connector pipeline

between the Texoma -Wylie pipeline and the NWTP. 

The analysis performed for this memorandum is based on conceptual information for the NWTP and the

current raw water pipeline alignment. During preliminary and final design, the assumptions used in this

analysis should be verified and final hydraulic calculations will determine the final layout of the TSR, 

piping, and operational characteristics. 

The potential costs discussed in Section 4.0 of this memorandum are not intended to be the final

Opinions of Probable Construction Cost ( OPCC) as many of the related items, such as inlets, outlets, 

piping, security, and electrical items are not included as they would be similar at all sites and are not

likely to be part of the key differential costs. Section 5. 0 provides a detailed cost estimate for Site 1

which was developed during additional analysis of the site. 

2. 00 POTENTIAL TSR SITES

The location of the terminal storage reservoir was primarily based on proximity to the proposed water

treatment plant and pipeline, existing development, and topography. A preliminary environmental

desktop analysis was performed for each of the original three proposed TSR sites. The analysis included

a review of aerial photographs, USGS 7. 5 -minute topographic maps, and the U. S. Fish and Wildlife

Service' s National Wetlands Inventory ( NWI) data. According to the USFWS, the only endangered

species listed for Fannin County is the least tern ( Sterna antillarum). No impacts to this species or its

habitat would be expected to occur as a result of constructing any of these TSR alternatives. 

Three sites were initially chosen for the conceptual analysis of the TSR. Based on further discussion with

NTMWD it was decided to look at additional TSR sites. A preliminary environmental desktop analysis

was not performed for the additional TSR sites analyzed. The TSR sites included in the analysis are

shown in Figure 2. 1. 
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Site 1 is located just west of CR 4965 and north of CR 4945, within the Trinity River Basin. This site is

located near both the proposed pipeline and the proposed treatment plant, just north of the proposed

site for the water treatment plant. Site 1 is readily accessible via existing roadways, including US

Highway 69. Site 1 is located entirely in the Trinity River Basin, however, can be designed to spill into the

Red River Basin. This site appears to be located in an area dominated by agricultural fields. Although the

USGS topo maps and NWI data do not indicate the presence of any streams, open waters, or wetlands, 

the aerial photos show that a drainage swale or ditch is located on the west side of the site. This feature

was likely constructed in order to establish proper drainage of the site to maximize the area that could

be cultivated. This feature appears to drain from east to west across the site eventually draining into an

unnamed stream located west and outside of this TSR alternative. It is not possible to determine from a

desktop level if this feature would be considered jurisdictional by the USACE and will require further on- 

site investigations to make that determination. 

Site 2 is located north of the City of Leonard, near CR 4720 and FM 896. Site 2 is located predominantly

in the Red River Basin and could be designed to spill directly into the Red River Basin. Although being

located further away from the plant than Site 1, Site 2 provides better existing topography for the TSR, 

based on required minimum operating water surface elevations, which are discussed further in Section

3. 00. Site 2 is located along the proposed pipeline and also is readily accessible via existing roadways. 

This site also appears to be dominated by agricultural fields. Although the USGS topo maps and NWI

data do not indicate the presence of any streams, open waters, or wetlands, the aerial photos show that

a pond is located within the west cell. This pond appears to be isolated and would likely not be

considered jurisdictional by the USACE; however, further on-site investigations will be needed to make

this determination. The NWI data and the aerials also indicate the presence of an additional pond

located just outside but near the far southwest corner of the west cell. This feature appears to be

isolated as well and it does not appear that it would be impacted by construction. 

Site 3 is located northwest of the City of Leonard, near CR 4670 and CR 4665. Site 3 is located

predominantly within the Trinity River Basin, however, based on the configuration, it could be designed

as such that spill events would occur through the north cell, into the Red River Basin. Similar to Site 2, 

the existing topography at Site 3 provides a reasonable fit to the required minimum operating water

surface elevations. Site 3 is also located along the proposed pipeline and is readily accessible via existing

roadways, including US Highway 69. This site appears to be dominated by agricultural fields as well. 

Although the USGS topo maps and NWI data do not indicate the presence of any streams, open waters, 
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or wetlands, the aerial photos show that a pond is located within the north cell. This pond appears to be

isolated and would likely not be considered jurisdictional by the USACE; however, further on- site

investigations will be needed to make this determination. The aerials also indicate that two drainage

swales or ditches ( one on the far northwest corner of the site and one located in the north cell behind

the house to the south) are present. Again, these features were likely constructed in order to establish

proper drainage of the site to maximize the area that could be cultivated. It is not possible to determine

from a desktop level if these features would be considered jurisdictional by the USACE, and it will

require further on- site investigations to make that determination. 

Site 4 is located northeast of the City of Leonard, north of State Highway 78 and South of FC 4840. Site 4

is located predominantly in the Sulphur River Basin, however, can be designed to spill into the Red River

Basin, from the north side of the TSR, which crosses into the Red River Basin. Site 4 is located along the

proposed pipeline and has reasonable accessibility from State Highway 78. The existing topography at

Site 4 is such that it will require substantial fill to construction the embankment based on the required

minimum operating water surface elevations. Due to the distance from the NWTP, it would be necessary

to have double pipelines to convey water from Site 4 to the NWTP with suitably low energy losses. 

Site 5 is located north of the City of Leonard, partially within the ETJ for the City. It is located entirely in

the Sulphur and Trinity River Basins. The construction of a pipe or channel would allow spill events to be

conveyed north into the Red River Basin. Site 5 is located along the proposed pipeline and is readily

accessible via FM1553 to the east and FC 4720 to the west. US Highway 69 is also located south of the

proposed site. The existing topography is such that Site 5 provides a reasonable fit to the required

minimum operating water surface elevations. 

Site 8 is located northwest of the City of Leonard, north of US Highway 69. It is located entirely in the

Trinity River Basin, however, can be designed to spill to the Red River Basin from the north portion of

the TSR. Site 8 is readily accessible from the south via US Highway 69, from the east via County Road

4655 and from the west via County Road 4625; however, it is not located along the proposed pipeline. 

Existing topography allows for a reasonable fit for Site 8 based on the required minimum operating

water surface elevations. 

Site 9 is located northeast of the City of Leonard and is the furthest site east that was considered

reasonably feasible for the TSR. Site 9 is located along the proposed pipeline and is fairly accessible from

State Highway 78 to the south and FC 4810 which runs along the west portion of the site. Site 9 is

located predominantly in the Sulphur River Basin; however half of the west cell is located in the Red
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River Basin, therefore, allowing the site to be drained to the Red River Basin. Due to the distance from

the NWTP, to maintain a reasonable minimum water surface elevation, it would be necessary to have

double pipelines to convey water from Site 9 to the NWTP. 

Sites 1, 2, 3, and 5 will require a significant drainage channel or pipe as well as an easement to

effectively drain to the Red River Basin. These conceptual channels are also shown in Figure 2. 1. During

preliminary design the drainage channel and stream should be studied further to determine the extent

of improvements required. 
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3. 00 REQUIRED MINIMUM WSE

Under a separate task in this contract, a preliminary hydraulic profile for the future NWTP has been

established. This profile is based on the ultimate plant capacity of 280 MGD and is considered worst- 

case because it uses conventional treatment technologies similar to what the NTWMD has at the Wylie

and Tawakoni WTPs. This profile elevation at the beginning of the WTP processes is 711 feet above MSL. 

Even though this elevation in the WTP is considered worst-case from a treatment technology

standpoint, the elevation cannot be higher than this so that the NTMWD maintains the flexibility to send

Lake Texoma water to the NWTP under a future operational scenario that is not part of the LBCR. 

Generally speaking, the further away the TSR site is from the NWTP, the higher the minimum WSE in the

TSR must be. This is due to increased friction losses between the TSR and the headworks of the WTP. 

Friction losses are defined as major losses, while turbulence due to discontinuities is equated by minor

losses. The pipeline major losses were calculated using the Hazen -Williams equation as seen below. 

10.44 L Q1.85
HL _ C1.85D4.87

In this form of the equation, L is the pipeline length in feet, Q is the flow rate in gallons per minute, C is

the Hazen -Williams coefficient, and D is the pipe diameter in inches. Values for the length varied for

each potential TSR site and can be found in Table 3. 1. These values were based on the pipeline

alignment shown in Figure 2. 1 and include a 5 percent factor to account for increased length that may

be added under the final pipeline routing. The maximum design flow between the TSR and NWTP is a

peak of 236 MGD ( The maximum withdrawal rate from LBCR), which was converted to GPM for use in

the equation. A Hazen -Williams coefficient of 120 was used since it is the future value for concrete or

mortar lined steel pipe which accounts for age and biofilm. Each reservoir site was analyzed for pipe

sizes ranging from 90 inch to dual 108 inch pipes in order to determine the most efficient pipe size to

transport water from the TSR to the WTP. The calculations summarized in the body of this

memorandum are based on a 96 inch pipe, but major losses were also calculated for diameters of 90

inches, 102 inches, 108 inches, and dual pipes. These values can be found in Appendix A. The major

losses calculated can be seen in Table 3. 1. The conceptual sizes previously developed assumed a 90 -inch

pipeline between the TSR and the NWTP, but larger pipe capacities were required to be examined in

order to ensure all reservoir sites are capable of operating at peak flow for low water surfaces

elevations. 
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Table 3. 1— Minimum Water Surface Elevation (96 -inch pipe) 

TSR Site Pipeline Length ( ft) Major Losses ( ft) Minor Losses ( ft) Minimum WSE ( ft) 

1 3500 5. 12 4.68 721.65

2 12500 18. 30 4.68 734.82

3 6500 9. 51 4. 68 726.04

4 6500 28. 54 4.68 745.07

5 11500 16. 83 4.68 733. 36

8 9000 13. 17 4.68 729. 70

9 28500 41. 72 4.68 758. 24

Minor losses for the pipeline from the TSR to the WTP were associated with fittings, appurtenances, and

the reservoir exit structure. Losses from fittings and appurtenances were calculated using the minor

headloss equation below. 

V2

HM = EK
29

For this calculation, 1K is the summation of the minor loss coefficients of pipeline fittings and

appurtenances, V is the velocity in feet per second, and g is the acceleration due to gravity, which is

equal to 32.174 feet per second squared. K was calculated to be 5. 7, or the summation of 0. 25 for the

rounded pipeline entrance from the reservoir exit structure, four 90° bends at 0. 8 each, six 45° bends at

0. 2 each, and three butterfly valves at 0.35 each. Velocity for a 96 inch pipe at a flow rate of 236 MGD

was calculated to be 7. 27 ft/ s. The velocities and the minor losses calculated for all pipe diameters can

be found in Appendix A. All of the TSR sites had the same minor losses due to the fact that the

assumption regarding the number of fittings and minor loss coefficients remained constant regardless of

the site option. In actuality, each site will have slightly different minor losses due to differences in the

number and angle of horizontal and vertical bends. Since the pipeline alignment from the TSR sites to

the WTP has not been finalized and to account for pipe routing inside the plant, the 10 bends were

included as an estimate. Since good large diameter pipeline design practice is to limit the number of

horizontal and vertical fittings so during the final alignment and final design, the number of fittings

estimated is most likely conservative resulting in a decrease in minor losses. 

The minor losses of the reservoir exit structure were associated with the concrete structure and the

aluminum grate. A conceptual level detail of this structure is shown in Figure 3. 1. The minor loss
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equation from above was used to calculate the losses for both items, but they were calculated

separately and then combined since the velocities through the grate and structure are different. The

velocity as the water flows into the ten foot square concrete structure will be 3. 65 ft/ s. The K used for

the projecting entrance was 0.8, and when input along with the velocity into the minor Toss equation, 

the entrance losses for the concrete structure equaled 0.17 feet. The velocity of the water through the

aluminum grate was calculated by first finding the open area of the grate. The grate was assumed to be

2 inches by 3/ 16 inches, bearing bars 13/ 16 inch center to center, and 3/ 16 inch rectangular cross bars 4

inch center to center. This resulted in an open area of 70 ft2. The velocity was then calculated by taking

the flow rate, 236 MGD converted to cfs, divided by 70 ft2. The velocity was found to be 5. 22 ft/ s. The K

used for the grate was 1. 6, which is a typical value for a bar screen. When these values are input into the

minor Toss equation, the resulting headloss is 0. 68 feet. This means the total headloss of the combined

reservoir exit structure is equal to 0. 85 feet. It is assumed that all of the TSR sites will have the same

structure and therefore the same headloss. It has also been assumed that the aluminum grate will be

cleaned on a regular basis and headloss values will remain approximately the same. The calculations for

the outlet structure were also performed using general weir flow assumptions and these calculations

showed that with approximately two feet of water over the top of the structure was sufficient to

maintain adequate flow. Based on these calculations, to maintain a discharge of 236 MGD, it is

recommended that the minimum water surface elevation is at least two feet above the top of the

reservoir outlet structure. 

The minimum water surface elevation of the TSR was calculated for each of the potential sites by

combining the above headlosses and adding the total to the elevation of the WTP headworks. The WTP

headworks elevation was assumed to be 711 feet-msl based on the hydraulic profile provided under a

separate task. The calculated values for the minimum water surface elevation, assuming a 96 -inch pipe

between the TSR and the NWTP, of each of the potential TSR sites can be found in Table 3. 1. The site

closest to the WTP is Site 1, which has a required water surface elevation of approximately 722 feet-msl. 

The highest WSE required, 758. 25 feet-msl, is at Site 9 since it is about 28, 500 feet from the WTP. The

full analysis of increasing the pipe diameter to 102 inches, 108 inches, or installing dual pipelines in

order to decrease the headlosses from the TSR to the WTP can be found in Appendix A. The minimum

WSE lowers by at least 2 feet and as much as 5 feet for the various sites when the pipe diameter is

increased from 96 inches to 102 inches. And while the WSE continues to decrease for 108 inches, it is at

a declining rate. The minimum WSE could also be lowered by increasing the size of the inlet structure or
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the effective area of the aluminum grate. Lowering the minimum WSE may allow a more efficient use of

the terrain when constructing the reservoir. 

Based on ground elevation investigations and the reservoir layout design process described in Section

4.00, several pipe sizes were determined to be inadequate for various TSR locations. Location 1 was

concluded to require dual 102 inch pipelines because of the similarity of elevations of the TSR and the

WTP headworks. Location 4 and 9 were both determined to require dual 96 inch pipelines due to high

headloss associated with the large distance between the TSR and the WTP. Location 5 would require a

102 inch pipeline because of low ground elevations at the TSR site and the headloss of the large length

of pipeline from the TSR site to the WTP. Location 2, 3, and 8 were all identified to only require a single

96 inch pipeline to the WTP. All three had a high enough ground elevation to gravity flow from the TSR

to the WTP, while maintaining a desirable minimum water surface elevation. Table 3. 2 below

summarizes the calculations performed for the seven TSR locations using the optimal pipe size

determined. 

Table 3.2 - Minimum Water Surface Elevation (various pipe sizes) 

TSR

Site

Pipe Diameter

IN) 

Pipeline Length

ft) 

Major Losses

ft) 

Minor Losses

ft) 

Minimum WSE

ft) 

1 DuaI 102 3500 1. 06 0. 92 713.82

2 96 12500 18. 30 4.68 734.82

3 96 6500 9. 51 4. 68 726.04

4 Dual 96 19500 7. 92 1. 17 720. 93

5 102 11500 12. 53 3. 67 728. 05

8 96 9000 13. 17 4. 68 729. 70

9 Dual 96 28500 11. 57 1. 17 724. 59
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4.00 CONCEPTUAL TSR LAYOUT

4.01 GENERAL PARAMETERS

The seven analyzed TSR sites are all based on a two phase construction, which will be in line with the

phased expansion of the water treatment plant. The TSR is intended to provide a two day storage

capacity at peak demands for the plant. At completion, both cells will provide 560 MG of storage, 280

MG in each cell. The phased construction of the TSR will require one cell to be completed prior to the

construction of the second cell. The phased construction of the cells is discussed further for each site in

the following discussion. 

The TSR will consist of an earthen embankment with 4 horizontal to 1 vertical ( 4H: 1V) interior and

exterior slopes. The slope of the reservoir is based on available soil data and could be modified after

geotechnical borings are drilled and data analyzed. The interior of the reservoir will be Tined with 12

inches of soil cement and the exterior slope will have grass cover. For this analysis and costs provided, a

combination of soil cement and HDPE liner is assumed on the interior slopes and bottom of the

reservoir. The soil cement and HDPE liner may not be necessary on the reservoir bottom if a compacted

clay bottom is feasible and a hard surface is not needed for maintenance. During final design, the use of

soil cement on the floor of the reservoir should be analyzed and discussed with the NTMWD. The

necessity of a soil cement bottom will be based on analysis of the geotechnical borings and cleanout

requirements for the TSR There is a significant amount of soil cement associated with a reservoir this

Targe, and hence a significant amount of capital cost. The operations and maintenance of the TSR should

be discussed to determine if the soil cement floor is desired. The embankment will have a crest width of

20 feet, which will consist of an eight inch thick flexible road base for vehicular traffic. 

A minimum of two feet above the outlet was determined to provide adequate hydraulics for the outlet

structure. An additional one foot below the outlet structure was assumed for siltation. Therefore, the

bottom elevation for the reservoir was three feet lower than the minimum operating elevation. 

For clarification, the minimum operating elevation, in regard to the conceptual TSR analysis, is the

elevation above which the capacity is used to meet the required 280 MG of storage per cell. For this

analysis, this elevation is equivalent to or greater than the minimum elevation that is hydraulically

required for gravity flow from the TSR to and through the water treatment plant. Capacity below this

elevation is not used to compute the total 280 MG, however, will provide additional storage in the
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reservoir, in excess to the required 280 MG. The required pipe diameter for each site was provided in

Table 3. 2 of Section 3. 00

Freeboard between the operating elevation and the top of embankment was assumed to be seven feet. 

This freeboard, which was extrapolated based on reservoir size from the NTMWD Texoma Balancing

Reservoir freeboard, will provide wave run- up protection for the reservoir. 

4.02 SITE 1 — NEAR THE PROPOSED TREATMENT PLANT

Site 1 will consist of two cells of equal size, with a top of embankment footprint for each cell of 1, 890

feet by 1, 520 feet. This footprint is similar to the reservoir footprint determined for this location in 2011. 

Site 1 will have a proposed reservoir bottom elevation of 710 feet-msl. This elevation is based on the

existing topography which is 11 feet lower than the required minimum water surface elevation. There

will be significant storage capacity that will exist below the minimum water surface elevation of 721

feet-msl. The normal operating elevation will be 736 feet-msl and the top of embankment elevation will

be 743 feet-msl. Table 4.1 shows the elevation — area — capacity for Site 1. As shown in Table 4. 1, there

is 179 MG of storage below the minimum operating elevation that does not contribute to the required

280 MG capacity. This, in effect, means that Site 1 would be significantly over -sized to utilize the existing

topography. 

Due to the lower existing elevations at Site 1, minimal excavation will be possible. Therefore, the Site 1

TSR will be constructed primarily of fill that will be brought into the site. The estimated cost of Site 1 is

shown in Tables 4.2 and 4. 3. The combined total cost of both cells of the Site 1 TSR is approximately

58,387,000. This cost does not include required piping and inlet and outlet structures which would be

considered equal for all sites and hence were not included in this analysis. Technical services and

contingencies, as well as land acquisition costs have also not been included at this time. 

While Site 1 is located entirely in the Trinity River Basin, it is feasible to design a morning glory -type

spillway from the north cell which will convey any discharge to the Red River Basin via an approximately

one mile long pipe. 
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Table 4.1- Site 1 Elevation - Area - Capacity (One Cell) 

Elevation (ft) 
Area

acres) 

Total Reservoir

Capacity (MG) 

Capacity Above
Min. WSEL ( MG) 

710 46.88 0

5

712 47.95 31

CY

714 49.02 63

6, 315

716 50. 11 95

Soil Cement

718 51.21 128

9, 727, 000

720 52.32 162

90

721* 52.88 179 0

722 53. 45 196 17

724 54.58 231 53

726 55.73 267 88

728 56.89 304 125

730 58.06 341 163

732 59. 24 380 201

734 60.43 419 240

736** 61.64 458 280

738 62.86 499 320

740 64.08 540 362

742 65. 33 582 404

743*** 65. 95 604 425

Minimum required water surface elevation for 236 MGD to NWTP

Normal operating elevation with 280 MG of storage above Min. WSE

Top of embankment

Table 4.2 - Site 1- South Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 26,522 CY 5 133, 000

Compacted Fill 1, 623, 684 CY 8 12, 989, 000

Gravel 6, 315 CY 100 631, 000

Soil Cement 114,435 CY 85 9, 727, 000

Road base 3, 368 CY 90 303, 000

Liner 2, 907, 025 SF 1. 20 3,488,000

Subtotal 27, 272, 000

25% For Mobilization, Electrical, and Misc. Items 6, 818,000

Total 34,090,000



NWTP Terminal Storage Reservoir Analysis

January 23, 2014
Page 15 of 36

Table 4.3 — Site 1— North Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 166,056 CY 5 830,000

Compacted Fill 881, 107 CY 8 7, 049, 000

Gravel 4,907 CY 100 491, 000

Soil Cement 102, 649 CY 85 8,725, 000

Road base 2, 617 CY 90 236,000

Liner 1, 755, 625 SF 1. 20 2, 107, 000

Drainage Pipe 1 LS 2, 000,000 2, 000,000

Subtotal 21,437,000

25% For Mobilization, Electrical, and Misc. Items 5, 359,000

Total 26, 797, 000

4.03 SITE 2 — NORTH OF LEONARD

Site 2 will consist of two cells of equal size, with a top of embankment footprint for each cell of 965 feet

by 3, 050 feet. Site 2 will have a proposed reservoir bottom elevation of 732 feet-msl. This elevation is

based on the existing topography which ranges from approximately 730 feet to 745 feet. A proposed

bottom elevation of 732 feet-msl provided an approximate cut -fill balance. The normal operating

elevation will be 750 feet- msl and the top of embankment elevation will be 757 feet- msl. Table 4.4

shows the elevation — area — capacity for Site 2. As shown in Table 4.4, there is 50 MG of storage at the

minimum operating elevation that does not contribute to the required 280 MG capacity. This storage is

due to the three foot difference used for maintaining the outlet hydraulics and siltation. Unlike Site 1, 

the two cells for Site 2 will lay beside each other in an east -west direction instead of north -south. This

was done to achieve an approximate cut -fill balance per cell, due to the phased construction of the TSR. 

Site 2 has a reasonable cut -fill balance for each cell; however some imported fill will be needed for the

west cell and some waste will occur at the east cell. The phasing of the construction will not alleviate the

required imported fill or waste, and would likely result in increasing the imported fill required for

construction of the Phase II cell. The estimated cost of Site 2 is shown in Tables 4. 5 and 4. 6. The

combined total cost of the Site 2 TSR is approximately $44,846,000. This cost does not include required

piping and inlet and outlet structures which would be considered equal for all sites. Technical services

and contingencies, as well as land acquisition costs have also not been included at this time. 
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Table 4.4 - Site 2 Elevation - Area - Capacity (One Cell) 

Elevation

ft) 

Area

acres) 

Total Reservoir

Capacity ( MG) 

Capacity Above
Min. WSEL ( MG) 

732 50.05 0

734 51.39 33

735* 52.06 50 0

736 52. 73 67 17

738 54.09 102 52

740 55.46 137 88

742 56.84 174 124

744 58. 23 212 162

746 59.63 250 200

748 61.05 289 239

750** 62.48 330 280

752 63. 92 371 321

754 65.37 413 363

756 66.83 456 406

757*** 67. 57 478 428

Minimum required water surface elevation for 236 MGD to NWTP

Normal operating elevation with 280 MG of storage above Min. WSE

Top of embankment

Site 2 is constrained on the east and west sides due to FM 896 and FC 4720. Also, there is one home that

will be impacted by construction of the reservoir. Another home located north of the site would not

currently be impacted by the reservoir. This property could potentially be avoided by slightly adjusting

the reservoir footprint, or it could be purchased to provide additional buffer around the reservoir site

for operations. 

The majority of the TSR at Site 2 is located within the Red River Basin. The reservoir could be designed to

spill and drain to the northwest to a creek west of FM 896. This concept is shown on Figure 2. 1. 

Preliminary calculations for the drainage channel assumed a trapezoidal channel, with a bottom width of

8 feet, top width of 26 feet, depth of 3 feet, and 3H: 1V side slopes. The channel would be Tined with a 12

inch layer of riprap for erosion protection. This drainage channel, which would be required to spill into

the Red River Basin, would cross FM 896 and would require a culvert and roadway improvements on FM

896. This is a potential drawback to Site 2. 

Another potential drawback to Site 2 is maximum WSE of 750 feet-msl. In previous conceptual pipeline

and pump station studies the average WSE of the TSR was assumed to be 700 feet-msl, and the
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controlling high point on the raw water pipeline HGL was an elevation of approximately 730 feet- msl. 

These elevations were assumed in the absence of any information on the NWTP process and resulting

HGL. Now that there is a greater level of information available, these numbers are able to be refined. If

the TSR were constructed at Site 2, it would raise the HGL for the raw water pipeline by approximately

20 feet. At a minimum this would result in additional energy costs for the NTMWD to pump to this

higher elevation and may result in a portion of the raw water pipeline diameter increasing. 

Table 4.5 - Site 2 - West Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 644,464 CY 5 3, 222, 000

Compacted Fill 633, 280 CY 3 1,900,000

Gravel 7, 435 CY 100 744,000

Soil Cement 111, 664 CY 85 9,491, 000

Road base 3, 965 CY 90 357,000

Liner 4,030,057 SF 1. 20 4,836, 000

Drainage Channel 1 LS 300,000 300,000

Subtotal

4, 859, 000

Total

20,850,000

25% For Mobilization, Electrical, and Misc. Items 5, 213, 000

Total 26,063, 000

Table 4.6 - Site 2 - East Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 543, 303 CY 5 2, 717,000

Compacted Fill 417, 185 CY 3 1, 252,000

Gravel 4,611 CY 100 461,000

Soil Cement 100, 189 CY 85 8, 516,000

Road base 2, 459 CY 90 221,000

Liner 1, 550,025 SF 1. 20 1, 860, 000

Subtotal 15, 027, 000

25% For Mobilization, Electrical, and Misc. Items 4, 859, 000

Total 18, 783, 000

Site 2 was re -analyzed to minimize the number of impacted property owners. As shown in Figure 2. 1, 

Site 2a is reconfigured to fit entirely on one parcel, with the north cell constructed in Phase I and the

south cell constructed in Phase II. To maintain a total combined storage of 560 MG, the normal

operating level would be 775 feet- msl, which is an operating depth of 40 feet. This will require a

significantly higher embankment elevation of 781 feet- msl. An operating elevation of 775 feet-msl is not

feasible with for pipeline operations. The total combined cost for this option is $ 49,351,000. This cost
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does not include required piping and inlet and outlet structures which would be considered equal for all

sites. Technical services and contingencies, as well as land acquisition costs have also not been included

at this time. This option is not recommended. 

Site 2a was also analyzed to determine the maximum storage feasible while maintaining a normal

operating pool elevation 750 feet-msl which was 250 MG total between the two cells. This option had a

total site cost of $25, 486,000. This cost does not include required piping and inlet and outlet structures

which would be considered equal for all sites. Technical services and contingencies, as well as land

acquisition costs have also not been included at this time. 

4.04 SITE 3 — NORTHWEST OF LEONARD

Site 3 will consist of two cells of different size and bottom elevation. The north cell will have a top of

embankment footprint of 2, 025 feet by 1, 510 feet and a proposed reservoir bottom elevation of 725

feet-msl. The south cell will have a top of embankment footprint of 1, 880 feet by 1, 530 feet and a

proposed reservoir bottom elevation of 724 feet-msl. These elevations are based on the existing

topography which ranges from approximately 720 feet to 735 feet. The proposed bottom elevations

provided an approximate cut -fill balance for each cell. The normal operating elevation will be 742 feet- 

msl and the top of embankment elevation will be 749 feet-msl. Table 4.7 shows the elevation — area — 

capacity for Site 3. As shown in Table 4. 7, there is storage of 55 MG in the north cell and 51 MG in south

cell at the minimum operating elevation that does not contribute to the required 280 MG capacity. This

storage is due to the three foot difference used for maintaining the outlet hydraulics and siltation. The

varying size and bottom elevation for the north and south cells was done to achieve an approximate cut - 

fill balance per cell, due to the phased construction of the TSR. 

Site 3 has a reasonable cut -fill balance for each cell; however some imported fill will be needed for the

south cell and some waste will occur at the north cell. The phasing of the construction will not alleviate

the required imported fill or waste, and would likely result in increasing the imported fill required for

construction of the Phase II cell. The estimated cost of Site 3 is shown in Tables 4. 8 and 4.9. The

combined total cost of the Site 3 TSR is approximately $43, 875,000. This cost does not include required

piping and inlet and outlet structures which would be considered equal for all sites. Technical services

and contingencies, as well as land acquisition costs have also not been included at this time. 
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Site 3 is constrained on the east and west sides due to CR 4665 and FM 896. Also, there are two homes

nearby that could potentially be avoided by slightly adjusting the reservoir footprint. However, these

two homes could be purchased to provide the NTMWD additional buffer and operating room. With the

aforementioned constraints, Site 3 does provide flexibility in the footprint which could reduce required

land acquisition. 

Table 4.7 - Site 3 Elevation - Area - Capacity

North Cell South Cell

Elevation

ft) 

Area

acres) 

Total

Reservoir

Capacity
MG) 

Capacity Above
Min. WSEL

MG) 

Elevation

ft) 

Area

acres) 

Total

Reservoir

Capacity
MG) 

Capacity
Above Min. 

WSEL ( MG) 

725 55. 46 0 724 51. 29 0

726 56.04 18 726 52.41 34

728* 57.21 55 0 727* 52. 97 51 0

730 58.39 93 38 728 53. 53 68 17

732 59. 58 131 76 730 54.66 104 53

734 60. 79 170 115 732 55. 81 140 89

736 62.00 210 155 734 56.97 176 125

738 63. 23 251 196 736 58. 14 214 163

740 64.47 293 238 738 59.32 252 201

742** 65. 72 335 280 740 60.52 291 240

744 66.99 379 323 742** 61.72 331 280

746 68. 26 423 368 744 62. 94 372 321

748 69. 55 467 412 746 64. 17 413 362

749*** 70. 20 490 435 748 65. 41 455 404

749*** 66.03 477 426

Minimum required water surface elevation for 236 MGD to NWTP

Normal operating elevation with 280 MG of storage above Min. WSE
Top of embankment

A small portion of the TSR at Site 3 is located within the Red River Basin. However, the reservoir could be

designed to spill and drain to the north to a creek located on the west side of FM 896. This concept is

shown on Figure 2. 1. Preliminary calculations for the drainage channel assumed a trapezoidal channel, 

with a bottom width of 10 feet, top width of 28 feet, depth of 3 feet, and 3H: 1V side slopes. The channel

would be Tined with a 12 inch layer of riprap for erosion protection. When the property for the reservoir

is acquired, a drainage easement would also be required for construction of the drainage channel. 
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The maximum operating elevation of 742 feet-msl is 8 feet lower than Site 2. As discussed with Site 2, 

this is still higher than previously assumed controlling high points on the raw water pipeline and will

result in higher pumping costs at a minimum. However, these costs are less than Site 2. 

Table 4.8 — Site 3 — North Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 582, 710 CY 5 2, 914,000

Compacted Fill 537, 100 CY 3 1, 611,000

Gravel 6, 546 CY 100 655,000

Soil Cement 115,990 CY 85 9, 859, 000

Road base 3, 491 CY 90 314,000

Liner 3, 124,056 SF 1. 20 3, 749, 000

Drainage Channel 1 LS 300,000 300, 000

Subtotal

3, 925, 000

Total

19,402, 000

25% For Mobilization, Electrical, and Misc. Items 4,850,000

Total 24,252,000

Table 4.9 — Site 3 — South Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 553,496 CY 5 2, 767, 000

Compacted Fill 451, 390 CY 3 1, 354,000

Gravel 4,898 CY 100 490,000

Soil Cement 102, 975 CY 85 8, 753, 000

Road base 2, 612 CY 90 235,000

Liner 1, 749,006 SF 1. 20 2, 099, 000

Subtotal 15, 698,000

25% For Mobilization, Electrical, and Misc. Items 3, 925, 000

Total 19, 623, 000

Site 3 was re -configured to avoid a house located on the east portion of the proposed reservoir site. This

configuration, Site 3b shown in Figure 2. 1, creates an L- shaped reservoir, impacting only two properties. 

This configuration decreases the normal operating elevation of 742 feet-msl, which decreases the total

combined capacity to 528 MG. A drainage channel would still be necessary to drain Site 3 to the Red

River Basin. This drainage channel would be longer for Site 3b than the original Site 3 footprint. The total

cost for Site 3b is $ 48,232,000. This cost does not include required piping and inlet and outlet structures

which would be considered equal for all sites. Technical services and contingencies, as well as land

acquisition costs have also not been included at this time. 
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4.05 SITE 4 - NORTHEAST OF LEONARD

Upon direction from the NTMWD, three additional sites were considered east of Leonard ( Sites 4, 5, and

9) and one site located northwest of Leonard (Site 8). 

Site 4 will consist of two cells of equal size, with a top of embankment footprint for each cell of 1, 320

feet by 1, 920 feet. Site 4 will have a proposed reservoir bottom elevation of 719 feet-msl, based on the

existing topography which ranges from approximately 710 feet to 735 feet. A cut -fill balance is not

feasible due to the low- lying areas in the south and east portions of Site 4. The normal operating

elevation will be 740 feet-msl with a total combined capacity of 560 MG. The top of embankment

elevation will be 747 feet-msl. The estimated cost of Site 4 is shown in Tables 4. 10 and 4. 11. The

combined total cost of the Site 4 TSR is approximately $39,978, 000. This cost does not include required

piping, which will be greater due to required dual 96 -inch pipes. The inlet and outlet structures were

also not included as they would be considered equal for all sites. Technical services and contingencies, 

as well as land acquisition cost have also not been included at this time. 

Table 4.10 - Site 4 - East Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 153, 836 CY 5 769,000

Compacted Fill 870, 898 CY 7 6, 096,000

Gravel 6, 000 CY 100 600,000

Soil Cement 96,301 CY 85 8, 186, 000

Road base 3, 200 CY 90 288, 000

Liner 2, 624,400 SF 1. 20 3, 149,000

Subtotal 19, 088, 000

25% For Mobilization, Electrical, and Misc Items 4,772, 000

Total 23, 860,000

Table 4.11- Site 4 - West Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 453, 868 CY 5 2, 269,000

Compacted Fill 366,959 CY 3 1, 101,000

Gravel 4,222 CY 100 422,000

Soil Cement 86,348 CY 85 7, 340,000

Road base 2, 252 CY 90 203, 000

Liner 1, 299,600 SF 1. 20 1, 560, 000

Subtotal 12, 894,000

25% For Mobilization, Electrical, and Misc. Items 3, 224,000

Total 16, 118,000
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Site 4 is not highly restricted due to existing roadways, however, will impact four properties. While no

homes appear to be present within the reservoir footprint, there several homes located nearby along

the west portion of the proposed TSR. A small draw already exists just north of the proposed site which

drains directly to the Red River Basin which could be used to convey any spill events from the TSR. 

Due to the distance from the NWTP, approximately 1. 2 miles upstream, dual 96 inch pipes will be

necessary to covey water to the treatment plant. This distance and the increased cost of using dual

conduits is a potential drawback to Site 4. 

4.06 SITE 5 — NORTH OF LEONARD

Site 5 will consist of two cells of different size and bottom elevations that will be separated by

approximately 370 feet to allow sufficient space for the construction of the embankment and pipeline to

run between the two cells. The north cell which would be constructed in Phase I will have a top of

embankment footprint of 2, 400 feet by 1, 750 feet and a proposed bottom elevation of 727 feet-msl. The

south cell which would be constructed in Phase II will have a top of embankment footprint of 1, 415 feet

by 3, 300 feet and a proposed bottom elevation of 728 feet- msl. These elevations are based on the

existing topography which ranges from approximately 720 feet to 735 feet. The proposed bottom

elevations provided an approximate cut -fill balance for each cell. The normal operating elevation will be

740 feet-msl, with a total combined capacity of 560 MG. The top of embankment elevation will be 747

feet-msl. The estimated cost of Site 5 is shown in Table 4. 12 and 4. 13. The combined total cost of the

Site 5 TSR is approximately $66,821,000. This cost does not include required piping, and inlet and outlet

structures as they would be considered equal for all sites. Technical services and contingencies, as well

as land acquisition cost have also not been included at this time. 

Table 4.13 — Site 5 — North Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 448, 286 CY 5 2, 241, 000

Compacted Fill 554,313 CY 5 2, 772, 000

Gravel 7, 694 CY 100 769, 000

Soil Cement 156, 297 CY 85 13, 285, 000

Road base 4, 104 CY 90 369,000

Liner 4,316,006 SF 1. 20 5, 179,000

Subtotal 24,616,000

25% For Mobilization, Electrical, and Misc Items 6, 154,000

Total 30,770,000
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Table 4.13 - Site 5 - South Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 838, 995 CY 5 4, 195,000

Compacted Fill 606, 996 CY 3 1, 821, 000

Gravel 8, 731 CY 100 873, 000

Soil Cement 174,861 CY 85 14,863, 000

Road base 4,657 CY 90 419,000

Liner 5, 557,807 SF 1. 20 6, 669,000

Subtotal 28,841,000

25% For Mobilization, Electrical, and Misc. Items 7, 210,000

Total 36, 051,000

Site 5 is partially located within the ETJ of the City of Leonard and is restricted to the south, east, and

west due to US Highway 69, FM 1553 and FC 4720. No homes appear to be present within the reservoir

footprint; however, the athletic fields for the City are located approximately 230 feet east of the

proposed south cell. Site 5 is located primarily in the Sulphur River Basin. A morning glory - type spillway

and discharge pipe would be required to convey any discharge due to a spill event to the Red River

Basin. The approximate location of the discharge conduit is shown in Figure 2. 1. The cost for this

drainage conduit has not been included in the cost estimate for the site. The additional cost for the

discharge structure to the Red River Basin is a potential drawback of Site 5. 

4.07 SITES 6 AND 7 - NORTH OF LEONARD

Site 6 was located north of Leonard and north of proposed Site 3. It is restricted to the north and west

by CR 4665, with existing development located east of the site. Site 7 was also located north of Leonard

and west of proposed Site 3. It was located north of US Highway 69 and restricted on the north, east, 

and west by CR 4660, CR 4665, and CR 4655, respectively. Both Sites 6 and 7 were eliminated early in

the preliminary site selection due to site restrictions in regard to the size of the TSR. A much smaller

footprint was required at these two sites which would have required a higher operating water surface

elevation than would be feasible with the pipeline operations. 

4.08 SITE 8 - NORTHWEST OF LEONARD

Site 8 is located northwest of the NWTP and is the furthest west that was a feasible site for the TSR. Site

8 will consist of two cells of different size and same bottom elevation. The west cell, which would be

constructed in Phase I, is a trapezoidal shape with a total top of embankment length of 9, 054 feet. The
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east cell, constructed in Phase II, will have a top of embankment length of 2, 220 feet by 1, 895 feet. The

proposed reservoir bottom elevation would be 728 feet. This elevation was based on the existing

topography which ranges from approximately 720 feet to 740 feet. The proposed bottom elevation

provided an approximate cut -fill balance for each cell. The normal operating elevation will be 741 feet- 

msl with a total combined capacity of 560 MG. The top of embankment elevation will be 748 feet-msl. 

The estimated cost of Site 8 is shown in Table 4. 14 and 4. 15. The combined total cost of the Site 8 TSR is

approximately $60,395,000. This cost does not include required piping, and inlet and outlet structures as

they would be considered equal for all sites. Technical services and contingencies, as well as land

acquisition cost have also not been included at this time. 

Table 4.14 - Site 8 - West Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 799,094 CY 5 3, 995, 000

Compacted Fill 618,782 CY 3 1, 856,000

Gravel 8, 383 CY 100 838,000

Soil Cement 159, 600 CY 85 1.3, 566,000

Road base 4,471 CY 90 402,000

Liner 5, 123, 125 SF 1. 20 6, 148, 000

Subtotal 26, 806,000

25% For Mobilization, Electrical, and Misc. Items 6, 702, 000

Total 33, 508, 000

Table 4.15 - Site 8 - East Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 713,339 CY 5 3, 567, 000

Compacted Fill 521, 170 CY 3 1, 564,000

Gravel 5, 565 CY 100 556,000

Soil Cement 151, 140 CY 85 12, 847,000

Road base 2, 968 CY 90 267,000

Liner 2, 257, 507 SF 1. 20 2, 709,000

Subtotal 21, 510,000

25% For Mobilization, Electrical, and Misc. Items 5, 377,000

Total 26,887,000

Site 8 is constricted to the north, south, east, and west by CR 4640, US Highway 69, CR 4625, and CR

4655. No homes appear to be present within the reservoir footprint Site 8 is located entirely in the
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Trinity River Basin; however, the north portion of the site could be designed to spill to the Red River

Basin. An existing draw already exists which could be used to convey flows to the north. 

4.09 SITE 9 — NORTHEAST OF LEONARD

Site 9 will consist of two cells of equal size, with a top of embankment footprint for each cell of 1, 950

feet by 1, 600 feet. Site 9 will have a proposed reservoir bottom elevation of 723 feet-msl, based on the

existing topography which ranges from approximately 715 feet to 740 feet. A reasonable cut -fill balance

is achieved with the proposed bottom elevation. The normal operating elevation will be 740 feet-msl

with a total combined capacity of 560 MG. The top of embankment elevation will be 747 feet-msl. The

estimated cost of Site 9 is shown in Table 4. 16 and 4.17. The combined total cost of the Site 9 TSR is

approximately $ 43,088,000. This cost does not include required piping, which will be greater due to

required dual 96 -inch pipes. The inlet and outlet structures were also not included as they would be

considered equal for all sites. Technical services and contingencies, as well as land acquisition cost have

also not been included at this time. 

Table 4.16 — Site 9 — West Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 350, 291 CY 5 1, 751,000

Compacted Fill 585,826 CY 5 2, 929,000

Gravel 6, 574 CY 100 657,000

Soil Cement 116, 619 CY 85 9, 913,000

Road base 3, 506 CY 90 316,000

Liner 3, 150, 624 SF 1. 20 3, 781,000

Subtotal 19, 347, 000

25% For Mobilization, Electrical, and Misc. Items 4,837, 000

Total 24, 184, 000

Table 4.17 — Site 9 — East Cell Cost Estimate

Description Quantity Unit Cost Cost

Excavation 389, 271 CY 5 1, 946,000

Compacted Fill 397, 653 CY 3 1, 193,000

Gravel 4,769 CY 100 477, 000

Soil Cement 109, 286 CY 85 9, 289,000

Road base 2, 543 CY 90 229,000

Liner 1, 657, 657 SF 1. 20 1, 989,000

Subtotal 15, 124,000

25% For Mobilization, Electrical, and Misc. Items 3, 781,000

Total 18, 904,000
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Site 9 is not highly restricted due to existing roadways, however, will impact three properties. No homes

appear to be present within the reservoir footprint. The north portion of the west cell is located within

the Red River Basin and thus can spill to the Red River without the construction of an additional

drainage channel. 

Due to the distance from the NWTP, approximately 5. 4 miles upstream, dual 96 inch pipes will be

necessary to covey water to the treatment plant. This distance and the increased cost of using dual

conduits is a potential drawback to Site 9. 

4.10 SUMMARY OF RESULTS

Table 4. 18 summarizes the results of the TSR analyses. 

Table 4.18 — Site Summary

Site
Minimum/ 

Maximum WSE ( feet-msl) 

Phase 1

Analysis Cost

Phase 2

Analysis Cost

Drawbacks

1 721/ 736 34,090,000 24,297,000

Large amount of imported

embankment fill required

Topography results in inefficient

layout resulting in oversized

reservoir to achieve required

storage

Requires drainage channel/ pipe and

easement required to drain to Red

River Basin

2 735/ 750 26,063,000 18, 783,000

20 feet higher maximum WSE results

in higher pumping costs and

potential raw water pipeline upsize

Requires a drainage channel and

easement to spill to the Red River

Basin

Requires an improved culvert

crossing of FM 896

Footprint restricted due to site

constraints

2a 735/ 775 24,635,000 24,716,000

45 feet higher maximum WSE results

in higher pumping costs and

potential raw water pipeline upsize

Requires a drainage channel and
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Site
Minimum/ 

Maximum WSE ( feet-msl) 

Phase 1

Analysis Cost

Phase 2

Analysis Cost

Drawbacks

easement to spill to the Red River

Basin

Requires an improved culvert

crossing of FM 896

Footprint restricted due to site

constraints

3
North: 728/ 742

South: 727/ 742
24,252,000 19, 623,000

12 feet higher maximum WSE results

in higher pumping costs and
potential raw water pipeline upsize

Requires a drainage channel and

easement to spill to the Red River

Basin

Unwilling landowners

3b 728/ 742 29,868,000 18, 364,000

12 feet higher maximum WSE results

in higher pumping costs and

potential raw water pipeline upsize

Requires a drainage channel and

easement to spill to the Red River

Basin

Less than 560 MG of combined

storage

Unwilling landowners

4 722/ 740 23, 860,000 16, 118,000

Significant distance from NWTP

Dual pipes required to NWTP

Large amount of imported

embankment fill required

5

North: 730/ 740

South: 731/ 740
30,770,000 36,051,000

Requires drainage channel/ pipe and

easement required to drain to Red

River Basin

Partially located within Leonard ETJ

Potential unwilling landowners

8 731/ 741 33, 508,000 26,887,000

Not along proposed pipeline

alignment

Approximately 2 miles northwest of

NWTP

9 726/ 740 24, 184,000 18, 904,000
Significant distance from NWTP

Dual pipes required to NWTP
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5. 00 TSR ANALYSIS - SITE 1 REANALYZED

Site 1 was re -analyzed assuming dual 102 inch pipes between the TSR and NWTP. This pipe

configuration significantly lowered the minimum required water surface elevation which made Site 1 a

more feasible location due to its proximity to the NWTP and accessibility. In addition, the land would be

available from a willing seller with minimal impact to homeowners in the area. These factors and

adjustments led to Site 1 becoming the preferred site, so further, more detailed analysis of the site was

performed. During the re -analysis of Site 1, it was also determined by the NTMWD that a full capacity of

560 MG was not necessary. At their direction, Site 1 was re -analyzed for 210 MG per cell for a total

storage capacity of 420 MG. A storage volume of 420 MG represents two days of storage of LBCR water. 

The additional 140 MG of raw water will come from other potential sources and hence was removed

from the storage calculations. With dual —102 inch pipes connecting the TSR to the NWTP, the minimum

required water surface elevation was decreased further, to 714 feet-msl, and the normal operating

elevation to 731 feet-msl. The top of embankment will be 738 feet- msl. The lower storage capacity of

210 MG also allowed for a slightly smaller TSR footprint and decreased the normal operating water

surface elevation. The two cells will be of equal size, with a top of embankment footprint of 1, 545 feet

by 1,320 feet. Lower existing elevations at the site will require a large amount of imported fill since

minimal excavation will be possible. While Site 1 is located entirely in the Trinity River Basin, it is feasible

to design a morning glory -type spillway from the north cell which will convey any discharge to the Red

River Basin via an approximately one mile long drainage pipe. Since this will be needed from the start of

operations, the phasing of the cells was modified to construct the north cell in Phase I which will include

the construction of the drainage structure to the Red River Basin. It should also be noted that while both

102 inch pipes will not be required in the Phase I construction of the reservoir, the second 102 inch pipe

will need to be in service when the plant expands to a 140 MG capacity. 

As the recommended site, a more detailed cost estimate was developed for Phase I ( north cell) and

Phase II ( south cell) for the revised Site 1 footprint, which is show in Tables 5. 1 and 5. 2. 
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Table 5. 1- Site 1- Phase I (North Cell) 

Detailed Cost Estimate ( 210 MG) 

Description Quantity Unit Cost Cost

Excavation 139,409 CY 5 697, 000

Compacted Fill 724,018 CY 8 5, 792, 000

Gravel Drain 5, 306 CY 100 531,000

Soil Cement (1 foot) 76, 528 CY 85 6, 505, 000

Flex Road Base ( 8 inches) 2, 830 CY 90 255, 000

HDPE Liner 2, 052, 056 SF 1. 20 2, 462, 000

Outlet to the Red River Basin 1 LS 2, 000,000 2, 000, 000

Inlet and Outlet Structures 1 LS 1, 500,000 1, 500,000

Electrical Building and Controls 1 LS 1, 500,000 1, 500,000

Mobilization — 5% 1, 062,000

Subtotal 22,304,000

Contingency — 20% 4,461,000

Engineering, Surveying, Permitting — 8% 2, 141,000

Land and Easement Acquisition 1, 500,000

Construction Inspection — 1% 268,000

Total 30,674,000
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Table 5. 2- Site 1- Phase II (South Cell) 

Detailed Cost Estimate ( 210 MG) 

Description Quantity Unit Cost Cost

Excavation 17, 150 CY 5 86, 000

Compacted Fill 735, 512 CY 8 5, 884, 000

Gravel Drain 4,083 CY 100 408, 000

Soil Cement ( 1 foot) 72, 579 CY 85 6, 169,000

Flex Road Base ( 8 inches) 2, 178 CY 90 196,000

HDPE Liner 1, 215, 506 SF 1. 20 1,459, 000

Inlet and Outlet Structures 1 LS 1, 500,000 1, 500,000

90 inch Pipeline 500 LF 650 325,000

102 inch Pipeline 4, 225 LF 1, 230 5, 197, 000

102 inch Butterfly Valve 1 EA 225, 000 225,000

Mobilization — 5% 1, 072, 000

Subtotal 22,521, 000

Contingency — 20% 4, 504,000

Engineering, Surveying, Permitting — 8% 2, 162, 000

Construction Inspection — 1% 270,000

Total 29,457,000
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6.00 FUTURE OPERATION ANALYSIS

Although not anticipated for initial operation of the LBCR/ NWTP systems, the TSR potentially provides

additional flexibility to NTMWD raw water operations. If the NTMWD were to connect the Texoma - 

Wylie raw water pipeline to the NWTP in the future, this project would also provide a conduit that could

be used to bring LBCR water to the Wylie WTP. Based on previous hydraulic analyses, it is possible to

pump directly from the LBCR to the Wylie WTP while sending water to the North WTP or bypassing the

North WTP. This scenario would require the TSR to be bypassed. 

The proposed TSR sites provide the ability to pump from the LBCR to the TSR and then gravity flow from

the TSR to both the NWTP and the Wylie WTP. Figure 6. 1 displays hydraulic grade lines for the proposed

TSR sites based on low WSELs and sending 70 MGD to the North WTP. TSR Site 1 has the ability to

gravity flow 121 MGD to the Wylie WTP in addition to sending 70 MGD to the North WTP based on the

low WSEL. TSR Site 2 has the ability to gravity flow 128 MGD to the Wylie WTP in addition to sending 70

MGD to the North WTP. TSR Site 3 has the ability to send 126 MGD to the Wylie WTP in addition to 70

MGD to the North WTP. This analysis assumes a single 96 -inch pipeline from the TSR site to the North

WTP and an 84 -inch pipeline from the TSR to the Texoma pipeline ( Connector Pipeline). Previous

conceptual analysis conducted during the design of the Lake Texoma Outfall to Wylie Water Treatment

Plant Raw Water Pipeline showed this connector pipeline as a 72 -inch diameter pipeline. However, after

the conceptual level HGL was developed for the NWTP, analyses showed that an 84 -inch connector

pipeline provides the most flexibility in sending 70-80 MGD from the Lake Texoma balancing reservoir to

the NWTP based on the minimum Texoma balancing reservoir WSE of 821 feet-msl. Figure 6. 2 shows

the hydraulic grade line from the Texoma Balancing Reservoir to the NWTP with an 84 -inch connector

pipeline. Figure 6. 3 displays the hydraulic grade line from TSR Site 1 to the NWTP with dual 102 -inch

pipes. 

The hydraulic analysis conducted indicates that each site is approximately equal with regards to

operational flexibility. The hydraulic analysis does not include sending water from Lake Chapman, the

Texoma Balancing Reservoir or Tawakoni/ East Fork to the Wylie WTP while sending water from the

North WTP TSR. It is impossible to gravity flow from the Texoma balancing reservoir and TSR to Wylie

WTP simultaneously due to the Texoma balancing reservoir higher water surface elevation of 812 to 832

feet. A flow control valve can be installed on the proposed Texoma pipeline upstream of the North WTP
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pipeline connection to break head along the Texoma line and send raw water from Lake Texoma and the

TSR to Wylie WTP at the same time. These scenarios could be studied at a future date. 
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7.00 SUMMARY AND RECOMMENDATION

Based on the conceptual analysis, the smaller Site 1 alternative ( 420 MG) is the most favorable and

recommended site. With the dual pipes connecting Site 1 to the NWTP, a reasonable minimum and

maximum operating elevation was achieved. This site is close to the NWTP site and is readily accessible

via US Highway 69 to the north and CR 4965 to the east. The decreased storage requirement also

allowed for a smaller footprint and lower top of embankment elevation, both of which helped to reduce

the site cost. Willing landowners in the area also make land acquisition less of a concern as it would be

with some of the other sites. 

A detailed cost estimate for Phase I construction of the Site 1 TSR was developed. A total cost of Phase I

would be $ 30,674,000. A significant portion of the cost is attributed to the large volume of soil cement

required for a reservoir of this size. The necessity of a soil cement bottom will be based on analysis of

the geotechnical borings and cleanout requirements for the TSR. This will be determined in final design. 

This includes the inlet and outlet structures, Red River drainage outlet, electrical building and controls

and the estimated pipe and valves that would be needed at the TSR. This estimate also includes

technical services and contingency. This estimate does not include the cost of construction for Phase II, 

the south cell, which would be $ 29,457, 000. 



APPENDIX A

PIPELINE LOSSES



A.1 LOCATION 1: 

Table A.1 - Pipeline Parameters

Flow from TSR ( Q) = 236 MGD

Length of Pipe from TSR to WTP ( L) = 4650 FT

Hazen Williams Coefficient (C) = 120

1. 60

Pipe Diameter (D) = 96 IN

WTP Elevation = 711 FT

Table A.2 — Pipeline Elbows

Pipeline Elbows ( K) 

90° Bends = 0. 80

45° Bends = 0. 20

4-90° + 6-45° Bends = 4.4

Table A.3 — Grate Losses

Grate Losses ( FT) 

Effective Area = 70.00 FTA2

Velocity thru Grate = 5. 22 FT/ S

Friction Coefficient (K) = 1. 60

FT

Grate Losses = 0. 68 FT

Table A.4 — Reservoir Exit Structure Losses

Reservoir Exit Structure Losses ( FT) 

Entrance: Projecting = 0. 80

Major Losses = 

Velocity at Entrance = 3. 65 FT/ S

Grate Losses = 0. 68 FT

Entrance Structure Losses = 0. 84 FT

Table A.5 — TSR to NWTP Losses

Entrance Losses = 0. 84 FT

Major Losses = 6. 81 FT

Velocity in Pipe = 7. 27 FT/ S

Pipeline Entrance ( K) = 0.25

10 Pipeline Elbows ( K) = 4.4

3 Butterfly Valves ( K) = 1. 05

Minor Losses = 4.68 FT

Total Headloss = 12. 33 FT

TSR Elevation = 723. 33 FT



Table A.6 - Dual Pipe Lengths for Headloss Calculations

For Dual Pipes the Distances are: 

3850 FT Dual Pipes to tee for combined pipe

800 FT Single Combined pipe to WTP

4650 FT Total Length

Table A.7 - TSR to NWTP Losses for Varying Pipe Diameters at Peak Flow

Flow from TSR = 236 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 8. 27 0.84 9. 32 6. 06 727. 23

96 7. 27 0. 84 6. 81 4.68 723.33

102 6. 44 0. 84 5. 07 3. 67 720.58

108 5. 74 0. 84 3. 84 2. 92 718. 60

Dual 90 4. 14 0. 84 3. 74 1. 52 717. 10

Dual 96 3. 64 0. 84 2. 73 1. 17 715. 75

Dual 102 3. 22 0. 84 2. 04 0. 92 714. 80

Dual 108 2. 87 0. 84 1. 54 0. 73 714. 12

Table A.8 - TSR to NWTP Losses for Varying Pipe Diameters at Minimum Flow

Flow from TSR = 53 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 1. 86 0.04 0. 59 0.31 711.94

96 1. 63 0.04 0.43 0. 24 711.71

102 1.45 0. 04 0. 32 0. 19 711.55

108 1. 29 0. 04 0. 24 0. 15 711.43

The values for Table A. 6 and A. 7 follow the same calculation process as the values shown in Table A.1, 

A. 2, A.3, A.4, and A.5 with changes only occurring due to the change in pipeline diameter. 



A.2 LOCATION 2: 

Table A.1 - Pipeline Parameters

Flow from TSR ( Q) = 236 MGD

Length of Pipe from TSR to WTP ( L) = 12500 FT

Hazen Williams Coefficient (C) = 120

1. 60

Pipe Diameter (D) = 96 IN

WTP Elevation = 711 FT

Table A.2 - Pipeline Elbows

Pipeline Elbows ( K) 

90° Bends = 0. 80

45° Bends = 0. 20

4- 90° + 6- 45° Bends = 4.4

Table A.3 - Grate Losses

Grate Losses ( FT) 

Effective Area = 70.00 FTA2

Velocity thru Grate = 5. 22 FT/ S

Friction Coefficient (K) = 1. 60

FT

Grate Losses = 0. 68 FT

Table A.4 - Reservoir Exit Structure Losses

Reservoir Exit Structure Losses ( FT) 

Entrance: Projecting = 0. 80

Major Losses = 

Velocity at Entrance = 3. 65 FT/ S

Grate Losses = 0. 68 FT

Entrance Structure Losses = 0. 84 FT

Table A.5 - TSR to NWTP Losses

Entrance Losses = 0. 84 FT

Major Losses = 18. 30 FT

Velocity in Pipe = 7. 27 FT/ S

Pipeline Entrance ( K) = 0. 25

10 Pipeline Elbows ( K) = 4.4

3 Butterfly Valves ( K) = 1. 05

Minor Losses = 4.68 FT

Total Headloss = 23. 82 FT

TSR Elevation = 734. 82 FT



Table A.6 - TSR to NWTP Losses for Varying Pipe Diameters at Peak Flow

Flow from TSR = 236 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 8. 27 0. 84 25.05 6. 06 742. 96

96 7. 27 0. 84 18.30 4. 68 734.82

102 6. 44 0. 84 13. 62 3. 67 729. 14

108 5. 74 0. 84 10.31 2. 92 725.08

Dual 90 4. 14 0. 84 6. 95 1. 52 720.31

Dual 96 3. 64 0. 84 5. 08 1. 17 718.09

Dual 102 3. 22 0. 84 3. 78 0. 92 716. 54

Dual 108 2. 87 0. 84 2. 86 0. 73 715. 43

Table A.7 - TSR to NWTP Losses for Varying Pipe Diameters at Minimum Flow

Flow from TSR = 53 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 1. 86 0.04 1. 58 0. 31 712. 93

96 1. 63 0. 04 1. 15 0. 24 712.43

102 1.45 0. 04 0. 86 0. 19 712.09

108 1. 29 0. 04 0. 65 0. 15 711. 84

The values for Table A.6 and A.7 follow the same calculation process as the values shown in Table A. 1, 

A.2, A.3, A.4, and A.5 with changes only occurring due to the change in pipeline diameter. 



A.3 LOCATION 3: 

Table A.1 - Pipeline Parameters

Flow from TSR ( Q) = 236 MGD

Length of Pipe from TSR to WTP ( L) = 6500 FT

Hazen Williams Coefficient (C) = 120

1. 60

Pipe Diameter (D) = 96 IN

WTP Elevation = 711 FT

Table A.2 — Pipeline Elbows

Pipeline Elbows ( K) 

90° Bends = 0. 80

45° Bends = 0. 20

4- 90° + 6- 45° Bends = 4.4

Table A.3 — Grate Losses

Grate Losses ( FT) 

Effective Area = 70.00 FTA2

Velocity thru Grate = 5. 22 FT/ S

Friction Coefficient (K) = 1. 60

FT

Grate Losses = 0. 68 FT

Table A.4 — Reservoir Exit Structure Losses

Reservoir Exit Structure Losses ( FT) 

Entrance: Projecting = 0. 80

Major Losses = 

Velocity at Entrance = 3. 65 FT/ S

Grate Losses = 0. 68 FT

Entrance Structure Losses = 0. 84 FT

Table A.5 — TSR to NWTP Losses

Entrance Losses = 0. 84 FT

Major Losses = 9. 51 FT

Velocity in Pipe = 7. 27 FT/ S

Pipeline Entrance ( K) = 0. 25

10 Pipeline Elbows ( K) = 4. 4

3 Butterfly Valves ( K) = 1. 05

Minor Losses = 4.68 FT

Total Headloss = 15. 04 FT

TSR Elevation = 726.04 FT



Table A.6 - TSR to NWTP Losses for Varying Pipe Diameters at Peak Flow

Flow from TSR = 236 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 8. 27 0. 84 13. 03 6. 06 730.93

96 7. 27 0. 84 9. 51 4.68 726.04

102 6. 44 0. 84 7. 08 3. 67 722.60

108 5. 74 0. 84 5. 36 2. 92 720. 13

Dual 90 4. 14 0. 84 3. 61 1. 52 716.97

Dual 96 3. 64 0. 84 2. 64 1. 17 715. 65

Dual 102 3. 22 0. 84 1. 96 0. 92 714.73

Dual 108 2. 87 0. 84 1. 49 0. 73 714. 06

Table A.7 - TSR to NWTP Losses for Varying Pipe Diameters at Minimum Flow

Flow from TSR = 53 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 1. 86 0. 04 0. 82 0. 31 712. 17

96 1. 63 0. 04 0. 60 0. 24 711.88

102 1.45 0. 04 0. 45 0. 19 711. 67

108 1. 29 0. 04 0. 34 0. 15 711. 53

The values for Table A. 6 and A.7 follow the same calculation process as the values shown in Table A. 1, 

A.2, A.3, A. 4, and A.5 with changes only occurring due to the change in pipeline diameter. 



A.4 LOCATION 4: 

Table A.1 - Pipeline Parameters

Flow from TSR ( Q) = 236 MGD

Length of Pipe from TSR to WTP ( L) = 19500 FT

Hazen Williams Coefficient (C) = 120

1. 60

Pipe Diameter (D) = 96 IN

WTP Elevation = 711 FT

Table A.2 - Pipeline Elbows

Pipeline Elbows ( K) 

90° Bends = 0.80

45° Bends = 0. 20

4- 90° + 6- 45° Bends = 4.4

Table A.3 - Grate Losses

Grate Losses ( FT) 

Effective Area = 70.00 FTA2

Velocity thru Grate = 5. 22 FT/ S

Friction Coefficient ( K) = 1. 60

FT

Grate Losses = 0. 68 FT

Table A.4 - Reservoir Exit Structure Losses

Reservoir Exit Structure Losses ( FT) 

Entrance: Projecting = 0. 80

Major Losses = 

Velocity at Entrance = 3. 65 FT/ S

Grate Losses = 0. 68 FT

Entrance Structure Losses = 0. 84 FT

Table A.5 - TSR to NWTP Losses

Entrance Losses = 0. 84 FT

Major Losses = 28.54 FT

Velocity in Pipe = 7. 27 FT/ S

Pipeline Entrance ( K) = 0. 25

10 Pipeline Elbows ( K) = 4.4

3 Butterfly Valves ( K) = 1. 05

Minor Losses = 4. 68 FT

Total Headloss = 34.07 FT

TSR Elevation = 745.07 FT



Table A.6 - TSR to NWTP Losses for Varying Pipe Diameters at Peak Flow

Flow from TSR = 236 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 8. 27 0. 84 39. 08 6. 06 756.99

96 7. 27 0.84 28.54 4.68 745. 07

102 6. 44 0. 84 21.25 3. 67 736.76

108 5. 74 0. 84 16. 08 2. 92 730.85

Dual 90 4. 14 0. 84 10. 84 1. 52 724. 20

Dual 96 3. 64 0. 84 7. 92 1. 17 720. 93

Dual 102 3. 22 0. 84 5. 89 0.92 718. 66

Dual 108 2. 87 0.84 4. 46 0. 73 717. 04

Table A.7 - TSR to NWTP Losses for Varying Pipe Diameters at Minimum Flow

Flow from TSR = 53 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 1. 86 0. 04 2. 47 0. 31 713.81

96 1. 63 0. 04 1. 80 0. 24 713.08

102 1. 45 0. 04 1. 34 0. 19 712. 57

108 1. 29 0. 04 1. 01 0. 15 712. 20

The values for Table A.6 and A. 7 follow the same calculation process as the values shown in Table A.1, 

A.2, A.3, A.4, and A.5 with changes only occurring due to the change in pipeline diameter. 



A.5 LOCATION 5: 

Table A.1- Pipeline Parameters

Flow from TSR ( Q) = 236 MGD

Length of Pipe from TSR to WTP ( L) = 11500 FT

Hazen Williams Coefficient (C) = 120

1. 60

Pipe Diameter (D) = 96 IN

WTP Elevation = 711 FT

Table A.2 - Pipeline Elbows

Pipeline Elbows ( K) 

90° Bends = 0. 80

45° Bends = 0. 20

4-90° + 6-45° Bends = 4.4

Table A.3 - Grate Losses

Grate Losses ( FT) 

Effective Area = 70.00 FTA2

Velocity thru Grate = 5. 22 FT/ S

Friction Coefficient ( K) = 1. 60

FT

Grate Losses = 0. 68 FT

Table A.4 - Reservoir Exit Structure Losses

Reservoir Exit Structure Losses ( FT) 

Entrance: Projecting = 0. 80

Major Losses = 

Velocity at Entrance = 3. 65 FT/ S

Grate Losses = 0. 68 FT

Entrance Structure Losses = 0. 84 FT

Table A.5 - TSR to NWTP Losses

Entrance Losses = 0. 84 FT

Major Losses = 16. 83 FT

Velocity in Pipe = 7. 27 FT/ S

Pipeline Entrance ( K) = 0.25

10 Pipeline Elbows ( K) = 4.4

3 Butterfly Valves ( K) = 1. 05

Minor Losses = 4. 68 FT

Total Headloss = 22.36 FT

TSR Elevation = 733. 36 FT



Table A.6 - TSR to NWTP Losses for Varying Pipe Diameters at Peak Flow

Flow from TSR = 236 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 8. 27 0. 84 23. 05 6. 06 740.96

96 7. 27 0. 84 16. 83 4. 68 733. 36

102 6.44 0. 84 12. 53 3. 67 728.05

108 5. 74 0. 84 9. 49 2. 92 724. 25

Dual 90 4. 14 0.84 6. 39 1. 52 719. 75

Dual 96 3. 64 0. 84 4. 67 1. 17 717. 68

Dual 102 3. 22 0. 84 3. 48 0.92 716. 24

Dual 108 2. 87 0. 84 2. 63 0. 73 715. 21

Table A.7 - TSR to NWTP Losses for Varying Pipe Diameters at Minimum Flow

Flow from TSR = 53 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 1. 86 0.04 1. 45 0. 31 712.80

96 1. 63 0. 04 1. 06 0. 24 712. 34

102 1. 45 0.04 0. 79 0. 19 712. 02

108 1. 29 0.04 0. 60 0. 15 711.79

The values for Table A.6 and A. 7 follow the same calculation process as the values shown in Table A.1, 

A.2, A.3, A. 4, and A.5 with changes only occurring due to the change in pipeline diameter. 



A.6 LOCATION 8: 

Table A.1 - Pipeline Parameters

Flow from TSR ( Q) = 236 MGD

Length of Pipe from TSR to WTP ( L) = 9000 FT

Hazen Williams Coefficient (C) = 120

1. 60

Pipe Diameter (D) = 96 IN

WTP Elevation = 711 FT

Table A.2 - Pipeline Elbows

Pipeline Elbows ( K) 

90° Bends = 0. 80

45° Bends = 0. 20

4-90° + 6-45° Bends = 4.4

Table A.3 - Grate Losses

Grate Losses ( FT) 

Effective Area = 70. 00 FTA2

Velocity thru Grate = 5. 22 FT/ S

Friction Coefficient (K) = 1. 60

FT

Grate Losses = 0. 68 FT

Table A.4 - Reservoir Exit Structure Losses

Reservoir Exit Structure Losses ( FT) 

Entrance: Projecting = 0.80

Major Losses = 

Velocity at Entrance = 3. 65 FT/ S

Grate Losses = 0. 68 FT

Entrance Structure Losses = 0. 84 FT

Table A.5 - TSR to NWTP Losses

Entrance Losses = 0. 84 FT

Major Losses = 13. 17 FT

Velocity in Pipe = 7. 27 FT/ S

Pipeline Entrance ( K) = 0. 25

10 Pipeline Elbows ( K) = 4.4

3 Butterfly Valves ( K) = 1. 05

Minor Losses = 4. 68 FT

Total Headloss = 18.70 FT

TSR Elevation = 729. 70 FT



Table A.6 - TSR to NWTP Losses for Varying Pipe Diameters at Peak Flow

Flow from TSR = 236 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 8. 27 0.84 18. 04 6.06 735. 94

96 7. 27 0. 84 13. 17 4. 68 729. 70

102 6.44 0. 84 9. 81 3. 67 725. 32

108 5. 74 0. 84 7. 42 2. 92 722. 19

Dual 90 4. 14 0. 84 5. 00 1. 52 718.36

Dual 96 3. 64 0. 84 3. 65 1. 17 716.67

Dual 102 3. 22 0. 84 2. 72 0. 92 715.48

Dual 108 2. 87 0. 84 2. 06 0. 73 714.63

Table A.7 - TSR to NWTP Losses for Varying Pipe Diameters at Minimum Flow

Flow from TSR = 53 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 1. 86 0. 04 1. 14 0. 31 712.49

96 1. 63 0. 04 0. 83 0. 24 712. 11

102 1. 45 0.04 0. 62 0. 19 711. 85

108 1. 29 0.04 0.47 0. 15 711. 66

The values for Table A.6 and A. 7 follow the same calculation process as the values shown in Table A.1, 

A.2, A.3, A.4, and A.5 with changes only occurring due to the change in pipeline diameter. 



A.7 LOCATION 9: 

Table A.1 - Pipeline Parameters

Flow from TSR ( Q) = 236 MGD

Length of Pipe from TSR to WTP ( L) = 28500 FT

Hazen Williams Coefficient (C) = 120

1. 60

Pipe Diameter (D) = 96 IN

WTP Elevation = 711 FT

Table A.2 — Pipeline Elbows

Pipeline Elbows ( K) 

90° Bends = 0. 80

45° Bends = 0. 20

4-90° + 6-45° Bends = 4.4

Table A.3 — Grate Losses

Grate Losses ( FT) 

Effective Area = 70.00 FTA2

Velocity thru Grate = 5. 22 FT/ S

Friction Coefficient ( K) = 1. 60

FT

Grate Losses = 0. 68 FT

Table A.4 — Reservoir Exit Structure Losses

Reservoir Exit Structure Losses ( FT) 

Entrance: Projecting = 0. 80

Major Losses = 

Velocity at Entrance = 3. 65 FT/ S

Grate Losses = 0. 68 FT

Entrance Structure Losses = 0. 84 FT

Table A.5 — TSR to NWTP Losses

Entrance Losses = 0. 84 FT

Major Losses = 41.72 FT

Velocity in Pipe = 7. 27 FT/ S

Pipeline Entrance ( K) = 0. 25

10 Pipeline Elbows ( K) = 4.4

3 Butterfly Valves ( K) = 1. 05

Minor Losses = 4. 68 FT

Total Headloss = 47. 24 FT

TSR Elevation = 758.24 FT



Table A.6 - TSR to NWTP Losses for Varying Pipe Diameters at Peak Flow

Flow from TSR = 236 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 8. 27 0. 84 57. 12 6.06 775.03

96 7. 27 0. 84 41. 72 4.68 758. 24

102 6. 44 0.84 31.05 3. 67 746.57

108 5. 74 0. 84 23. 51 2. 92 738. 27

Dual 90 4. 14 0. 84 15. 85 1. 52 729. 20

Dual 96 3. 64 0. 84 11. 57 1. 17 724. 59

Dual 102 3. 22 0. 84 8. 61 0. 92 721. 38

Dual 108 2. 87 0. 84 6. 52 0. 73 719. 10

Table A.7 - TSR to NWTP Losses for Varying Pipe Diameters at Minimum Flow

Flow from TSR = 53 MGD

Pipe Diameter

IN) 

Velocity in Pipe
FT/ S) 

Entrance Losses

FT) 

Major Losses

FT) 

Minor Losses

FT) 

WSE Required

FT) 

90 1. 12 0. 02 1. 42 0. 11 712. 54

96 0. 99 0. 02 1. 04 0.09 712. 14

102 0. 87 0. 02 0.77 0. 07 711.85

108 0. 78 0. 02 0. 58 0. 05 711. 65

The values for Table A. 6 and A. 7 follow the same calculation process as the values shown in Table A.1, 

A.2, A.3, A.4, and A.5 with changes only occurring due to the change in pipeline diameter. 
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The purpose of this technical memorandum is to evaluate sludge treatment options for the North Texas

Municipal Water District (NTMWD) Leonard Water Treatment Plant (WTP). Sludge treatment stages

considered for the sludge treatment evaluation included thickening, storage, dewatering, extended

dewatering, transport, and disposal. Sludge treatment options which consisted of various methods and

technologies that could be categorized as one of the sludge treatment stages were also assessed during
the evaluation. Capital and O& M costs were developed for each sludge treatment option. Different

combinations of sludge treatment stages and options were arranged to create complete sludge treatment

systems ( referred to as sludge treatment alternatives in this technical memorandum). A life cycle cost

analysis was performed to compare the long-term costs of each sludge treatment alternative. The viable

sludge treatment alternatives developed from the evaluation are listed below. 

Baseline: Gravity Thickening - 4 Sludge Lagoons -> Land Application

Alternative 1: Gravity Thickening -> Tank Storage -> Land Application

Alternative 2: Gravity Thickening -' Tank Storage -> Centrifuge —* Land Application

Alternative 3: Gravity Thickening -> Tank Storage -> Centrifuge -> Solar Drying -> 

Monofill ( Nearby Location) 

Alternative 4: Gravity Thickening --> Tank Storage -+ Centrifuge — Solar Drying

Monofill ( Distant Location) 

Alternative 5: Gravity Thickening -. Tank Storage - 4 Pump to Offsite Dewatering Facility -> Tank

Storage -> Centrifuge - 4 Solar Drying -> Monofill ( Nearby Dewatering Facility) 
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The sections included in this technical memorandum include: 

Background

2012 Wylie WTP — Sludge Treatment Evaluation

Phased Expansions for Leonard WTP

Sludge Characterization

Sludge Treatment Stages

Sludge Treatment Options

Sludge Treatment Alternatives

Comparison of Sludge Treatment Alternatives

Discussion

2. BACKGROUND

The NTMWD is in the preliminary design stage for a new water treatment plant in Leonard, Texas. The

Leonard WTP will have an initial capacity of 70 MGD with an ultimate capacity of 280 MGD. The water

sources for the plant will be from Lower Bois d'Arc Creek Reservoir (210 MGD) and Lake Texoma (70

MGD). In the initial 70 MGD phase, the water source will be exclusively from the Lower Bois d' Arc Creek

Reservoir. It is anticipated that the WTP process will include pre -oxidation, 

coagulation/ flocculation/sedimentation, ozonation, biologically active filtration, pH adjustment, 

chlorination, chloramination, and fluoridation. 

3. 2012 WYLIE WTP - SLUDGE TREATMENT EVALUATION

An evaluation of sludge handling alternatives for the Wylie WTP was completed in 2012 and documented

in the technical memorandum, "Wylie Water Treatment Plant — Water Plant Residuals Handling

Conceptual Design: Long -Term Options and Screening Analysis". The purpose of this technical

memorandum was to evaluate long-term sludge disposal options/scenarios at the Wylie WTP, and

provide sludge handling recommendations. The lessons learned in the Wylie WTP sludge evaluation

were considered in the sludge treatment evaluation for the Leonard WTP. The 2012 Wylie WTP technical

memorandum evaluated several alternatives that included a combination of some of the same sludge

treatment options evaluated for this project. The Wylie WTP evaluation recommended a phased

approach in sludge management and outline below. 

Phase 1 — Present Condition: Land Application; 

Phase 2 — Addition of gravity thickeners; 

Phase 3 — Pipeline transport and geotube monofill disposal; 
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Phase 4 — Mechanical dewatering and monofill disposal; 

Phase 5 — Extended dewatering and monofill disposal. 

4. PHASED EXPANSIONS FOR LEONARD WTP

The Leonard WTP will be built in a series of expansions. The liquid treatment and sludge treatment

processes will be planned in accordance with this series of expansions. The anticipated schedule for

these expansions is provided below. 

Phase I: 2020 — 70 MGD

Phase II: 2025 — 140 MGD

Phase III: 2030 — 210 MGD

Phase IV: 2035 — 280 MGD

5. SLUDGE CHARACTERIZATION

The raw water and sludge characteristics shown in Table 1 were developed during the liquid treatment

evaluation phase of this project which was conducted by CH2M. These values were used for preliminary

sizing of components associated with the sludge treatment options. Maximum conditions (which were

assumed to be sustained over a 3 month period) were used to size sludge treatment units, while average

conditions were used to estimate annual average operation and maintenance requirements. It was

assumed that ferric sulfate in combination with a polymer would be dosed at the Leonard WTP. 

Table 1: Sludge Characteristics

Parameter Value

Raw Water Characteristics

Average

Turbidity 12 NTU

Ferric Dose 12 mg/ L as Fe
Maximum

Turbidity 26 NTU

Ferric Dose 20 mg/ L as Fe
Sludge Characteristics

Settled Solids Concentration 0. 40% 

Specific Gravity of Solids 2. 3

Sludge Production Conversion Factors

Turbidity 1. 5 Ib -Sludge / NTU

Ferric Dose 2. 9 Ib -Sludge / Ib -Fe
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6. TERMINOLOGY

The labeling of processes/ unit operation categories making up the different sludge treatment systems

evaluated in this technical memorandum follow a systematic naming convention. " Alternatives", which

represent the complete sludge treatment system, are made up of a combination of different "Stages", 

which are made up of individual "Options". A diagram which illustrates this naming convention and lists

the different "Stages" and " Options" considered for the sludge treatment evaluation is shown as Figure 1. 

Thickening
Extended

Dewatering

Gravity / 
Gravity Belt

Centrifuge / 

Belt Filter Press
Solar Drying / 
Lime Bulking

Land Application
Monofill

Figure 1: Sludge Treatment Evaluation - Terminology

7. SLUDGE TREATMENT STAGES

The sludge treatment system was divided into the following stages for the evaluation: 

Storage

Thickening

Dewatering

Extended Dewatering

Transport

Disposal
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Multiple methods and technologies capable of meeting the design objectives may be feasible for each

stage. The possible methods and technologies will be referred to as sludge treatment options ( or simply

as " options") in this technical memorandum. 

The sludge storage stage can be used to hold sludge while downstream units are offline, or to serve as

an equalization point in the sludge treatment system which allows the downstream units to operate under

more steady conditions. Sludge holding tanks and sludge lagoons were both considered as storage units

for the sludge treatment evaluation. Sludge holding tanks sized for a detention time of 3 days would be

used during normal operating conditions to hold sludge from the sedimentation basins (only for the gravity

belt thickening options), and to hold thickened sludge. Sludge lagoons would serve as a backup storage

option to be used in the event the sludge treatment system was taken out of service. 

Thickening was considered for reducing the volume of sludge directly from the sedimentation basin. 

Gravity thickeners and gravity belt thickeners, which represent the most common methods for thickening

sludge, were included in the sludge treatment evaluation. Use of these thickening methods can typically

reduce the volume of sludge by approximately 80-90 percent. In a gravity thickener, sludge is allowed to

settle via gravity. Settled sludge is collected in the underflow, while the supernatant overflows into a

collection trough. For a gravity belt thickener, sludge is fed onto a slow moving belt to separate solids

from the liquid by gravity drainage. Gravity belt thickening can generally produce thicker sludge than

gravity thickening. For the purposes of the sludge treatment evaluation, a thickened solids concentration

of 2 percent was applied for the gravity thickening option, while a thickened solids concentration of

3 percent was applied for the gravity belt thickening option. It was assumed that both thickening options

would use polymer. 

The dewatering stage follows the thickening stage of the sludge treatment system. The dewatering stage

further reduces the volume of thickened sludge by about 90 percent. Belt filter presses, centrifuges, 

three -belt presses, sludge lagoons, and geotubes are possible methods for dewatering sludge. In a belt

filter press, sludge is initially fed into a gravity drainage zone to remove free water, and then enters a

zone where high pressure is generated by a series of serpentine rollers to press out additional water. 

Centrifugal dewatering is a high speed process that uses centrifugal forces to separate solids from water

in the sludge. Centrifuges require smaller footprints compared to other dewatering alternatives and can

handle higher design loadings than belt filter presses. Three -belt presses are similar to belt filter presses, 

but unlike the typical belt filter press, the gravity and pressure zones of a three -belt press run

independently of each other. Three -belt presses essentially combine the thickening and dewatering

stages into a single unit, and therefore don' t require a separate upstream thickening stage. Geotubes are

large tubes made of a geotextile material. Sludge is pumped into the geotube container, where water is

drained through small pores in the geotextile via gravity and evaporation. 

f \ prOerl.: v0587\ 013- 1. 
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Sludge lagoons and geotubes were evaluated during a preliminary screening phase of the sludge

treatment evaluation, but were ultimately eliminated as feasibility options for dewatering. Both options

would not be expected to reliably dewater to the same level as a belt filter press, centrifuge, or three -belt

press. Furthermore, the amount of time required to dewater under these options would be too long to

support steady operation of a downstream extended dewatering stage. The belt filter press and

centrifuge options were considered for the sludge treatment evaluation. For the purposes of the

evaluation, a dewatered solids concentration of 25 percent was applied for both options. It was assumed

that polymer would be added ahead of the dewatering options. The three -belt press was found to be cost

competitive with the belt filter press and centrifuge options, but was ultimately not included in the

evaluation since there is less flexible with phasing the thickening and dewatering stages. If the stages

were to be phased, then purchase of the dewatering stage during the later phase would be without

competition since the equipment selection would be limited to the manufacturer of the thickener stage. If

the NTMWD decides to forego phasing and instead implement the thickening and dewatering stages at

the same time, then three -belt presses should be reconsidered. 

Extended dewatering is a process utilized to further increase the solids content of dewatered sludge. For

the purposes of this project, extended dewatering would be required to improve the stability of sludge

such that the final product could be stacked in a monofill while being capable of supporting heavy

machinery loads. Processes available for extended dewatering include windrowing, drying beds, solar

drying, and the addition of a bulking agent. Windrowing is a method in which sludge is deposited in rows

and allowed to dry from evaporation. Sludge drying beds utilize a sand pit where sludge is placed and

dewatered by gravity separation and evaporation. Solar drying utilizes an enclosed area that functions

similarly to a greenhouse. Sludge is regularly tilled in the enclosed area by an automated control system

that also regulates the air exchange using fans. The addition of a bulking agent increases the solids

content by directly adding more solids ( such as lime or fly ash) to the sludge. 

Sludge drying beds and windrowing were eliminated as feasible extended dewatering options. Mainly

due to the historical rainfall near the site, neither of these options is expected to consistently produce

sludge with a high enough solids content that would allow disposal in a monofill. It was assumed that the

final solids content would need to be at least 70 percent to be considered stable enough for stacking in a

monofill. Both solar drying and lime bulking are capable of reliably producing this solids content, and, as

such, were considered for the sludge treatment evaluation. 

The sludge treatment evaluation assessed the benefits of operating an onsite versus offsite dewatering

facility. For the offsite dewatering facility, thickened sludge would be transported from the Leonard WTP

to the dewatering facility. The options considered for transporting the thickened sludge were hauling and

pumping. 
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The sludge disposal methods considered for the sludge treatment evaluation were land application and

operation of a monofill. It was assumed that sludge with a solids content as low as that of thickened

sludge could be land applied. Disposal in a monofill would require extended dewatering of sludge

beforehand. 

A more detailed description of the sludge treatment options mentioned in this section are provided in

Appendix A. 

8. SLUDGE TREATMENT OPTIONS

Capital and O& M costs were developed for the different stages of the sludge treatment system. Costs

were estimated for different options within each stage of the sludge treatment system. The viable options

included: 

Sludge lagoons and sludge holding tanks for the storage stage; 

Gravity thickeners and gravity belt thickeners for thickening; 

Belt filter presses and centrifuges for dewatering; 

Solar drying and lime bulking for extended dewatering; 

Pumping and hauling for transport; 

Land application and monofill operation for disposal. 

These options will be combined in various arrangements to define potential sludge treatment

alternatives and described in Section 8. The following section provides a description of the

components associated with each option as defined for the purposes of developing a preliminary

scope of supply and ultimately estimating a capital and O& M cost. The capital and O& M costs for

the different options within each stage are included in the following section as well. Costs presented

in this section represent the estimated cost for the Phase 1 plant capacity of 35 MGD ( average)/ 

70 MGD ( maximum). 

8. 1 General Assumptions

A list of general assumptions that applied to the capital and O& M cost estimates for each sludge

treatment option is provided in Table 2. Life cycle costs prepared for this technical memorandum

assumed an interest rate of 3 percent. 

7of39
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Table 2: General Cost Assumptions

Cost Item Value

Capital Costs

Contingency 35% of Construction Sub -Total

Mobilization 5% of Construction Sub -Total

with Contingency
Contractor Overhead and Profit 20% of Construction Sub -Total

with Contingency and Mobilization
Equipment Installation 20% of Equipment Cost

Dewatering Buildings 200 per square foot

General Equipment Buildings 100 per square foot

Canopy 50 per square foot

Concrete

Slab

Walls

Specialty Form -Work

450 per cubic yard

550 per cubic yard

700 per cubic yard

Annual O& M Costs

Electrical 0. 06 per kW -hr

Maintenance 2% of Equipment Cost

Labor 24 per hour

Polymer

Dose

Unit Cost

10 lbs per Dry Ton
0. 94 per Ib

8. 2 Storage

Sludge lagoons and sludge holding tanks were considered as options for the storage stage of the sludge

treatment system. The components and costs associated with the sludge lagoon and sludge holding tank

storage options are provided below. 

8. 2. 1 Sludge Lagoons

It was assumed that two (2) sludge lagoons would serve as backup storage in the event the sludge

treatment system was taken offline. During such an event, sludge would be conveyed to one of the

sludge lagoons and eventually removed during clean- out of the sludge lagoon. Once one sludge lagoon

is filled to capacity, the plant would start sending sludge to the other sludge lagoon and repeat the cycle. 

Sludge stored in the sludge lagoons would settle out while supernatant would be decanted and drained to

the backwash waste equalization basin. The sludge lagoons were sized to operate in 12 month cycles at

the annual average sludge production rate. A summary of the characteristics of the sludge lagoons is

shown in Table 3. The capital and O& M costs for the sludge lagoons are shown in Table 4. It should be

10 7\ 01,- 01 \ 2- 0 vdrk prod\ 2- 7 reports\ residuals tech memo\2016- 06-08_ tm_ leonard v' tp sludge t -ea
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noted that the O& M cost represents normal operation of the sludge lagoons as backup units. As backup

units, it is assumed the sludge lagoons will remain in standby mode, and therefore not be used. 

Table 3: Summary of Characteristics (Phase I) - Sludge Lagoons

Parameter Value

Quantity 2 Units

Geometry Rectangular

Side Slopes 5: 1

Length ( at Normal WSE) 1, 007 feet

Width ( at Normal WSE) 336 feet

Normal Side Water Depth 8 feet

Freeboard 3 feet

Liner Clay; 2 feet thick
Decant 2 Units per Sludge Lagoon

Table 4: Opinion of Capital and Annual O& M Costs (Phase I) — Sludge Lagoons

Item Cost

OPCC

Sitework 4,672,600

Structural 134, 800

Equipment 192, 000

Mechanical 627,200

Electrical/ Instrumentation N/A

Contingency 1, 969,400

Mobilization 379, 800

Overhead and Profit 1, 595,200

Total OPCC 9, 571, 000

Annual O& M

Power N/A

Chemical N/ A

Maintenance 83,200

Labor N/A

Total O& M 83,200

8. 2. 2 Sludge Holding Tanks

The size and placement of sludge holding tanks within the sludge treatment system depended on the type

of thickening used and the location of the dewatering facility. For alternatives with gravity thickening, the

sludge holding tanks would be placed directly downstream of the thickening units, while none would be

placed upstream. In contrast, sludge holding tanks for alternatives with gravity belt thickeners would be

placed both directly upstream and downstream of the thickening units. For alternatives with offsite

dewatering facilities, sludge holding tanks would also be placed, in addition to those previously
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mentioned, upstream of the dewatering units at the offsite dewatering facility. Figure 1 illustrates the

relative position of the sludge holding tanks for the different thickening and dewatering facility location

options. The sludge holding tanks were sized for the maximum sludge production rate. A summary of

the characteristics of the sludge holding tanks is shown in Table 5. The capital and O& M costs for the

sludge holding tanks are shown in Table 6. 

Sedimentation

Basins

Sedimentation

Basins

Gravity
Thickening

Sedimentation

Basins

Sludge

Holding
Tanks

Sludge

Holding
Tanks

Sedimentation

Basins

Gravity
Thickening

Gravity Belt
Thickening

Sludge

Holding
Tanks

Sludge

Holding
Tanks

Gravity Belt
Thickening

Remaining
Treatment Stages

Sludge

Holding
Tanks

Hauling or Pumping
to Offsite

Dewatering Facility

Remaining
Treatment Stages

Sludge

Holding
Tanks

Remaining
Treatment Stages

Sludge

Holding
Tanks

Hauling or Pumping
to Offsite

Dewatering Facility

Remaining
Treatment Stages

Figure 2: Sludge Storage Configurations

Sludge

Holding
Tanks
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Table 5: Summary of Characteristics (Phase ) - Sludge Holding Tanks

Parameter
Gravity Thickening Gravity Belt Thickening

Upstream Downstream Upstream Downstream

Quantity' N/ A 2 onsite; 

2 offsite

2 onsite 2 onsite; 

2 offsite

Geometry N/A Circular Circular Circular

Diameter N/A 70'- 0" 156'- 0" 57'- 0" 

Side Water Depth N/A 18'- 0" 18'- 0" 18'- 0" 

Freeboard N/A 2'- 0" 2'- 0" 2'- 0" 

Compressed Gas

Mixing System - 
Air Compressor

N/A 2 x 15 -hp Units 2 x 60 -hp Units 2 x 15 -hp Units

Building Area
Mixing System) 

N/A 20' x 15' 20' x 15' 20' x 15' 

Table 6: Opinion of Capital and Annual O& M Costs (Phase I) - Sludge Holding Tanks

Item Gravity Thickening Gravity Belt Thickening
Upstream Downstream Upstream Downstream

OPCC

Sitework N/ A 56,500 199,600 42,300

Structural N/ A 666,900 2, 091, 700 517,400

Equipment N/ A 474,000 1, 320,000 402,000

Mechanical N/ A 120,300 300, 100 105,000

Electrical/ Instrumentation N/A 300,000 610,000 300,000

Contingency N/A 566,200 1, 582,500 478,400

Mobilization N/A 109,200 305,200 92, 300

Overhead and Profit N/A 458,700 1, 281, 900 387, 500

Total OPCC N/A 2, 751, 800 7, 691, 000 2, 324, 900

Annual O& M

Power N/A 5, 900 23,600 5, 900

Chemical N/A N/A N/ A N/ A

Maintenance N/A 7, 900 22, 000 6, 700

Labor N/ A 12, 800 12, 800 12, 800

Total O& M N/ A 26, 600 58,400 25,400

1 Offsite sludge holding tanks are only applicable for alternatives with an offsite dewatering facility. Note that each
alternative includes a set of onsite sludge holding tanks downstream of the thickening stage, regardless of the
location of the dewatering facility. 
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8. 2. 3 Storage Option Evaluation

The sludge lagoons were included in the initial phase as a backup storage option for each sludge

treatment alternative. However, additional sludge lagoons were not included during the expansion

phases. In contrast, the sludge holding tanks were included in each expansion phase. 

8. 3 Thickening

Gravity thickeners and gravity belt thickeners were considered as options for the thickening stage of the

sludge treatment system. The components and costs associated with the gravity thickening and gravity

belt thickening options are provided below. 

8. 3. 1 Gravity Thickening

The gravity thickeners were sized to receive the maximum sludge production rate directly from the

sedimentation basins at a continuous pace. Thickened sludge from the gravity thickeners would be

pumped to a downstream sludge holding tank, while overflow would drain by gravity to the backwash

waste equalization basin. The thickened sludge pump station was sized to operate in accordance with

the dewatering schedule ( assumed to be 5 days per week; 8 hours per day). A summary of the

characteristics of the gravity thickening option is shown in Table 7. The capital and O& M costs for the

gravity thickening option are shown in Table 8. 

Table 7: Summary of Characteristics ( Phase I) — Gravity Thickening

Parameter Value

Quantity 2 Duty + 0 Standby

Geometry Circular

Diameter 95 feet

Side Water Depth 10 feet

Polymer Feed System 1 Duty + 1 Standby
Thickened Sludge Pumps 2 Duty + 1 Standby

500 gpm each) 

Building Area
Thickened Sludge Pumps) 

24' x 20' 
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Table 8: Opinion of Capital and Annual O& M Costs (Phase I) — Gravity Thickening

Item Value

OPCC

Sitework 90,200

Structural 697,400

Equipment 588,600

Mechanical 249, 300

Electrical/ Instrumentation 370, 000

Contingency 698, 500

Mobilization 134,700

Overhead and Profit 565, 800

Total OPCC 3, 394, 500

Annual O& M

Power 6,400

Chemical 26,500

Maintenance 9,900

Labor 21, 400

Total O& M 64,200

8. 3. 2 Gravity Belt Thickening

The gravity belt thickeners were sized to receive the maximum sludge production rate while operating on

a schedule of 5 days per week and 8 hours per day. Thickened sludge from the gravity belt thickeners

would be pumped to a downstream sludge holding tank, while filtrate would drain by gravity to the

backwash waste equalization basin. A summary of the characteristics of the gravity belt thickening option

is shown in Table 9. The capital and O& M costs for the gravity thickening option are shown in Table 10. 

Table 9: Summary of Characteristics (Phase I) — Gravity Belt Thickening

Parameter Value

Quantity 10 Duty + 1 Standby
Belt Width 2 meters

Polymer Feed System 1 System

1 Pump per Thickener) 
Feed Pumps 1 per Unit (495 gpm each) 

Thickened Sludge Pumps 1 per Unit ( 150 gpm each) 

Building Area 200' x 101' 
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Table 10: Opinion of Capital and Annual O& M Costs (Phase I) — Gravity Belt Thickening

Item Gravity Belt Thickening
OPCC

Sitework 56,600

Structural 4,681, 400

Equipment 4,550,700

Mechanical 431, 800

Electrical/ Instrumentation 960,000

Contingency 3, 738,200

Mobilization 721, 000

Overhead and Profit 3, 028, 000

Total OPCC 18, 167,700

Annual O& M

Power 19,700

Chemical 26,500

Maintenance 74,900

Labor 122,900

Total O& M 244, 000

8. 3. 3 Thickening Option Evaluation

The capital and O& M costs developed for the thickening options show that the gravity thickening option is

less expensive to build and operate. However, these costs alone do not necessarily suggest that the

gravity thickening option is more cost effective than the gravity belt thickening option. A fair cost

comparison of the thickening options must take into account, not only the cost of the thickening system, 

but also the costs of the upstream and downstream stages. This is because the sizing of the sludge

treatment stages directly upstream and downstream of the thickening stage are dependent on the type of

thickening process. Alternatives with the gravity belt thickening option utilize upstream sludge holding

tanks, whereas alternatives with gravity thickening do not. Dewatering systems downstream of the gravity

belt thickening option were sized to receive thickened sludge with a solids concentration of 3 percent, 

whereas dewatering systems downstream of the gravity thickening options were sized for 2 percent

solids. Furthermore, for sludge treatment alternatives that require hauling or pumping of thickened

sludge, the difference in solids concentration will favor the thickening option with the more concentrated

thickened sludge. Since some sludge treatment stages are dependent on the type of thickening option, a

direct cost comparison between gravity thickening and gravity belt thickener needs to consider the total

cost of the complete sludge treatment alternative. A comparison of the costs for the sludge treatment

alternatives is provided later in this technical memorandum. The issue of identifying the more cost

effective thickening option will be addressed in the alternative evaluations. 
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8. 4 Dewatering

Belt filter presses and centrifuges were considered as options for the dewatering stage of the sludge

treatment system. The components and costs associated with the belt filter press and centrifuge options

are provided below. 

8.4.1 Belt Filter Press

The belt filter press layout was sized to receive thickened sludge at the maximum sludge production rate

while operating on a schedule of 5 days per week and 8 hours per day. Dewatered sludge from the belt

filter presses would fall onto a conveyor belt that would send the sludge to a dumpster, while pressate

would drain by gravity to the backwash waste equalization basin. The number of belt filter press units

was controlled by the hydraulic loading rate as opposed to the solids loading rate. As such, the number

of belt filter press units depended on the thickened solids concentration, and thus depended on the type

of thickening option upstream of the dewatering stage. A summary of the characteristics of the belt filter

press option is shown in Table 11. The capital and O& M costs for the belt filter press option are shown in

Table 12. 

Table 11: Summary of Characteristics ( Phase I) — Belt Filter Press

Parameter
Upstream Thickening Option

Gravity Thickening Gravity Belt Thickening
Quantity 8 Duty + 1 Standby 5 Duty + 1 Standby
Belt Width 2 meters

Polymer Feed System 1 System ( 1 Pump per Belt Filter Press) 
Feed Pumps 1 per Unit ( 140 gpm each) 

Building Area 175' x 99' 115' x 99' 

Canopy Area 99' x 40' 
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Table 12: Opinion of Capital and Annual O& M Costs (Phase I) — Belt Filter Press

Item Upstream Thickening Option
Gravity Thickening Gravity Belt Thickening

OPCC

Sitework 49,700 35,200

Structural 4,306,400 2, 942, 900

Equipment 4, 111, 000 2, 753,200

Mechanical 151, 200 120, 000

Electrical/ Instrumentation 770, 000 770, 000

Contingency 3,286,000 2, 317, 500

Mobilization 633,800 447, 000

Overhead and Profit 2, 661, 700 1, 877, 200

Total OPCC 15, 969, 800 11, 263, 000

Annual O& M

Power 3, 700 2, 900

Chemical 26, 500 26,500

Maintenance 67, 800 45,400

Labor 55,600 38,300

Total O& M 153,600 113, 100

8. 4.2 Centrifuge

The centrifuge layout was sized to receive thickened sludge at the maximum sludge production rate while

operating on a schedule of 5 days per week and 8 hours per day. Dewatered sludge from the centrifuges

would fall onto a conveyor belt that would send the sludge to a dumpster, while centrate would drain by

gravity to the backwash waste equalization basin. The number of centrifuge units was controlled by the

solids loading rate as opposed to the hydraulic loading rate. As such, the number of centrifuge units

depended only on the solids load from the thickening stage. Since the solids load from the thickening

stage was assumed to equivalent for each thickening option, the number centrifuge units did not depend

on the type of thickening option upstream of the dewatering stage. A summary of the characteristics of

the centrifuge option is shown in Table 13. The capital and O& M costs for the centrifuge option are

shown in Table 14. 

Table 13: Summary of Characteristics (Phase I) — Centrifuge

Parameter Value

Quantity 3 Duty + 1 Standby
Bowl Diameter 30 inches

Polymer Feed System 1 System

1 Pump per Centrifuge) 
Feed Pumps 1 per Unit (400 gpm each) 

Building Area 72' x 65' 

Canopy Area 72' x 40' 
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Table 14: Opinion of Capital and Annual O& M Costs (Phase I) — Centrifuge

Item Cost

OPCC

Sitework 18, 200

Structural 1, 327,600

Equipment 3, 367,000

Mechanical 100, 600

Electrical/ Instrumentation 770, 000

Contingency 1, 954,200

Mobilization 376,900

Overhead and Profit 1, 582, 900

Total OPCC 9, 497,400

Annual O& M

Power 32, 800

Chemical 26,500

Maintenance 55,900

Labor 27,400

Total O& M 142,600

8.4.3 Dewatering Option Evaluation

The costs developed for the dewatering options show that the centrifuge option requires the least capital

investment. The savings during Phase I compared to the belt filter press option are about $6. 5 million for

the gravity thickening option and $ 1. 8 million for the gravity belt thickening option. The annual O& M costs

are relatively similar between the dewatering options. However, since the O& M cost for the centrifuge is

not the least expensive, a life cycle analysis must be conducted to evaluate whether the centrifuge is the

most cost effective dewatering option. Unlike the thickening options, the dewatering options as defined in

this technical memorandum will not impact the downstream stage differently. As such, the life cycle

analysis can be isolated to the capital and O& M costs of the dewatering components themselves, as

opposed to comparing the total costs for the complete sludge treatment alternatives. The net present

worth for the dewatering options over a 20 year life cycle are shown in Table 15. The life cycle analysis

suggests that the centrifuge is the more cost effective dewatering option. 

Table 15: 20 year Life Cycle Cost Analysis (Phase I) — Dewatering Options

Item
Belt Filter Press Option Centrifuge

OptionGravity Thickening Gravity Belt Thickening
OPCC 15, 969,800 11, 263, 000 9, 497,400

Annual O& M 153,600 113, 100 142,600

Net Present Worth 18, 255,000 12, 946,000 11, 619, 000
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8. 5 Extended Dewatering

Solar drying and lime bulking were considered as options for the extended dewatering stage of the sludge

treatment system. The components and costs associated with the solar drying and lime bulking options

are provided below. The extended dewatering stage would be applied for sludge treatment alternatives

that utilize a monofill as the method of disposal. The extended dewatering stage is intended to provide a

final sludge product with a high enough solids content suitable for stacking in a monofill. The final sludge

product from the extended dewatering stage should be capable of supporting the full load of heavy

machinery regardless of the depth of the monofill. For the purposes of estimating a cost for each

extended dewatering option, it was assumed that a final solids content of 70 percent would be suitable to

provide the necessary sludge stability. However, it should be noted that this concentration will need to be

confirmed through geotechnical analysis for both extended dewatering options prior to making a final

selection. The components and costs associated with the solar drying and lime bulking options are

provided below. 

8. 5. 1 Solar Drying

The solar drying system was sized to receive dewatered sludge at the maximum sludge production rate

over a 7 day per week filling cycle. Processed sludge from the solar drying units would be disposed of in

a monofill, while the water removed from the sludge would evaporate. The total area required for the

solar drying units depends on the drying time needed to increase the initial solids concentration to the

designated solids content (assumed to be 70 percent). The drying time is dependent on both the initial

solids concentration and ambient temperature. Drying times are lower during the warmer summer

months, and higher during the cooler winter months. A summary of the characteristics of the solar drying

option is shown in Table 16. The capital and O& M costs for the solar drying option are shown in Table

17. 

Table 16: Summary of Characteristics (Phase I) — Solar Drying

Parameter Value

Quantity 15 Duty + 0 Standby
Dimensions per Unit 432' x 42' 

Sludge Depth 6 inches

Summer Drying Time 27 days

Winter Drying Time 45 days
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Table 17: Opinion of Capital and Annual O& M Costs (Phase 1) — Solar Drying

Item Cost

OPCC

Sitework 534, 100

Structural 5, 646,700

Equipment 13,254,600

Electrical/ Instrumentation 1, 500, 000

Contingency 7, 327,400

Mobilization 1, 413,200

Overhead and Profit 5, 935,200

Total OPCC 35,611, 200

Annual O& M

Power 13, 100

Chemical N/A

Maintenance 15, 000

Labor 5, 500

Total O& M 33,600

5. 2 Lime Bulking

The lime bulking system was sized to dose the maximum sludge production rate at a continuous pace. 

The lime bulking option would involve the mixing of lime to dewatered sludge. Following lime bulking, 

bulked sludge would be disposed of in a monofill. It should be noted that the design lime dosage would

need to be determined through laboratory testing. For the purposes of the cost evaluation, a lime dosage

of 6 pounds of lime per pound of dry sludge was applied. This dose represents the amount of lime

required to increase the solids content of the dewatered sludge to 70 percent. In addition to the lime

dosage, the minimum final solids content suitable for disposal in a monofill will also need to be

determined through laboratory testing. The dose applied for the cost evaluation assumes that

100 percent of the lime added contributes to the solids content of the sludge, and that no reaction occurs

between lime and water. In reality, some portion of the lime will react with water to further reduce the

water content. Lime addition not only has the advantage of directly reducing the water content through

this reaction, lime addition also forms a cement -like product from the reaction which strengthens the

bearing capacity of the sludge. A summary of the characteristics of the lime bulking option is shown in

Table 18. The capital and O& M costs for the lime bulking option are shown in Table 19. 

Table 18: Summary of Characteristics (Phase I) — Lime Bulking

Parameter Value

Mixer and Conveyor Units 4 Duty + 0 Standby
Lime Storage Silos 9 x 200 -Ton Units
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Table 19: Opinion of Capital and Annual O& M Costs (Phase I) — Lime Bulking

Item Cost

OPCC

Sitework 183,400

Structural 90,000

Equipment 4, 980, 000

Electrical/ Instrumentation 200,000

Contingency 1, 908, 700

Mobilization 368,200

Overhead and Profit 1, 546, 100

Total OPCC 9, 276,400

Annual O& M

Power 50,000
Chemical2

2, 987,200

Maintenance 10, 000

Labor 12, 500

Total O& M 3, 059,700

8. 5. 3 Extended Dewatering Option Evaluation

The costs developed for the extended dewatering options show that the lime bulking option requires the

least capital investment. The savings compared to the solar drying option is about $26.3 million during

Phase I. However, there is a comparatively significant disadvantage with operating under the lime

bulking option. Largely due to the chemical cost associated with purchasing lime, the annual O& M cost

for the lime bulking option is about $ 3. 0 million greater than that of the solar drying option. Since the

amount of sludge generated differs between the two extended dewatering options (due to the fact that

lime addition increases the total of sludge), a life cycle cost comparison of the two extended dewatering

option needs to consider the total cost of the complete sludge treatment alternative. A comparison of the

costs for the sludge treatment alternatives is provided later in this technical memorandum. The issue of

identifying the more cost effective extended dewatering option will be addressed in the alternative

evaluations. 

2 Lime Cost = $ 177 per ton
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8. 6 Transport

Alternatives were developed that considered both an onsite and offsite dewatering facility. An onsite

facility would require the final processed sludge product to be hauled for either land application or

disposal in a monofill. For alternatives utilizing a monofill, an offsite dewatering facility located adjacent to

the monofill was considered. Both hauling and pumping were considered as options for transporting

thickened sludge to the offsite dewatering facility. The components and costs associated with the hauling

and pumping options are provided below. 

8. 6. 1 Hauling

It was assumed that the overall hauling cost would amount to $ 20 per cubic yard of sludge hauled. 

8. 6. 2 Pumping

It was assumed that the pipeline length would be 30 miles. Booster pump stations would be spaced

every 8 miles. The pumping system was sized to pump the maximum sludge production rate at a

continuous pace. A summary of the characteristics of the pumping option is shown in Table 20. The

capital and O& M costs for the pumping option are shown in Table 21. 

Table 20: Summary of Characteristics (Phase I) — Thickened Sludge Pumping

Parameter Value

Pipeline Distance 30 miles

Pipeline Diameter 6 inches

Booster Pump Stations 4 Units

Pumps per

Booster Pump Station
1 Duty + 1 Standby

Capacity per Pump 236 gpm ( Gravity Thickening) 
214 gpm ( Gravity Belt Thickening) 

Working Horsepower
per Pump

38 hp
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Table 21: Opinion of Capital and Annual O& M Costs (Phase I) — Thickened Sludge Pumping

Item Upstream Thickening Option
Gravity Thickening Gravity Belt Thickening

OPCC

Sitework 6, 064,500 6, 064,500

Structural 174,600 174,600

Equipment 229,300 229, 300

Mechanical 2, 974,900 2, 974, 900

Electrical/ Instrumentation 880,000 880, 000

Contingency 3, 613,200 3,613,200

Mobilization 696,900 696, 900

Overhead and Profit 2, 926,700 2,926,700

Total OPCC 17, 560, 100 17,560, 100

Annual O& M

Power 16, 300 12, 000

Chemical N/ A N/A

Maintenance 3, 900 3, 900

Labor 10, 000 10, 000

Total O& M 30,200 25,900

8. 6. 3 Transport Option Evaluation

A 20 year life cycle cost analysis was performed for the transport options to evaluate the cost

effectiveness of hauling versus pumping thickened sludge. The net present worth for the transport

options over a 20 year life cycle at an interest rate of 3 percent is shown in Table 22. In addition to the

costs for the transport options, the life cycle cost analysis also includes the life cycle cost for the sludge

holding tanks located at the offsite dewatering facility. The life cycle cost analysis cost shows that

pumping is significantly more cost effective to transport both gravity thickened and gravity belt thickened

sludge. While the pumping option is initially more expensive because of the substantial capital cost, the

option will eventually become more cost effective than the hauling option. The payback period for the

pumping option is about 6 years for the gravity thickening option and 9 years for the gravity belt

thickening option. 

Table 22: 20 year Life Cycle Cost Analysis (Phase I) — Sludge Transport Options

Transport Option Thickening Option Net Present Worth

Hauling
Gravity Thickening 52,428,000

Gravity Belt Thickening 35,443, 000

Pumping
Gravity Thickening 21, 157, 000

Gravity Belt Thickening 20,649,000
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8. 7 Disposal

Land application and a monofill were considered as options for the disposal. The cost used in the cost

evaluation for hauling and land applying sludge was $ 20 per cubic yard. It was assumed that the monofill

would be designed for an operating life of 40 years at the plant build -out capacity of 280 MGD. The

construction cost was estimated to be $ 9.25 per cubic yard of storage space in the monofill. The capital

cost of the monofill for build -out of the solar drying and lime bulking options is $ 4. 3 million and

26.2 million, respectively. The annual O& M cost used in the evaluation represents 3 percent of the

monofill capital cost. A cost comparison between the two disposal options needs to include the total cost

of the complete sludge treatment alternative. A comparison of these total costs is provided later in this

technical memorandum. 

9. SLUDGE TREATMENT ALTERNATIVES

This section identifies the sludge treatment stages making up each sludge treatment alternative, and

provides the corresponding combined opinions of capital and O& M costs. The costs presented in this

section represent the cost over a 20 year period from 2020 to 2040. The costs include the additional

capital and O& M costs at each expansion phase. For the purposes of this technical memorandum, it was

assumed that the sludge treatment system would undergo the expansions shown in Table 23. The

following section evaluates the sludge treatment alternatives through each of the expansion phases. 

Table 23: Treatment Capacity for each Expansion Phase

Expansion

Phase

Year Treatment Plant Capacity

Average / Maximum) 

Sludge Treatment System Capacity

Average / Maximum) 

Phase I 2020 (Start-up) 35 MGD / 70 MGD 35 MGD / 70 MGD

Phase II 2025 70 MGD / 140 MGD 70 MGD / 140 MGD

Phase III 2030 105 MGD / 210 MGD 140 MGD / 280 MGD

Phase IV 2035 ( Build -out) 140 MGD / 280 MGD Same as 2030

9. 1 Baseline Alternative (Thickening and Sludge Lagoons with Land Application) 

The Baseline Alternative consists of wasting sludge from the sedimentation basins to gravity thickeners

and followed by sludge lagoons. A schematic of the treatment stages for the Baseline Alternative is

shown in Figure 2. Although the sludge treatment system could feasibly operate without gravity

thickening ( i. e. rely solely on sludge lagoons), gravity thickening is included to improve the water quality

of the solids recycle stream. Water quality of supernatant in a sludge lagoon typically deteriorates

because the sludge in a lagoon is held under anaerobic conditions at a relatively long detention time. 
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Such conditions can elevate the levels of manganese, iron, algae, TOC, MIB, and geosmin in the

supernatant which is ultimately returned to the plant. By placing gravity thickeners ahead of the sludge

lagoons, the volume of water sent to the sludge lagoons is reduced by about 80 percent. As such, the

volume of poor quality supernatant returned to the plant from the sludge lagoons is reduced by about

80 percent, thereby improving the overall water quality of the solids recycle stream. 

The Baseline Alternative relies on full- time operation of the sludge lagoons. The function of the sludge

lagoon for the other alternatives is to serve as a back- up storage unit during events when the sludge

treatment system is offline. Whereas the sludge lagoons are not expanded for these other sludge

treatment alternatives, the sludge lagoons must be expanded for the Baseline Alternative (the gravity

thickening system is expanded as well). It was assumed that the sludge lagoons would operate under a

12 month fill/ clean-out cycle. On any given day, half of the sludge lagoons would be receiving sludge, 

while the other half would be offline as part of the clean-out cycle. Every 12 months the sludge lagoons

would alternate between being filled and cleaned out. For the purposes of the cost evaluation, it was

assumed that sludge lagoons would be cleaned out by a contractor at a unit cost of $99. 75 per ton of dry

solids3. A summary of the OPCC, annual O& M, and 20 year cumulative costs for the Baseline Alternative

are shown in Table 24. The cost of implementing the Baseline Alternative without gravity thickening is

also provided in Table 24 to show the cost impact of gravity thickening. The cumulative net present worth

of the Baseline Alternative is shown in Figure 3. 

Sludge from

Sedimentation Basins

Gravity
Thickening

Sludge

Lagoons

Decantto Backwash

Waste Equalization Basin

Hauling

Overf ow to

Backwash

Waste

Equalization

Basin

Figure 3: Process Flow Schematic — Baseline Alternative

Land

Application

3 The unit cost for cleaning out the sludge in the sludge lagoons is based on the September 2015 bid proposal from
the NTMWD Wylie WTP Removal and Disposal of Water Treatment Residuals ( Project No. ENG 15- 6). 
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Table 24: Cost Summary ($ Million) — Baseline Alternative (Sludge Lagoons / Land Application

with and without Gravity Thickening) 

Phase

Does not include Gravity Thickening) Includes Gravity Thickening) 

OPCC Annual O& M

20 -Year

Interest -Adjusted

Cumulative Cost

2016 Dollars) 

OPCC Annual O& M

20 -Year

Interest -Adjusted

Cumulative Cost

2016 Dollars) 

I 9. 6 0. 4 9. 7 13. 0 0. 4 12. 9

II 9. 6 0. 7 19. 4 13. 0 0. 9 25.6

III 19. 1 1. 5 40.7 25. 9 1. 7 53.0
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Figure 4: Cumulative 20 Year Life Cycle Cost — Baseline Alternative (Gravity Thickening / Sludge
Lagoons / Land Application) 

9. 2 Alternative 1 ( Thickening/Tank Storage with Land Application) 

The treatment stages making up Alternative 1 are thickening, storage, and disposal of thickened sludge

through land application. A comparison of the 20 year life cycle cost between the gravity thickening and

gravity belt thickening options indicated that implementing gravity thickening was the more cost effective
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option. Gravity thickening is about $36. 1 million less than the gravity belt thickening option over the first

20 years of operation. A summary of the OPCC, annual O& M, and 20 year cumulative costs for the

gravity thickening and gravity belt thickening options of Alternative 1 are shown in Table 25. A schematic

of the treatment stages for Alternative 1 is shown in Figure 4. The cumulative net present worth of

Alternative 1 is shown in Figure 5. 

Table 25: Cost Summary ($ Million) — Alternative 1 ( Gravity Thickening and Gravity Belt
Thickening Options) 

Phase

Gravity Thickening Gravity Belt Thickening

OPCC Annual O& M

20 -Year

Interest -Adjusted

Cumulative Cost

2016 Dollars) 

OPCC Annual O& M

20 -Year

Interest -Adjusted

Cumulative Cost

2016 Dollars) 

15. 7 3. 5 25.6 37.8 2. 6 42.3

II 6. 1 6. 9 52.7 28.2 5.2 80.7

III 12. 3 13. 8 143. 3 56.4 10. 3 179.4

Sludge from

Sedimentation Basins

I Polymer

Gravity
hickening

v

Overf ow to

Backwash

Waste

Equalization

Basin

Sludge

Storage
Hauling

Figure 5: Process Flow Schematic — Alternative 1

Land

Application

2% Solids) 
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Figure 6: Cumulative 20 Year Life Cycle Cost — Alternative 1 ( Gravity Thickening / Land
Application) 

9. 3 Alternative 2 ( Thickening/Tank Storage and Dewatering with Land Application) 

The treatment stages making up Alternative 2 are thickening, storage, dewatering, and disposal of

dewatered sludge through land application. It was determined from Section 7 Sludge Treatment Options

that the centrifuge option is the more cost effective dewatering option when compared to a belt filter

press. From the cost evaluation of Alternative 1, it was determined that the gravity thickening option is

more cost effective than the gravity belt thickening option. As such, the thickening and dewatering

options selected for Alternative 2 included gravity thickening and centrifuges. A summary of the OPCC, 

annual O& M, and 20 year cumulative costs for Alternative 2 are shown in Table 26. A schematic of the

treatment stages for Alternative 2 is shown in Figure 6. The cumulative net present worth of Alternative 2

is shown in Figure 7. 
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Table 26: Cost Summary ($ Million) — Alternative 2 ( Centrifuge Option) 

Phase OPCC Annual O& M

20 -Year

Interest -Adjusted

Cumulative Cost

2016 Dollars) 

1 25.2 0. 5 24.2

II 15.6 1. 0 39. 5

III 31. 3 1. 9 71. 7

Gravity
Thickening

Sludge

Storage
Centrifuge

Sludge from

Sedimentation Bashs

Polymer > 

Overflow to

Backwash

Waste

Equalization

Basin

Polymer) 

Centrate to

Backwash Waste

Equalization Bash

Hauling

Figure 7: Process Flow Schematic — Alternative 2

Land

Application

25% Sol ids) 
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Figure 8: Cumulative 20 Year Life Cycle Cost — Alternative 2 ( Gravity Thickening / Centrifuge / 
Land Application) 

9. 4 Alternative 3 ( Thickening/Tank Storage, Dewaterinq, and Extended Dewatering with Nearby

Monofilll

Alternative 3 included monofill for sludge disposal. The monofill disposal must include an extended

dewatering stage to increase the solids content beyond the limit of traditional dewatering systems such as

belt filter presses and centrifuges. Sludge from the sedimentation basins would be thickened, stored, 

dewatered, processed in an extended dewatering stage, and then disposed of in a monofill. It was

determined from the 20 year life cycle costs of Alternatives 2 that the gravity thickening and centrifuges

options are the most cost effective thickening and dewatering options. 

A 20 year life cycle cost was determined for both the solar drying and lime bulking options. Solar drying

is more cost effective over 20 years with a savings of about $48.5 million. A summary of the OPCC, 

annual O& M, and 20 year cumulative costs for the solar drying and lime bulking options of Alternative 3

are shown in Table 27. Although the solar drying option is more cost effective, it should be noted that the

payback period is about 12 years. The comparison of solar drying and lime bulking is significantly
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dependent on the lime dosage. The more conservative lime dosage of 6 pounds per pound of dry solids

was used for the cost evaluation. However, it' s possible that a lime dosage as low as 3 pounds per

pound of dry solids could be sufficient. In which case, lime bulking would be more cost effective over

20 years with a savings of about $19. 7 million. Given the sensitively of the life cycle analysis to the lime

dosage, it is critical that laboratory testing be conducted to determine the optimum lime dosage before

selecting the type of extended dewatering system. A schematic of the treatment stages for Alternative 3

is shown in Figure 8. The cumulative net present worth of Alternative 3 is shown in Figure 9. The cost

evaluation assumes that the monofill is adjacent to the Leonard WTP, and that the effort required to haul

is within the O& M budget of the monofill ( the annual O& M budget for the monofill represents 3 percent of

the monofill capital cost). 

Table 27: Cost Summary ($ Million) — Alternative 3 ( Solar Drying and Lime Bulking Options) 

Phase

Solar Drying Lime Bu king

OPCC Annual O& M

20 -Year

Interest -Adjusted

Cumulative Cost

2016 Dollars) 

OPCC Annual O& M

20 -Year

Interest -Adjusted

Cumulative Cost

2016 Dollars) 

I 65. 1 0.4 59. 1 60.7 3. 6 65. 8

II 51. 3 0.7 100.6 24. 9 7. 1 107. 7

III 102. 5 1. 3 176.0 49. 8 14. 0 224. 5

Gravity
Thickening

Sludge

Storage Centrifuge

Sludge from

Sedimentation Basins

Polymer

Overflow to

Backwash Waste

Equalization Basin

V

Centrate to

Backwash Waste

Equalization Basin

Solar Drying
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Figure 10: Cumulative 20 Year Life Cycle Cost — Alternative 3 ( Gravity Thickening / Centrifuge / 
Solar Drying / Monofill) 

9. 5 Alternative 4 ( Onsite Thickening/Tank Storaqe/Dewaterinq/ Extended Dewaterinq with

Hauling to Distant Monofill) 

Alternative 4 is similar to Alternative 3, except the monofill is assumed to be located approximately

30 miles from the site rather than adjacent to the Leonard WTP. A summary of the OPCC, annual O& M, 

and 20 year cumulative costs for the solar drying and lime bulking options of Alternative 4 are shown in

Table 28. Comparing the costs between Alternatives 3 and 4, the increase in total cost due to hauling

processed sludge over the 20 year life cycle is about $2. 0 million for solar drying and $ 12. 0 million for

lime bulking at a lime dosage of 6 pounds per pound of dry solids ($ 9. 8 million at 3 pounds per pound of

dry solids). A schematic of the treatment stages for Alternative 4 is shown in Figure 10. The cumulative

net present worth of Alternative 4 is shown in Figure 11. 
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Table 28: Cost Summary ($ Million) — Alternative 4 (Solar Drying and Lime Bulking Options) 

Phase

Solar D ing Lime Bu king

OPCC Annual O& M

20 -Year

Interest -Adjusted
Cumulative Cost

2016 Dollars) 

OPCC Annual O& M

20 -Year

Interest -Adjusted

Cumulative Cost

2016 Dollars) 
I 65. 1 0.4 59.3 60.7 3. 9 66. 9
II 51. 3 0. 8 101. 2 24. 9 7. 8 111. 2
III 102. 5 1. 5 178.0 49. 8 15. 5 236.5
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Sludge from \ 

Sedimentation Bases/ 
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Figure 11: Process Flow Schematic — Alternative 4
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Figure 12: Cumulative 20 Year Life Cycle Cost — Alternative 4 (Gravity Thickening / Centrifuge / 
Solar Drying / Hauling to Distant Monofill) 

9. 6 Alternative 5 ( Pumping Thickened Sludge to Offsite Dewaterinq Facility/Monofill) 

Sludge from the sedimentation basins would be thickened, stored, pumped to the offsite dewatering

facility where it would be stored, dewatered, processed in an extended dewatering stage, and then

disposed of in a monofill. Alternative 5 is similar to Alternative 3 except both the dewatering facility and

monofill are assumed to be located offsite. It was determined from Section 7. 6. 3 Transport Option

Evaluation that pumping thickened sludge was more cost effective than hauling thickened sludge. As

such, the pumping option was evaluated for Alternative 5 while applying the same thickening, dewatering, 

and extended dewatering options selected for Alternative 3. Since the O& M cost for pumping gravity belt

thickened sludge is slightly less than that of gravity thickened sludge, both thickening options were

evaluated in a 20 life cycle cost analysis of Alternative 5. The life cycle cost indicated that gravity

thickening is significantly more cost effective than gravity belt thickener for this alternative. The savings

over the 20 year period is about $72. 2 million. A summary of the OPCC, annual O& M, and 20 year

cumulative costs for the gravity thickening and gravity belt thickening options of Alternative 5 are shown in
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Table 29. A schematic of the treatment stages for Alternative 5 is shown in Figure 12. The cumulative

net present worth of Alternative 5 is shown in Figure 13. 

Table 29: Cost Summary ($ Million) — Alternative 5 ( Gravity Thickening and Gravity Belt
Thickening Options) 

Phase

Gravity Thickening Gravity Belt Thickening

OPCC Annual O& M

20 -Year

Interest -Adjusted

Cumulative Cost
2016 Dollars) 

OPCC Annual O& M

20 -Year

Interest -Adjusted

Cumulative Cost

2016 Dollars) 

I 85.4 0. 4 77.3 107. 0 0. 7 97. 3

II 71. 6 0. 8 134.8 93.2 1. 3 172. 8

III 143. 1 1. 5 238. 4 186.4 2. 4 310.6

Sludge from

Sedimentation Basins/ 

Gravity
Thickening

I Polymer

Sludge

Storage

V
Overf ow to

Backwash Waste

Equalization Basin
Pipeline to Offsite Dewatering

Facility/Monofill

Sludge

Storage

Polymer

Centrifuge

iC
4

Centrate to

Sanitary Sewer

Solar Drying

Figure 13: Process Flow Schematic — Alternative 5
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10. COMPARISON OF SLUDGE TREATMENT ALTERNATIVES

A comprehensive summary of the OPCC, annual O& M, and 20 year cumulative costs for the sludge
treatment alternatives developed for the Leonard WTP are shown in Table 30. The 20 year life cycle cost

show that the baseline alternatives are the least expensive alternatives. The baseline alternatives were

intended to represent the current and proposed methods of sludge handling at the NTMWD Wylie WTP. 

Currently the Wylie WTP sends sludge from the sedimentation basins to sludge lagoons which are

periodically cleaned out by a contractor. The proposed sludge handling method at the Wylie WTP utilizes
gravity thickeners prior to sending sludge to the sludge lagoons. A tradeoff between water quality and
capital costs is reflected in the costs of the alternatives. Although the baseline alternatives are the least

expensive, they have the disadvantage of producing the poorest quality recycle stream of the alternatives. 
This is because the baseline alternatives, unlike the other alternatives, utilize sludge lagoons during

normal operation which produce poor quality supernatant. The addition of a gravity thickening system to

the sludge lagoon operation would improve the overall water quality of the solids recycle stream by

reducing the volume of water sent to the sludge lagoons. However, if water quality is a primary concern

for selecting the sludge treatment system, then the baseline alternatives should be eliminated from
consideration in favor of alternatives that do not utilize sludge lagoons under normal operation such as

Alternatives 1 thru 5. 

Table 30: Cost Summary ($ Million) — Sludge Treatment Alternatives

Disposal

Method
Alternative

Interest- 

Adjusted

Cumulative

OPCC

2016 Dollars) 

Annual

O& M

Phase I) 4

20 -Year

Interest -Adjusted

Net Present

Worth

2016 Dollars) 

Land

Application

Baseline (w/o Thickening) 28. 5 0. 36 40.7

Baseline ( Gravity Thickening/Sludge
Lagoons/ Disposal) 38.6 0. 43 53.0

1 ( Gravity Thickening/Tank Storage/ Disposal) 26.8 3. 51 143. 3

2 ( Gravity Thickening/Tank
Storage/Centrifuge/Disposal) 55. 1 0.55 71. 7

Monofill
3 ( Gravity Thickening/ Tank Storage/Centrifuge/ 
Solar Drying/ Nearby Disposal) 164. 9 0. 38 176.0

4 ( Gravity
Thickening/Tank Storage/ Centrifuge/ Solar
Drying/ Distant Disposal) 164. 9 0. 44 178. 0

5 ( Gravity Thickening/Tank Storage/Thickened
Sludge Pumping to Offsite Dewatering
Facility/Centrifuge/Solar Drying/ Disposal 225.4 0.44 238.4

4 The O& M cost for Phase 11 is 2 x Phase I; Phase III is 4 x Phase I. 
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Comparison of the disposal methods in Table 30 shows that land application is more cost effective than

monofill disposal over a 20 year life cycle. Comparing the most expensive land application alternative

Alternative 1) with the least expensive monofill alternative (Alternative 3) suggests that the hauling cost

would have to be increased from $20.00 to $25.80 per cubic yard for the monofill to be more cost

effective. Similarly, when comparing Alternative 2 with Alternative 3, the hauling cost would have to be

increased from $20.00 to $290. 00 per cubic yard. 

Alternative 2, which represents land application of dewatered sludge from a centrifuge system, is the

most cost effective alternative over a 20 year life cycle when comparing alternatives that do not use

sludge lagoons during normal operation ( i. e. Alternatives 1 thru 5). Alternative 2 has the disadvantage of

requiring a substantial initial capital investment. The initial capital investment for Alternative 2 is about

9. 5 million more expensive than Alternative 1 ( which represents land application of gravity thickened

sludge) which has the lowest initial capital investment of Alternatives 1 thru 5. The payback period for

implementing Alternative 2 is about 6 years after initial startup. 

Comparison of the sludge treatment alternatives using a monofill for disposal suggests that operating an

onsite dewatering facility would be more cost effective than an offsite dewatering facility. This is

illustrated by comparing the 20 year life cycle costs of Alternatives 4 and 5 which are similar with the

exception of the cost required to transport sludge to an offsite dewatering facility. Alternative 4 represents

the operation of an onsite dewatering facility/offsite monofill, and Alternative 5 represents the operation of

an offsite dewatering facility adjacent to the monofill. The hauling cost applied to the final sludge product

for Alternative 4 would have to be increased from $20. 00 to $643. 00 per cubic yard for Alternative 5 to be

more cost effective. 

11. SUMMARY OF ANALYSIS

A summary of the key points drawn from the evaluation of the sludge treatment alternatives is provided

below. 

Any decision to implement sludge lagoons must take into consideration not only costs, but also

the impacts of the poor water quality of the sludge lagoon supernatant on the solids recycle

streams. 

The cost evaluation suggests that land application is more cost effective than implementing a

monofill when hauling/ disposal costs are less than $ 25. 80. 

Other than the Baseline Alternative (which represents gravity thickening, sludge lagoon storage, 

and land application), Alternative 2 ( which represents gravity thickening, centrifuge dewatering, 
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and land application of dewatered sludge) offers the greatest long- term cost savings of the

alternatives evaluated as suggested by the 20 -year net present worth. 

Even though land application is more cost effective than implementing a monofill, non -cost factors

may drive the decision to implement a monofill. These non -cost factors include: 

a. Availability/reliability of land application sites. 

b. Requirements imposed by new regulations. 

c. Client preference of disposal method. 

Below are possible scenarios which represent phased approaches for implementing the sludge

treatment system. The OPCC, annual O& M, and 20 year life cycle costs for each scenario are

provided in Table 31. 

Scenario 1: 

Phase I ( 2020): Alternative 1 — Gravity Thickening / Land Application

Phase 11 ( 2025): Same as Phase I

Phase III ( 2030): Alternative 3 — Gravity Thickening / Centrifuge / Solar Drying / Monofill

Scenario 2: 

Phase I ( 2020): Alternative 2 — Gravity Thickening / Centrifuge / Land Application

Phase 11( 2025): Same as Phase 1

Phase III ( 2030): Alternative 3 — Gravity Thickening / Centrifuge / Solar Drying / Monofill

Scenario 3: 

Phase I ( 2020): Alternative 1 — Gravity Thickening / Land Application

Phase II ( 2025): Alternative 2 — Gravity Thickening / Centrifuge / Land Application

Phase III ( 2030): Alternative 3 — Gravity Thickening / Centrifuge / Solar Drying / Monofill
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Table 31: Cost Summary ($ Million) - Phasing of Alternatives

Phase OPCC Annual O& M

20 -Year

Interest -Adjusted
Cumulative Cost

2016 Dollars) 

Alternative 1 / 1 / 3 (Phase 1/ 11/ 111) 

I 15.7 3. 5 25.6

II 6. 1 6. 9 52.7

III 197. 0 1. 3 194.8

Alternative 2 / 2 / 3 (Phase 1/ 11/ 111) 

25.2 0. 5 24.2

II 15. 6 1. 0 39.5

III 178. 0 1. 3 165. 0

Alternative 1 / 2 / 3 (Phase 1/ 11/ 111) 

I 15. 7 3. 5 25.6

II 25. 1 1. 0 50.4

III 178.0 1. 3 176. 0

12. IMPLEMENTATION PLAN

A progress meeting was held with the District on March 10, 2016 during which the design team and the

District discussed the sludge treatment alternatives evaluated in this technical memorandum. Based on

the outcome of the discussion, APAI recommends implementing the Baseline Alternative ( gravity

thickening and sludge lagoons with land application) for the first phase of construction of the Leonard

WTP. APAI also recommends that a third lagoon be installed in the first Phase based on input from the

District and the project team during the meeting. The Baseline Alternative was selected because of the

advantages in capital cost and its operational similarities to the Wylie WTP. 

In addition to the implementation of the Baseline Alternative, APAI recommends that the following tasks

be included in the Phase I project: 

1. A sludge settleability test using Wylie WTP sludge to provide additional data for sizing the sludge

thickeners at Leonard WTP. 

2. Geotech testing using Wylie WTP sludge to determine the optimum solids content that would

allow supporting of heavy machinery loads at a monofill. Geotech tests should analyze both air

dried sludge to represent the product from a solar drying unit, and sludge dosed with lime to

represent the product from lime bulking. Sludge should be dewatered to a solids content of

25 percent prior to air drying or adding lime. 

3. A bulking agent pilot study using thickened Wylie WTP sludge to provide the District with data

regarding the amount of lime required for improving the extended dewatering of ferric sludge. 

4. A site evaluation for locating a sludge monofill near the Leonard WTP site. 
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1. 1 Sludge Treatment Options

The sludge treatment system was divided into six stages for the evaluation which were labeled storage, 

thickening, dewatering, extended dewatering, transport, and disposal. The stages were further

sub -divided into sludge treatment options which represented the different methods and technologies

capable of meeting the design objectives of a given stage. A general description of the methods and

technologies for each sludge treatment option considered during the evaluation are described in this

appendix. 

1. 2 Storage

Sludge lagoons and sludge holding tanks were considered as options for the storage stage of the

evaluation. Sludge lagoons are commonly used at water treatment facilities as a means for storage and

dewatering of sludge. Sludge from the sedimentation basins can be sent directly to the lagoons or

thickened beforehand. Once in the sludge lagoons, solids from the sludge settle out to form distinct

layers of compacted solids and liquid (supernatant). Supernatant can be decanted and conveyed out of

the sludge lagoon to make space for additional sludge. Once the volume of solids in the compacted

solids layer of the sludge lagoon is filled to capacity, solids must be removed from the sludge lagoon

referred to as the clean- out cycle). Multiple sludge lagoons are typically built to allow operations to

continue while a sludge lagoon is out -of -service for solids removal/ cleaning. The filling and clean-out

cycles can range from several months to years, depending on the size of the sludge lagoons and climate. 

The relatively long detention times for sludge lagoons present a disadvantage to maintaining favorable

water quality in the solids recycle stream. Under the anaerobic conditions of the compacted solids layer, 

roped EFC)FTS reg duals f n n4emo _, ipnl2C01, _ E , I_ i ti' n r

1 of 8



TECHNICAL MEMORANDUM - APPENDIX A

NTMWD Leonard WTP Preliminary Design Services
Sludge Treatment Evaluation

and during the long detention time, solids can deteriorate the quality of the supernatant layer through the

release of such constituents as manganese, iron, and TOC. Furthermore, the environmental conditions in

the sludge lagoon can promote the formation of algae, MIB, and geosmin. 

Sludge holding tanks are typically used to store sludge for relatively short periods of time. Detention

times are usually no more than a few days. Sludge holding tanks can be used to store thickened and

unthickened sludge, but are generally considered inappropriate for storing sludge with a solids content

greater than about 4 percent. When placed ahead of a thickening or dewatering process, sludge holding

tanks allow the downstream process to operate more easily at a steady flow. Sludge holding tanks

include some method of regular mixing such as mechanical or aeration mixing. 

1. 3 Thickening

Gravity thickening and gravity belt thickening were considered as options for the thickening stage of the

evaluation. After removal from the sedimentation basin, sludge can be thickened to reduce the volume by

approximately 80 to 90 percent. 

Gravity thickeners are the most common type of thickening process used at water treatment facilities. 

There are two types of gravity thickener systems: continuous flow and batch "fill -and -draw" systems. 

Continuous flow thickeners operate similar to a settling tank. Residuals enter near the center of the basin

and are distributed radially. The settled sludge is collected in the underflow, while the supernatant exits

over a peripheral weir or trough. Gravity thickeners are typically equipped with a sludge mechanism to

promote sludge movement down to a draw -off pipe near the bottom in the center of the tank. The solids

are allowed to settle and compact, and the thickened sludge is withdrawn from the bottom of the tank. 

Batch thickeners are equipped with sloped hoppers where the sludge collects. Sludge flows into the tank

until full. The sludge is allowed to settle, and a telescoping decant pipe is used to remove the

supernatant. This pipe may be lowered until the desired solids concentration is reached. Sludge settling in

gravity thickeners may be enhanced by the addition of a polymer. Polymers are used to enhance the

coagulation of particles through promoting floc formation by bridging particles together. This bridging

effect improves solids compacting, and increases the hydraulic throughput capacity in gravity thickeners. 

Gravity belt thickeners are typically used to thicken sludge prior to mechanical dewatering. A basic

schematic of a gravity belt thickener is shown in Figure 1. Feed sludge is dosed with a polymer and flows

on to a filter belt. Water is separated from the sludge by gravity and flows through the traveling filter belt. 

The remaining sludge is moved by the belt and is collected at the end of the horizontal belt as a

pumpable thickened sludge. Gravity belt thickeners offer a lower footprint than gravity thickeners, and

they can generally produce higher thickened solids concentrations. 
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Thickener
Sludge

Figure 1: Gravity Belt Thickener (courtesy of BDP Industries) 

1. 4 Dewaterinq

Belt filter presses, centrifuges, three -belt presses, and geotubes were considered for this evaluation. 

Each dewatering option would include the addition of a polymer to increase the efficiency of the process. 

Belt filter presses are common for dewatering water treatment sludge. An example of a belt filter press is

shown in Figure 2. Belt filter presses use a combination of gravity draining and mechanical pressure to

dewater the sludge. After the solids are conditioned with a polymer, the sludge enters a gravity drainage

stage similar to a gravity belt thickener. The gravity zone transitions directly onto another belt for

generating pressure. The partially dewatered solids are sandwiched between two tensioned porous belts

that travel in an S- shaped path over and under rollers of various diameters. The S- shaped path creates

shear forces that assist in the dewatering process. Increased pressure is created as the belt passes over

rollers which decrease in diameter. The compressive and shear forces working on the sludge increase

with the length of the belt. 
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Figure 2: Belt Filter Press (courtesy of Ashbrook) 

Centrifugal dewatering is a high speed process that uses centrifugal forces to separate solids from liquid. 

A schematic of a centrifuge is shown in Figure 3. Sludge is continuously fed into the middle of the

centrifuge where the centrifugal force of the rotary shaft draws the solids up the walls and to one end of

the centrifuge. Clarified water gravity drains over weirs on the opposite side of the centrifuge. Centrifuges

require a smaller floor space relative to other dewatering methods, and can handle higher design loadings

than belt filter presses. However, centrifuges have high power consumption. 

Feed Inlet Scroll Drive.— 

Scroll Conveyor

Centrifuge Bowi
Feed Chamber

Main Bowl Driv

Figure 3: Centrifuge (courtesy of Hiller) 

A three -belt press is similar to a belt filter press, but unlike the typical belt press, the gravity and pressure

zones of a three -belt press run independently of each other. A photograph of a three -belt press system is

shown in Figure 4. The gravity deck has the ability to run at different speeds than the pressure zone, 

which allows for less concentrated sludge to be fed to the unit at high hydraulic feed rates. The three -belt

press is optimized to dewater feed solids at less than 1. 5 percent. This design eliminates the need for a

separate thickening process prior to mechanical dewatering and utilizes one polymer feed instead of

separate polymer feeds for thickening and dewatering. 
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Figure 4: Three -Belt Press (courtesy of BDP) 

Geotubes are large tubes made of polypropylene or polyester cloth geotextile. A photograph of a series of

geotubes is provided in Figure 5. Sludge is pumped into the geotube container along with a polymer. 

Filtrate water drains from the geotube through small pores in the textile, and from evaporation when solar

energy is absorbed by the fabric. This volume reduction allows for repeated filling until the residuals have

reached their maximum practical dryness. When full, the geotubes container and contents can be left on

site, deposited at a landfill, or the solids can be removed and disposed. Filtrate is collected in channels or

perforated tubes, and disposed of in a stormwater holding pond. Captured water would need to be treated

prior to discharge or returned to the head of the plant. 

Figure 5: Geotubes (courtesy of TenCate) 
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1. 5 Extended Dewatering

Extended dewatering is employed as an additional step following other dewatering methods described in

the prior section. In this evaluation, extended dewatering is achieved through non- mechanical methods

such as solar drying and the addition of bulking agents. The main purpose of the extended dewatering

system is to increase the solids concentration near the plastic limit such that the final product is suitable

for stacking in a monofill. The extended dewatering process should render a product that is structurally

stable when piled up and capable of supporting the loads from heavy machinery. 

The main technologies available on the market for solar drying systems are supplied by two

manufacturers (Parkson and Infilco-Degremont). The basic elements between the two systems are

similar, with the major difference being the tilling method. Evaporation is the primary mechanism of

dewatering in both systems. Sludge is pumped into and stored in a translucent building that allows solar

energy to pass through and drive off moisture from the sludge. A mechanical mixer turns, spreads, and

aerates the sludge to improve the drying efficiency. The manufacturers utilize differing methods for

mixing the sludge. Parkson uses a robotic "mole" (shown in Figure 6) that travels around the drying

chamber while simultaneously tilling the sludge. The Infilco- Degremont system uses an auger (shown in

Figure 7) that travels along the length of the chamber to till the sludge. Both systems utilize a ventilation

system consisting of fans and vents that serve to circulate and exchange air from inside -to -outside of the

chamber. 

Figure 6: Mole -Type Solar Drying System (courtesy of Parkson) 
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Dried

sludge ai.+ 

Solar radiation

Rotary scarifier

Dewatered

sludge intake

Figure 7: Auger -Type Solar Drying (courtesy of Infilco- Degremont) 

Bulking agents can be added to the sludge to help scavenge additional moisture and/or directly add more

solids to the sludge. Lime, fly ash, earth, compost, and woodchips are bulking agents that can be used for

water treatment sludge. Some bulking agents such as wood chips and earth may help promote

evaporation and prevent excessive compaction of the substrate by providing the structural support to

create interparticle voids. The agent is fed into a sludge stream and blended together in a tank or pugmill. 

The main disadvantage to using bulking agents is the cost of the raw material and the addition of solids to

the final sludge product, which can significantly increase the volume of sludge for disposal. 

1. 6 Transportation

Hauling and pumping of thickened sludge were considered for the transport stages of the evaluation. 

Truck hauling would allow for thickening, dewatering, and extended dewatering to take place onsite at the

Leonard WTP. The District could either purchase hauling trucks, or contract hauling services to an

outside company. High solids content would reduce transportation costs by reducing the total volume of

sludge loaded onto trucks. 

A pipeline could be utilized when the dewatering and extended dewatering stages are located offsite of

the Leonard WTP at a monofill site. Thickened sludge could be pumped to a monofill site where the

dewatering and extended dewatering unit processes would be located. Facilities would need to be located

at the monofill site to treat or return the captured filtrate. 
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1. 7 Disposal

Two options for final sludge disposal were considered: land application and disposal in a monofill. 

Land application can occur either on land owned by the District, or a third -party contract could be bid out

to land apply WTP residuals. Sludge can be dry or wet for land application. Denali Water Solutions noted

that from their experience land owners who receive sludge are typically not concerned with the percent

solids; they find the additional water from less concentrated sludge to be beneficial. Additionally, Denali

stated ferric sludge is not particularly difficult to work with. Disposal of residuals treated in sludge lagoons

at the Wylie WTP are currently contracted out to a company that has ultimate responsibility to obtain

agreements with land owners for application. All permitting and regulatory record keeping would be

maintained by the contractor. One issue encountered with the sludge in the Wylie WTP lagoons occurs

when the percent solids is unusually high (24-26%). During such cases, water needs to be added to help

create a slurry that can be pumped out. However, this is not a common issue encountered by Denali. 

The District currently owns a monofill site about 32 miles south of the Leonard WTP in Farmersville, 

Texas. A secondary monofill site could be investigated and obtained by the District that would be closer to

the Leonard WTP. If disposing residuals in a monofill is selected, the physical properties of the sludge

would need to be determined to calculate the structural stability of the sludge. HVJ Engineering has been

selected to test the material strength of the Wylie WTP sludge. HVJ plans to determine the plastic and

liquid limit of the sludge, which would indicate the extent of dewatering required for monofill disposal. The

ultimate goal is to be able to drive heavy machinery over sludge disposed of in a monofill for compaction. 

A permit issued by TCEQ would be required for disposal in a monofill. 
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1. DESIGN CRITERIA

Sludge treatment alternatives evaluated in this technical memorandum consisted of various combinations

of sludge treatment stages which included storage, thickening, dewatering, extended dewatering, 

transport, and disposal. These sludge treatment stages were made up of processes/ unit operations

referred to as sludge treatment options. The sludge treatment options consisted of sludge lagoons and

sludge holding tanks for the storage stage, gravity thickening and gravity belt thickening for the thickening

stage, belt filter press and centrifuge units for the dewatering stage, hauling and pumping for the sludge

transport stage, and land application and a monofill for the disposal stage. The components and

conceptual layouts associated with each sludge treatment option were defined by size and quantity while

applying the design criteria described in this appendix. The size and quantity of the components

associated with the sludge treatment options were then used to develop capital and O& M costs. The

following section provides the design criteria applied to the sludge treatment options considered for the

development and cost evaluation of the sludge treatment alternatives. 

1. 1 Storage

The storage options considered for the cost evaluation consisted of sludge lagoons and sludge holding

tanks. The design criteria for each of the storage options are provided in the following sections. 

1. 1. 1 Sludge Lagoons

It was assumed that when used for backup storage, sludge lagoons would be constructed for the Phase I

plant capacity, but not for Phases II, III, and IV. When the sludge lagoon layout was considered for the

baseline alternative ( i. e. the sludge treatment alternative would use sludge lagoons during normal

operation instead of as backup storage), the sludge lagoon system was sized for each plant expansion
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phase. The sludge lagoons would alternate between 12 month fill and 12 month clean-out cycles. During

normal operation half of the sludge lagoons would be operating in the fill cycle, while the other half would

be in the clean-out cycle. The average annual sludge production rate was applied to size the sludge

lagoons. The design criteria applied to the sludge lagoons is shown in Table 1. 

Table 1: Design Criteria — Sludge Lagoons

Parameter Value

Maximum Solids Loading Limit 16. 4 Ib/ ft` as Dry Solids

Duration of Fill/ Clean- Out Cycles 12 months, each

Side Water Depth 8 feet

Freeboard 3 feet

1. 1. 2 Sludge Holding Tanks

It was assumed that sludge would be stored in circular concrete tanks and mixed with an

intermittent -release compressed air mixing system. The compressed air mixing system consists of air

compressors that pressurize a series of receiver tanks. Short bursts of compressed air originating from

the receiver tank are released through nozzles mounted to the floor of the sludge holding tanks. The

bursts are automatically controlled by a series of actuated valves. The sludge holding tanks were sized

for the maximum sludge production rate. The design criteria for the sludge storage tanks are shown in

Table 2. 

Table 2: Design Criteria — Sludge Storage Tanks

Parameter Value

Detention Time 3 days

Side Water Depth 18 feet

Freeboard 2 feet

1. 2 Thickening

The thickening options considered for the cost evaluation consisted of gravity thickening and gravity belt

thickening. The design criteria for each of the thickening options are provided in the following sections. 

1. 2. 1 Gravity Thickening

The gravity thickening units were sized based on a maximum solids loading criteria. The units were sized

to meet the criteria at the maximum sludge production rate while assuming continuous/steady blowdown

Crittenden, John C., et al. MWH's Water Treatment: Principles and Design. John Wiley & Sons, 2012. 
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of sludge from the sedimentation basins. The design criteria for the gravity thickening units are shown in
Table 3. 

Table 3: Design Criteria — Gravity Thickening

Parameter Value

Maximum Solids Loading
Rate2

4. 0 Ib/d/ ft2 as Dry Solids

Thickened Solids Concentration 2% 

Side Water Depth 10 feet

1. 2. 2 Gravity Belt Thickening

The gravity belt thickening system was sized for units with belt widths of 2 -meters. The operating

schedule was assumed to follow a weekly routine of 5 days per week and 8 hours for each day of

operation. The gravity belt thickener system was sized for the maximum sludge production rate. The

design criteria for the gravity belt thickening units are shown in Table 4. 

Table 4: Design Criteria — Gravity Belt Thickening

Parameter Value

Maximum Solids Loading
Rate3

1, 250 lb/ hr/m

Maximum Hydraulic Loading
Rate4

250 gpm/ m

Thickened Solids Concentration 3% 

1. 3 Dewaterinq

The dewatering options considered for the cost evaluation consisted of belt filter press and centrifuge

units. The design criteria for each of the dewatering options are provided in the following sections. 

1. 3. 1 Belt Filter Press

The belt filter press system was sized for units with belt widths of 2 -meters. The operating schedule was

assumed to follow a weekly routine of 5 days per week and 8 hours for each day of operation. The belt

filter press system was sized for the maximum sludge production rate. The design criteria for the belt

filter press units are shown in Table 5. 

2 Cornwell, David A. " Water treatment plant residuals management." Water Quality and Treatment: A Handbook of
Community Water Supplies 5 ( 1999). 
3 TCEQ § 217.248.e.2.A
4 TCEQ § 217.248.e.2. B
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Table 5: Design Criteria — Belt Filter Press

Parameter' Value

Maximum Solids Loading Rate 1, 000 Ib/ hr/m

Maximum Hydraulic Loading Rate 70 gpm/ m

Dewatered Solids Concentration 25% 

1. 3.2 Centrifuge

The centrifuge system was sized for units with a bowl diameter of 30 -inches. The operating schedule

was assumed to follow a weekly routine of 5 days per week and 8 hours for each day of operation. The

centrifuge system was sized to handle the maximum sludge production rate. The design criteria for the

centrifuge units are shown in Table 6. 

Table 6: Design Criteria — Centrifuge

Parameters

Value

Maximum Solids Loading Rate 3, 500 Ib/ hr

Maximum Hydraulic Loading Rate 400 gpm

Dewatered Solids Concentration 25% 

1. 4 Extended Dewatering

The extended dewatering options considered for the cost evaluation consisted of solar drying and lime

bulking. The design criteria for each of the extended dewatering options are provided in the following

sections. 

1. 4. 1 Solar Drying

It was assumed that the solar drying units (which consist of "chambers" resembling greenhouses) would

operate on a fill cycle of 7 days. The solar drying system was sized to handle the maximum sludge

production rate at the summer drying time, and the average sludge production rate at the winter drying

time. The design criteria for the solar drying units are shown in Table 7. 

Based on recommendations from Ashbrook for the Klampress model. 

6 Based on recommendations from Ashbrook for the G3- 125 model. 
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Table 7: Design Criteria — Solar Drying

Parameter' Value

Width per Chamber 42 feet

Length per Chamber 432 feet

Sludge Depth 6 inches

Drying Time (with Initial Solids at 25%) 

Summer

Winter

27 days

45 days

Fill Cycle 7 days

Dried Solids Concentration 70% 

1. 4.2 Lime Bulking

The lime bulking option consisted of a mixing/ conveyor system with lime storage silos that would operate

to mix lime with dewatered sludge. The lime bulking system was sized to handle the maximum sludge

production rate. The design criteria for the lime bulking system are shown in Table 8. 

Table 8: Design Criteria — Lime Bulking

Parameter' s Value

Lime Dosage 6 lbs per 1 Ib of Dry Solids

Lime Storage 10 days

Silo Storage Capacity 200 tons

Lime Density 200 lbs/ ft3

Bulked Solids Concentration 70% 

1. 5 Transport

Both hauling and pumping were considered as sludge transport options to transport thickened sludge for

sludge treatment alternatives with offsite dewatering facilities. Truck hauling costs represented the

Engineer' s opinion based on past experience. Costs for the sludge pumping option were estimated from

applying the design criteria shown in Table 9. 

Based on recommendation from Parkson for the Thermo -System model. 

8 Based on recommendations from RDP Technologies. 
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Table 9: Design Criteria — Sludge Transport

Parameter Value

Sludge Pumping

Booster Pump Station Maximum Spacing 8 miles

Pipeline Length 32 miles

Capacity
Maximum Sludge Production Rate

Pumped Continuously) 
Total Static Head 150 feet

Average Fitting Spacing 500 feet

Hazen -Williams Coefficient 120

Sludge Headloss Correction Factor
1. 5 ( 2% Thickened Solids) 

2. 0 ( 3% Thickened Solids) 

Average Minor Headloss Coefficient 0. 3

Pipeline Velocity 2- 3 ft/sec

Pump Wire -to -Water Efficiency 65% 

1. 6 Disposal

Land application and a monofill were both considered as the disposal methods for the cost evaluation. It

was assumed that the monofill would be sized to receive dried sludge from the extended dewatering

stage for a period of 40 years. The monofill was sized for the average sludge production rate

corresponding to the ultimate plant capacity of 280 MGD. The solids content of the final sludge product

would need to have sufficient bearing capacity to support heavy machinery at the monofill. It was

assumed that a solids content of 70 percent would be sufficient to meet these criteria. 

6 of 6
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Executive Summary
Water quality in the future Bois d' Arc Reservoir will significantly impact operations at the Leonard Water
Treatment Plant ( LWTP). Design of LWTP needs to anticipate raw water quality. Management of the

reservoir necessary to optimize treatment at the LWTP depends fundamentally on an understanding of
raw water quality in the reservoir. CE -QUAL -W2 modeling of the reservoir provides this understanding. 

CE -QUAL -W2 is probably the most commonly used hydrodynamic and water quality model for reservoirs

world-wide. It is a two-dimensional model along the reservoir longitudinally and vertically, divided into
rectangular segments running from the reservoir top to bottom. It laterally averages water quality along
the length of a river run or reservoir. It models flow through the reservoir, wind action on the reservoir, 

reservoir physics along a vertical profile, water chemistry, and algae growth. 

All reservoir models need calibration from reservoir data to be accurate. CE -QUAL -W2 is a precise virtual

model of a Bois d' Arc Reservoir that does not yet exist. Therefore, most results are preliminary

projections of water quality. 

Building confidence in a virtual model starts with geometry ( reservoir bathymetry), water balance, and
climate data. The model closely matches the existing water balance (stage elevation) model of Bois d' Arc
Reservoir. With inputs from weather data, the model then creates virtual lake physics, principally a heat
budget which provides the thermal structure of the lake upon which most of the rest of the model

directly or indirectly depends. 

Model confidence then relies on comparison, in place of calibration, to other reservoirs in North Texas. 

A screening analysis of all major reservoirs in North Texas identified two that most closely resemble

Bois d' Arc Reservoir physically (depth and size) and that have vertical profile data sets that enable
comparison of model results: Lake Ray Roberts and Lake Fork Reservoir. 

Water quality results from the Bois d' Arc Reservoir model are similar to the comparison reservoirs with
regard to vertical distribution of temperature and dissolved oxygen ( DO). These parameter are

fundamentally important to water quality. Water quality data from Bois d' Arc Creek and stormwater
quality guidelines provide a firm foundation for nutrient inputs to Bois d' Arc Reservoir. 

Fifteen -year simulations using these data inputs and model strengths approximate future water quality
conditions in Bois d' Arc Reservoir ( Figures ES -1 and ES -2): 

Thermal stratification will be strong (Figure ES -3). Because Bois d' Arc Reservoir runs east -west and
prevailing winds are north -south; the degree of thermal stratification is more intense than in

comparison reservoirs. Because of such a low fetch, there is little natural mixing energy. Bottom

summer temperatures in the reservoir may be Tess than 10 degrees Centigrade ( 50 degrees
Fahrenheit) if the future climate is similar to model run meteorological data. 

Bottom waters (hypolimnion) will be anoxic (Figure ES -4). Strong thermal stratification cuts off the
hypolimion from the atmosphere. A high organic load from algae settling to the bottom and
decomposing will strip out oxygen from May into October. 

A strong inference from the model is that the hypolimnion will have high iron and manganese
concentrations, but there is insufficient data to provide probable concentrations. 

The reservoir will be hypereutrophic. Bois d' Arc Creek and anticipated stormwater quality will

consistently load the reservoir with a total phosphorus (TP) concentration in excess of
100 micrograms per liter (µg/ L). Left unmanaged, reservoir surface TP concentrations will eventually

exceed 200 µ g/ L. 

Strong algae blooms will occur from spring to fall as a consequence of high TP concentrations. 

WT1001151025RDD ES -1



EXECUTIVE SUMMARY

Algae blooms will create pH values greater than 9 late spring to early fall. 

The reservoir will be alkaline. Model results suggest peak alkalinity values exceeding 200 milligrams
per liter (mg/ L) as calcium carbonate ( CaCO3) in many years. The model does not have a means of
alkalinity loss as a consequence of formation of insoluble CaCO3 precipitates under high pH

conditions. Thus model alkalinity results may be artificially high. 

Total organic carbon concentrations will exceed 1 mg/ L. 
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Figure ES -1. Baseline 15 -year Simulation, Surface Water Quality near Dam
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Figure ES -3. Annual Temperature Isopleths (January — December) for Bois d' Arc Model in High Stage
Elevation Meteorological Year 1951 or Model Year 4 ( left) and Low Stage Elevation Meteorological Year 1957 or Model

Year 10 ( right) Conditions
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Figure ES -4. Annual Dissolved Oxygen Isopleths (January— December) for Bois d' Arc Model in High Stage
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Water quality in the reservoir and thus raw water quality to LWTP will be poor May through October, 
dominated by algae blooms and anoxic conditions in the hypolimnion. Water quality will be worse at

low stage elevation than at full stage. Improvement of water quality in the reservoir, if desired, will
require active management. Based on model results and experience with management of reservoirs, a

two-part management method is recommended. 

1. Watershed: Although outside of the scope of this analysis, an analysis of watershed nutrient loading
sources should be done to determine to what extent external nutrient loading can be abated

2. Reservoir: 

Inject ferric chloride at the reservoir inlet. This method strips phosphate from inflows. Bois d' Arc

Creek has TP concentrations near 150 p.g/ L as do stormwater inflows. Mass load reduction of
phosphate into Bois d' Arc reservoir will improve water quality. 

WT1001151025RDD ES - 3
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Construct a hypolimnetic oxygenation system. Keeping DO high in the reservoir bottom waters
hypolimnion) will largely eliminate mobilization of phosphorus from sediments and keep ferric - 

bound phosphate from solubilizing. A ferric chloride injection system integrated into the
hypolimnetic oxygenation system further strips phosphorus from the water column and

improves water quality. 

This proven management solution to this problem comes from Saint Paul Regional Water Services — 
SPRWS ( Minnesota), which pumps 50 to 100 MGD from the Mississippi River through a chain of lakes

off line reservoirs) to improve raw water quality. With no control over TP inputs, water quality in
SPRWS reservoirs was consistently poor. A two -fold solution emerged: 

1. Dosing Mississippi water with ferric chloride. The target dosing rate seeks a nominal iron
concentration of 0. 5 mg/ L in water pumped to the reservoirs. 

2. Hypolimnetic aeration, later replaced with hypolimnetic oxygenation plus injection of ferric chloride. 

In the final SRPWS reservoir this management method reduced median surface TP from 61 µ g/ L

maximum 300 µg/ L) to 22 µ g/ L ( maximum 37 µ g/ L). There was a cascade of water quality
improvements as consequence of high DO concentrations in the hypolimion, including minimization of

hypolimnion manganese, iron, and ammonium ( NH4+) and increase in water transparency. Appendix C

provides more details of this case study. 

Model runs emulating this management method showed significant improvements to water quality
Figures ES -5 and ES -6). 

Recommended future actions to create high water quality in the reservoir are as follows: 

1. Calibrate the model to water quality in the reservoir during the first 2 years of fill
2. Conduct a high- level study for ferric injection into Bois d' Arc Creek at the reservoir inlet
3. Conduct a high- level study for a hypolimnetic oxygenation system with ferric injection
4. Finalize cost estimates and feasibility study using the calibrated model
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ES -4 WT1001151025RDD



16

14

12

10

8

4

2

0

Dissolved Oxygen ( Oxygenation, Hypolimnion) 

1825 3650

Days (15 yr run) 

Total Nitrogen (Oxygenation, Hypolimnion) 

5475

6

5

4

3

2

1

0

0 1825 3650

EXECUTIVE SUMMARY

Algae (Oxygenation, Hypolimnion) Total Org Carbon (Oxygenation, Hypolimnion) 

30

Days ( 15 yr run) 

Tot Org Nitrogen (Oxygenation, Hypolimnion) 

5475

2. 5 2. 5

2 2

1. 5 1. 5

E 1
Y -•

UI  
E 1 

Y.r r̀" W M' Y'1+.1

0. 5 r 0. 5

1825 3650

Days ( 15 yr run) 

Total Phosphorus (Oxygenation, Hypolimnion) 

0.6

0.5

0.4

100320. 2

0. 1

0

0 1825 3650

Days ( 15 yr run) 

5475

5475

0

0

300

250

200

6 150

100

50

1825 3650

Days ( 15 yr run) 

Alkalinity (Oxygenation, Hypolimnion) 

5475

8

6

4

2 t.P

0. 7

0. 6

0. 5

0.4

0. 3

0. 2

0. 1

0

14

0

1825 3650

Days ( 15 yr run) 

Ammonium (Oxygenation, Hypolimnion) 

1825 3650

Days ( 15 yr run) 

pH ( Oxygenation, Hypolimnion) 

5475

5475

0

0 1825 3650

Days ( 15 yr run) 

5475 1825 3650

Days ( 15 yr run) 

5475

Figure ES -6. Oxygenation 15 -year Simulation, Hypolimnion Water Quality near Dam (Segment 23) 

WT1001151025RDD ES -5



Contents

Section Page

Executive Summary ES -1

Acronyms and Abbreviations vii

1 Background and Purpose 1- 1

2 Model Development 2- 1

2. 1 Model Construction 2- 1

2. 2 Model Boundary Conditions 2- 3

2. 2. 1 Meteorological Data 2- 3

2. 2. 2 Inflows, Outflows, and Mass Balance 2- 5

2. 2. 3 Inflow Concentrations 2- 6

3 Model Validation 3- 1

3. 1 Physical Parameter Validation 3- 1

3. 2 Water Quality Parameter Validation. 3- 6

3. 2. 1 pH, Algae, and Nutrient Kinetic Coefficients Adjustments 3- 6

4 Discussion 4- 1

4.1 Reservoir Water Quality 4- 1

4. 2 Raw Water Quality 4- 2

4. 3 Water Quality Management 4- 3

4.4 Model Limitations and Known Issues 4- 16

5 Conclusions 5- 1

6 References 6- 1

Appendixes

A Harmful Algae Blooms: Potential Threats to Bois d' Arc Reservoir

B Dreissenid Mussel Infestation Risk in the Lower Bois D' Arc Creek Reservoir: An Assessment

Based on Water Quality Modeling

C Saint Paul Regional Water Services Case Study: Management of Water Quality in Vadnais Lake
and Pleasant Lake Reservoirs

Tables

2- 1. Summary of Constituents with Constant Inflow Concentrations in Bois d' Arc CE -QUAL -W2
Model 2- 9

2- 2 Annual Repeating Patterns for Time Variable Constituent Concentrations in Inflow to
Bois d' Arc Reservoir 2- 10

3- 1. Reservoirs Analyzed for Comparison to Model Results 3- 1

3- 2 Kinetic Coefficients adjusted for Water Quality Calibration 3- 6

4- 1. Simulated Aerator Descriptions 4- 5

WT1001151025 RD D 111



CONTENTS

Section Page

Figures

1- 1 Location of Proposed Lower Bois d' Arc Reservoir (shaded at 534 -foot elevation) 1- 2

2- 1 DEM with Elevations at 540 Feet and Lower Shaded; Channel Centerline, and Cross Section

Locations 2- 2

2- 2 CE -QUAL -W2 Model Segments 2- 3

2- 3 Annual Precipitation at Dallas Airport Station 2- 4

2- 4 Wind Rose Data for 12 -month Period at McKinney Municipal Airport 2- 4

2- 5 Water Surface Elevation Time History for 50 -year Representative Hydrology 2- 5

2- 6 Sampling Station Locations. 2- 6

2- 7 Total Phosphorus Data for Bois d' Arc Creek 2- 7

2- 8 Ammonia Data for Bois d' Arc Creek 2- 8

2- 9 Nitrate + Nitrite Data for Bois d' Arc Creek 2- 8

2- 10 Seasonal Variation in Dissolved Oxygen Data in Bois d' Arc Creek 2- 9

3- 1. Comparison of CE -QUAL -W2 and Firm Yield Analysis Results of Water Level 3- 2

3- 2 Comparison of Temperature Profiles in July of 9 Years to Similar Measurements in
Lake Ray Roberts and Lake Fork Reservoir 3- 3

3- 3 Annual Temperature Isopleths (January— December) for Lake Fork Reservoir in High -stage

Elevation ( left) and Low -stage Elevation ( right) Conditions 3- 4

3- 4 Annual Temperature Isopleths (January— December) for Lake Ray Roberts in High -stage
Elevation ( left) and Low -stage Elevation ( right) Conditions 3- 4

3- 5 Annual Temperature Isopleths (January— December) for Bois d' Arc Model In High -stage

Elevation Meteorological Year 1951 or Model Year 4 ( left) and Low -stage Elevation

Meteorological Year 1957 or Model Year 10 ( right) Conditions 3- 4

3- 6 Annual Dissolved Oxygen Isopleths (January— December) for Lake Fork Reservoir in High -stage

Elevation ( left) and Low -stage Elevation ( right) Conditions 3- 5

3- 7 Annual Dissolved Oxygen Isopleths (January — December) for Lake Ray Roberts in High -stage
Elevation ( left) and Low -stage Elevation ( right) Conditions 3- 5

3- 8 Annual Dissolved Oxygen Isopleths (January— December) for Bois d' Arc Model in High -stage

Elevation Meteorological Year 1951 or Model Year 4 ( left) and Low -stage Elevation

Meteorological Year 1957 or Model Year 10 ( right) Conditions 3- 5

3- 9 Comparison of Measured February DO Profiles to Baseline Bois d' Arc Reservoir 3- 11

3- 10 Comparison of Measured July DO Profiles to Baseline Bois d' Arc Reservoir 3- 11

3- 11 Comparison of Measured February Total Phosphorus Profiles to Baseline Bois d' Arc
Reservoir 3- 12

3- 12 Comparison of Measured July Total Phosphorus Profiles to Baseline Bois d' Arc Reservoir 3- 12

IV WT1001151025RDD



CONTENTS

Section Page

3- 13 Comparison of Measured February Ammonium Profiles to Baseline Bois d' Arc Reservoir 3- 13

3- 14 Comparison of Measured July Ammonium Profiles to Baseline Bois d' Arc Reservoir 3- 13

3- 15 Comparison of Measured February pH Profiles to Baseline Bois d' Arc Reservoir 3- 14

3- 16 Comparison of Measured July pH Profiles to Baseline Bois d' Arc Reservoir 3- 14

3- 17 Comparison of Measured February TOC Profiles to Baseline Bois d' Arc Reservoir 3- 15

3- 18 Comparison of Measured July TOC Profiles to Baseline Bois d' Arc Reservoir 3- 15

3- 19 Comparison of Measured February Chlorophyll -a Profiles to Baseline Bois d' Arc Reservoir 3- 16

3- 20 Comparison of Measured July Chlorophyll -a Profiles to Baseline Bois d' Arc Reservoir 3- 16

3- 21 Comparison of Measured February Alkalinity Profiles to Baseline Bois d' Arc Reservoir 3- 17

3- 22 Comparison of Measured July Alkalinity Profiles to Baseline Bois d' Arc Reservoir 3- 17

3- 23 Comparison of Measured February Iron Profiles to Baseline Bois d' Arc Reservoir 3- 18

3- 24 Comparison of Measured February Iron Profiles to Baseline Bois d' Arc Reservoir 3- 18

3- 25 Monthly Dissolved Oxygen Profiles in Year 7 ( mg/ L) 3- 20

3- 26 Monthly Chlorophyll -a Profiles in Year 7 (µ g/ L) 3- 20

3- 27 Monthly Ammonium Profiles in Year 7 ( mg/ L) 3- 21

3- 28 Monthly Nitrate + Nitrite Profiles in Year 7 ( mg/ L) 3- 21

3- 29 Monthly Total Nitrogen Profiles in Year 7 ( mg/ L) 3- 22

3- 30 Monthly Total Organic Nitrogen Profiles in Year 7 ( mg/ L) 3- 22

3- 31 Monthly Phosphate Profiles in Year 7 ( mg/ L) 3- 23

3- 32 Monthly pH Profiles in Year 7 3- 23

3- 33 Baseline Simulation, Surface Water Quality near Dam 3- 25

3- 34 Baseline Simulation, Hypolimnion Water Quality near Dam 3- 26

4- 1 Contour Plot of Dissolved Oxygen Concentration in Bois d' Arc Baseline Model Simulation

Day 2390; mid-July, Year 7). 4- 4

4- 2 Locations of Simulated Aerators in Bois d' Arc Reservoir Model 4- 6

4- 3 Contour Plot of Dissolved Oxygen Concentration in Bois d' Arc Model with Oxygenation

Day 2390; mid-July, Year 7). 4- 7

4- 4 Average Monthly Use of Oxygenation Systems 4- 8

4- 5 Annual Variation in Total Oxygen Required to Maintain Desirable Hypolimnetic Dissolved

Oxygen Levels 4- 8

4- 6 Contour Plot of Phosphate Concentration in Bois d' Arc Baseline Model Simulation

mid-July, year 7) 4- 10

WT1001151025RDD V



CONTENTS

Section Page

4- 7 Contour Plot of Phosphate Concentration in Bois d' Arc Model with Oxygenation

mid-July, year 7) 4- 10

4-8 Contour Plot of Algae Concentration in Bois d' Arc Baseline Model Simulation

mid-July, year 7) 4- 11

4- 9 Contour Plot of Algae Concentration in Bois d' Arc Model with Oxygenation

mid-July, year 7) 4- 11

4- 10 Contour Plot of Ammonium Concentration in Bois d' Arc Baseline Model Simulation

mid-July, year 7) 4- 12

4- 11 Contour Plot of Ammonium Concentration in Bois d' Arc Model with Oxygenation

mid-July, year 7) 4- 12

4- 12 Contour Plot of Nitrate/ Nitrite Concentration in Bois d' Arc Baseline Model Simulation

mid-July, year 7) 4- 13

4- 13 Contour Plot of Nitrate/ Nitrite Concentration in Bois d' Arc Model with Oxygenation

mid-July, year 7) 4- 13

4- 14 Oxygenation Simulation, Surface Water Quality near Dam 4- 14

4- 15 Oxygenation Simulation, Bottom Water Quality near Dam (Segment 23) 4- 15

VI WT1001151025RDD



Acronyms and Abbreviations

CaCO3 calcium carbonate

CO2 carbon dioxide

DEM digital elevation model

DO dissolved oxygen

EPA U. S. Environmental Protection Agency

FMP Flood Modeler Pro

ft3/ sec cubic feet per second

GHCN Global Historical Climatology Network

kg
02/

day kilograms of oxygen per day

LBCR Lower Bois d ' Arc Creek Reservoir

LDOM labile dissolved organic matter

LWTP Leonard Water Treatment Plant

mg/ L milligrams per liter

mgd million gallons per day

NH4+ ammonium

NTMWD North Texas Municipal Water District

PO4 phosphate

SOD sediment oxygen demand

TCEQ Texas Commission on Environmental Quality

TDS total dissolved solids

TOC total organic carbon

TP total phosphorus

USGS U. S. Geological Survey

HA micrograms per liter

mg/ L milligrams per liter
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SECTION 1

Background and Purpose

North Texas Municipal Water District (NTMWD) is in process of

implementing the Bois d' Arc Reservoir project. This project
includes the construction of a dam on the Lower Bois d ' Arc Creek

which will form the Lower Bois d ' Arc Creek Reservoir ( LBCR) as

shown on Figure 1- 1 and the Leonard Water Treatment Plant

LWTP). The initial capacity of the LWTP will be 70 million gallons

per day ( mgd) in 2021 and treat water exclusively from LBCR. 
Future plans for the LWTP include expansion up to 280 mgd and
blending water from Lake Texoma with LBCR. 

The design of the LWTP must take into account the water quality
of the LBCR which will not be constructed until 2017. In addition

there are multiple reservoir management techniques that

required investigation to optimize the LBCR water quality. Thus there are four objectives for the lake
water quality model: 

1. Provide the range of expected water quality parameters in the LCBR that directly affect drinking
water treatment including (total organic carbon [ TOC], iron, manganese, alkalinity, pH, total
dissolved solids [ TDS], nitrate, and ammonia). Total phosphorus ( TP) and chlorophyll -a indirectly, 

but strongly, impact raw water quality by influencing reservoir dynamics of parameters with direct
impacts. 

2. Assess impacts of water quality on harmful algae blooms. 

3. Assess the potential of reservoir invasion by zebra and quagga mussel. 

4. Determine how reservoir water quality may be improved by a proven method. 

Water Quality
Model Used to

Predict Future

Reservoir

Dynamics
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SECTION 1- BACKGROUND AND PURPOSE
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Figure 1- 1 Location of Proposed Lower Bois d' Arc Reservoir (shaded at 534 -foot elevation) 
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SECTION 2

Model Development

CE -QUAL -W2 was selected as the modeling platform for the water quality investigations, based on its
applicability to the physical system, its recognized status in the modeling community, its availability to

the general public, and project staff familiarity with the model. 

CE -QUAL -W2 is a two-dimensional water quality and hydrodynamic model for rivers, estuaries, lakes, 
reservoirs, and river basin systems. Model dimensions are longitudinal and vertical. As discussed in

Section 2. 1, the model creates a longitudinal section of the reservoir. This section is then divided in to

rectangular segments in layers from top to bottom. Hydrodynamic and water quality calculations are
solved within each segment. Solutions within a segment are initial conditions for adjacent segments. 

CE -QUAL -W2 models basic reservoir physics, water chemistry, and eutrophication processes such as
flow through the reservoir, water balance, temperature, pH, sedimentation, dissolved oxygen ( DO), 

nutrient dynamics, algae growth, organic matter fate and transport, and basic sediment -water

relationships. 

CE -QUAL -W2 is widely used by the U. S. Army Corps of Engineers, U. S. Environmental Protection Agency
EPA), utilities, universities, state regulatory agencies, and the consulting community. First developed in

1975, several versions have been released to the public since 1986; there are 2, 378 reported

applications worldwide, with 738 in the United States. Version is 3. 72 was used for the models (Portland

State University, 2015). 

Model construction and calibration have several elements: 

Meteorological data, preferably from meteorological stations on site

Reservoir bathymetry (digital elevation maps) 

Hydrologic inputs

Vertical profile data ( temperature, pH, DO, conductivity) and water quality data from the reservoir
modeled

As discussed in this section, not all these elements are available. Meteorological data are not from the

reservoir location. Large reservoirs create local wind effects that affect reservoir physics. Data from the

site would not improve the quality of meteorological data, because the reservoir has yet to be
constructed. There are, of course, no water quality calibration data for Bois d' Arc Reservoir available
either. Nevertheless, there are many reservoirs in North Texas that allow comparison of model results in
lieu of calibration data. 

The hydrologic data and reservoir bathymetry developed for reservoir design are the most critical
elements for model construction. Given the long, open -source history of the model, there is a high
degree of confidence in model physics with these inputs in conjunction with data. Because reservoir

physics ( e.g., vertical temperature distribution and hydrodynamics) largely determine all water quality
parameters, modelling of a reservoir net yet constructed can be done also with a high level of
confidence in the realism of model results. Final calibration of the model is advised once the reservoir

fills. 

2. 1 Model Construction

A digital elevation model ( DEM) was obtained from the U. S. Geological Survey (USGS) Web site to assist
in the development of the bathymetric grid for the Bois d' Arc CE -QUAL model. The 1/ 3 arc -second

32 -kilometer grid) elevation data were downloaded for the region surrounding the reservoir from the
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SECTION 2 — MODEL DEVELOPMENT

USGS National Map Viewer tool. The DEM was loaded into CH2M' s Flood Modeler Pro ( FMP) software, 

which assists in the development of cross sections. The FMP software generated a table of points along
each cross section; these points were imported into Excel to calculate segment widths for use in

CE -QUAL -W2. A storage volume -elevation curve was generated from the segments and compared to a

baseline curve provided in the firm yield analysis developed by Freese and Nichols ( 2015). Minor
adjustments were made to the segment widths to improve agreement between provided volume - 

elevation curve and that developed from the model grid. 

The model reservoir has two longitudinal branches, one along the main reservoir body and another
along Honey Springs Creek ( Figure 2- 1). Final segmentation of the CE -QUAL -W2 grid starts with

Segment 2 representing the upstream end of the main reservoir branch and Segment 29 representing
the dam at the downstream end ( Figure 2- 2). 

2- 2

U. S. Survey Feet

10600 20000

Figure 2- 1. DEM with Elevations at 540 Feet and Lower Shaded; Channel Centerline, and Cross Section Locations
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SECTION 2 — MODEL DEVELOPMENT

Figure 2- 2. CE -QUAL -W2 Model Segments

2. 2 Model Boundary Conditions
CE -QUAL -W2 requires input data describing external influences on the water body, including
meteorological data ( temperature and rainfall), inflows, outflows, withdrawals, and constituent inflow

concentrations. This section describes the data used to specify all necessary boundary conditions in the
model. 

2. 2. 1 Meteorological Data

Meteorological data required for CE -QUAL model simulations includes daily total precipitation, dew
point, average temperature, wind speed and direction, and percent cloud coverage over the model

geometry. Daily data from Global Historical Climatology Network (GHCN) Station USW00053914
McKinney Municipal Airport northeast of Dallas, Texas ( approximately 50 miles southwest of the
reservoir site) was obtained from the National Climatic Data Center (2015). Daily average temperature, 

dew point, wind speed and direction for periods January 2012 through May 2015 were input into an
Excel database for analysis. Data from 2014 were chosen to be representative of an average, recent

meteorological year and was applied as an annual repeating pattern for model simulations. Cloud cover

data were not available from the McKinney Airport Station, so data from GHCN Station 13960 ( Dallas
FAA Airport) was downloaded and reviewed. Data were available for 1965 through 1972; 1967 was

found to depict an average year and daily cloud cover for 1967 was input into the model as an annual
repeating pattern. 

Daily total precipitation from August 1st, 1939 through May 31st, 2015 was obtained from station GHCN
USW00013960 Dallas FAA Airport (approximately 80 miles southwest of the reservoir site). Long-term precipitation
data were input into the model to capture significant storm and drought events and to provide an accurate

representation of actual inflows into the reservoir. Figure 2- 3 presents a 50 -year record of annual rainfall in

millimeters, with the average of 921 millimeters (36.3 inches) shown in red. While the model is set up to run 50 -year
simulations, analysis of model results discussed in this report was performed for a representative 15 -year simulation

that included wet and drought years. Wind directional data are represented in the wind rose shown on Note: Note that

prevailing winds are from the north. 
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SECTION 2 — MODEL DEVELOPMENT

Figure 2- 4. Winds out of the north dominate the annual wind patterns at the proposed reservoir site, 

with southerly winds representing the next largest direction. The majority of the winds are

perpendicular to the main axis of the reservoir, which reduces vertical mixing and favors thermal
stratification in the reservoir. Predicted temperature profiles discussed below are colder than in other

local reservoirs; this can be explained by the predominant wind orientation. 
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Figure 2- 4 Wind Rose Data for 12 -month Period at McKinney Municipal Airport
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SECTION 2 - MODEL DEVELOPMENT

2. 2.2 Inflows, Outflows, and Mass Balance

The water balance for the proposed reservoir includes stormwater inflows in Lower Bois d' Arc Creek, 

and 1,449 acre-feet per year pass through from the Bonham Wastewater Treatment Plant, a

120,000 acre- foot annual diversion for the proposed water treatment facility, direct precipitation, and
evaporation. The pass- through flow, equal to 2 cubic feet per second ( ft3/ sec), is released from an

upstream reservoir and will pass through Bois d' Arc Reservoir such that the minimum daily average
outflow is 2 ft3/ sec. Data prescribing the inflows, outflows, and withdrawals from the proposed reservoir
were obtained from the Firm Yield Analysis developed by Freese and Nichols ( 2015), which was
developed with a 50 -year historic hydrologic record spanning 1948 to 1998 that is assumed to be

representative of future conditions. Daily evaporation values were also provided in the firm yield
analysis. The Freese and Nichols analysis of water surface includes two significant drought events during
the 50 -year period ( Figure 2- 5). No precipitation data were provided in the firm yield analysis. 

Daily time series for reservoir inflows, outflows, and withdrawals were taken directly from the firm yield
analysis and applied to the model. Precipitation data from the National Climatic Data Center (2015) 

were used. Evaporation is calculated by the model and is influenced by wind speed and temperature. 
For purposes of model stability, a number of high -inflow events were smoothed by distributing high
single day flows over a 3 -day period without altering the total inflow volume. A comparison of the water
surface elevation generated by the CE -QUAL -W2 model with that developed by Freese and Nichols
2015) is presented in Section 3. 
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Figure 2- 5. Water Surface Elevation Time History for 50 -year Representative Hydrology

WT1001151025RDD 2- 5



SECTION 2 — MODEL DEVELOPMENT

The water treatment plant withdrawal of 120,000 acre-feet per year at the dam was included in the Bois

d' Arc CE -QUAL -W2 model to accurately represent the hydraulic effects on the reservoir water quality. 
The withdrawal was inserted in Segment 29, the location of the dam. An elevation of 155 meters

approximately 508. 5 feet) was indicated as the withdrawal centerline, slightly below the minimum
elevation the reservoir is expected to reach from year to year, with the exception of extreme low

drought elevations ( Figure 2- 5). A maximum withdrawal top elevation as well as a minimum bottom
elevation were designated in the model to portray the variation in withdrawal gate elevations from the
proposed reservoir pump station design. The maximum elevation for withdrawal in the model is located
at layer 10, an elevation of approximately 159 meters ( 522 feet). The minimum withdrawal elevation is
located at layer 20, an elevation of approximately 153. 5 meters (503 feet). 

2. 2. 3 Inflow Concentrations

The Texas Commission on Environmental Quality (TCEQ) maintains an online database of water quality
data collected by various agencies at river and stream stations throughout the state (TCEQ, 2015). There
are seven stations on Lower Bois d' Arc Creek (Segment 0202A) in the vicinity of the proposed reservoir

site (Figure 2- 6). Station 21028 is closest to the upstream end of the site, and Station 20167 is adjacent

to the proposed location of the dam. Water quality data for these stations were obtained from TCEQ
2015) and analyzed for use in setting constituent concentrations for various parameters in the reservoir

inflows. 

R,A, cl l' b 
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Figure 2- 6. Sampling Station Locations
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SECTION 2 — MODEL DEVELOPMENT

Water quality data were analyzed to determine the degree annual variability as well as seasonal
patterns. In several cases, no discernable patterns were evident and inflow concentrations were set as

constant for the year. This was done for TDS, calcium, inorganic suspended solids, phosphate, ammonia, 

nitrate, dissolved organic matter, and alkalinity. Parameters with time -varying inflow concentrations
included algae, DO, total inorganic carbon, and particulate organic matter. Data were not sufficient to

develop any relationship between flow and water quality at the sampling stations. Therefore, the model
either uses a seasonal variation of inputs or constant, depending on the observed variability of the
parameter. 

Inflow constituent concentrations were set primarily based on review of available water quality data at
the two closest locations to the proposed reservoir, namely Stations 21028 and 20167. Data at the
upstream station ( 21028) consists of 32 samples over a 3 -year period (2011- 2014). Of these, only three
were taken with measurable flow in the river. At the downstream station ( 20167), the available dataset

consists of 51 samples taken over a 7 -year period ( 2007 to 2014) of which 24 were taken with

measurable flow in the river greater than 1 ft3/ sec. Thus, the available datasets are primarily reflective
of stagnant or very low river flow conditions, and measured concentrations may not be representative
of inflow concentrations expected during stormwater runoff events. 

In general, there are no distinct seasonal patterns in the available datasets for primary nutrients, 
including phosphorus, ammonia, and nitrate -nitrite. Figure 2- 7, Figure 2- 8, and Figure 2- 9 show the
seasonal variation of total phosphorus (TP), ammonia, and nitrate + nitrite from the water quality

sampling stations upstream and downstream from the proposed reservoir, with plots presented on a
Julian day basis to visualize seasonal trends. No discernable seasonal trends are evident in the figures; 
therefore, the inflow concentrations were set at constant values representative of annual average

concentrations. Section 4. 4 discusses the limitation of not having sufficient data to assign flow -based
concentrations to account for increased concentrations during storm runoff events. 
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Figure 2- 7 Total Phosphorus Data for Bois d' Arc Creek
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SECTION 2 — MODEL DEVELOPMENT

Ammonia Data in Bois d' Arc Creek
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Figure 2- 8 Ammonia Data for Bois d' Arc Creek
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Figure 2- 9 Nitrate + Nitrite Data for Bois d' Arc Creek

In addition to these parameters, concentrations of TOC, dissolved organic matter, TDS, inorganic

suspended solids, alkalinity, and calcium showed no clear seasonal trends. Table 2- 1 summarizes the
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SECTION 2 — MODEL DEVELOPMENT

inflow constituent concentrations that were set as constant based on a lack of seasonal variation in the

available field data. For these parameters, the annual average concentration was specified as a constant

concentration for the duration of the simulation. For phosphorus, limited data were available for both

orthophosphate and TP; since CE -QUAL -W2 requires inputs in inorganic phosphorus, the ratio derived

from the limited dataset (orthophosphate/ TP = 0. 6) was applied to the more extensive TP dataset to

develop the inflow concentration for use in the CE - QUAL -W2 model. 

Table 2- 1. Summary of Constituents with Constant Inflow Concentrations in Bois d' Arc CE -QUAL -W2 Model
Parameter Constant Concentration ( mg/ L) 

Inorganic Phosphorus ( phosphate) 0. 15

Ammonium 0. 15

Nitrate + Nitrite 0. 45

DOM 16. 4

Inorganic Suspended Solids 20

Total Dissolved Solids 283

Calcium 80

Alkalinity 165 as CaCO3

Note: 

DOM = dissolved organic matter

Certain water quality parameters exhibit significant seasonal variation in the data from Bois d' Arc Creek. 
The best example of this is DO, which decreases in the summer, with increased temperature and algal

biomass. Inflow concentrations of DO are shown on Figure 2- 10. Other parameters with time variable

concentrations in inflows to Lower Bois d' Arc Reservoir include iron, algae (derived from chlorophyll -a), 

particulate organic matter, and total inorganic carbon. Table 2- 2 summarizes the annual repeating
concentrations for these parameters. 
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Figure 2- 10 Seasonal Variation in Dissolved Oxygen Data in Bois d' Arc Creek
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SECTION 2 - MODEL DEVELOPMENT

Table 2- 2 Annual Repeating Patterns for Time Variable Constituent
Concentrations in Inflow to Bois d' Arc Reservoir

JDAY FE LPOM ALG DO TIC

1 0. 6 0.9 0. 36 9 12. 29

15 0. 6 0. 4 0. 36 10 13. 14

30 0.6 0 0. 36 11 19. 92

45 0. 55 0 0. 36 12 5. 42

60 0. 5 0. 4 0. 36 10 17. 58

75 0. 5 0. 2 0.36 9 14. 11

90 0. 5 0. 2 0. 36 8 8. 58

105 0. 5 0.2 0. 36 7 9. 8

120 0.443 0. 3 0. 3 6 11. 91

135 0.7 0. 2 0. 15 5 21.03

150 0. 9 0. 2 0. 12 4 7. 61

165 1. 2 0. 2 0.09 3 25. 2

180 1. 4 0. 7 0.3 2 12. 37

195 1. 275 0.7 0.45 1 8.66

210 1. 15 0. 8 0. 6 1 9. 83

225 1 0.9 0.75 1 2. 42

240 0. 9 0 0. 9 1. 5 10. 39

255 0. 9 0 1. 05 2 7. 25

270 0. 9 0.4 1. 05 2 8

285 0. 9 1. 6 1. 05 2 9. 13

300 0. 84 0.9 1. 05 3 7. 23

315 0. 84 0.7 1. 05 4 8. 22

330 0.9 0.7 0. 9 5 13. 4

345 0. 9 0. 2 0. 6 7 14.07

360 0. 8 0.2 0.45 9 17. 78

Notes: 

JDAY = Julian Day

FE = iron

LPOM = labile particulate organic matter

ALG = algae

Several parameters are important to raw water quality at the treatment plant as compounds that are

directly regulated by the EPA ( i. e., nitrate/ nitrite, iron, manganese), will react with the various
treatment process to produce regulated compounds ( i. e., TOC and bromide) or have the potential to

affect the treatment process ( i. e., alkalinity or ammonia). Water quality data were available to
incorporate into the model most parameters of interest to water treatment. Manganese and bromide

were not available and thus were not modeled. These parameters could readily be incorporated into the
model when data become available.. 
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SECTION 3

Model Validation

In a standard water quality model application, the model would demonstrate the ability to represent a
set of known conditions in a reservoir. This process is termed model calibration. The typical calibration

process for a CE -QUAL -W2 model involves adjusting model parameters to optimize the agreement
between model results and field data. The effort progresses through various parameters with increasing
levels of influence on results. For example, temperature is often calibrated before nutrients or algae

since the thermal regime has significant influence on the nutrient and algal kinetics. Because the Lower

Bois d' Arc reservoir has not been constructed, field data does not exist to perform a robust calibration

of the CE -QUAL -W2 model. To demonstrate the reasonableness of model results, a quasi -calibration

effort was performed in which model results were compared to field data at similar regional reservoirs. 

To select reservoirs for use in calibrating the model, we analyzed basic morphological data and the
availability of water quality data for 10 reservoirs in the surrounding area (Table 3- 1). The lakes were

first screened to confirm that water quality data were publically available through the TCEQ surface
water reporting tool. The assessment of morphological features revealed that two reservoirs were good
candidates for model calibration. Lake Ray Roberts has similar area and volume to Bois d' Arc; it also
provides a robust dataset for calibrating the lake temperature, DO, and pH. Lake Ray Roberts is also the
only reservoir with vertical profile data available for several key water quality parameters (alkalinity, 
ammonia, nitrate, phosphate, iron, manganese). Additional comparisons were made with data from

Lake Fork Reservoir. 

Table 3- 1. Reservoirs Analyzed for Comparison to Model Results

Validation for the Bois d' Arc CE - QUAL - W2 model is a multistep process. First, the mass balance of all
inflows and outflows is validated against the projected variation of reservoir water surface elevation

through time. Next, the thermal regime of the reservoir is validated. Efforts then extend to water quality
parameters, with focus on DO, nutrients, and algae. A detailed discussion of the validation of the

physical and water quality parameters is provided in Section 3. 1. 

3. 1 Physical Parameter Validation

Model validation for CE - QUAL - W2 Bois D' Arc Reservoir application was a multistep process. The first
step focused on the water balance. For the Bois d' Arc Reservoir, a daily time series of water levels was
provided in the Firm Yield Analysis developed by Freese and Nichols. Model predictions were compared
to this time series to determine appropriate application of inflows, outflows, withdrawals, precipitation

inputs, and evaporation. Minor discrepancies are expected between CE - QUAL - W2 model results and

those provided by the Firm Yield Analysis, because the CE - QUAL - W2 model likely used different
precipitation, temperature, and wind inputs, which influences evaporation. Given the nature of localized
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Data Available in TCEQ? NA Yes Yes Yes No Yes Yes Yes Yes Yes No

Area (thousand acres) 16. 5 89. 0 29. 3 29. 9 21.4 22. 7 37.3 26.9 19. 3 5. 9 13. 2

Volume (thousand acre-feet) 368 2, 536 788 555 275 490 872 637 158

Depth (feet) 60 100 90 67 38 40 70 59 55 55

Validation for the Bois d' Arc CE - QUAL - W2 model is a multistep process. First, the mass balance of all
inflows and outflows is validated against the projected variation of reservoir water surface elevation

through time. Next, the thermal regime of the reservoir is validated. Efforts then extend to water quality
parameters, with focus on DO, nutrients, and algae. A detailed discussion of the validation of the

physical and water quality parameters is provided in Section 3. 1. 

3. 1 Physical Parameter Validation

Model validation for CE - QUAL - W2 Bois D' Arc Reservoir application was a multistep process. The first
step focused on the water balance. For the Bois d' Arc Reservoir, a daily time series of water levels was

provided in the Firm Yield Analysis developed by Freese and Nichols. Model predictions were compared
to this time series to determine appropriate application of inflows, outflows, withdrawals, precipitation

inputs, and evaporation. Minor discrepancies are expected between CE - QUAL - W2 model results and

those provided by the Firm Yield Analysis, because the CE - QUAL - W2 model likely used different
precipitation, temperature, and wind inputs, which influences evaporation. Given the nature of localized

WT1001151025RDD 3- 1



SECTION 3 — MODEL VALIDATION

storm events, it is expected that precipitation can vary considerably over relatively short distances. 
Thus, the water balance is not expected to match perfectly. Results indicate good general agreement in
the time series of water levels, with an average absolute error of 9 inches ( Figure 3- 1). 
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Figure 3- 1. Comparison of CE -QUAL -W2 and Firm Yield Analysis Results of Water Level

After the water level verification, the quasi -calibration effort focused on the thermal structure in the

reservoir. Several model parameters influence the thermals structure in the reservoir, including the

applied wind scaling and the coefficients applied to relate wind speed to heat exchange. 

Measured winds applied to the model were obtained from McKinney Municipal Airport northeast of
Dallas, Texas ( approximately 50 miles southwest of the reservoir site). The wind data were part of the
full meteorological dataset used in the model. The model allows a user -defined coefficient to be applied

to each model segment that is used to scale the applied wind. While this is generally used to represent
sheltering of a portion of the reservoir from wind, it can also be used to increase the wind speed to
reflect topographic funneling of the wind or just as a recognition of differences in the local wind and the
measured wind, which may be a significant distance from the site. For this application, the wind
sheltering coefficients were increased to 1. 15 to increase the thermal mixing in the reservoir, because
results from initial simulations yielded thermal stratification considerably stronger than in other local

reservoirs. Sensitivity studies were also conducted with wind sheltering coefficients of 1. 0 and 1. 25 to

quantify the sensitivity of the model to this parameter. 

Datasets from Lake Ray Roberts and Lake Fork Reservoir were plotted for comparison to predicted
vertical temperature profiles in July. Profiles from the end of July were extracted from the Baseline
CE -QUAL -W2 simulation for nine consecutive years ( Figure 3- 2). Model results indicate a stronger

stratification at Bois d' Arc than at either Lake Ray Roberts or Lake Fork Reservoir. This could be
associated with the shape of the reservoirs, with two distinct branches of approximately equal size that
could allow winds from a large range of directions to impart energy sufficient to mix the lakes. Lower
Bois d' Arc Reservoir, on the other hand, is primarily one single branch, and only wind aligned with the

long axis of the reservoir would impart energy to mix the thermal profiles. Bois d' Arc Reservoir is aligned
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largely in an east -west axis, whereas prevailing winds flow along a north -south axis. These results are
very sensitive to wind as indicated by several sensitivity simulations; near bottom temperatures could
be increased by over 4 degrees C with a 10 percent increase in the wind sheltering coefficient. 
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Figure 3- 2. Comparison of Temperature Profiles in July of 9 Years to Similar Measurements in Lake Ray Roberts
and Lake Fork Reservoir

Year- round temperature data for the calibration lakes were also used to confirm that the model thermal

stratification matches the observed data under high- and low -stage conditions ( Figure 3- 3, Figure 3- 4, 

and Figure 3- 5). Year- round DO data were used to confirm that the summer anoxic conditions predicted

in the model match observed data under high- and low -stage conditions in the calibration reservoirs

Figure 3- 6, Figure 3- 7, and Figure 3- 8). 
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3. 2 Water Quality Parameter Validation
This section provides a discussion of adjustments made to water quality parameters during the model
validation process and graphical comparisons of predicted water quality constituents and measured
field data from similar local reservoirs. The interrelated nature of nutrients, algae, DO, and pH required

an iterative approach to the adjustment of governing kinetic rates and parameters to yield water quality
results representative of conditions at other local reservoirs. 

Following the discussion of parameter adjustments, figures are presented comparing profiles in the
proposed reservoir to water quality data obtained primarily from Lake Ray Roberts, but in select cases at
multiple reservoirs. The profile plots are presented to two seasonal extremes, one in February and one
in July. The lack of available data to compare and validate the prediction of the CE -QUAL -W2 model is
evident in several plots. 

3. 2. 1 pH, Algae, and Nutrient Kinetic Coefficients Adjustments

The pH is modeled in CE -QUAL -W2 as a basic function of the carbonate -bicarbonate equilibrium reaction

Appendix B equations B- 54 and B- 55 in Cole and Wells, 2015): 

HCO3 H CO3-2 + H+ 

H2O H H+ + OH - 

Equilibrium constants and carbonate species concentrations are a function of temperature, TDS, 

alkalinity and carbon dioxide (CO2), and TIC. Along with the oversimplification of alkalinity compromising
accuracy in pH results, CE -QUAL -W2 does not differentiate magnesium and calcium carbonates, both of

which can also influence pH differently. The hydrogen concentrations are derived in part from
nitrification, with the release of hydrogen ions as ammonia converts to nitrate. Calibration efforts for pH

were focused on adjusting constituent kinetic coefficients that directly affect pH. These are provided in
Table 3- 2 and the following discussion. 

CO2 is a key parameter for its influence on pH and has numerous coefficients that were adjusted to

control its reactions. Algae extract CO2from the environment for use in photosynthetic processes, which

can lead to an increase in pH due to the shifting forms of alkalinity from bicarbonates to carbonates, and
eventually to hydroxide. Initial model runs with default or sample kinetic coefficients resulted in

unreasonably high algal blooms deeper into the reservoir than would be expected for a turbid reservoir. 

These initial results also had unreasonably high pH vertical profile values, which is expected with the

occurrence of high- density algal blooms. A sensitivity study was then performed on the influence of algal

processes on pH in the Bois d' Arc model. Results showed only slightly lowered pH during high bloom
seasons ( summer and winter) when all algal processes were turned off. The focus of the calibration then

shifted to minor adjustments in the first 10 coefficients in Table 3- 2 to decrease algal blooms to a

reasonable range, with a sensitivity analysis of sediment release rates and their influence on pH. 

Table 3- 2 Kinetic Coefficients Adjusted for Water Quality Calibration
Kinetic Coefficient Initial Value Default Value Final Value

Maximum Algal Growth Rate 2 day 1

Stoichiometric Equivalent between Algal

Biomass and Phosphorus (fraction) 0.005

2 clay -1 1. 5 day' 

0. 005 0. 015

Ratio of Algal Biomass and Chlorophyll -a 0. 065 mg algae/µ g Chl- a 0. 05 mg algae/µ g Chl- a 0. 05 mg algae/µ g Chl- a
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Table 3- 2 Kinetic Coefficients Adjusted for Water Quality Calibration

Kinetic Coefficient Initial Value Default Value Final Value

Light Extinction for Pure Water

Light Extinction Due to Inorganic Suspended

Solids

Light Extinction Due to Organic Suspended

Solids

Fraction of Incident Solar Radiation Absorbed

at Water Surface

0. 45 m-' 0. 25 m' 0. 25 m-' 

0. 01 m-'/ g/ m3 0. 15 m4/ g/ m3 0. 15 m'/ g/ m3

0. 2 m-'/ g/ m3 0. 1 m-'/ g/ m3 0. 15 m'/ g/ m3

0. 45 0. 45 0.8

Sediment Phosphorous Release Rate 0. 015 0.001 0.0025

Phosphorous Sorption onto Inorganic

Suspended Solids 1. 2 0 0

Sediment Release Rate of Ammonium 0. 15 NH4- N/ m2/ day 0.001 NH4- N/ m2/ day 0. 005 NH4- N/ m2/ day

Ammonium Decay Rate 0. 05 day' 0. 12 day' 0. 25 day' 

Sediment CO2 Release Rate 0. 1 day' 1. 2 day' 0. 5 day' 

Sediment Oxygen Demand Rate 0. 3- 1. 9 grams 02/ m2/ day - 1- 2 grams 02/ m2/ day

Labile DOM Decay Rate 0. 3 day' 0. 1 day' 0. 1 day' 

Notes: 

mg algae/µ g Chl- a = milligram of algae per microgram of chlorophyll -a

NH4- N/ m2/ day = ammonium per square meter per day

02/ m2/ day = oxygen per square meter per day

3. 2. 1. 1 Algal Kinetic Coefficients

Bois d' Arc reservoir will be a highly turbid system due to algae growth. Light is expected to be a limiting

factor for algae during periods of peak algae growth. To represent this in the model, the two light
extinction and solar radiation coefficients shown in Table 3- 2 were increased to a reasonable range for a

turbid system. Other kinetic coefficients that were adjusted lowered to reasonable ranges based on

suggestions from the CE -QUAL -W2 manual and EPA guidance ( 1985) for a mixed algae species

population include the ratio of algal biomass and chlorophyll -a and maximum algal growth rate

coefficient. The biomass to chlorophyll -a ratio was decreased from 0. 065 to 0. 05, with algae in

milligrams and chlorophyll -a in micrograms ( 1 milligram algae = 20 micrograms of chlorophyll -a). The

maximum algal growth rate was lowered slightly by a reasonable degree from 2 to 1. 5 day'. These

changes brought the maximum algae concentration down by 50 percent during the summer. 

The stoichiometric equivalent between algal biomass and phosphorus fraction was assessed after

phosphate ( PO4) values were noticed to be impractically high. Recommended EPA ( 1985) values range
from 0.008 to 0. 033 for green and blue green algae; the initial value was lower, at 0.005. The parameter

was adjusted to 0. 015 and predicted PO4 and TP values were much more reasonable. 

Labile dissolved organic matter (LDOM) in CE -QUAL represents the partition of DOM that decays at a

higher rate ( up to two orders of magnitude greater) than refractory DOM, and typically consists of

compounds found in early products of algal decay. The LDOM decay rate primarily affects nitrogen and

phosphorus constituent concentrations, providing substrate for algae growth. Suggested LDOM rates
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from the manual range from 0. 01 to 0. 64 day', with a default value of 0. 1 day'. The default value was

chosen with limited data for comparison. 

3. 2. 1. 2 Sediment Oxygen Demand Nutrient Release Rates

Sediment release rates for ammonia and phosphate are defined in CE -QUAL -W2 as a fraction of the

sediment oxygen demand (SOD). With little information on the chemical composition of sediments at

the proposed reservoir site, a SOD range of 1 to 2 02/ m2/ day was specified based on engineering
judgement and previous experience with CE -QUAL -W2. This range was distributed low to high from the

upstream end to the downstream to reflect increased settling of organic matter, low velocities, and high
residence times in the deeper sections of the reservoir. Furthermore, the shallow segments will be

exposed to air more often when the water surface elevation is low. Anoxic conditions are expected to

occur from June through September, based on data from surrogate reservoirs. The influence of model

parameters on the duration of seasonal anoxia is discussed below. 

Sediment release of phosphorous was analyzed first as a part of the effort to reduce algal blooms. This

parameter is highly variable amongst different soil compositions. The CE -QUAL -W2 manual recommends

using a default value of 0. 1 percent of SOD rates unless soil chemical composition is well understood for
the model site. For these SOD rates, this equates to a release of 10 to 20 grams pf phosphate per square

meter per day. Initial model results with this release rate did not yield reasonable results in that there

was little vertical variation in TP as expected. The release rate of phosphorus was subsequently

increased to 0. 25 percent. The manual also recommends turning off the process of dissolved
phosphorus sorption onto inorganic suspended solids unless it is known this will occur in the reservoir; 

that feature was turned off. 

Following the effort of reducing algal blooms to a reasonable range, a sensitivity study was performed
on the sediment CO2 release rate to better understand its influences on CO2 concentrations throughout

the reservoir and pH. The sediment CO2 release rate was set to 50, 100, and 125 percent SOD in three

separate model runs, with no other changes made to the model. The pH results, as expected, showed

substantial influence of sediment CO2 release rates on pH. For runs with a sediment CO2 release rate of

50, 100, and 125 percent, the pH ranged from approximately 7. 2 to 9. 6, 6. 8 to 9. 4, and 6. 7 to 9. 3 in the

first year of each run, respectively. The value of 125 percent SOD was selected as the most feasible

sediment CO2 release rate, because these results produced pH values within the target range. 

As previously mentioned, ammonia is another parameter known to affect pH levels in natural water

systems. Model runs with the initial ammonia kinetic coefficients shown in Table 3- 2 inaccurately
resulted in no change of concentration with depth. Sediment release rate of ammonia was increased

from 5 to 25 percent of the SOD rate. Ammonia increased with depth at a rate comparable to the

surrogate reservoirs, as seen in the vertical profile comparison with Lake Ray Roberts data presented

below. In addition, the decay rate of ammonia was increased to reduce elevated pH values. 

3. 2. 1. 3 Discussion of Water Quality Model Calibration Graphics

Figure 3- 9 through Figure 3- 24 present model results for DO, TP, ammonia, pH, TOC, chlorophyll -a, 

alkalinity, and iron in the form of vertical profiles at the water intake location (Segment 29, near the

dam). For each parameter, two plots are presented, one showing the range in late winter (February) 

conditions for 9 consecutive years ending with the large drawdown event and the other showing

conditions in July. In each plot, data from other local comparable reservoirs are shown to demonstrate
the reasonableness of the CE -QUAL -W2 Bois d' Arc model results. 
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Figure 3- 9 and Figure 3- 10 compare model predictions of DO to water quality data in other comparable

or surrogate reservoirs. In February, conditions are generally well mixed with DO levels between 12 and

13 mg/ L. Results are slightly higher than the mean of the water quality data, but are not within the

measured data range. Stratification is clearly visible in July with near surface values between 6 and
8 mg/ L, which agrees well with the observed dataset. Anoxic conditions are well represented in the

water quality database of comparable lakes. The duration of projected anoxia generally extends from

May through October. The lack of wind mixing may contribute to the extended anoxic conditions in the
proposed reservoir. However, it is possible that sediment oxygen demand is set at too high a value, 

contributing to the extended anoxic conditions. Site- specific data will allow for improved model
calibration of DO. 

Figure 3- 11 and Figure 3- 12 present model predictions for TP as well as field data for comparison. 

Wintertime TP profiles are generally well mixed after the first 2 years of the model simulation; these

early results should be interpreted with caution because of the influence of initial conditions on model

results until the lake has achieved dynamic equilibrium with the inflows. Profiles from July demonstrate

increased TP in the hypolimnion of up to 0. 2 mg/ L. This is in line with available field data. Total
phosphorus values were sensitive to phosphate release rates from the sediments as well as the percent

phosphorus specified in algal biomass. 

Predicted ammonia concentrations are compared to field data on Figure 3- 13 and Figure 3- 14. Ammonia

is predicted to be well mixed during the winter after the first 2 years of the simulation. Concentrations

are less than 0. 03 mg/ L throughout the water column. During summer, ammonia release from the

sediment during anoxic conditions in the hypolimnion yield an increase in concentration with depth that

matches very well with field data. The user -defined sediment release rate of ammonia was adjusted to
obtain this match. 

Figure 3- 15 and Figure 3- 16 present winter and summer pH predictions along with the full range of field

data for comparison. Predicted pH is slightly above the field data range in February. Results from the
first 3 years of the model should be disregarded until the model spins up and equilibrates to inflow

conditions. In July, predicted profiles demonstrate the expected decrease with depth, with surface
values between 8 and 9. 5 and bottom values near 7. 5. Model results agree well with available water

quality data. 

Predicted TOC results are presented on Figure 3- 17 and Figure 3- 18. There is a lack of field data against

which to compare model results for this parameter. Results indicate a generally well mixed distribution

of TOC that can vary considerably year to year. Maximum predicted concentrations are near 5 mg/ L in

the winter and near 6 mg/ L in the summer. 

Figure 3- 19 and Figure 3- 20 present model predictions for chlorophyll -a and all available field data which

are, unfortunately, limited to surface samples. Results indicate well mixed conditions in February with a

concentration around 514/ I; field data show are large range of results up to 25 p.g/ I for the winter
season. In the summer months, peak chlorophyll concentrations in July reach 1514/ 1 at roughly half
depth, well within the range of field data. A more complete review of chlorophyll results demonstrates

that algal blooms occur more in the center of the reservoir, not near the dam. Furthermore, they tend to

peak in April or May. 

Alkalinity is a measurement of carbonate species in water that provide a buffering capacity for variation

in pH. Although alkalinity is generally dominated by bicarbonate and carbonate, in some systems
constituents such as calcium, ammonia, organic matter, phosphoric acid, silicic acid, and boric acid can

WT1001151025 R D D 3- 9



SECTION 3 - MODEL VALIDATION

have acidic/ buffering properties (USGS, 2013) that are unaccounted for in the CE -QUAL -W2 model. 
CE -QUAL -W2 also does not model the reactions and effects of carbonate precipitations nor carbonate

being released from the sediment in anoxic zones. This oversimplification of alkaline properties in these

constituents leads to alkalinity results that do not accurately reflect internal reactions of these

constituents and carbonate species. Rather, CE -QUAL treats alkalinity as a conservative constituent that

is solely a function of its concentration in the inflows. 

With these caveats in mind, alkalinity inflow and initial concentrations were the primary focus during

the calibration. With an initial concentration set to 60 mg/ L as CaCO3 and inflow concentration set to

165 mg/ L as CaCO3, alkalinity as a conservative constituent increases over time from 60 to 240 mg/ L in

winter and 220 mg/ L in summer. Results presented on Figure 3- 21 and Figure 3- 22 show alkalinity
ranging from 40 to 90 mg/ L higher than surrogate reservoirs indicate. It is expected that the model

results for alkalinity overestimate expected conditions in the reservoir; it is advised that alkalinity
results, as well as the constituents it influences such as pH, are interpreted with caution given the

limitations in CE -QUAL. 

CE -QUAL -W2 has a simplistic representation of iron in the model, with sources from inflows and a user - 

prescribed sediment release rate, and losses through settling back to the sediments. The model is very
sensitive to the sediment release rate and settling velocity. The sediment release rate controls how

quickly iron builds in the hypolimnion during anoxic events, and the settling velocity controls how long
this iron remains in the water column. Model simulations used default values for these two parameters. 

Model predicted profiles in February of 9 consecutive years are presented on Figure 3- 23; results

indicate no iron in the water column. Any iron released from the sediment during the previous summer

has settled out of suspension by February. Figure 3- 24 presents results for July in 9 consecutive model

years. Increases in iron concentration with depth are associated with sediment release during anoxic

conditions. Iron concentrations of up to 50 mg/ L are predicted when using the default release rate of
0. 5 times the sediment oxygen demand, which equates to a release rate of 0. 5 to 1. 0 milligrams per

square meter per day. Near bottom concentrations are approximately 10 times higher than water

quality data from comparable reservoirs, indicating the default release rate may be high. The availability
of site- specific water quality data would allow for improved calibration of iron in the CE -QUAL -W2
model. 
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Figure 3- 9. Comparison of Measured February DO Profiles to Baseline Bois d' Arc Reservoir
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Figure 3- 10. Comparison of Measured July DO Profiles to Baseline Bois d' Arc Reservoir
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Comparison of Measured Total Phosphorus Profiles at Surrogate Reservoirs to
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Figure 3- 11. Comparison of Measured February Total Phosphorus Profiles to Baseline Bois d' Arc Reservoir
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Comparison of Measured Ammonium Profiles at Surrogate Reservoirs to CE - 

QUAL -W2 Bois d'Arc Results [ Baseline] 
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Figure 3- 13. Comparison of Measured February Ammonium Profiles to Baseline Bois d' Arc Reservoir
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Comparison of Measured pH Profiles at Surrogate Reservoirs to CE -QUAL -W2

Bois d'Arc Results [ Baseline] 
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Figure 3- 15. Comparison of Measured February pH Profiles to Baseline Bois d' Arc Reservoir

Comparison of Measured pH Profiles at Surrogate Reservoirs to CE -QUAL -W2

Bois d'Arc Results [ Baseline] 

0 1

0

5

10

E

sa 15
vD

20

25

30

pH

2 3 4 5 6 7 8

July/ August Field Data

CE- QUAL-W2 July Year 3

4- CE- QUAL-W2 July Year 6

CE- QUAL-W2 July Year 9

CE -QUAL -W2 July Year 1

s- CE- QUAL-W2 July Year 4

CE- QUAL-W2 July Year 7

9 10 11

CE -QUAL -W2 July Year 2

CE- QUAL-W2 July Year 5

CE- QUAL-W2 July Year 8

Figure 3- 16. Comparison of Measured July pH Profiles to Baseline Bois d' Arc Reservoir
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Comparison of Measured Total Organic Carbon Profiles at Surrogate Reservoirs to

CE -QUAL -W2 Bois d'Arc Results [ Baseline] 
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Figure 3- 17. Comparison of Measured February TOC Profiles to Baseline Bois d' Arc Reservoir
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Figure 3- 18. Comparison of Measured July TOC Profiles to Baseline Bois d' Arc Reservoir
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Figure 3- 19. Comparison of Measured February Chlorophyll -a Profiles to Baseline Bois d' Arc Reservoir
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Figure 3- 20. Comparison of Measured July Chlorophyll -a Profiles to Baseline Bois d' Arc Reservoir
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Comparison of Measured Alkalinity Profiles at Surrogate Reservoirs to CE -QUAL - 
W2 Bois d' Arc Results [ Baseline] 
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Figure 3- 21. Comparison of Measured February Alkalinity Profiles to Baseline Bois d' Arc Reservoir
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Figure 3- 22. Comparison of Measured July Alkalinity Profiles to Baseline Bois d' Arc Reservoir

WT1001151025RDD 3- 17



SECTION 3- MODEL VALIDATION

5

10

E

L 15
a. 

20

25

30

r

a

15

20

25

0

Comparison of Measured Iron Profiles at Surrogate Reservoirs to CE -QUAL -W2

Bois d'Arc Results [ Baseline] 

mg/ L as Fe

0.002 0.004 0.006

February/ March Field Data

BdA 11d February Year 3

BdA lld February Year 6

BdA 11d February Year 9

0 BdA lld February Year 1

BdA 11d February Year 4

BdA lld February Year 7

0. 008 0.01 0. 012

BdA lld February Year 2

BdA 11d February Year 5

e- BdA lld February Year 8

Figure 3- 23. Comparison of Measured February Iron Profiles to Baseline Bois d' Arc Reservoir
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Figure 3- 24. Comparison of Measured July Iron Profiles to Baseline Bois d' Arc Reservoir
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3. 2. 1. 4 Variation in Profiles with Time through Year (Year 7) 

This section provides a discussion of the variation in water quality parameters with time. Monthly profile
plots as well as time series plots are presented and explained. Profile plots ( Figure 3- 25 through 3- 32) 

are provided for DO, chlorophyll a, ammonium, nitrate/ nitrite, total nitrogen, total organic nitrogen, 

phosphate, and pH. Profile plots are presented as constituent concentrations through time of the

vertical profile at the dam. Figures were constructed with output every 10 days and reflect conditions in
Year 7 of the model simulation, which is considered representative of average conditions. 

Thermal stratification will induce anoxia in the hypolimnion from May through October, approximately
half of the year (Figure 3- 25). Anoxia creates a cascade of poor water quality results including
eutrophication; cyanobacteria blooms; high manganese, iron, and NH4+ in the hypolimnion; and poor

cool -water fishery habitat. 

Model results indicate peak algae blooms in April (Figure 3- 26). Sedimentation of algae from this peak

bloom contributes to hypolimnetic anoxia in May. 

Settled algae have a high organic nitrogen content. Decomposition of algae yields ammonium. In an

anoxic hypolimion there will be no oxidation of ammonium, causing an accumulation of
ammonium (Figure 3- 27). There will be some oxidation of ammonium to nitrate/ nitrite as the

hypolimnion transitions from aerobic to anoxic, but there will be steady loss of nitrate/ nitrate in the

hypolimnion during summer (Figure 3- 28). Aerobic conditions November to March will contribute
to nitrate in surface waters. Total nitrogen profile large follow ammonium dynamics ( Figure 3- 29), 

but is governed by organic nitrogen dynamics ( Figure 3- 30). Organic nitrogen tends to have an
irreducible background concentration near 0. 8 mg/ L. This unreactive fraction thus influences overall
TN dynamics. 

Hypolimnetic anoxia causes iron -bound phosphate in sediments to solubilize ( Figure 3- 31). Advective, 

turbulent mixing in the summer from wind will enrich surface water with this hypolimnetic phosphate

during the summer. In Bois d' Arc Reservoir, the lack of a long fetch will reduce this hypolimnion- 
epilimnion transfer of phosphorus. At turnover, the hypolimnetic phosphate enriches the entire water

column. Without phosphorus inputs from stormwater, fall turnover enrichment of the hypolimnion can

stimulate spring algae blooms. 

The pH in Bois d' Arc Reservoir will probably be over 8 consistently (Figure 3- 32). High pH is a
consequence of high primary productivity and high alkalinity. Drops in pH in the hypolimion are a
consequence of lack of photosynthesis and fermentation of sediments in anoxic conditions. 
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Figure 3- 27. Monthly Ammonium Profiles in Year 7 (mg/ L) 
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Figure 3- 31. Monthly Phosphate Profiles in Year 7 ( mg/ L) 
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Figure 3- 32. Monthly pH Profiles in Year 7
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Figure 3- 33 and Figure 3- 34 present time series plots of key water quality parameters at the surface and
at the bottom. Surface results were extracted from model Segment 29 at the dam; bottom results were

extracted at model Segment 23. The time series plots reflect results for a 15 -year model simulation, 

including the extreme drawdown event in Year 9 and rapid recovery in Year 10, as shown on Figure 2- 5. 

Dissolved oxygen is predicted to follow standard annual cycles for eutrophic lakes in the surface and

bottom waters. The surface DO reached 12 mg/ L during winter and drops to 6 mg/ L or lower during the
summer. In the hypolimnion, DO varies from 12 mg/ L in the winter months to anoxic during the late
spring to early fall. In general, there are anoxic conditions are during May through the end of October. 
The model estimation of anoxia is directly related to user specified sediment oxygen demand rates. The
predicted duration of anoxia can be improved with site-specific data after construction of the reservoir. 

Predicted algal concentrations in the surface water reach 1 to 2 mg/ L algae (dry weight), which equates
to 20 to 40 µ g/ L chlorophyll -a assuming a 5 percent algal biomass ( in mg/ L) to chlorophyll ( in µ g/ L) as
used in the model. During the drought event, the algal bloom reaches over 5 mg/ L in the spring bloom. 
In the near bottom waters, low light conditions retard algal growth and peak concentrations during
spring blooms rarely exceed 1 mg/ L, and then only in drought years when the water is relatively shallow. 
Predicted algal concentrations are sensitive to assumed growth rates, which can vary considerably from
species to species. Algal concentrations can be fine-tuned when site specific data are available. 

Total organic carbon shows little variation through the water column. TOC concentrations reach a

dynamic equilibrium between 5 and 6 mg/ L a few years into the simulation. During drought conditions, 
the TOC approaches 8 mg/ L. Several other parameters exhibit a similar pattern, where dynamic

equilibrium is achieved a few years into the simulation and only upset by drought conditions where the
inflow concentrations become significantly more influential because of the reduced lake volume. 

Total nitrogen and total organic nitrogen exhibit similar patterns in both the surface and bottom waters. 

Dynamic equilibrium for total nitrogen is around 1. 25 mg/ L; for organic nitrogen it is slightly lower, at
1 mg/ L. The total nitrogen in the system is influenced by the organic material inflows during storm
events. Ammonium concentrations in the surface water are generally less than 0. 05 mg/ L. In the bottom
water, release of ammonium from the sediments raises the concentration from the onset of anoxia in

May until the lake turns over in October or early November. Peak near bottom concentrations of
ammonia can reach 0. 65 mg/ L. These predicted concentrations are directly related to user -prescribed
release rates of ammonia from the sediments. Model results are sensitive to these rates and the decay
rate of ammonia to nitrate. 

Total phosphorus concentrations were highly variable through a range of sensitivity simulations. In the
final simulations, surface water TP concentrations reach a dynamic equilibrium below 0. 1 mg/ L, and
bottom concentrations receive contributions from sediment releases during anoxic conditions that raise
TP concentrations to above 0. 2 mg/ L in average years and up to 0. 5 mg/ L in drought years. Reductions in

TP to less than 0. 1 mg/ L in the surface water were brought about by increasing the stoichiometric
composition of algae from 0. 5 percent phosphorus by weight to 1. 5 percent by weight. Site-specific field
data post construction will enable improved phosphorus predictions in the water quality model. 

Alkalinity, which is treated as conservative by the model and thus expected to be lower than that
predicted by the model, exhibits a similar pattern to other nutrients that reach a dynamic equilibrium

related to the inflow concentration. Alkalinity is predicted to concentrate in the reservoir up to
250 mg/ L during drought conditions. There is little vertical variation in predicted alkalinity. 

Predicted pH levels show annual variations between 8 and 10, with occasional spikes in pH during high
inflow periods when the alkalinity in the lake is diluted by stormwater runoff. pH levels in the bottom
water show a slight increase in range and lower minimum pH levels than the surface water, as expected. 
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SECTION 4

Discussion

Model results outline in detail probable water quality in Bois d' Arc Reservoir. Results are as expected. 
Water quality results are similar to other reservoirs in the region of similar depth and size. The
comparison procedure used instead of calibration did not demand significant adjustment of model

parameters. CE -QUAL -W2 is notably strong with regard to temperature and DO profiles, which strongly
influence other parameters. 

Water quality of Bois d' Arc Reservoir is the raw water quality for Leonard Water Treatment Plant. 

Because water quality parameters also have implications for reservoir ecology that do not necessary
impact LWTP, the two categories are discussed in separate sections below even through there is

substantial bridging between the categories for many parameters. 

As clearly shown in model results, water quality in Bois d' Arc Reservoir will be poor. An immediate
question, therefore, is what can be done to improve reservoir water quality? As discussed in the

following sections, the model investigated this question using proven technology that is widely used in
drinking water reservoirs: hypolimnetic oxygenation. Model simulations also informed model results
because responses of similar reservoirs to hypolimnetic oxygenation are well known. The choice of key

parameters know ranges for algae growth, algae settling, and phosphorus solubilization were finalized
by observing model responses to injections of oxygen into the hypolimnion. 

4.1 Reservoir Water Quality
The two largest drivers of water quality in Bois d' Arc Reservoir are predicted to be the high phosphorus
load and hypolimnetic anoxia. Confidence in this prediction is high. 

Bois d' Arc Creek has a TP concentration of approximately 150 µ g/ L. Stormwater soluble phosphorus
concentrations are typically within the same range ( EPA, 1983). Reservoirs with this TP concentration in
surface waters are considered hypereutrophic (Wetzel, 2001). As shown in the model results, surface TP

concentrations are dynamic with seasonal fluctuations. It is likely that mean surface TP concentrations

will equilibrate at concentrations Tess than 100 pg/ L, indicating eutrophic conditions with occasional
higher spikes into the hypereutrophic range. 

Significant algae growth is predicted to be a feature of Bois d' Arc Reservoir. Settling of algae into the

hypolimnion creates a high oxygen demand that rapidly creates anoxic conditions at the onset of
thermal stratification in the spring. The mode does not predict a " grace period" at reservoir start up. 
Rather the model predicts that anoxia will begin within the first year of fill. 

A common dynamic of algae growth in reservoir is to have diatoms in the winter, followed by green, 
algae, then followed by dominance of cyanobacteria (Wetzel, 2001). Although algae dynamics are
complex, this pattern is largely driven by thermal stratification. Diatoms are silica -limited and tend to
outcompete green algae and cyanobacteria growth. Diatoms settle out of the water column. When

there is no thermal stratification reservoir turnover replenishes silica in surface waters. Thermal

stratification traps silica in bottom waters, allowing green algae to dominate primary productivity. Green
algae also settle out. Faster growing than cyanobacteria, green algae tend to strip bio -available
phosphorus out of surface waters. Cyanobacteria do not necessarily thrive in nutrient poor water. 
Rather, most cyanobacteria regulate buoyancy. They obtain ample nutrients in the hypolimnion while
burning carbohydrates accumulated during growth in the photic zone, and then float back to the
surface. This cycle resets at reservoir turnover, often with large diatom blooms that dominate

throughout the winter. 
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Harmful algae blooms are a likely consequence of the fertility of Bois d' Arc Reservoir and the
successional dynamics of diatoms, green algae, and cyanobacteria. Appendix A details harmful algae

bloom dynamics and known concerns in Texas reservoirs. 

Bois d' Arc Reservoir low DO will limit fisheries habitat. Strong hypolimnetic anoxia from May through
October preclude a cool water fishery. Only warm water fish tolerant of eutrophic conditions will thrive
in Bois d' Arc Reservoir. 

Algae growth will impair water clarity in Bois d' Arc Reservoir. Although not explicitly modeled, 
relationships between TP and Secchi disk depth are well known (Carlson, 1977). During summer, Secchi
disk depths will be less than 0. 5 meter. Maximum Secchi disk depths during the winter will be less than
2. 0 meters. 

A concern for all drinking water reservoirs is the potential for invasion by zebra and Quagga mussels. 
Model water quality results indicate an overall high water threat of invasion by both mussel types in
Bois d' Arc Reservoir, as detailed in Appendix B. Strong anoxia in the hypolimnion limits deep water
habitat, but relief from anoxia is a potential management goal. If a mussel invasion occurs, it may be
necessary to temporarily suspend oxygenation of the reservoir, as discussed in Section 4.2. 

4.2 Raw Water Quality
Algae directly and indirectly dominate raw water quality. Direct impacts are those imparted by algae
biomass. Indirect impacts come from anoxic conditions induced by algae decay. 

Excessive algae growth has a direct impact on raw water quality in several ways: 

Taste and odor: A wide variety of algae and cyanobacteria genera release compounds while living
and when they die ( mthylisoborneol [ MIB] and geosmin) that strongly affect the taste and odor of
the water, even at concentrations measured in nanogram( s) per liter (Paerl et al., 2001). 

Cyanotoxins: Many genera of cyanobacteria generate cyanotoxins (Appendix A) 

TOC: Increase in TOC is directly in proportion to algae biomass. 

Biomass: Some algae species create blooms of high concentrations of gelatinous biomass that clogs

filters and affect plant operations. 

High pH: Surface waters peaking over a pH of 9 in summer and possibly over 10 during the most
intense algae blooms. 

Model results indicate algae biomass peaking yearly to over 10 mg/ L and spiking over 50 mg/ L. These
algae bloom spikes, which include cyanobacteria blooms, are sufficient to drive all of these direct

impacts, depending on the successional dynamics of algae growth. 

The following are indirect impacts of algae blooms on other parameters: 

Increased TOC: This is also an indirect effect due to growth of bacteria on settle algae biomass. 

Spikes in iron and manganese: Prolonged hypolimnetic anoxia reduces insoluble iron and

manganese oxides to soluble forms. Data are limited for iron and unavailable for manganese. 

Increased ozone demand: Caused by ammonium, sulfide, soluble iron, soluble manganese, and TOC
primary productivity and secondary productivity [ bacteria growth] from decomposing algae). 

The combined impact of algae on LWTP operations will likely include increased operating expense ( labor
and material) to meet treatment demands during periods of peak algae growth (April through October). 
Many drinking water reservoirs actively manage water quality through such methods as hypolimnetic
oxygenation, hypolimnetic aeration, or destratification and phosphorus sequestration through injection

of ferric chloride or alum to improve raw water quality (Cooke et al., 2005; Singleton and Little, 2006; 
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SECTION 4- DISCUSSION

Gantzer et al., 2009). Therefore, the model investigated the potential for these methods to improve Bois

d' Arc Reservoir water quality. 

4.3 Water Quality Management
This section describes the mechanical hypolimnetic oxygenation system simulated in the Bois d' Arc

Reservoir CE -QUAL -W2 model. In the model, pure oxygen was added to the reservoir to enhance the

water quality below the thermocline, prior to the water treatment plant intake. Adding oxygen below
the thermocline improves mineralization from the sediments, reduces dissolution of phosphate and

nitrogen from the sediments, and improves habitat. 

Hypolimnetic oxygenation was chosen because the scale of Bois d' Arc Reservoir is too large for

hypolimnetic aeration and too deep for destratification. The only proven method of anoxic relief at the
project scale is hypolimnetic oxygenation. 

A Tong -term case study of hypolimnetic aeration, hypolimnetic oxygenation, and ferric injection is
presented in Appendix C. The case study contains data from 1984 in two reservoirs near Saint Paul, 
Minnesota. Data were collected by Saint Paul Regional Water Services. The water source is the
Mississippi River pumped to a chain of lakes that serve as off-line reservoirs that improve water quality

prior to treatment. The case study is germane to Bois d' Arc Reservoir because of the high TP
concentrations in the Mississippi River and strong thermal stratification in the reservoirs. 

The CE -QUAL -W2 model does not model the physical dynamics of a bubble plume (pure oxygen in this

case). It will only deliver additional oxygen to user-specified sections of the system (Table 4-1). A DO

target of 4 to 6 mg/ L ( approximately half -saturation) was set for development of the oxygenation
system to remove anoxic conditions and allow for viable habitat conditions. The probes allow real- time

model control of the addition of oxygen based on local DO conditions in the reservoir. The user defines

an upper and lower DO trigger at each probe location. To avoid anoxic conditions, the aerators turn on

when the DO concentration is equal to or below 4 mg/ L; to avoid over -saturation of DO and minimize

the loading rate, the aerators shut off when the DO exceeds 6 mg/ L. 

Oxygenation does not physically operate as in the model. Physically, the oxygen flow rate of the bubble
plume is turned up or down gradually to meet DO targets in the hypolimnion. Although oxygenation
preserves thermal stratification, it does induce slow circulation of oxygenated water throughout the

hypolimnion. 

Oxygen was added to nine separate segments, every other segment starting at the dam (Segment 29) 
and extending upstream approximately 13 kilometers (8 miles). The systems were placed to cover the
extent of the summer anoxic zone as shown on Figure 4- 1. In each of nine model segments, two or three

separate oxygenation systems were deployed in order to vary the oxygen loading rate in different levels
of the water column. Separate injection points were necessary to avoid model -predicted hyper - 
saturation of oxygen in the near bottom waters which have less volume than the hypolimnetic waters

closer to the thermocline. For most segments, two systems were deployed: the upper and lower

systems. Each system added oxygen at a user -defined rate determined after multiple trial simulations. A

middle layer was created for two segments to provide additional resolution necessary to reach the half - 
saturation DO target. Figure 4- 1 summarizes the segment location, layer span, and mass loading rate for
19 individual systems. A schematic of the deployed systems is shown on Figure 4- 2. Results of the

oxygenation systems on mid -summer DO are shown on Figure 4- 3, which can be contrasted with results

on Figure 4- 1 to see the improvement in anoxic conditions. 

The placement of oxygenation infrastructure in the reservoir to reduce anoxic conditions would likely

involve one or more parallel pipe systems oriented along the main axis of the reservoir. The CE- QUAI- 
W2 model, however, allows for oxygenation systems to be applied on a segment -by -segment basis and
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SECTION 4— DISCUSSION

also for the user to define the number of vertical layers over which the oxygen is distributed. The

oxygenation feature in the model is designed to allow the user to determine the amount of oxygen

required to raise oxygen concentrations in the hypolimnion to acceptable levels. The model is limited in

that it doesn' t model the additional mixing dynamics associated with a bubble diffuser. It cannot model
additional circulation patterns in the hypolimnion associated with rising currents imparted by the
bubbles and any associated return currents. 
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Figure 4- 1. Contour Plot of Dissolved Oxygen Concentration in Bois d' Arc Baseline Model Simulation

Day 2, 390; mid- July, Year 7). 
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SECTION 4- DISCUSSION

Table 4-1. Simulated Aerator Descriptions

Mass Loading Rate
Number Segment Section Top Layer Bottom Layer ( kg 02/ day) 

1 29 Upper 26 30 4,000

2 29 Lower 15 25 3, 000

3 27 Upper 26 30 4,000

4 27 Lower 15 25 3, 000

5 25 Upper 27 29 3, 600

6 25 Middle 25 26 2, 400

7 25 Lower 15 24 10, 000

8 23 Upper 27 29 3, 600

9 23 Middle 25 26 2, 400

10 23 Lower 15 24 6, 000

11 21 Upper 22 26 3, 000

12 21 Lower 15 21 6, 000

13 19 Upper 19 23 10, 000

14 19 Lower 14 18 3, 000

15 17 Upper 17 21 5, 000

16 17 Lower 12 16 3, 000

17 15 Upper 16 20 3, 000

18 15 Lower 11 15 10, 000

19 13 — 11 15 6, 000

Note: 

kg 02/ day = kilograms of oxygen per day

Only one system in Segment 13
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Figure 4-3. Contour Plot of Dissolved Oxygen Concentration in Bois d' Arc Model with Oxygenation

Day 2390; mid- July, Year 7). 

The 19 oxygenation systems were individually modeled with a maximum combined loading rate of

91, 000 kg
02/

day. The use of virtual DO probes in the CE -QUAL -W2 model to control the application of

oxygen yields average application rates significantly less than the maximum rates specified in Table 4- 1

for each of the individual systems. Model output provides a measure of the daily oxygen applied for

each of the individual systems, as controlled by the virtual DO probes. Figure 4-4 provides a summary of

the monthly average oxygen load. Although details are available for each individual system, the monthly

use depicted on Figure 4- 4 is the sum of all systems averaged over the month. During the months of

June, July, and August the systems load an average of 16, 000 kg
02/

day into the reservoir. The usage can

vary considerably from year to year, as shown on Figure 4- 5, with oxygen requirements considerably

higher during low -storage years. 
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SECTION 4- DISCUSSION

4.3. 1. 1 Key Model Parameters with and Without Oxygenation

Figure 4- 6 through Figure 4- 13 present contour plots of average summertime conditions for several key
parameters for both Baseline and With Oxygenation simulations. Contour plots are presented for mid- 

July conditions in Year 7 of the simulation, which is considered representative of average summertime
conditions in the proposed reservoir. Results are presented for phosphate, ammonium, nitrate -nitrite, 

and algae. All units in the nutrient and algae plots are in mg/ L. Plots showing the improvement in
hypolimnetic oxygen concentrations were presented on Figures 4- 1 and 4-3. Plots of DO demonstrate

the largest change with the addition of the oxygenation systems, as expected. The oxygenation systems

successfully remove anoxic conditions in the hypolimnion during the summer and fall. 

There is a considerable reduction in hypolimnetic phosphate concertation with oxygenation ( Figure 4- 7) 

compared to the Baseline ( Figure 4- 6). The anoxic release of inorganic phosphorus in the Baseline

simulation is reduced to near zero in the alternative simulation. These contours reflect conditions in

July; therefore, the peak phosphate concentrations shown on Figure 4- 6 will continue to build when
anoxic conditions persist. 

Predicted algal concentrations are presented on Figure 4- 8 for baseline conditions and on Figure 4- 9 for

the oxygenation simulation. There is a reduction in algae concentration with oxygenation throughout

the entire water column. This reduction is likely associated with reduced nutrient availability as the
oxygenated hypolimnion prevents release of phosphorus and ammonia from the sediments. 

As with the phosphorus, the prevention of anoxic conditions in the hypolimnion with targeted

oxygenation reduced the hypolimnetic ammonia concentrations considerably from baseline values. On
Figure 4- 10, near bottom ammonia concentrations exceed 0. 30 mg/ L in July, but the aeration simulation
Figure 4- 11) does not show concentrations higher than 0. 05 mg/ L. 

The significant change in ammonia concentration in the hypolimnion also affects nitrate/ nitrite

concentrations. On Figure 4- 12, baseline results indicate nitrate/ nitrite concentrations generally below

0. 2 mg/ L. In the oxygenation simulation ( Figure 4- 13), the presence of oxygen in the hypolimnion allows
for the formation of nitrate/ nitrite from the available ammonia. 

Time series plots of water quality conditions with oxygenation are presented on Figure 4- 14 for surface
water conditions near the dam (Segment 29) and on Figure 4- 15 for bottom conditions (Segment 23). 

The most noticeable changes to the time series plots presented in Section 3 are the reduction of anoxic

conditions in the sediment and the reduction of phosphorus and ammonia released during anoxic
events into the hypolimnetic waters. With the oxygenation system, near bottom DO concentrations are

generally above 6 mg/ L, as prescribed by the operation rules for the oxygenation systems. 

Total nitrogen is slightly higher with the oxygenation system; near bottom ammonia concentration is
significantly lower and shows little variation from surface values. 

Surface water TP concentrations are similar between the Baseline and With Oxygenation simulations; 

near bottom TP is considerably lower in the oxygenation system because there is no sediment release
when hypolimnetic waters contain oxygen. 

Data from the Saint Paul Regional Water Services show strong differences in surface TP concentration as
a consequence of hypolimnetic aeration or oxygenation and ferric chloride injection (Appendix C). The

critical difference with the model is that experience with reservoir operations determined final ferric

dosing criteria and design rationale for upgrade from hypolimnetic aeration to oxygenation. Fine tuning
of the model to simulate these operationally determined management actions (ferric dosing and oxygen
mass flux rates) is certainly possible, but is not good practice. The benefits of oxygenation should be
revisited after the reservoir has been construction and can provide actual data. 
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There is very little difference between the baseline and the oxygenation simulations TOC, and alkalinity. 
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Figure 4-6 Contour Plot of Phosphate Concentration in Bois d' Arc Baseline Model Simulation ( mid-July, Year 7). 
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Algae, July Year 7
Baseline Run

165-52

Figure 4-8 Contour Plot of Algae Concentration in Bois d' Arc Baseline Model Simulation (mid-July, Year 7). 
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Figure 4-9 Contour Plot of Algae Concentration in Bois d' Arc Model with Oxygenation ( mid-July, Year 7) 
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SECTION 4- DISCUSSION

4.4 Model Limitations and Known Issues

Alkalinity is treated as conservative in the model. During prolonged drought events, alkalinity increases
and then when the reservoir quickly refills, alkalinity drops significantly ( inflow is set at 165), yielding a
rise in pH to unrealistic levels above 10. The model does not simulate the interaction between calcium

and alkalinity, because calcium is also treated as a conservative substance. 

Constituent inflow concentrations were developed based on a review of available data obtained from

the TCEQ online database at various stations along Bois d' Arc Creek, as discussed in Section 2. 2. The

nature of streamflow in Bois d' Arc Creek coupled with the scarcity of sampling data, which appears to be

at a monthly resolution at best, yields a dataset in which the majority of the samples were taken during
periods of negligible or even zero flow in the creek. Available data do not indicate much seasonal

variation in many parameters. Including phosphorus, ammonia, nitrate, nitrite, total organic matter, 

alkalinity, and calcium. Furthermore, the low -flow data did not allow for development of any flow

variable loadings. Thus, the model is severely limited by the inflow dataset with basically no knowledge

of how key parameters might increase or decrease in concentration during high- flow events. This could
lead to a significant overloading of nutrients in the model. 

Water quality kinetics can be highly sensitive to minor changes in coefficients, kinetic rates, and

constants. For example, TP was reduced by 80 percent by simply changing the assumed algal
composition from 0. 5 to 1. 5 percent phosphorus, although literature values support a range twice as

large as this increase. Thus, the calibration is limited to a rough comparison with local surrogate

reservoirs until there is a sufficient water quality database for the Lower Bois d' Arc Reservoir against

which to calibrate the water quality model. 
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SECTION 5

Conclusions

Bois d' Arc Reservoir will be a eutrophic to hypereutrophic basin. This result is expected because of the

high nutrient content of sources waters. Nevertheless, reservoir water quality will impose an
operational burden on the Leonard Water Treatment Plant. 

The CE -QUAL -W2 model approximates water quality in Bois d' Arc, but is likely to have overshot or

undershot future water quality parameter values. Without calibration to the reservoir, this caveat is
essential, but water quality will be dominated by high growth rates for algae and hypolimnetic anoxia. 
Harmful algae blooms of some type are inevitable as the reservoir matures. There is a moderate to high

probability that zebra or quagga mussel invasion will occur. The model, therefore, provides useful

insights into trends and patterns of water quality dynamics in the actual reservoir. 

Impacts of water quality in Bois d' Arc Reservoir to will be sufficiently adverse on LWTR raw water quality
to motivate calibration of the model as soon as the reservoir begins to fill. Calibration of the model to

the first 1 to 3 years of operation will anchor subsequent trends and patterns. Thus, a monitoring
program for the reservoir should include model parameters and the additional parameters of interest

not modeled: bromide and manganese. Vertical profile data ( temperature, conductivity, DO, and pH) 
near the dam will be especially important. 

Model results indicate that water quality will be substantially better in the first 3 years of fill than in the
following years. This latent period is in reality difficult to predict because it depends to a large extent on
future weather patterns that may be different than past weather patterns used to predict reservoir
hydrology and dynamics. 

Active management of water quality in Bois d' Arc Reservoir is needed. Model results of oxygenation

demonstrate improved raw water quality and overall reservoir water quality. Project experience with
reservoir management fully supports these results and suggest that water quality benefits of
hypolimnetic oxygenation may be underestimated. A model calibrated to actual reservoir conditions can
better estimate these benefits. 

Form a practical perspective, it is highly likely that effective management of reservoir water quality will
entail hypolimnetic oxygenation combined with low -concentration ferric chloride injection into the

hypolimnion and at the reservoir inlet. Construction of such a system occurs after or during reservoir fill. 
Thus, a final decision can wait for reservoir data to inform conceptual design criteria, including estimates
for capital and operating expenses. A 16 -metric -ton -per -day hypolimnetic oxygenation system is well
within the range of currently operating hypolimnetic oxygenation systems. However, reservoir data may
indicate that the real design oxygen demand is 10 or 20 tons per day. It is important to match design to
known demands, using the model to predict future variability based on known initial conditions. 
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Bois d' Arc Reservoir

Harmful algal blooms ( HAB) are becoming an increasingly common phenomenon in freshwater systems, 
including reservoirs that store raw water for drinking water supply (Leigh, et al. 2010). The issue of
freshwater HABs has received more attention outside the United States in the past, but is of growing

national concern as most U. S. states now experience freshwater HABs. Some of the key drivers behind
the global expansion of HABs are believed to be anthropogenic modifications to the environment

including nutrient enrichment, hydrologic alterations, introduced algal species, and altered weather and
precipitation patterns induced by climate change ( Paerl and Otten 2013). HABs are typically comprised
of algal species that either produce toxins and/ or cause the deterioration of water quality through the

build- up of high biomass, which degrades aesthetic, ecological, and recreational values ( Lopez et al. 
2008). Freshwater HAB toxins can have significant negative impacts on humans, animals and aquatic

ecosystems, and pose a particular threat if they occur in drinking water sources. In drinking water supply
reservoirs, HABs can be prime agents of water quality deterioration, causing taste and odor problems, 

hypoxia or anoxia induced by algal biomass decomposition, toxicity, food web alterations and fish kills
Paerl et al. 2001). 

This technical memorandum reviews some of the common HAB threats, with an emphasis on some

established and emerging HAB threats in lakes and reservoirs within Texas. 

Common Freshwater Harmful Algal Bloom (HAB) Types

Various genera of freshwater algae are capable of forming HABs. Some examples include eukaryotic
algae such as chlorophytes, dinoflagellates, cryptophytes, and chrysophytes; however, the prokaryotic

blue-green algae ( cyanobacteria) are by far the most notorious bloom formers, and cause the majority
of the freshwater HAB problems reported in the United States and worldwide (Paerl, et al. 2001). 

Cyanobacterial blooms are of particular concern in reservoirs in Texas and the factors driving

cyanobacterial bloom dynamics are discussed in the following sections in this TM. Another section of
this TM focuses on the cyanobacterium, Cylindrospermopsis raciborskii, that has spread aggressively

throughout many regions of the world, including the United States, and has the potential to colonize
Texas reservoirs. The golden alga, Prymnesium parvum, is found in reservoirs of several river basins in

Texas and could pose a potential threat to the Bois d' Arc reservoir. Due to its potential toxicity to gilled
aquatic animals and presence in several Texas reservoirs, the environmental factors driving the
dynamics of the golden alga are discussed in this TM. 



Table 1. Harmful Algal Blooms and Impacts

HAB Phylum Representative Genera Adverse Impacts

Prokaryotes

Cyanobacteria ( Blue -Green Algae) Anabaena, Aphanizomenon, 

Cylindrospermopsis, Gleotrichia, Nodularia, 

Microcystis, Oscillatoria, Gomphosphaeria, 

Aphanocapsa, Lyngbya, Synechococcus, 

Nostoc, Planktothrix, Phormidium

Produce a variety of toxins that adverse
human and animal health impacts. 

Cause taste and odor problems in

drinking water and in aquaculture
operations, discoloration of water, 

unsightly and foul- smelling blooms, 
hypoxia from high biomass build- up. 

Eukaryotes

Chlorophyta (Green Algae) Botryococcus, Chlorococcus, Sphaerocystis, 

Volvox, Pandorina, Cladophora

Some species can produce toxins that

affect aquatic animals (e. g., 

Botryococcus). Cause discoloration of

water and localized hypoxia. Some

blooms cause unsightly and foul smelling
mats that can harbor human pathogens

e. g., Cladophora). 

Pyrrhophyta ( Dinoflagellates and

Cryptomonads) 

Class Dinophyceae (dinoflagellates): 

Peridinium, Ceratium, Heterocapsa, 

Prorocentrum. Class Cryptophyceae

Cryptomonads): Cryptomonas, 

Rhodomonas

Some species like Peridinium polonicum

are known to produce toxins that cause

fish kills. Although most species are not

normally thought to be nuisance
causing, bloom conditions can

occasionally cause discoloration of
water, local hypoxia, foul taste and

odors and loss of aesthetic and

recreational value of affected waters. 

Chrysophyta (Golden Algae) Prymnesium, Chrysochromulina, Chromulina

Dinobryon, Mallomonas, 

Some species, including Prymnesium are
known to produce toxins that can affect

gill -bearing organisms (fish and
molluscs). Dense blooms can foul

shorelines and cause local hypoxia. 

Euglenophyta Euglena sanguinea Under certain conditions can produce

fish toxins that cause fish kills. 

Discoloration of water under bloom

conditions. 

Source: Paerl et al. ( 2001); Lopez et al. ( 2008) 

Cyanobacterial Harmful Algal Blooms (C- HABs) 

The frequency and geographic distribution of documented C- HABs has increased dramatically in recent
decades in the United States and globally due to anthropogenic activities such as eutrophication and
climate -induced environmental change. C- HABs have also been identified as a significant issue in Texas

freshwater systems (Texas Parks and Wildlife (TPWD) website), and could be a potential threat to the



Bois d' Arc Reservoir once it is constructed and functional. In particular, two genera of cyanobacteria

commonly found under bloom conditions in Texas, Anabaena and Microcystis, are known to produce
substances that cause taste and odor problems in water supplies, and a suite of toxins that are harmful

to human health, fish and wildlife. Fish kills have occurred in private stock ponds in Texas as a result of

C- HABs and there have been a few reports of livestock dying from drinking water contaminated with
cyanobacterial toxins (Texas Parks and Wildlife (TPWD) website). 

A cyanobacterial species, Cylindrospermopsis raciborskii, has also been the focus of recent concern due

to its presence in Lake Texoma (Teel et al., 2013). Over the past few decades, this filamentous and

potentially toxigenic diazotroph ( nitrogen -fixer) has greatly expanded its global geographical range
Sinha et al. 2012). It is now found in reservoirs, lakes and rivers in the United States ( Paerl and Otten

2013). C. raciborskii has notably spread aggressively in freshwater lakes and rivers in central and
northeast Florida ( Paerl et al. 2001). Bloom characteristics and global proliferation patterns of C. 

raciborskii suggest a strong link to eutrophication and global warming (Fuentes et al; 2010; Sinha et al. 
2012; Paerl and Otten 2013; Wood et al. 2014; Chislock et al. 2014). Further details on C. raciborskii are

provided in a separate section below. 

Addressing C- HAB threats in reservoir systems, including the Bois D' Arc Reservoir, requires an
understanding of environmental conditions that favor bloom formation. Cyanobacterial blooms can
occur when complex interactions between physical, chemical and biotic factors provide conditions that

are optimal for growth. Under optimal growth conditions, harmful cyanobacteria can outcompete other

beneficial algae and if consumption cannot keep pace with production, excess cyanobacteria
accumulate, leading to bloom conditions. Key environmental factors influencing C- HAB formation in
reservoir and lakes are summarized below (Paerl et al. 2001; Paerl and Otten 2013). 

Physical Factors

Key physical factors that drive the dynamics of C- HAB bloom formation and persistence include water
temperature, light, turbulence and mixing, and water residence time. Each factor is summarized below. 

Water Temperature

In general, warmer water temperatures favor surface bloom forming cyanobacteria and many genera
have maximal growth rates that occur at temperatures in excess of 25 ° C. Summer and late -summer

blooms of cyanobacteria are thus common in many lakes and reservoirs where surface water
temperatures stay in excess of 20 °C over prolonged periods of time. Warm surface waters are also

prone to vertical stratification. Many cyanobacteria can exploit such thermally -stratified conditions by
forming gas vesicles that provide buoyancy and help maintain their position in the warm surface waters. 

Light

Many C- HAB forming genera prefer high light conditions and can even tolerate high UV radiation. 
Cellular adaptations such as gas vesicles allow cyanobacteria to maintain their position with the

euphotic phone near the surface, where increased rates of photosynthesis can lead to high primary
productivity. However, there are some low -light adapted cyanobacteria such as Oscillatoria, 

Synechocystis, Lyngbya, and notably, C. raciborskii that can flourish below the euphotic zone. 

Turbulence and Mixing

Low turbulence and poorly mixed conditions are preferred by most bloom forming cyanobacteria
genera. Cyanobacteria are particularly sensitive to water column stability and vertical stratification. 

Surface blooms typically form during summer stratification events when the water body is poorly mixed, 



and turbulence -induced shear stresses that can cause disaggregation of growth -promoting mutually - 

beneficial cyanobacterial/ bacterial associations, cell/ filament breakage and cellular death, are relatively
low. 

Water Residence Time

Long water residence times are preferred by all cyanobacterial genera. 

Chemical Factors

Primary chemical factors that drive C- HAB bloom formation and persistence include the availability of
nutrients (nitrogen and phosphorus), micronutrients (trace metals), dissolved inorganic and organic

carbon, and salinity. 

Nutrients (N and P) 

In aquatic systems, nutrients such as N and P are typically in short supply relative to cyanobacterial
growth requirements. Enrichment of natural waters with one or both of these essential nutrients could

trigger cyanobacterial blooms and eutrophication events. In freshwater systems, excessive P - loading can
shift molar N: P ratios to levels (< 15) that generally favor blooms of N2 -fixing cyanobacteria ( e. g., 
Anabaena, Aphanizomenon, Cylindrospermopsis, Gloeotrichia, Nodularia). This loading can be external
and/ or internal via release of P from the sediment during anoxic conditions. However, highly eutrophic
freshwaters where both N and P loadings are very high can favor blooms of non -N2 -fixing cyanobacteria
e. g., Microcystis, Oscillatoria, Gomphosphaeria and Lyngbya). Moderately N- and P -enriched waters

frequently support mixed blooms of N2- and non -N2 -fixing cyanobacteria. 

Micronutrients

Trace metals such as iron, manganese, cobalt, copper, molybdenum and zinc are required by
cyanobacteria for photosynthesis, N2 -fixation and a variety of other metabolic functions. In most
freshwater systems, availability of these trace metals meets cyanobacterial growth requirements and
trace metal limitation is likely not a modulator of bloom conditions. There is, however, evidence that
iron ( Fe) could be limiting in some freshwater systems, and could play a secondary role (to N and P) in
determining the distributions and magnitudes of cyanobacterial blooms (Molot 2014). 

Dissolved Carbon

Dissolved inorganic carbon (DIC) can limit the growth of eukaryotic algae, but cyanobacteria have an

environmental adaption known as a CO2 concentrating mechanism ( CCM) that evolved to improve

photosynthetic performance, particularly under CO2 -limiting conditions (Price 2011). When DIC levels
are limiting, the CCM functions to provide an elevated intracellular CO2 concentration to facilitate the
photosynthetic production of carbohydrates, providing competitive advantages to bloom forming
cyanobacteria. Many cyanobacterial bloom taxa are also capable of utilizing dissolved organic carbon
DOC), and blooms often flourish in DOC -enriched waters. 

Salinity

Salinization of freshwater systems due to human activities and climate change has increased worldwide. 

The use of freshwater for agricultural irrigation and hydrological alterations can increase saline runoff

into source waters. Salinization can also occur when more intense and prolonged summer droughts

induced by climate change increase the evaporative loss of water from lakes and reservoirs due to
warmer temperatures, while reducing freshwater inputs into these systems ( EPA 2013). Several bloom - 
forming cyanobacterial genera that are common in freshwater systems are tolerant of a wide range of



salinities, and could potentially outcompete eukaryotic algae when salinities increase. Examples include

toxin -producing N2 -fixing genera such as Anabaena, Anabaenopsis, Nodularia, and Lyngbya, and non -N2

fixing genera such as Microcystis and Oscillatoria. Further, temporary salinity variations could potentially
trigger the release of cyanobacterial toxins into the water due to leakage of salt -stressed cells ( EPA

2013). Increases in salinity in freshwater lakes and reservoirs during drought conditions can also create
favorable conditions for the invasion of cyanobacteria that are adapted to brackish water and marine

conditions. This is occurring in southwestern and south central US lakes where the brackish/ marine alga, 
Prymnesium parvum (golden algae), has been increasing since 2000, causing significant fish kills in inland
waters (EPA 2013). 

Biotic Factors

While the physical and chemical factors described above primarily drive cyanobacterial bloom formation
in freshwater systems, biotic factors such as grazing, microbial interactions and symbiotic relationships

can also play a key role in modulating C- HAB dynamics. 

Grazing

Selective grazing by zooplankton and benthic organisms (e.g., bivalve molluscs) can have the effect of
favoring large inedible filamentous and colonial forms of cyanobacteria, as well as genera that are toxic
to grazers. Selective grazing, in certain cases, can effectively remove competing algae from the system, 
and tip the balance towards blooms of unpalatable cyanobacteria (Vanderploeg, et al. 2001). 

Microbial Interactions

Bloom -forming cyanobacteria form close associations with other microorganisms including
heterotrophic bacteria, eukaryotic algae, and protozoans. These associations may provide mutual
benefits to both organisms via synergistic exchange of metabolites and growth factors. Consortial

cyanobacterial- bacterial interactions are known to promote cyanobacterial growth and may likely play a
role in C- HAB formation and persistence. 

Symbiotic Relationships

Cyanobacteria also form symbiotic relationships with higher plants and animals, thriving as epiphytes
attached to aquatic plants and as epizoites attached to aquatic animals. Cyanobacterial endosymbiosis

living within host cells) with algae, ferns and vascular plants has also been reported; often these
relationships are obligate and involve N2 -fixing cyanobacteria. 

Cylindrospermopsis raciborskii: A Potential C- HAB Threat? 

C. raciborskii is an invasive filamentous, bloom forming cyanobacterium that has a wide global
distribution (Antunes et al. 2015). Initially considered to a tropical species, this cyanobacterium species
is now found throughout many temperate regions, including the United States. C. raciborskii can
produce hepatoxins (cylindrospermopsin) and neurotoxins (saxitoxin) which can affect both humans and

animals. It was first detected in the United States in 1955, and has since been reported in Florida, 

Indiana, Louisiana, Michigan, Minnesota, Texas, and Wisconsin ( Fuentes, et al. 2010). Late summer and

fall blooms of C. raciborskii have been of major concern in Florida and recent concern has also been

noted due to the presence of this species in some reservoirs in Texas (Teel et al. 2013). 

Strain -Related Toxicity of C. raciborskii

The type of toxin produced by C. raciborskii appears to be strain -dependent. Australian, New Zealand
and east- and southeast Asian strains produce cylindrospermopsin, whereas South American strains are



the only known ones that produce saxitoxins (Sinha et al. 2012; Antunes et al. 2015). It is also important
to note that not all strains of C. raciborskii produce toxins and the presence of this cyanobacterium does

not necessarily mean that its toxins will also be present in the water (Teel et al. 2013; Antunes et al. 

2015). Rather, there is relatively recent evidence that the strains of C. raciborskii found in lakes and
rivers in the United States (and in Europe) do not produce toxins (Yilmaz and Phlips 2011; Antunes et al. 

2015) and may not pose a direct health threat to animals and humans. More research on strain -related
toxicity and its triggers is, however, warranted (Sinha et al.; Teel et al. 2013). Research indicates that in

U. S. waters, the toxin cylindrospermopsin is produced by other cyanobacteria ( e. g., Aphanizomenon
ovalisporum), but not by existing C. raciborskii strains (Teel et al. 2013). Regardless, this species remains
of immediate concern in the United States (and in Texas) due to its physiological adaptability that allows
it to persist and form bloom conditions that are less than optimal for other phytoplankton (Sinha et al. 

2012). Under unfavorable conditions, C. raciborskii forms specialized cells called akinetes that can

remain dormant in the sediment for prolonged periods of time and germinate when favorable

conditions return. 

Environmental Conditions Favoring C. raciborskii Blooms

Environmental factors such as water temperature, light intensity, vertical stratification and lake mixis, 
nitrogen, phosphorus, salinity and pH play a role in the dynamics of C. raciborskii in lake and reservoir
systems, and are summarized below. 

Water Temperature

C. raciborskii can tolerate a wide range of water temperatures, but blooms occur only at warm
temperatures (Wood et al. 2014). The process of akinete formation and germination is closely linked to
water temperature, and may be a key strategy that has allowed C. raciborskii to colonize temperate
regions globally. Akinete production increases under cooler temperatures and may allow this species to
remain dormant through the winter. Akinetes germinate when water temperatures exceed 22 °C, and

blooms typically occur at water temperatures of 25- 32 ° C ( Fuentes et al. 2010; Antunes et al. 2015). 
There are likely several strains or ecotypes of C. raciborskii that are adapted to different temperatures. 

Rather, the expansion of this cyanobacterium to temperate climates may be the result of selection of
clones with lower critical temperature for akinete germination, compared to its tropical counterparts

Antunes et al. 2015). It has also been demonstrated that temperate strains produce more akinetes than

their tropical counterparts, further illustrating the adaptation of strains to different climates (Antunes et
al. 2015). 

Light and Vertical Stratification

C. raciborskii is tolerant of, and can grow under a wide range of light intensities (Wood et al. 2014; 

Antunes et al. 2015). It is a shade -adapted species and can form blooms under low light conditions, 

allowing it to thrive in systems with high levels of suspended solids and turbidity, or under light limited
conditions created by surface algal blooms that can limit other phytoplankton. Unlike many other
cyanobacteria in lakes and reservoirs, C. raciborskii can thrive under stratified, as well as well -mixed

conditions, due to its neutral buoyancy which favors it either directly by maintaining it in the water
column during mixis, or indirectly via circulating cells to lower light environments where primary
production is increased (Wood et al. 2014). 

Nutrients (Nitrogen and Phosphorus) 

C. raciborskii is flexible in its use of nitrogen, and can maintain high growth rates under diazotrophic and

non- diazotrophic conditions, utilizing dissolved inorganic nitrogen (DIN) when concentrations are
sufficient and nitrogen fixation when DIN is depleted (Wood et al. 2014). The ability of this species to
alternate between DIN assimilation and N2 -fixation based on availability of DIN, likely contributes to its
ability to colonize and dominate systems with highly variable seasonal DIN concentrations (Antunes et
al. 2015). 



C. raciborskii can dominate in waters with very low dissolved inorganic phosphorus ( DIP) due to its high
P -uptake and P -storage capacity, and can also use different sources of organic P to support its growth
when there is P - limitation in its environment (Wood et al. 2014; Antunes et al. 2015). Physiological

adaptations to overcome P - limitation include its ability to regulate metabolism and increase alkaline
phosphatase, an enzyme used in P -metabolism, when DIP concentrations are low (Antunes et al. 2015). 

C. raciborskii is known to outcompete other bloom -forming cyanobacteria such as Microcystis
aeruginosa and Aphanizomenon flos-aquae in its ability for P -uptake and use ( Antunes et al. 2015). A

recent study in a eutrophic area has also shown that C. raciborskii tends to dominate in lakes with either
very low or very high N: P ratios (Chislock et al. 2014). This flexible and opportunistic nutrient strategy (N
and P uptake and use) likely confers C. raciborskii an advantage over other cyanobacterial species in
colonizing systems with highly variable nutrient concentrations. 

Salinity and pH

C. raciborskii is essentially a freshwater species, with a preference for low salinity conditions, but is
capable of growing in slightly brackish waters ( up to 3. 5 ppt). Although higher salinities can be limiting to
this species, nitrogen enrichment enables C. raciborskii to better withstand elevated salinities

Calandrino and Paerl 2011). C. raciborskii can tolerate a wide range of pH and is known to grow in lakes

with pH between 5.49 and 9. 91, although it has a preference for waters with high pH between 8. 1 and

9. 4 (Antunes et al. 2015). 

The Golden Alga: Pyymnesium patvum

Colonization of Texas Waters by Prymnesium parvum

The golden alga, Prymnesium parvum, is primarily a marine/ estuarine species that is also known to
inhabit inland freshwater systems. Under certain conditions, GA can produce toxins that are lethal to

gilled aquatic animals, and toxic GA blooms are known to cause significant ecological and economic

damage ( Graneli et al. 2012). The colonization and dispersal of GA within Texas has been summarized by
Patino et al. ( 2014), based on multiple previous studies. GA was first reported in 1985 in the Pecos River

within the Rio Grande Basin in Texas, where it caused a massive fish kill. Sporadic GA bloom events were

subsequently observed between 1985 and 2001 in isolated stream reaches within the Brazos River and

the Colorado River Basins. In 2001, a marked range expansion of highly toxic GA blooms was observed
into previously unaffected waterbodies of the Brazos River, Colorado River, and Red River basins, 

including several large reservoirs in Texas. Toxic blooms of GA are now a common occurrence in five
river basins in west, central and north -central Texas, as well as in 22 other US states. 

The rapid expansion of GA in Texas and other states over the past decade is believed to be the result of

initial novel introductions of GA into systems with pre-existing favorable habitat followed quickly by
toxic GA bloom formation. Another explanation for this rapid expansion includes initial introductions of

GA into systems with unfavorable habitat, where natural or anthropogenic changes in water quality led
to the gradual development of conditions that eventually favored toxic bloom formation. The existence
of several reservoirs in Texas that contain GA but have not yet experienced toxic blooms supports this

second scenario (Patino et al. 2014). 

Conditions that Favor Toxic Blooms of Prymnesium parvum

Role of Mixotrophy and Allelopathy in Toxic Bloom Dynamics

Mixotrophy and allelopathy are two ecophysiological adaptations that, along with water quality, play an
important role in the formation and dynamics of toxic GA blooms ( Graneli et al. 2012). GA is a

mixotrophic species, that is, it can photosynthesize as well as consume organic materials such as

dissolved organic matter (DOM) or bacteria/ algae as sources of nutrition. Mixotrophy gains GA a



competitive advantage over other algae when inorganic nutrients (N and P) are scarce or when light is

too limiting for photosynthesis. While there is an energetic cost involved with switching from
autotrophy to heterotrophy, this extra energy cost is more than compensated for through competitive
gains over other algae (Stoecker et al., 2006). 

Allelopathy refers to the ability of GA to produce and release toxic chemicals that can inhibit growth and

kill other organisms, including phytoplankton competitors and zooplankton grazers. There is some
evidence that allelochemicals, toxins and grazer deterrents are all the same chemical compounds

Graneli et al. 2012). These toxic chemicals are typically produced and released under conditions that

are stressful for GA, such as when light, temperature, pH, N: P ratios, and salinity are sub -optimal for
growth (Baker et al 2007; Graneli et al. 2012; Patino et al. 2014). Under such conditions, GA release

allelochemicals to deter zooplankton predators and also kill prey that they can consume. 

Light

Stress induced by low light conditions (such as in highly turbid waters) can increase GA toxicity. This
appears to be a mechanism to compensate for decrease in photosynthetic activity by producing toxins
to kill and ingest prey. As such, low light appears to be one of several environmental triggers under
which GA switches to mixotrophy (Graneli, et al. 2012). 

Water Temperature

Optimum temperatures for GA growth are between 25 and 30 °C. However, it has been shown that

toxicity of GA is higher under sub -optimal temperatures for growth ( 10- 15 ° C), although extremely high
temperatures (> 30 °C) are also known to enhance toxicity (Graneli et al. 2012). Toxic blooms of GA in
Texas are known to typically occur during the winter or early spring. 

pH

Toxicity of GA is also pH dependent. In laboratory and field experiments, GA toxicity was reported to be
consistently higher at pH 8. 5 than at pH 6. 5 or 7. 5, likely due to pH -mediated shifts in ionization states of
prymnesin toxins (Valenti et al. 2010). Studies indicate that not only are more toxins produced by GA
under bloom conditions, but there is also an increase in toxin potency due to an increase in pH during
photosynthetic activity. 

Nutrients

GA toxicity is influenced by N and P deficiencies and imbalances in N: P ratios (Graneli et al. 2012). GA
toxicity was reduced with addition of N and P into nutrient deficient cultures or into mesocosms placed
in lakes with nutrient imbalances (Graneli et al. 2012). GA toxicity has also been observed to be greater
during P deficiency than N deficiency in laboratory cultures, as well as large scale lake studies where
toxicity was reduced within days after the addition of excess P to pond water (Graneli et al. 2012). In

general, GA toxicity is enhanced when N: P ratios are very low (< 12, N deficiency) or very high (> 20, P

deficiency). 

Salinity

Salinity is an important factor defining GA habitat, and a key predictor of toxic GA bloom potential in
Texas reservoirs ( Patino et al. 2014). Minimum estimated salinities for toxic GA bloom formations were

reported to be 0. 59 and 1. 02 psu for Brazos and Colorado River reservoirs, respectively, indicating that
specific salinity threshold values may differ across and within basins and that water quality traits other
than salinity may also be influencing GA spread and bloom occurrence in Texas reservoirs. 

Sulfate

Sulfate, in particular, with intrinsic properties beyond its contribution to salinity, deserves closer
attention as a potential factor influencing GA bloom formation (Patino et al., 2014). Sulfate is an
important source of sulfur for marine and freshwater phytoplankton, and is likely a limiting nutrient in



eutrophic systems that are not under N and P limitation. GA is known to have invaded primarily
eutrophic or highly eutrophic reservoirs in Texas with levels of sulfate that were approximately 8 times
higher than in reservoirs that did not experience GA blooms. This indicates that sulfate, in addition to

contributing to overall salinity and thus indirectly enhancing the colonization potential of GA, may also
be necessary as a nutrient to support GA growth ( Patino et al., 2014). 
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Appendix B

Dreissenid Mussel Infestation Risk in the Lower Bois D' Arc

Creek Reservoir: An Assessment Based on Water Quality
Modeling
Introduction

The North Texas Municipal Water District (NTMWD) serves water to customers over eight counties in north

central Texas, and is currently pursuing the development of a new reservoir, the Lower Bois d' Arc Creek Reservoir

BDAR) in the Red River Basin. The BDAR will provide approximately 126, 200 acre- feet/ year (113 mgd) of new raw
water supply for NTMWD. The nearest major demand center is the Dallas -Fort Worth area, which is located
approximately 60 miles southwest of the reservoir site. The purpose of this technical memorandum ( TM) is to

evaluate the potential risk of infestation of the BDAR by zebra mussels ( Dreissena polymorpha) and quagga
mussels ( Dreissena bugensis), both highly invasive mollusk species ( collectively called dreissenid mussels) that
have caused widespread ecological and economic damage elsewhere in the United States. 

The first Texas infestation of zebra mussels was found in Lake Texoma in 2009. As of 2015, viable zebra mussel

populations have been documented in lakes Belton, Bridgeport, Lavon, Lewisville, Ray Roberts, Texoma and
Waco. Several of these reservoirs are in relatively close proximity to the BDAR ( Figure 1) which increases its risk of
becoming infested with mussels, most likely via inadvertent transport by recreational boating activities between
reservoirs. Zebra mussel DNA has also been documented in several additional water bodies in Texas, but to date

no adults or veligers have been found to verify their presence (TPWD 2015). While there have been no reports of
infestations of quagga mussels in Texas waters, the risk of quagga mussel infestation in the BDAR is also imminent
due to the similar life histories and habitat preferences of these two mussel species. 

This TM focuses on an assessment of projected water quality conditions in the BDAR to evaluate the risk of

infestation by dreissenid mussels. A separate water quality modeling study has been undertaken to estimate
projected water quality conditions in the BDAR ( this report). These projected water quality parameters were used
to estimate mussel infestation risk potential in the BDAR. 

Figure 1. Map of Proposed Location of BDAR and Area Reservoirs

Red type indicates reservoirs with known presence of dreissenid mussels
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Methods

The risk and level of infestation by dreissenid mussels in the BDAR will depend on specific water quality
parameters that are the basis of the physiological and ecological requirements and tolerances of these mussel

species. These water quality parameters, as such, define the key physical, chemical and biological requirements

that regulate the survival and establishment of dreissenid mussels once the mussels are introduced into a body of
water. The parameters can be grouped into chalk variables, nutrient variables and physical variables (Table 1), 

and together will determine the level of mussel infestation at a particular site. 

TABLE 1. 

Water Quality Variables for Assessing Potential Levels of Infestation by Dreissenid Mussels
Mackie and Claudi (2010) 

Chalk Variables Nutrient Variables Physical Variables

Calcium ( mg Ca/ L) 

pH

Total Alkalinity (mg CaCO3/ L) 

Total Hardness ( mg CaCO3/ L) * 

Dissolved Oxygen ( mg/ L) Water Temperature (°C) 

Chlorophyll a ( ug/ L) Conductivity (uS/ cm)* 

Total Phosphorus ( ug/ L) Total Dissolved Solids (mg/ L) 

Total Nitrogen ( ug/ L) Turbidity (NTU)* 

Secchi Depth ( m) * Total Suspended Solids ( mg/ L) 

Variable information was not available for analysis of mussel infestation risk potential in this study. 

Chalk Variables

For dreissenid mussels ( as for all mollusks), the group of chalk variables consisting of calcium, alkalinity, pH, and
total hardness are key chemical variables that are most likely to determine survival of dreissenid mussels ( Mackie
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and Claudi 2010). Of these interdependent variables, the key variable is calcium content, followed by pH and
alkalinity that define the availability of calcium to mussels. In water, calcium mainly exists as calcium carbonate
and calcium bicarbonate, depending on the pH. Mussels can use calcium only in its soluble bicarbonate form. The
non -soluble carbonate form of calcium precipitates out of the water column and is not available to mussels. Total

alkalinity consists of bicarbonate alkalinity (HCO3) and carbonate alkalinity (CO3). At pH values below 8. 2, all the
calcium is available in the soluble HCO3 form and at pH values above 8. 2, calcium is increasingly present in the
non -available CO3 form (Mackie and Claudi 2010). 

Nutrient Variables

The nutrient parameters including dissolved oxygen, chlorophyll a, nutrients (total phosphorus and total nitrogen) 

and Secchi depth are collectively known as " trophic indicators" as they collectively define the algal food levels for
mussels in a body of water. Since dreissenid mussels feed on algae, the values of these trophic indicators are
important criteria for predicting the levels of mussel infestations in a body of water (Mackie and Claudi 2010). The
higher the values of the nutrients, the greater the biomasses of algae and hence of chlorophyll " a", and dissolved

oxygen ( as a by-product of photosynthesis), and the lower the Secchi depth values as the water gets more turbid

with algal biomass (Claudi and Prescott 2009). However, Secchi depth measures vary with depth -related light
penetration that drives levels of algal photosysthesis. Dissolved oxygen is also critically important in the
metabolism of mussels and may become limiting to mussels during certain portions of the year and at certain
depths in the reservoir. 

Physical Variables

Important physical variables pertinent to BDAR are water temperature, conductivity (or total dissolved solids), 
turbidity and total suspended solids. Depending on the season, water temperatures may be limiting to the
reproduction and survival of mussels and could determine the levels of infestation. Conductivity is related to the
total dissolved solids content in the water, and is an electrical surrogate measure of all the cations ( e. g., calcium, 
magnesium) and anions (e. g., chloride, nitrate, phosphate) dissolved in the water. Total dissolved solids (TDS) can
thus be used as an alternate' measure in case conductivity data is not available, as was done in this study. 
Dreissenid mussels have lower and upper threshold levels for TDS. Below the low. TDS threshold levels, water with
too few ions such as calcium will be unable' to support the growth and reproduction of mussels. The upper TDS

threshold level is defined as the salinity threshold level for mussels which typically occurs at salinities in excess of
5 g/ I ( ppt) where the risk of infestation rapidly declines, to 10 g/ I ( ppt) above which there is no risk of infestation
Mackie and Claudi 2010). 

Modeling Data on Water Quality Parameters

Specific water quality parameters that define the habitat conditions for dreissenid mussels were estimated using a
water quality model described in this report. Model output estimates daily values of these parameters, which
were then used to derive monthly averages for each parameter over a 12 year period. This 12 -yr period was
chosen to encompass a major drought event in the reservoir. The water quality data in this TM is presented as

monthly averages, which are sufficient for evaluating mussel infestation risk potential. These monthly averages of
water quality parameters were compared to known physiological requirements and ecological tolerances of zebra
and quagga mussels in order to assess invasion risk and define potential levels of mussel infestations that could

occur at those sites (see section below on Defining Mussel Infestation Risk Potential). 

Infestation risk potential was estimated in this manner for two locations in the BDAR ( Figure 2); the middle of the

reservoir and near the dam. For each location, the model was further used to estimate surface and bottom water

quality data to estimate depth -related mussel infestation risk. 

Figure 2. Locations of sites used for modeling water quality for mussel infestation risk analysis
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Water quality data on total hardness, secchi depth, conductivity and turbidity was not available (Table 1) and thus
not used in the analysis. Lack of this information was judged to not be critical to this analysis, as available

information on the remaining water quality parameters provided a robust framework for assessing mussel
infestation risk in the BDAR. 

Defining Mussel Infestation Risk Potential

Four potential levels of infestation risk based on known ecological and physiological tolerances of mussels ( Mackie
and Claudi 2010) were defined for the BDAR: 

1. No potential for adult mussel survival ( N): The water quality variables are in ranges that will not support
the survival of adult mussels. Since larval stages have relatively stringent water quality requirements, it
also follows that larval stages of mussels will not be able to survive these conditions. Under these water

quality ranges, there is no risk of developing nuisance levels of mussel infestation. 
2. Little potential for larval mussel development ( L): The water quality variables are in ranges that can likely

support adult mussels, but have little potential for supporting larval development. There is thus little

potential for developing nuisance levels of mussel infestations under these water quality conditions. 
3. Moderate potential for nuisance infestations ( M): Water quality variables are in ranges that can support

the survival, growth and development of all stages of mussels, but are not at levels that can likely support
massive infestations. Under these conditions, there is moderate potential for developing nuisance
infestations. 

4. High potential for massive infestations ( H): Water quality variables are in ranges that are ideal for the
growth and survival of larval and adult mussels and there is high potential for developing massive
infestations under these conditions. 

Tables 2 and 3 categorize the infestation risk potential based on known physiological and ecological tolerances of

zebra mussels and quagga mussels, respectively. Using time series of averages of a suite of chalk, nutrient and

physical water quality variables that define the habitat of zebra and quagga mussels, insights were gained into
potential levels of dreissenid mussel infestation risk at each BDAR site. 
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TABLE 2

Water Quality Criteria and Potential Levels of Infestations for Zebra Mussels

Parameter No Potential for

Adult Survival and

Nuisance

Infestations

Little Potential for

Larval Development

and Nuisance

Infestations

Moderate Potential for

Nuisance Infestations

High Potential for

Massive

Infestations

Calcium

mg Ca"/ L) 

pH

Total Alkalinity

mg CaCO3/ L) 

Dissolved Oxygen (mg/ L) (% 
saturation) 

Chlorophyll a

g/ L) 

Total Phosphorus (µ g/ L) 

Total Nitrogen

IAg/ L) 

Tempera

C) 

8

7. 0, > 9. 5

30

3 (< 25%) 

2. 0 or >25

5 or >50

Chalk Variables

8- 15

7. 0- 7. 8, 9. 0- 9. 5

30- 55

5- 30'' 

7.8-8.2, 8. 8-9. 0

55- 100

30- 80

8. 2- 8. 8

100-280

Nutrient Variables

3- 7 ( 25- 50%) 

2. 0- 2. 5 or

20-25. 

7- 8 (50- 75%) 

8-20

10- 25

50-375

35-50

75- 150 or. 

525-750

Physical Variables

26- 32

20 20-40

96 28- 96

Total Dissolved Solids

mg/ L) 

Total Suspended Solids

mg/ L) 

10- 20

40- 70

8- 28

8 (> 75%) 

2. 5- 8

25- 35

375- 525

20- 26

70

8

Water Quality Criteria Source: Mackie and Claudi ( 2010) 



TABLE 3

Water Quality Criteria and Potential Levels of Infestation for Quagga Mussels

Parameter No Potential for Little Potential for Moderate Potential for

Adult Survival and Larval Development Nuisance Infestations

Nuisance and Nuisance

Infestations Infestations

High Potential for

Massive

Infestations

Chalk Variables

Calcium
10 10- 12 12- 30 30- 120

mg Cat+/ L) 

pH < 7.0, > 9. 5 7. 0-7. 8, 9. 0- 9. 5 7. 8- 8. 2, 8. 8- 9. 0 8. 2- 8.8

Total Alkalinity
35 35-42 42- 100 100- 420

mg CaCO3/ L) 

Dissolved Oxygen (mg/ L) (% 
saturation) 

Chlorophyll o

g/ L) 

Total Phosphorus (µ g/ L) 

Nutrient Variables

4 (<25%) 4- 7 ( 25- 50%) 7-8 (50- 75%) > 8 (> 75%) 

2. 0 or >25
2. 0- 2. 5 or

8- 20 2. 5- 8
20-25

510 or
5 or> 50 10- 25 25- 35

35- 50

Total Nitrogen 75- 150 or
75 or >750 150- 375 375- 525

g/ L) 525-750

Physical Variables

Temperature 2- 10 or
16- 24

Total Dissolved Solids

Total Suspended Solids

10- 16 or

24- 28

Water Quality Criteria Source: Mackie and Claudi ( 2010) 

Results and Discussion

Mussel Infestation Potential Based on Chalk Variables

This section describes the infestation potential for dreissenid mussels in the BDAR based on the chalk water

quality variables, calcium, pH and total alkalinity, which are modeled for the mid -lake and near dam locations in
the proposed reservoir. 

Calcium

Calcium is an essential element for metabolic function and shell growth, and low availability of calcium is
considered to be a key limiting factor for dreissenid mussels (Whittier et al. 2008; Mackie and Claudi 2010). 
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Typically, water bodies with calcium levels below 8- 10 mg/ L will not support dreissenid mussels. A minimum of
12- 15 mg/ L of calcium is required for mussel establishment and even at this concentration, development of

veligers ( larval stages) may be limited (Table 2 [ Zebra Mussels] and Table 3 [ Quagga Mussels]). There is moderate

potential for nuisance infestations of dreissenid mussels to develop at calcium levels of 12- 30 mg/ L, and a high
potential for massive infestation to occur above 30 mg Ca/ L ( Tables 2 and 3). 

Monthly average surface calcium concentrations range from 27. 6 to 125. 7 mg/ L with an overall average
concentration of 92. 4 mg Ca/ L at the Mid -Lake Site, and from 76.3 to 125. 9 mg/ L and overall average of 95. 2 mg/ L
at the Near Dam site (Table 4). While there are expected intra -annual and inter -annual variations in surface

calcium concentrations over the 12 -year period, calcium levels are consistently in a range that can support
massive infestations of both species of dreissenid mussels ( Figure 3). 

TABLE 4

Surface and Bottom Water Quality Averages and Ranges Modelled at Two Sites for the Bois D' Arc Reservoir over a 12 - 
Year Period

Parameter Mid -Lake Site - Surface Mid -Lake Site - Bottom Near Dam Site - Surface Near Dam Site - Bottom

Average Average Average Average

Range) ( Range) ( Range) ( Range) 

Calcium

mg Cat+/ L) 

pH

Alkalinity, total

mg CaCO3/ L) 

92.4

27. 6- 125. 7) 

Chalk Variables

92. 2

77. 8- 115.0) 

95. 2

76. 3- 125. 9) 

92. 7

40.0 - 125. 9) 

8. 9 8.9 8.5

7. 4 - 11. 2) ( 8. 1 - 11. 0) ( 7. 3 - 10. 9) 

192. 3

162. 4 - 238.7) 

Nutrient Variables

5. 7

0 - 12. 9) 

Dissolved Oxygen

mg/ L) 

Chlorophyll a

g/ L) 

Total Phosphorus

g/ L) 

223.4

184.4 - 286.2) 

Total Nitrogen 1, 105.4

g/ L) ( 859.2 - 1, 820.8) 

Temperature

C) 

17.5

2. 9 - 28. 1) 

9. 3

0. 9 - 33. 1) 

228. 8

184.3 - 267. 1) 

1, 121. 5

859.7 - 1, 804.8) 

Physical Variables

14. 3

3. 0 - 27. 3) 

198. 5

157.4 - 260.8) 

9. 1

6. 4 - 12. 6) 

9. 3

1. 7 - 61. 3) 

193. 5

82. 6 - 260.8) 

5. 6

0 - 12. 5) 

4. 5

0. 3 - 25. 0) 

225.4 235.3

183. 8 - 290. 2) ( 184.0 - 290.2) 

1, 014.3

853. 5 - 1, 699.3) 

17. 5

3. 5 - 28.0) 

1, 069.0

854.5 - 1750. 6) 

11. 2

3. 6 - 26. 4) 



TABLE 4

Surface and Bottom Water Quality Averages and Ranges Modelled at Two Sites for the Bois D' Arc Reservoir over a 12 - 
Year Period

Parameter Mid -Lake Site - Surface Mid -Lake Site - Bottom Near Dam Site - Surface Near Dam Site - Bottom

Average Average Average Average

Range) ( Range) ( Range) ( Range) 

TDS

mg/ L) 

TSS

mg/ L) 

328. 5 328. 0 338. 6 329. 9

97.7- 445. 6) ( 278.6- 408. 1) ( 270.0- 446.4) ( 141. 6 - 446. 3) 

1. 0 1. 0

0. 1 - 5. 5) ( 0. 1 - 6. 6) 

0.6 0. 5

0. 1 - 4. 1) ( 0. 1 - 2. 8) 

Figure 3. Surface Calcium Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels (Q) in the BDAR
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Monthly average bottom calcium concentrations range from 77. 8 to 115. 0 mg/ L with an overall average
concentration of 92. 2 mg Ca/ L at the Mid -Lake Site, and from 40.0 to 125. 9 mg/ L and overall average of 92. 7 mg/ L
at the Near Dam site (Table 4). Over the 12 -year period, reservoir bottom calcium levels at both these sites are

consistently in a range that can support massive infestations of both species of dreissenid mussels ( Figure 4). 
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Figure 4. Bottom Calcium Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels ( Q) in the BDAR

Calcium - Near Bottom
Z Q

140

120

100

ti3

m 80
J

m

E

g 60

u

40

20

MA

111

taINVM4° 

441110. 10164

Oleo

A • 

t I 1 ' II I11' 10110I I I ' D lI I I I

l lla
l, INI

I7171ilNNNNn7'/rilT v/ i /,, -? 
L? N.? tQ"' 7. r3. pP 0000; ,) Q, c2 OO 2;-.1ti74 7Ni rNl• Ny

y r r r y y y y y y y r r y r r r y y ry y y rr r y r y y r y y r r r3:irii'i,, i` 
a. Qc au- 8. ucQi_ c a^ _ m a cam n 

i—'""
f:.'" 

Q, o2¢— o¢. O2.¢, O2.¢ O2,¢ O-¢ 8D. < — 8-, d $ c1.. t
at O¢ - O

Hu i Potential ( f Moderate Pctental  Low Potential O No Potential • Midlake • At Darn

pH

In fresh water lakes and reservoirs, the pH determines the form of calcium present in the water and governs

whether calcium is present mainly in the soluble bicarbonate form which is readily available to mussels, or the
insoluble carbonate form which largely precipitates out and is unavailable to mussels ( Mackie and Claudi 2010). 
Therefore, pH is an important chalk variable to consider when evaluating mussel infestation risk at particular site. 

Typically, water bodies with pH levels below 7. 8 and above 9. 0 have little to no potential for supporting the
development of zebra or quagga mussel veligers (Tables 2 and 3). Moderate potential for nuisance levels of

mussel infestations exists at pH levels of 7. 8- 8. 2 and 8. 8- 9. 0, with a high potential for heavy infestations in a pH
range of 8. 2- 8. 8 ( Tables 2 and 3). 

Monthly average surface pH ranges from 8. 0 to 11. 0 with an overall average pH of 9. 2 at the Mid -Lake Site, and
from 8. 1 to 11. 0 and overall average pH of 8. 9 at the Near Dam site (Table 4). While there are expected intra - 

annual and inter -annual variations in surface pH levels over the 12 -year period, surface pH levels are generally in a
range that would support infestations of both species of dreissenid mussels ( Figure 5). The overall risk of mussel

infestation of surface waters at both sites would be moderate, due to pH exceeding the upper tolerance limit of
9. 5 for both species on several occasions, and especially during the drought period (year 7- 8). 



Figure 5. Surface pH Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels (Q) in the BDAR
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Monthly average bottom pH range from 7.4 to 11. 2 with an overall average pH of 8. 9 at the Mid -Lake Site, and
from 7. 3 to 10. 9 and overall average pH of 8. 5 at the Near Dam site (Table 4). Over the 12 -year period, bottom pH

levels are generally in a range that would support infestations of both species of dreissenid mussels ( Figure 6). The

overall risk of mussel infestation of bottom waters at both sites would be moderate, due to pH exceeding the
upper tolerance limit of 9. 5 for both species on several occasions, especially during the drought period (year 7- 8). 
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Figure 6. Bottom pH Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels (Q) in the BDAR
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Alkalinity

Alkalinity is a measure of the buffering capacity of water and is important in determining the reservoir water' s
ability to resist a change in pH. The buffering materials that primarily contribute to total alkalinity are bicarbonate

HCO3) and carbonate anions ( CO3), and occasionally, hydroxide ions among others. Since calcium is primarily
found in water as bio -available calcium bicarbonate or non -available calcium carbonate ( based on pH), total

alkalinity provides insights into the pool of calcium potentially available to dreissenid mussels. Alkalinity criteria
differ slightly for zebra and quagga mussels (Tables 2 and 3), but generally, water bodies with alkalinity levels
below 30-35 mg CaCO3/ L have no potential for infestations by either species, and little potential for larval
development and nuisance infestations when alkalinity ranges from 35- 55 mg CaCO3/ L. Moderate potential for

development of nuisance mussel infestations exists at alkalinity levels up to 100 mg CaCO3/ L, above which there
is high risk for heavy mussel infestations (Tables 2 and 3). 

Monthly average total alkalinity at the surface ranges from 57. 0 to 260.4 mg/ L with an overall average total
alkalinity of 192. 5 mg/ L at the Mid -Lake Site, and from 157. 4 to 260.8 mg/ L and overall average of 198. 5 mg/ L at
the Near Dam site (Table 4). While there are expected intra -annual and inter -annual variations in surface total

alkanility over the 12 -year period, these levels are consistently in a range that can support massive infestations of
both species of dreissenid mussels ( Figure 7). 



Figure 7. Surface Total Alkalinity Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels (Q) in the
BDAR
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Monthly average total alkalinity at the bottom ranges from 162.4 to 238. 7 mg/ L with an overall average
concentration of 192. 3 mg Ca/ L at the Mid -Lake Site, and from 82. 6 to 260.8 mg/ L and overall average of 193. 5
mg/ L at the Near Dam site (Table 4). Over the 12 -year period, reservoir bottom total alkalinity levels at both these
sites are consistently in a range that can support massive infestations of both species of dreissenid mussels
Figure 8). 
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Figure 8. Bottom Total Alkalinity Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels (Q) in the
BDAR
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Mussel Infestation Potential Based on Nutrient Variables

This section describes the infestation potential for dreissenid mussels in the BDAR based the nutrient water

quality variables such as dissolved oxygen, chlorophyll a, total phosphorus and total nitrogen that are modeled for
the Mid -Lake and Near Dam locations in the proposed reservoir. 

Dissolved Oxygen

Dreissenid mussels, and particularly the veliger ( larval) stages of these mussels, are relatively intolerant to hypoxia
or anoxia. Tolerance to low (or no) dissolved oxygen ( DO) condition increases with mussel size ( McMahon 1996; 

Mackie and Claudi 2010). DO criteria differ slightly for zebra and quagga mussels (Tables 2 and 3), but generally, 
water bodies with DO levels below 3- 4 mg/ L over any prolonged period of time cannot sustain either species of
mussels. Moderate levels of mussel infestations can establish at DO levels between 7- 8 mg/ L, and a high risk for
heavy mussel infestations exists above 8 mg/ L DO ( Tables 2 and 3). 

Monthly average surface DO ranges from 2. 4 to 12. 9 mg/ L with an overall average DO of 9. 1 mg/ L at the Mid -Lake
Site, and from 6. 4 to 12. 6 mg/ L and overall average of 9. 1 mg/ L at the Near Dam site (Table 4). Over the 12 -year
period, these levels are mostly in a range that have moderate to high potential for supporting nuisance

infestations of both species of dreissenid mussels, although peak summer time DO could drop to levels that are
stressful for development larval stages ( Figure 9). 



Figure 9. Surface Dissolved Oxygen Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels ( Q) in the
BDAR
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Monthly average bottom DO ranges from 0 to 12. 9 mg/ L with an overall average DO of 5. 7 mg/ L at the Mid -Lake
Site, and from 0 to 12. 5 mg/ L and overall average of 5. 6 mg/ L at the Near Dam site (Table 4). Under these
conditions, DO levels near the bottom are expected to be frequently limiting to development of larval mussels
and also for support of adult mussel populations, mostly during the summer when larval densities peak due to
increased spawning activity ( Figure 10). Bottom DO conditions overall could be limiting and will likely restrict both
species of mussels to shallower depths in the reservoir. 
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Figure 10. Bottom Dissolved Oxygen Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels (Q) in the

BDAR
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Chlorophyll a

The trophic status of surface waters often dictates the presence and abundance of dreissenid mussels ( Mackie

and Claudi 2010). Chlorophyll a levels are indicative of the algal biomass ( and hence food source for the mussels) 

present in a body of water and can thus be used to assess its trophic status. Exceedingly high or exceedingly low
trophic states or levels of chlorophyll a ( food) can potentially limit dreissenid mussel survival and establishment in
a body of water, because of insufficient food levels or very high algal food densities that can clog the mussel' s
gills, respectively (Mackie and Claudi 2010). Chlorophyll a levels are driven by spring levels of nutrients such as
total phosphorus ( in phosphorus limited systems) or total nitrogen ( in nitrogen limited systems). 

Chlorophyll a criteria for assessing the infestation risk of a body of water are the same for zebra and quagga
mussels (Tables 2 and 3). There is no likelihood of long term survival of mussels in oligotrophic (< 2. 5 pg/ L

chlorophyll a) or highly eutrophic (> 25 pg/ L chlorophyll a) waters. Mussel larvae have little potential for

development in oligo -mesotrophic waters (2. 0- 2. 5 pg/ L chlorophyll a) and slightly eutrophic waters (20- 25 pg/ L
chlorophyll a), consequently preventing mussel populations from reaching nuisance levels. Moderate potential for
nuisance infestations exists at chlorophyll a levels of 8 and 20 pg/ L, and high potential for heavy infestation occurs
between chlorophyll a levels of 2. 5 and 8 pg/ L ( Mackie and Claudi 2010, Tables 2 and 3). 

Monthly average chlorophyll a at the surface ranges from 0. 9 to 87. 8 mg/ L with an overall average of 12. 9 mg/ L at
the Mid -Lake Site, and from 1. 7 to 61. 3 mg/ L and overall average of 9. 3 mg/ L at the Near Dam site (Table 4). Over

the 12 -year period, these levels are mostly in a range that have moderate to high potential for supporting
nuisance infestations of both species of dreissenid mussels ( Figure 11). However, the reservoir surface frequently
switches to a eutrophic or highly eutrophic state during the summer when very high levels of algae could
negatively affect mussel populations ( Figure 11). 



Figure 11. Surface Chlorophyll a Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels (Q) in the
BDAR
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Monthly average bottom chlorophyll a ranges from 0. 9 to 33. 1 mg/ L with an overall average of 9. 3 mg/ L at the
Mid -Lake Site, and from 0. 3 to 25.0 mg/ L and overall average of 4.5 mg/ L at the Near Dam site (Table 4). Over the
12 -year period, reservoir bottom levels of chlorophyll a are mostly in a range that have moderate to high
potential for supporting nuisance infestations of both species of dreissenid mussels ( Figure 12). However, the

reservoir bottom occasionally switches to a eutrophic or highly eutrophic state that could negatively affect mussel
populations (Figure 12). 
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Figure 12. Bottom Chlorophyll a Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels ( Q) in the

BDAR
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Total Phosphorus

If the system is phosphorus -limited, total phosphorus (TP) concentrations can influence algae levels in the water, 

with greater biomasses of algae occurring at higher total P. Because dreissenid mussels feed on certain types of
algae, TP can be used as a criterion for predicting mussel presence and abundance ( Mackie and Claudi, 2010), 
especially when chlolorphyll a data is not available. Chlorophyll a data, when available, should be used as the
primary direct indicator of the trophic status of a water body, with nutrients such as TP only as supporting data. 

Exceedingly high or exceedingly low trophic levels of algae can potentially limit dreissenid mussel survival and
establishment in a body of water (see section on chlorophyll a), and there are lower and upper threshold levels
for TP ( and related algal production) that affect mussel survival. As such, the TP criteria for assessing the risk of
infestation in lakes and reservoirs are the same for zebra and quagga mussels (Tables 2 and 3). There is no

likelihood of long term survival of mussels in very low (< 5 µ g/ L) or very high (> 50 µ g/ L) TP environments. Low

potential for larval development and nuisance infestations exists for waters with 5- 10 µ g/ L and 35- 50 µ g/ L of TP, 

moderate potential for nuisance mussel infestations exists between TP levels of 10 and 25 µ g/ L, and high

potential for heavy infestation occurs between TP levels of 25 and 35 µ g/ L ( Mackie and Claudi 2010, Tables 2 and
3). 

Modelled TP levels at the surface and bottom indicate consistently hypereutrophic conditions in the BDAR

Figures 13 and 14). Monthly average TP at the surface ranges from 184.4 to 286. 2 µ g/ L with an overall average of
223.4 µ g/ L TP at the Mid -Lake Site, and from 183. 8 to 290. 2 µ g/ L and overall average of 225.4 µ g/ L TP at the Near
Dam site (Table 4). Monthly average bottom TP ranges from 184. 3 to 267. 1 µ g/ L with an overall average of 228. 8

g/ L TP at the Mid -Lake Site, and from 184.0 to 290. 2 µ g/ L and overall average of 235. 3 µ g/ L TP at the Near Dam
site (Table 4). Hypereutrophic levels of surface and bottom TP indicate that there is no potential for mussel

survival and nuisance mussel infestations to develop in the BDAR ( Figure 13 and 14). However, chlorophyll -a data



indicate that such high TP levels do not always translate into prohibitively high algal levels for mussels in the
BDAR, and actual trophic conditions may be more suitable for mussels than the TP data indicates. 

Figure 13. Surface Total Phosphorus Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels (Q) in the
BDAR
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Figure 14. Bottom Total Phosphorus Levels and Potential Levels of Infestation of Zebra Mussels ( Z) and Quagga Mussels (Q) in the
BDAR
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Total Nitrogen

If the system is nitrogen -limited, total nitrogen (TN) levels can influence algae levels in the water, with greater

biomasses of algae occurring at higher total N. Because dreissenid mussels feed on algae, TN can also be used as a
criterion for predicting mussel presence and abundance ( Mackie and Claudi, 2010), especially when chlolorphyll a

data is not available. Chlorophyll a data, when available, should however be used as the primary indicator of the

trophic status of a water body, with TN only as supporting data. 

As with TP, exceedingly high or exceedingly low trophic levels of algae driven by TN levels can potentially limit
dreissenid mussel survival and establishment in a body of water (see section on chlorophyll a), and there are
lower and upper threshold levels for TN ( and related algal production) that affect mussel survival. The TN criteria

for assessing the infestation potential of a body of water are the same for zebra and quagga mussels. Habitats
with TN concentrations less than 75 µ g/ L or greater than 750 µ g/ L will have no potential for mussel colonization. 

Waterbodies with TN concentrations between 75 to 150 µ g/ L or 525 to 750 µ g/ L will have low infestation

potential. Waterbodies with TN concentrations between 150 to 375 µ g/ L will have moderate infestation potential, 

and with concentrations between 375 to 525 µ g/ L will have high infestation potential. 

Modelled TN levels at the surface and bottom indicate consistently hypereutrophic conditions in the BDAR

Figures 15 and 16). Monthly average TN at the surface ranges from 859. 2 to 1, 820. 8 µ g/ L with an overall average
of 1, 105. 4 µ g/ L TN at the Mid -Lake Site, and from 853. 5 to 1, 699. 3 µ g/ L and overall average of 1, 014.3 µ g/ L TN at
the Near Dam site (Table 4). Monthly average bottom TN ranges from 859. 7 to 1, 804. 8 µ g/ L with an overall
average of 1, 121. 5 µ g/ L TN at the Mid -Lake Site, and from 854.5 to 1, 750. 6 µ g/ L and overall average of 1,069.0

g/ L TN at the Near Dam site (Table 4). Hypereutrophic levels of surface and bottom TN indicate that there is no
potential for mussel survival and nuisance mussel infestations to develop in the BDAR ( Figure 15 and 16). 
However, chlorophyll -a data indicate that such high TN levels do not always translate into prohibitively high algal

levels for mussels in the BDAR, and actual trophic conditions may be more suitable for mussels than the TN data
indicates. 

Figure 15. Surface Total Nitrogen Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels ( Q) in the

BDAR
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Figure 16. Bottom Total Nitrogen Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels (Q) in the
BDAR
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Mussel Infestation Potential Based on Physical Variables

This section describes the infestation potential for dreissenid mussels in the BDAR based physical water quality
variables such as water temperature, total dissolved solids, and total suspended solids that are modeled for the

Mid -Lake and Near Dam Iocations in the proposed reservoir. 

Water Temperature

Dneissenidmussels have awide range ofwater tempe uveto}erances but like aUmnU us qua8goondzebra

mussels have upper and lower lethal temperature| imits. VVhi| edreissenidmussels (and especially quagga
mussels) can live at temperatures approachingfree g, roduction of gametes, and hence spawning, stopsbe ow
10° C for zebra mussels. Although quagga mussels are known to spawn at temperatures down to 4-5° C, 

Water temperaturets vratreiemd seasonally and spatially in the BDA. R over the 12 -yr period ( Figures 17 and 18). 
Average surface wa e perature was 17. 5 ° C at both sites in the BDAR and well within the lower and upper

temperature limits that would favo. r growth and reproduction. Based on modelled water temperatures, peak

seasons for growth and reproduction are likely to be limited to spring, summer and fall in the BDAR. IP at the BMD
site varied between moderate to high, depending on seasonal water temperatures. Summer water temperatures
are not expected to be limiting to mussel colonization in the BDAR. 

Figure 17. Surface Water Temperature Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels (Q) in

the BDAR
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Figure 18. Bottom Water Temperature Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels ( Q) in
the BDAR
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Total Dissolved Solids

Total dissolved solids (TDS) is a measure of the total concentration of cations and anions dissolved in water. As

such, TDS serves as a surrogate measure for the salinity of water bodies. Dreissenid mussels are essentially known
as freshwater organisms, but can tolerate brackish water with TDS levels up to 5, 000 mg/ L fairly well. Above this
TDS level, spawning becomes increasingly unlikely. Generally, habitats with high potential for massive infestations
will have TDS ranging from 70 up to 5, 000 mg/ L. Water bodies with TDS ranging from 5, 000 to 8, 000 mg/ L will
have moderate potential for nuisance infestations, whereas habitats with TDS ranging from 8, 000 to 10,000 mg/ L
will have little potential for larval development and infestation. Water bodies with TDS exceeding 10, 000 mg/ L
have no potential for mussel infestations. 

Habitats with very low TDS levels (< 70 mg/ L) can also be detrimental to mussels due to the lack of essential

cations and anions in the water that are needed by the mussels for various metabolic processes and growth. At
low TDS ranges, habitats with moderate potential for massive infestations will have TDS ranging from 40 to 70
mg/ L. Water bodies with TDS ranging from 20 to 40 mg/ L will have little potential for larval development and
infestation, and with TDS below 20 mg/ L will have no potential for mussel infestations. 

Monthly TDS levels at the surface and bottom at both sites in the BDAR are consistently in a range ( 97. 7 to 466.4
mg/ L) that would indicate high potential for massive mussel infestation (Table 4; Figures 19 and 20). 

Figure 19. Surface Total Dissolved Solids Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels ( Q) in

the BDAR



Z
400

Total Dissolved Solids - Near Surface

a

ilty350 • 
li • • 

I I I 1 I a I • 

011. 81. 044
1111116

Il. y 7., N, ti' rl7' '-' a' tiN NN N MM'''' t! 1 q ' T 11. v1vt, vt . D. D , r I r; n0i, 0000 0?  N' a,' ci, 

NOc
c - 7. 

r > > > > > > > > > > >- > > > > > > > > > > > >- > > > > ,- > > > >- > > 

r>>»>;a; a3u; au; aa; a ua=" a- = a=» 
a a, o a; o, a;¢ ; ao; a, o; a8; a, af, ta8Q; 8; 87g

High Potential • Moderate Potential IN Low Potential No Potential • Mktlake • At Dam

r 

350
r+•

ikttlka

moi

300

42

E 250

v

0
in

200

il

6 150
m
0

100

50

0 1

71 7' ti 7.' N' N N' N M1' t

X11
M' M q v O u1 ` 1

l

1 Vt tQ ' O tD tQ 1' I- h r';' i OP OO W 0P a' Of Q' p1 rrl ei NON OO O ; 1; 1'1 al N.i
5 ; o i a o a- ; 

a, u

ey
5_ 5_ 5_'»a a o,; a; o ; a; 

o; 

a0. 
oaauf._o'; g; p. gii, :Et i. 

High Potential Moderate Pder* sa' tow Potential III No Potential • Midlake At Dam

Figure 20. Bottom Total Dissolved Solids Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels (Q) in
the BDAR
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Total Suspended Solids
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Total suspended solids (TSS) contribute directly to the turbidity of water and as such, TSS and turbidity are closely
related variables. Madon et al. ( 1998) have reported that the particle clearance, food ingestion, food assimilation

rates and growth potential of zebra mussels are all greatly reduced at high loads of suspended sediment (a
component of TSS). Dreissenid mussels cannot establish and survive in waters where TSS levels exceed 96 mg/ L
Tables 2 and 3). Water bodies with TSS levels of 28- 96 mg/ L typically have low risk of infestation, at TSS levels of

8- 28 mg/ L have moderate infestation risk, and below 8 mg/ L have high infestation risk (Tables 2 and 3). 

Monthly TSS levels at the surface and bottom at both sites in the BDAR are consistently in a range (0. 1 to 6. 6
mg/ L) that would indicate high potential for massive mussel infestation (Table 4; Figures 21 and 22). 

Figure 21. Surface Total Suspended Solids Levels and Potential Levels of Infestation of Zebra Mussels ( Z) and Quagga Mussels ( Q) 

in the BDAR
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Figure 22. Bottom Total Suspended Solids Levels and Potential Levels of Infestation of Zebra Mussels (Z) and Quagga Mussels ( Q) 
in the BDAR
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Conclusions

Summary of Mussel Infestation Risk Potential in the Bois D' Arc Reservoir

Based on water quality modeling for the two sites in the BDAR, the risk of infestation of surface waters ranges
from moderate to high, with little risk of infestation in bottom waters (Figure 23). 

Figure 23. Mussel infestation risk potential in surface ( left) and bottom ( right) waters of the BDAR

Combined for both sites due to similar infestation risk. 
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DREISSENID MUSSEL INFESTATION RISK IN THE LOWER BOIS D' ARC CREEK RESERVOIR: AN ASSESSMENT BASED ON WATER QUALITY MODELINC

Of all the water quality parameters evaluated for surface waters, only total P and total N were identified as being
very limiting to zebra and quagga mussels at both sites, in ranges high enough to potentially cause high levels of
algal production that could limit filter feeding by mussels. However, a more direct estimate of algal production, 
chlorophyll -a, indicated algal food levels in ranges sufficient to adequately support mussel infestations. All other

surface water quality parameters are at levels at which the risk of mussel infestation is high. 

Bottom waters will have little risk of mussel infestation primarily because dissolved oxygen levels are frequently
limiting at deeper depths in the BDAR. Even though all other physical and chalk variables, and chlorophyll -a levels
are in ranges that will support mussel infestations, low dissolved oxygen (< 3 mg/ L) throughout the summer

months at depths in excess of approximately 25 feet (Figure 24) will limit mussel infestations to shallower depths
in the reservoir. 

Figure 24. Seasonal vertical profiles of dissolved oxygen in the BDAR
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In summary, based on the water quality modeling, the BDAR is susceptible to infestation and colonization by
invasive zebra and quagga mussels. Proactive measures to limit the translocation of mussels from other infested

water bodies in Texas to the BDAR, along with a monitoring program for early identification of any potential
infestations would serve as an important first step in an overall strategy for managing invasive species in this
reservoir. 
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Appendix C

Saint Paul Regional Water Services Case

Study: Management of Water Quality in
Vadnais Lake and Pleasant Lake Reservoirs

Saint Paul Regional Water Services ( SPRWS) serves a population of approximately 415,000 people

located in the City of Saint Paul and neighboring communities. The distribution system serving these
areas consists of about 1, 100 miles of water mains, 130 MG of water storage, 10 booster stations, and 5

pressure zones. Annual average water use is about 45 mgd. Peak daily demand is around 80 mgd. 

The SPRWS obtains most of its source water from the Mississippi River, which is pumped from the

Fridley Pump Station and travels through a chain of lakes located about 6 miles north of St. Paul. The
major lakes in the chain include Lake Charles, Pleasant Lake, Sucker Lake, and Lake Vadnais. The chain of

lakes has a combined watershed area of approximately 29 square miles, a water surface of about 1, 600

acres, a total volume of 8 billion gallons and an available supply of 3. 6 billion gallons. In addition, 

Centerville Lake and 10 groundwater wells provide a back-up water source. 

All water is treated at the McCarrons Water Treatment Plant (WTP) located in the City of Maplewood. 
The treatment process includes lime softening, recarbonation, granular activated carbon ( GAC) and sand
filtration, and chlorine/ chloramines for disinfection. Finished water is pumped into the distribution

system from a pump station located at McCarrons water plant. The water plant was constructed in
1920- 22 and has been enlarged and modernized over the years. Recent upgrades include enhanced

security, updated plant automation, new office facilities, upgraded chemical feed systems, expanded
sludge dewatering, new lake aeration systems, and new GAC filter media in existing filters. 

Water quality management has been active since 1986 to Mississippi River water pumped to the chain
of lakes, drainage to the lakes, and to two reservoirs: Pleasant Lake and Vadnais Lake (Table 1). The

detailed chronology has several milestones. In summary, there been substantial improvements to
reservoir raw water quality as consequence of ferric injection to Mississippi River water transfer to the
chain of lakes and to drainages, hypolimnetic aeration and oxygenation, and ferric injection to

aeration/ oxygenation systems. The purpose of reservoir water quality improvements is to improve raw

water quality reaching the treatment plant. 

Based on the dates above the water quality data for Vadnais and Pleasant have been compared by the
different treatment regimes. All data analysis is based on June -September Data. Surface samples are

form samples collected from zero to three meters in depth. Hypolimnion samples are ones collected ten

meters or below. 

In documenting the effect of water quality improvement actions, it is important to understand although

Mississippi River phosphate -P concentrations dropped since reservoir monitoring began in 1984, the
drop would not be significant to reservoir water quality (Figure 1). 



Statistical comparison of water quality between various phases of management strategy reveals Targe, 
successive improvements with regard to chlorophyll -a, surface TP, hypolimnion TP, hypolimion Mn, and

hypolimnion Fe from 1984- 2015 at each water quality management milestone (Figure 2, Figure 3, Figure
4, Figure 5, Figure 6, Figure 7, and Figure 8). Note that the Pleasant Lake hypolimnetic aeration system

ceased to function in 2007 and was replaced with hypolimnetic oxygenation in late 2013. 

Table 1. 

Key Dates For SPR WS Lake Improvements

Date Project Comments

1984 Beginning of Data collection No

treatment on any lake

November 1986 Aeration System installed at Problems with compressors and flexible fabric caused

Vadnais system replacement 21/2 years

April 1987 Initiation of Ferric Chloride Feed

at Mississippi River Intake

1998 Ferric Feed piloted on Vadnais 10 metric tons dosed into the lake in the first year. 

Lake

1990 Aeration towers replaced in

Vadnais Lake

August 1994 Aeration System Installed on Need to look into winter operation. May not have
Pleasant Lake been operated year round for more than 1 year

2007 Pleasant Lake Aeration system

ceased operations based on

blower data logs

Summer 2011 Aeration System removed from

both Pleasant and Vadnais

Fall 2011 Oxygenation system installed in

Vadnais Lake

Fall 2013 Oxygenation system installed in

Pleasant Lake



Table 1. 

Key Dates ForSPRWS Lake Improvements
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Figure 1. Historic frequency distribution of Mississippi River phosphate -P 1984-2009 as measured at the pump station
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Figure 5. Surface TP in Pleasant lake ( left) and Vadnais lake ( right) 
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Figure 7. Hypolimion Mn in Pleasant Lake (left) and Vadnais Lake ( right) 
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Figure 6. Hypolimion TP in Pleasant Lake ( left) and Vadnais Lake ( right) 

1984-
1986
Pre -
Ferric
Feed, 
Pre
Aeration

1987-
1994
Post -
Ferric
Feed, 
Pre
Aeration

1995-
2006
Post -
Ferric
Feed, 
During
Aeration

2007-
2013
Post -
Ferric
Feed, 
Post
Aeration

2014-
2015
Post -
Ferric
Feed, 
Oxygenation

1984-
1986
Pre -
Ferric
Feed, 
Pre
Aeration

1987
Post -
Ferric
Feed, 
Pre
Aeration

1988-
2010
Post -
Ferric
Feed, 
During
Aeration

2011
Post -
Ferric
Feed, 
Post
Aeration

2010-
2015
Post -
Ferric
Feed, 
Oxygenation

0 0

TP (

mg/
L) 

Oco

TP (

mg//

L) 

c 0N 03 2 v0 3 0 u
diuoiuw1IodAHs!cupeA



Figure 8. Hypolimion Fe in Pleasant Lake ( left) and Vadnais Lake (right) 
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TECHNICAL MEMORANDUM

Conceptual Cost Projection

PREPARED FOR: North Texas Municipal Water District

PREPARED BY: CH2M HILL

Released for the purposes of review by Edward M. Motley, 
PE Number 48243

DATE: December 2015

Introduction

This technical memorandum presents a budget -level (AACE International Class 4) estimate of

construction costs for the Leonard Water Treatment Plant, Phase 1. These projections are based on

construction cost data accumulated through January 2015. 

These estimates reflect the projected construction costs of a 70 -million -gallon -per -day (mgd) 
conventional surface water treatment plant with the following unit processes: 

Rapid mix

Flocculation

Sedimentation (with plate settlers) 

Ozonation

Biologically active filtration
Chemical feed

Polymer

Chlorine dioxide

Ferric sulfate

Chlorine

Sodium hydroxide

Ammonia

Fluoride

Hydrogen peroxide

Sulfuric acid

Backwash water recovery

Sludge thickening
Sludge lagoons

All unit processes are designed for 70 mgd except for the following: 

Raw water influent control is designed for 280 mgd. 

Oxone contact basins are designed for 140 mgd. This configuration provides for more efficient plant

operation at buildout with only four ozone basins. 

The ozone generation building will be sized for 140 mgd but equipped for 70 mgd. 

Filter units are designed for 70 mgd at an initial loading rate of 4 gallons per minute per square foot
and 140 mgd at a target loading rate of 8 gallons per minute per square foot. This configuration will
allow for expansion of the plant to 140 mgd without constructing additional filters, after

WT1208151000RDD



CONCEPTUAL COST PROJECTION

demonstrating to Texas Commission on Environmental Quality the higher rate treatment capability
of the filters. 

The chlorine and ammonia buildings are sized to store enough chemical for the 280- mgd plant

because of the common size of rail cars and ammonia storage tanks. Feed equipment will only be
provided for the 70- mgd plant. 

These estimates also include the following ancillary facilities: 

An administration building with the following: 
Offices for plant management and administration

Water quality laboratory
Control room

Locker facilities

Break room

Training room

19,000 -square -foot maintenance facility
10, 000 -square -foot maintenance warehouse

1 -mile rail spur and turnout

1 -mile water and wastewater utility extensions

Site access roads and internal paving
Site electrical distribution

These costs do not include the following: 

High service pump station
Electrical substation

Offsite electrical transmission lines

Improvements to the mainline railroad

These cost projections are also based on the following assumptions: 

Excavations are common with no hard rock. 

There is no significant groundwater. 

The electrical substation is located near the treatment facilities. 

There are no stormwatertreatment systems. 

Projected Costs
Table 1 lists projected costs. 

Table 1. Projected Costs

Processes

Projected

Cost ($) 

Raw Water Influent Control 2, 350,000

Rapid Mix/ Flocculation 3, 190,000

Sedimentation 8,000,000

Ozonation 15, 250,000

Filtration 20, 480,000

Clearwells 9, 700,000

Backwash Recovery 4,450,000

Sludge Thickeners 2, 390,000

Sludge Lagoons 15, 600,000

2 WT1208151000RDD
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Table 1. Projected Costs

Processes

Projected

Cost ($) 

Backwash Pump Station 1, 740, 000

Chemicals 4,400, 000

Chlorine 5, 000, 000

Ammonia 3, 500, 000

Administration/ Operations 2, 500, 000

Maintenance 2, 800, 000

Utility Extensions ( water and sewer) 1, 290, 000

Rail Spur and Turnout 830, 000

Yard Piping 11,000, 000

Site Work 4,700, 000

Plant Computer System 3, 810,000

Site Electrical 6, 575, 000

Total Hard Cost 129, 555, 000

Overhead, Bonds, Insurance, and Profit (23. 5%) 30,445, 000

Subtotal 160,000, 000

Contingency (25%) 40,000, 000

Total Projected Construction Cost 200,000,000

WT1208151000RDD 3



TECHNICAL MEMORANDUM

Leonard WTP Off-site Utilities

PREPARED FOR: North Texas Municipal Water District

PREPARED BY: Erika Cooper, PE

DATE: November 5, 2015

PROJECT: 384 Leonard Water Treatment Plant; CH2M PN 666460

APPROVED BY: Ed Motley, CH2M HILL

North Texas Municipal Water District (NTMWD) has contracted with CH2M HILL Engineers, Inc. 

CH2M HILL) to design the Leonard Water Treatment Plant (WTP): The plant site will be located on a

333 -acre parcel in the southwestern portion of a 1, 120 acre tract purchased by NTWMD for the Lower
Bois d' Arc Creek Water Supply Project. Water and wastewater service will be needed at the Leonard

WTP, which will be approximately 1. 5 miles west of Leonard, Texas. A site location map is provided in
Figure 1. The purpose of this Technical Memorandum is to identify and evaluate options for providing
water and wastewater service to the plant. 

Water Service

The primary source for water service for the Leonard WTP will be treated water from the plant. 

However, a backup supply is recommended to meet plant domestic and fire protection needs during
periods when the plant is shut down. An external water supply will also be necessary during
construction of the Leonard WTP. 

Water Demand

The estimated water demand for the Leonard WTP was calculated in order to identify and evaluate
water service options. 

Domestic Water Demand. Anticipated domestic water flow for the plant was estimated using Texas
Commission on Environmental Quality (TCEQ) guidance on maximum daily water demands for various
facilities as listed Table A in 30 TAC 290.45(d)( 1). For a factory, which is the use most similar to a WTP, 
this demand is 24 gallons per capita per day (gpcd). Assuming 30 people work at the Leonard WTP, this
equates to approximately 720 gallons per day (gpd), or 0. 5 gallons per minute (gpm). This does not
include any water required for processes at the WTP. 

Fire Protection Water Demand. For estimating necessary fire flows for the Leonard WTP, the National
Fire Protection Association ( NFPA) 1 Fire Code, Chapter 18 was consulted. It was assumed plant

buildings would be Type II construction ( non- combustible) with two-hour fire resistive construction. 

Given these assumptions and a fire flow area of 70,900 square feet (SF) or Tess, the required fire flow is
2, 750 gpm for a two- hour duration. 

Construction Water Demand. Water service will be required during construction of the Leonard WTP. 
Assuming approximately 50 gpd per worker and approximately 30 workers, the construction water
demand is 1, 500 gpd, or 1. 0 gpm. Water will also be needed to fill and test various WTP processes

during construction. The maximum volume of water needed for this purpose is not quantified at this
time. 

666460,0335.05. 15 CH2M HILL ENGINEERS, INC. • COMPANY PROPRIETARY 1
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Water Service Options

Three options for providing water service to the Leonard WTP have been identified: 

Connect to the West Leonard Water Supply Corporation (WLWSC) water system. 

Connect to the City of Leonard water system. 

Construct an on- site water well. 

For each option, the water distribution infrastructure necessary was identified and conceptual level
construction costs were estimated. The water service must be sufficient to meet the estimated plant

domestic and fire protection needs during periods when the WTP is shut down. Given the minimal
domestic water demand, the required fire flow is the controlling factor in sizing piping and determining
pumping and storage needs. 

WLWSC. The WLWSC holds the Certificate of Convenience and Necessity for water supply to the
Leonard WTP site. A 6 -inch water line would need to be constructed from the WLWSC system to the

WTP ( see Figure 2). The WLWSC system does not have sufficient storage capacity for fire protection; 
therefore, supplemental onsite storage and pumping facilities would have to be constructed, along with
a water distribution system for the plant. A firm pumping capacity of 2, 750 gpm would be required to
meet projected fire flows. Three horizontal pumps sized for 1, 375 gpm are' recommended to provide this

capacity. Based on the two hour fire duration at this flow, the volume of storage required would be
330,000 gallons. To prevent water quality issues resulting from stagnation, stored water would need to

be periodically discharged to allow refilling. As such, multiple ground storage tanks ( GSTs) would be
needed to ensure sufficient volume for fire flows during periods of emptying and refilling. With four
tanks, each sized for 110,000 gallons, the necessary water volume for fire+protection could be met with
one tank out of service. NTMWD would have to pay water usage fees to WLWSC for the water service. 
Additionally, there would be operations and maintenance (O& M) costs associated with the pump
station, storage tanks, and water piping and appurtenances. The infrastructure needs, associated costs, 

and advantages and disadvantages for obtaining water service from WLWSC are summarized in Table 1. 

City of Leonard. If the Leonard WTP site were to be annexed into the City of Leonard, water service
could be provided by the City under an inter -local agreement with the WLWSC. The City of Leonard
water system is fed by three wells located on the north side of the City. There is a 50,000 gallon GST and
a 200,000 elevated storage tank in the distribution system. Connection to the City of Leonard system
would require construction of a 6 -inch water line from an existing 6 -inch water line along Westlake Road
just north of FM 4965 to the plant site (see Figure 2). In meeting with the City of Leonard, the flow and
pressure available at the proposed point of connection are not known. It should benoted that this

connection point is on a dead- end line at the far west end of the City of Leonard distribution system. 
This raises some concerns regarding available flow and pressure at the connection point. There are fire
hydrants along Westlake Road that could be tested to obtain this information. At this point it is assumed
supplemental onsite storage and pumping facilities similar to those described above would have to be
constructed to meet required fire flows. Reliability is also a concern when connecting at a dead end line
as any line breaks or maintenance would interrupt service. NTMWD would have to pay water usage fees
to the City of Leonard for the water service and would have O& M costs associated with the pump
station, storage tanks, and water piping and appurtenances. The infrastructure needs, associated costs, 

and advantages and disadvantages for obtaining water service from the City of Leonard are summarized
in Table 1. 

On-site Water Well. In lieu of obtaining water from the WLWCS or the City of Leonard, a water well
could be drilled at the Leonard WTP to provide water for domestic and fire protection needs. A major

issue with installing a well for water service is restrictions on water withdrawal rates. The Leonard WTP
will be located in Fannin County, which is part of the Red River Groundwater Conservation District
GCD). This GCD manages groundwater resources through the implementation of conservation, 
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augmentation, and management strategies. Given the likely limitations on groundwater usage, this

option would also require supplemental onsite storage and pumping facilities sized for fire flows. 
NTMWD would have O& M costs associated with the well, pump station, storage tanks, and water piping
and appurtenances. In addition, there would be water usage fees required by the GCD. Table 1
summarizes the infrastructure needs, associated costs, and advantages and disadvantages for an on- site

water well. 

Table 1. Comparison of Water Service Options

Leonard WTP Off-site Utilities

Water Service

Option Infrastructure

Estimated

Construction

Cost Advantages Disadvantages

WLWSC LF 6 -inch PVC ( connection point & 

length not determined) 

Pump station (3- 1, 375 gpm pumps) 

Water storage (4- 110,000 gal GSTs) 

Water distribution yard piping

Total Cost for WLWSC Service

Not quantified

1, 600, 000

1, 040,000

20, 000

2, 640,000

Closer in

proximity for
connection than

City of Leonard

Limited storage

capacity in system

Long-term reliability of
water source is

questionable

City of Leonard

On- site Water Well

8,000 LF 6- inc PVC

Pump station (3- 1, 375 gpm pumps) 

Water storage (4- 110,000 gal GSTs) 

Water distribution yard piping

Total Cost for City of Leonard

Water Well

Pump station (3- 1, 375 gpm pumps) 

Water storage (4- 110,000 gal GSTs) 

Water distribution yard piping

Total Cost of On- site Water Well

750,000 Greater storage

040,000 $

1, 600,000 capacity in system
than WLWSC

20,000

3, 410,000

1, 000,000 Does not require

1, 600,000

1, 040,000

20,000

3, 660,000

water piping for
interconnection

Requires over 1. 5

miles of water piping

for interconnection

Questionable

reliability of water

source due to

increasing limitations
on groundwater water

withdrawal rates

Water Service Recommendations

The three options for providing water service to the Leonard WTP were evaluated, taking in to
consideration estimated capital construction costs, water use fees, O& M costs and requirements, and

reliability of service. Water use fees and O& M costs should be very similar for the three options. An on- 
site water well provides the (east reliable long-term water source and has the highest estimated
construction cost. While the estimated construction cost for connecting to the WLWSC water system is
lower, the City of Leonard offers a more reliable water source given the well capacity, storage capacity, 
and distribution system. Flow and pressure testing at the fire hydrants along Westlake Road is
recommended to gain a better understanding of the water supply available. With this information and
more detailed information on the design of the Leonard WTP as it pertains to required fire flows, the

pumping and storage capacity required can be refined and hopefully reduced. 

Wastewater Service

The Leonard WTP site does not currently have wastewater service. Domestic wastewater flows for on- 
site plant personnel need to be addressed, along with process waste streams such as sample drains, 
chemical area drains, and basin blowdown drains. 
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LEONARD WTP OFF- SITE UTILITIES

Wastewater Flows

Anticipated domestic wastewater flow for the plant was estimated using TCEQ guidance on design
organic loadings and flows for various facilities as listed Table B- 1 in 30 TAC 217. 32( a)( 3). For an office

building/ factory, which is the use most similar to a WTP, this flow is 20 gpcd. Assuming 30 people work
at the Leonard WTP, this equates to an average flow approximately 600 gpd. Applying a peaking factor

of 4. 0, the required capacity for wastewater piping, pumping, and treatment is 2, 400 gpd, which is
approximately 2 gpm. This does not include any process waste flows, which are not quantified at this
time. 

Wastewater Service Options

Two options for providing wastewater service to the Leonard WTP have been identified: 

Connect to the City of Leonard wastewater system. 

Construct an on-site wastewater treatment system. 

For each option, the wastewater infrastructure necessary was identified and conceptual level
construction costs were estimated. 

City of Leonard. If the Leonard WTP site were to be annexed into the City of Leonard, wastewater
service could be provided by the City. The City of Leonard wastewater system includes three lift stations
and a network of wastewater collection piping. Wastewater flows would have to be conveyed to an
existing 80 gpm City of Leonard lift station located on the east side of Westlake Road just north of FM
4965. This lift station pumps to a 6 -inch gravity main that flows to a 100 gpm lift station. Given the area
topography, construction of a lift station at the plant site would be required to convey flows via force
main approximately 1. 3 miles. From that point, wastewater would flow by gravity to the City lift station. 
TCEQ requires a minimum 4 -inch diameter force main and 6 -inch diameter gravity main. Manholes
spaced at 500 feet maximum are required on the gravity main per TCEQ requirements. In order to
maintain a minimum velocity of 2 feet per second ( fps) in the force main, the lift station capacity would
need to be 80 gpm. A simple duplex lift station with submersible pumps is recommended. At 80 gpm, 

the velocity in the gravity main would be approximately 3 fps. Figure 3 shows the wastewater
infrastructure necessary for this option. 

The City of Leonard indicated their system has sufficient capacity to accommodate the projected
wastewater flows from the Leonard WTP. However, some improvements to City lift stations and

collection system piping may be necessary to accommodate the flows from the Leonard WTP. NTMWD
would have to pay wastewater fees to the City of Leonard for the service and would have O& M costs
associated with the lift station and wastewater piping and appurtenances. The infrastructure needs, 
associated costs, and advantages and disadvantages for obtaining wastewater service from the City of
Leonard are summarized in Table 2. 

On- site Wastewater Treatment System. In lieu of conveying Leonard WTP wastewater flows to the City
of Leonard, an on- site wastewater treatment system consisting of a septic tank and a leach field for
effluent disposal could be constructed at the plant site. Per TCEQ requirements in 30 TAC 285. 91(3), 

Table III, the wastewater usage rate for the purposes of sizing the septic tank for a factory is 15 gpcd, 

which equates to 450 gpd for 30 employees. Using 30 TAC 285. 91( 2), the required septic tank volume
for this rate is 1, 250 gallons. It should be noted that process waste streams from sample drains, 

chemical areas, and basin blowdown drains would have to be managed separately from domestic
wastewater to avoid overloading the septic system. NTMWD would have O& M costs associated with the
onsite treatment systems. Table 2 summarizes the infrastructure needs, associated costs, and

advantages and disadvantages for an on-site wastewater treatment system. 
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LEONARD WTP OFF- SITE UTILITIES

Table 2. Comparison of Wastewater Service Options

Leonard WTP Off-site Utilities

Wastewater Service

Option Infrastructure

Estimated

Construction

Cost Advantages Disadvantages

City of Leonard Lift station ( 2- 80 gpm pumps) 

4 -inch PVC force main ( 6, 800 LF) 

6- invh PVC gravity main ( 1, 200 LF) 

Total Cost for City of Leonard

50,000

480,000

200, 000

730, 000

Minimal O& M Requires over 1. 5 mi

of force main/ gravity
main for connection

Requires lift station

On- site Wastewater Septic tank (1, 250 gal) and leach

Treatment System field for domestic wastewater

On- site wastewater treatment

system for process wastes

Total Cost of On- site Wastewater

Treatment System

Wastewater Service Recommendations

The two options for providing wastewater service to the Leonard WTP were evaluated, taking in to
consideration estimated capital construction costs, wastewater fees, O& M costs and requirements, and

reliability of service. More detailed information regarding City of Leonard collection system flows and
actual lift station pumping capacities should be evaluated to determine if any upgrades will be required
to accommodate Leonard WTP wastewater flows. While providing on- sitetreatment for domestic and
process wastewater has a significantly lower construction cost, NTMWD staff would have to maintain
these systems. 

50, 000 Low capital cost More significant O& M

requirements

50,000

100, 000
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Introduction

PREPARED FOR: North Texas Municipal Water District

PREPARED BY: CH2M HILL

DATE: July 2015

General Information

This Basis of Design Report is the first in a series three reports; the Existing Conditions Report and
Treatment Process Report will follow. This Basis of Design Report summarizes the design standards, 

codes, and preferences to be used by the discipline designers for the Leonard Water Treatment Plant
Project. This draft report includes five of the nine individual technical memorandums (TMs) summarizing
major disciplines: 

1. Process Definition

2. Mechanical

3. Structural

4. Site Civil

5. Heating, Ventilation, and Air Conditioning; Plumbing; and Fire Protection

The concepts presented in these TMs will be further developed in construction drawings, details, and

specifications for the subsequent project submittals. 
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TECHNICAL MEMORANDUM 1

Process Definition

PREPARED FOR: North Texas Municipal Water District

PREPARED BY: CH2M HILL

Released for the purposes of review by Brian Fuerst, 

PE Number 68005 on July 13, 2015

DATE: July 2015

North Texas Municipal Water District
The North Texas Municipal Water District (NTMWD) supplies treated water to a large area of North

Central Texas. NTMWD' s water service area has seen rapid growth over the last 2 decades and is

projected to continue the previous growth trends. Demands in the NTMWD system are expected to

more than double from 2010 to 2060, requiring more than 368,000 acre-feet per year in additional
supplies by 2060. The recommended water management strategy for NTMWD includes development of
the Leonard Water Treatment Plant (WTP) to treat water from the new Lower Bois d' Arc Creek

Reservoir and ultimately additional water from a secondary source. 

Background

The proposed WTP is one component of NTMWD' s Lower Bois d' Arc water supply program. The WTP
will be located on a tract of land purchased by NTMWD just west of the small town of Leonard in Fannin
County, Texas. The WTP will have an ultimate capacity of 280 million gallons per day (MGD) and an
initial capacity of 70 MGD ( peak day production). The water sources for the initial 70 -MGD -phase WTP is
the proposed Lower Bois d' Arc Creek Reservoir. 

Source Water Quality
The Bois d' Arc Creek Reservoir is currently being designed by Freese & Nichols. Construction on the

reservoir is anticipated to begin as soon as practicable after the necessary permits (Section 404 Permit
from U. S. Army Corps of Engineers and a Water Rights Permit from the State of Texas) are secured. The
current projection for commencing construction on the dam is spring 2016. The current schedule
anticipates water will be available from the reservoir for testing and commissioning of the Leonard WTP
late in 2019. 

Given the schedule of the Lower Bois d' Arc Creek Reservoir, there will not be an opportunity to

accumulate a significant amount of water quality data from the reservoir on which to base a treatment
process design. Therefore, the strategy for quantifying water quality includes ( 1) sampling and testing

water from Lower Bois d' Arc Creek and ( 2) developing a raw water quality model to simulate the water
quality dynamics of the new reservoir. 

Finished Water Quality Goals
The selected treatment train will be capable of meeting current drinking water quality regulations and

producing water compatible with water produced at the existing Wylie WTP so that waters from the two
plants can be mixed in customer cities' distribution systems without adverse effects. The selected

process train should also provide the NTMWD with the flexibility to upgrade processes if required in

WT0604151051RDD 1



PROCESS DEFINITION

response to anticipated future drinking water regulations or raw water quality that varies from
projections. 

Associated Project Facilities Designed by Others
The Leonard WTP project includes the design of all the facilities at the WTP site from the outlet of the

balancing reservoir to the pipes feeding the high service pump station. Upstream facilities including the
Lower Bois d' Arc Creek Reservoir, lake raw water pump station, raw water transmission piping, and
balancing reservoir at the plant site are being designed by another consultant. Downstream facilities
including the high service pump station and the finished water pipeline will also be designed by others. 
Offsite electrical transmission towers and conductors and the main facility substation are being designed
and constructed by the power provider. 

Leonard Water Treatment Plant Process
For the purposes of this Basis of Design Report, the assumed water treatment process at the Leonard

facility will consist of the following: 

A raw water control vault

Chemical feed vault

Raw water distribution structure

Rapid mix facilities

Flocculation and sedimentation basins using either conventional sedimentation or plate settlers (to
be determined during initial design) 

Ozone generation and contactors

Biologically activated granular media filters (with either anthracite/ sand or granular activated
carbon ( GAC)/ sand media

Primary disinfection with free chlorine

Secondary disinfection with chloramines

Finished water storage facilities

Residuals treatment philosophy will be developed during the initial phase of design but is expected to
consist of the following: 

A reclaim basin for backwash waste and filter to waste

Possibly a sludge thickener

A combination of mechanical dewatering and/ or sludge lagoons

Decant from the reclaim basin and the sludge lagoons or mechanical dewatering will be returned to the
head of the plant. Support facilities such as an operations building, chemical storage and feed facilities, lab
facility, maintenance facility, and emergency generators are also included to deliver a complete and
operational WTP. Details of the treatment process will be included in the Treatment Process Report

currently being developed. See Figure 1 for a preliminary process flow diagram of Leonard WTP. 

2 WT0604151051RDD



FRORL

F- - — 

AIWM
ASHLOWERS

FLUORIDE

OZONE

TURBIDITY

m` 

BACKWASH
AIR

FROM
DECHLORINATION

7/ 

I

ANALYZER

ANALYZER

CHEMICAL
PUMPS

LIME

EACH
PASS) (

ON
EACH
BASIN) 

4

V7/ 

CHLORINE *-

1. 

WASHWATER

POLYMER

M

STATION

OZONE

BACKWASH
SUPPLY — 

CHLORINE
DIOXIDE %/ 

Qs

FERRIC
SULFATE (
2) 

CONTACTOR

PH ((

EACH
BASIN),((
2)' 

QJ

TU
RBIDITYANALYMERFACH

FILTER) (
10) 

V

r

EACH
BASIN) BASIN) (
2) 

FILTERILTER

FE

TURBIINTY
AND
PH

EGA

FE

ANALYZERS

I] 

y

J

FILTE

F_E 

L-- 

I] 

FILTER

FE

FILTEF_
ILTE
R

1 

FEFE

g -
g

FILTER-....,

P,÷ 

FE

OG

I] $

Al2

B.3

T 

FILTER

11., 

FE

IP... 

I

I

FILTE. _ 1 FILTER

FE_ FSE

BALANCING RESERVOIR

I

I

FCS

T

CHEMICAL

r

0

VAULT

RWDS

OZONE
CO

RAW
WATER

CONTROL
VAULT

I

1

t2OR

I

DRAIN

CHLORINE — 

AMMONIA * 

I

CL2PH (
ANALYZERS

V

OZONEANAL

I (

EACH
PASS) 

1

AND

41--

0
AMMONIA

RECYCLE

PUMP

CLAIMED

WASHWATER
WASTE

TO
HIGH
SERVICE

STATION

BASIN

PUMP
STATION

11

FILTER -
TO -
WASTE

SODIUMOXIDE

OVERFLOW  

HYDROXIDE,- YDR

SLUDGE

CHLORINE

WETWELL

N

SLUDGE
PS

SLUDGE 04E

i

I

SLUDGE

rAGOONiL

s

SLUDGELSLUDGEGOON
2

I

F

J

PROCESS
FLOW
DIAGRAM

LEONARD
WATER
TREATMENT
PLANT

NORTH
TEXAS
MUNICIPAL
WATER
DISTRICT

LWTP_
FIG1_
PFD.
dgn

CH2MHILL



TECHNICAL MEMORANDUM 2

Mechanical

PREPARED FOR: North Texas Municipal Water District

PREPARED BY: CH2M HILL

Released for the purposes of review by Brian Fuerst, 

PE Number 68005 on July 16, 2015

DATE: July 2015

General Description

This technical memorandum presents the mechanical design approach for the Leonard Water Treatment

Plant (WTP) project. Design considerations associated with mechanical system design and configuration

are included herein. The contract documents will include a piping schedule and schedules for manual, 
power -operated, and self-contained valves and gates. The schedules will be located within the drawings. 

Codes, Standards, and Regulations

The following codes and applicable standards will be followed in the design process: 

Anti -Friction Bearing Manufacturers Association
American Gear Manufacturers Association

American Iron and Steel Institute

American National Standards Institute (ANSI) 

American Petroleum Institute

American Society of Heating, Refrigerating and Air Conditioning Engineers

American Society of Mechanical Engineers (ASME) 

American Society for Testing and Materials (ASTM) 
American Welding Society
American Water Works Association (AWWA) 

International Building Code
International Fire Code

Hydraulic Institute (HI) 

Manufacturers Standardization Society of the Valve and Fittings Industry, Inc. 
National Fire Protection Association

National Sanitation Foundation ( NSF) 

Occupational Safety and Health Administration
Texas State Mechanical Code

Underwriters' Laboratories

WT0604151051RDD 1



MECHANICAL

Design Criteria

General Mechanical Access and Layout

The design and construction of all facilities will incorporate equipment and piping system layout
guidelines as follows: 

Typically, one type of equipment will be chosen as the basis of design. This make or model is
referred to as the " design standard." Layout should be based on this selection. Where other

manufacturer' s products are also suitable, the layout will be checked to ensure that the

arrangement does not preclude the use of these alternatives. 

In general, exposed piping will be located within 6 feet of the walls so that it can be supported easily, 
particularly in spaces with high ceilings. If piping must be run close to a wall, but is not supported by
the wall, clearance will be provided between the outermost pipe flange and the wall to facilitate

disassembly. 

The minimum clear space around equipment and pipe will allow the equipment and/ or pipe to be

completely removed and replaced without dismantling portions of the building or adjacent
equipment or piping. 

The minimum clear space around equipment will be in accordance with the largest of the following
requirements: 

Horizontal clearance between adjacent items of equipment: 4 feet

The minimum clearance on sides around rotating equipment will be 4 feet. 

Vertical clearance between finished floor and any overhead obstruction affecting personnel
access: 7. 5 feet. 

Vertical clearance between finished floor and any overhead obstruction affecting equipment
access: 10 feet. 

Manufacturer' s recommended minimum maintenance clearances plus 1 foot. 

Horizontal clearance around Targe equipment (for example, engines, pump connections larger
than 20 inches, and motors larger than 400 horsepower [hp]): 8 feet. 

Equipment will be located to maintain the minimum clearances on all four sides. 

Space provided for future equipment will be sufficient to provide the aforementioned minimum

equipment clearances after future equipment is installed. 

All equipment and associated panels and cabinets will be located on reinforced concrete equipment

bases, which will be a minimum of 6 inches high and extend a minimum of 3 inches beyond the

footprint of the equipment, panels, or cabinets. 

Utility stations will be provided for wash -down so that the maximum hose length is 50 feet. 

Stairs, catwalks, platforms, and hatches will be provided to facilitate maintenance and operational

access, and the removal of equipment. Ladders will not be used where frequent access is required. 

Lifting eyes, hoists, monorails, and/ or cranes will be provided where necessary for disassembling or
removing major pieces of equipment, where access by appropriate sized and configured mobile
lifting equipment is not possible or practicable. Adequate head room will be provided for removal of

equipment as a single unit, or equipment will be provided that may be removed in easily disassembled
sections. 
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MECHANICAL

Space for maintenance and operational access to valve and gate operators will be provided. 

Adequate clearance to accommodate all positions for rising stem valves and gates will be provided. 

Motorized operators, chain wheels with chains, or access platforms will be provided for easy
operation of all valves placed on elevated piping. 

Facilities will be designed with adequate overhead clearance to allow for disassembly or removal of
vertical turbine pumps. 

Flexible connections will be provided for ease of piping assembly and disassembly, and for
connections to equipment. Adequate thrust restraint will be provided at each flexible coupling. 

Piping will be located so that it is not a tripping hazard, head -banger, or barrier to equipment access. 

Swing check valves will not be located in vertical piping runs in solids -bearing fluid services. 

Equipment Uniformity
Similar pieces of equipment will be furnished by the same manufacturer to maintain uniformity. 
Uniformity with equipment at the Wylie campus will be considered to allow for the exchange of spare

parts where possible. Equipment systems will be assembled as a unit by a single manufacturer
responsible for the entire unit. Responsibility extends to selecting components of the system to assure
compatibility, proper operation, and compliance with specified performance requirements. 

Equipment Redundancy
The Leonard WTP is a critical link in the northern part of the North Texas Municipal Water District

NTMWD) transmission system and is the only treatment facility with access to the Bois d' Arc Creek
Reservoir supply. Therefore, a high degree of reliability and redundancy is required for all systems, 
which is essential to delivering treated water to the transmission system. 

In general, all mechanical equipment will be sized to meet design flow rate with one unit out of service

for maintenance. There will be a minimum of two independent units for all processes. Filters will be

designed to meet full design flow rates with one unit in backwash mode and one out of service for

maintenance. Equipment will be designed to operate with a plant turndown of 3: 1. 

Piping
A preliminary piping schedule is provided as an attachment to this technical memorandum. It consists of a

tabulated listing of piping requirements by service flowstream. The function of the schedule is to present
the requirements for pipe materials, joints, lining and coating requirements, test pressure and type, and any
special requirements for piping systems. The final selection of piping materials will be based on corrosion
criteria, cost factors, and durability considerations. Not all services required for the project are included
in the piping schedule at this time. Additional piping design criteria are provided in Table 1 and will
guide the piping system( s) design for the project. 
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MECHANICAL

Table 1: Piping Standards

Leonard Water Treatment Plant Basis of Design Report

Pipe Material Standard Pipe Selection Comments

PVC Pressure Pipe ANSI/ AWWA C900- 97/ 905- 97 Use on pressurized water piping greater than 4 -inch diameter. 

Minimum pressure rating will be 150 psi, DR18 for C900 and 165 psi
DR25) for C905. 

PVC pipe will be restrained with Megalug, EBBA Iron Sales, Inc. 

Fire service pipe will be DR14 pipe and 8 -inch minimum diameter. 

PVC Schedule 80, Type I, Grade I or

Class 12454- B conforming to
ASTM 01784 with

ASTM D1785

Use on chemical services where PVC is suitable and less than 4 -inch

diameter, such as liquid polymer, chlorine dioxide, chlorine

solution, fluoride, sodium chlorite, and process drains. 

Use on buried pressurized water piping, such as non -potable water
less than or equal to < 4 -inch diameter. 

FRP Pipe ASTM If required for buried piping in corrosive soils. 

Ductile Iron Flanged

Pipe

ANSI/ AWWA C115/ A21. 15 and

ANSI/ AWWA C110/ A21. 10, 

125 -Ib flat face

Minimum pressure rating 250 psi and thickness class 53. 

Ductile iron flanged pipe will be used for above -grade process pipe. 

Transition between PVC and ductile iron can be made with flanged

connections or transition couplings, such as JCM Industries, 

210 ductile iron couplings coated with fusion -bonded epoxy
coating, 304 SST bolts and nuts, and ethylene propylene
dimonomer (EPDM) gaskets. 

All ductile iron flanged pipe will be exterior coated with a shop
primer. 

Flanged ductile iron pipe and fittings will be cement -lined. 

Ductile Iron AWWA C111/ A21. 11 and

Concrete -Encased AWWA C151/ A21.51

Pipe

Minimum pressure class 250 psi. 

Use on concrete -encased pipes below the foundations of structures

or buildings. 

Proprietary restrained joints in accordance with NTMWD standards. 

All encased ductile iron pipes will be exterior coated with a

bituminous coating. 

Encased ductile iron pipe will be cement -lined. 

Ductile Iron

Pipe Buried

AWWA C111/ A21. 11 and

AWWA C151/ A21. 51

Minimum pressure class 250 psi. 

Use on buried ductile iron pipe not below foundations. 

Proprietary restrained joints per NTMWD standards. 

Buried ductile iron pipe will be cement -lined and cement coated on

exterior. 

Fabricated Steel AWWA C200

Pipe

Joints will be welded except where flanges are required to connect

to equipment. 

All large -diameter (>24 -inch) piping will be cement mortar lined, 
and buried piping will be cement -mortar coated. 

Where required for corrosion protection, smaller -diameter

fabricated welded steel pipe and fittings will be interior coated with

Induron Protecto 401 Ceramic Epoxy, 40 mils. 

SST Pipe and

Fittings

2—inch diameter and smaller: 

Schedule 40S, ASTM A312/ 

A312M, Type 304 seamless, 

pickled and passivated; joints

Use on exposed and submerged low pressure air. 
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MECHANICAL

Table 1: Piping Standards

Leonard Water Treatment Plant Basis of Design Report

Pipe Material Standard Pipe Selection Comments

to be Victaulic Pressfit System

304 SST

2- 1/ 2—inch diameter to 6 -inch

diameter: Schedule 105, 

ASTM A778, as -welded grade

Type 304L, pickled and

passivated

8—inch diameter and larger: 

Schedule 5S, ASTM A778, 

as -welded grade, Type 304L, 

pickled and passivated

Carbon Steel Pipe

BSP) 

Black carbon steel, 

ASTM A106, Grade B seamless

or ASTM A53, Grade B

seamless or Electric Resistance

Welded ERW

Use on fire sprinkler systems. 

Use on compatible chemical systems including anhydrous ammonia, 
ferric sulfate, sodium hydroxide and chlorine gas. 

Use on pressurized water piping and drains exposed to sunlight less
than or equal to 4 -inch diameter. 

Use on hot water system piping. 

Notes: 

FRP = fiberglass -reinforced plastic

Ib = pound

psi pounds per square inch

PVC = polyvinyl chloride

SST = stainless steel

The pipe design criteria beyond those described in the piping schedule are as follows: 

Flanges and/ or couplings will be provided, as necessary, to facilitate removal of valves and
equipment. 

The minimum depth of cover over buried piping will be 3 feet. Exceptions will be allowed on a case- 
by- case basis. 

The minimum design velocities for sludges will be 2 feet per second (fps) at average flow rates

where practicable. Design velocities will be in the range of 2 to 5 fps for gravity pipelines. Maximum
velocities for control valves will be Tess than 15 fps. 

Piping connected to equipment will be supported by the associated support system and not by
the equipment. The loads for equipment piping will be carried by pipe supports framed to the
facility floor or structure. Pipe supports will be designed to withstand the dead loads imposed by the
weight of the pipes filled with water and will have a minimum safety factor of 5. 

In general, test pressures for pressure piping will be 1. 5 times the maximum possible operating
pressure for the pipe, such as pump shutoff head or peak surge pressure. 

Exposed water piping, or other piping considered to have freeze potential, located outdoors will

be heat traced and insulated if determined necessary. Freeze susceptible piping located in pipe
trenches will be insulated only. Piping in vaults or conditioned spaces will not be insulated or heat
traced except for hot water piping. Efforts will be made to minimize the quantity of heat traced and
insulated piping. Alternatively, in some cases, a piping drain or non -freeze post hydrant will be
provided in lieu of heat tracing and pipe insulation. 
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MECHANICAL

Piping in trenches will be insulated. Chemical service piping will only be heat traced as
appropriate for the specific freezing potential of the chemical carried in the piping. 

Pipe will be labeled using Brady Snap- On labels or equal. Process pipes will be color -coded in
accordance with Texas Commission on Environmental Quality color coding standards. 

Pipe sizes and friction losses for Newtonian liquids will be calculated with Darcy -Weisbach equations. 

When routed through the yard, chemical piping will be installed in utility trenches configured with
low point sumps and alarms for leak detection. Each feed point will be provided with a dedicated

supply pipe. 

Chemical piping materials will be provided to match NTMWD standards. 

Pipe Supports

Pipe supports will be designed and detailed on the contract documents for piping greater than 24 inches
in diameter. The design details will be referred to from one or more mechanical drawings, where

locations for each pipe support will be indicated. 

Pipe supports for piping less than or equal to 24 inches will be designed and detailed by the contractor in
accordance with the contract documents and submitted for the engineer' s review prior to installation. 

Valves and Actuators

Valve materials and linings will be selected based on service conditions to be compatible with the

pipeline materials. 

Valve schedules and specifications will be developed during the preliminary design phase. 

For valves located in classified hazardous locations, electrical power actuators will be explosion proof

type (National Electrical Manufacturers Association [ NEMA] 7). Classified locations will be as identified in

National Electric Code (NEC). 

The following valve standards will be followed: 

All valves will comply with AWWA standards and be constructed of the appropriate materials for the
particular application. 

Valve operators will be accessible from the ground or from adequate platforms. 

For quarter -turn valves greater than 8 inches in diameter, a handwheel with gear will be provided. 

One valve will be provided for isolation of equipment or tanks. Multiple valves or provisions to

remove spool pipe sections will not be provided to access equipment or tanks. 

Check valves will be provided on all pumped discharge lines. Check valves and butterfly valves will
be installed with upstream and downstream separating spool pieces to achieve manufacturer - 
recommended separation distances and to avoid mechanical interference. 

Check valves will be provided with rugged, repeatable visual position indicators. 

Swing check valves will be provided with an outside lever and a weight or spring. 

Valve boxes for buried valves will be cast iron, screw-type adjustable. 

All major buried valves will be installed with an access manhole to the valve gear box on the valve. 

The stem will be extended to ground level. Those valves operated infrequently will have a valve box
and operating nut on top of the access manhole. Those operated more frequently will have an
operator stand and electric operator on top of the manhole. 
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MECHANICAL

Butterfly valves will be provided on process air lines and major process lines. 

Backflow prevention assemblies will be reduced pressure principal backflow preventers. 

Self-contained valves will be provided with adjustable set points that are in the mid- range of the

valve' s operating capability. 

All valves in lines 1 inch in diameter or greater requiring automatic actuators will be electrically or
pneumatically operated unless the service demands otherwise. Solenoid valves will be used for
service in lines smaller than 1 -inch diameter. 

Actuators for modulating valves and filter valves will be pneumatically operated, vane style. 

Actuators for isolation valves that are operated routinely will be electrically operated and will be
manual for those operated infrequently. 

Pumps

Pump speeds will generally operate at a maximum of 1, 750 revolutions per minute (RPM), unless high - 
head, multi -stage pumps are required. Centrifugal pump speeds will not exceed 1, 750 RPM in most cases. 
Rotary lobe and progressing cavity pumps will not exceed 300 RPM. Pump seal types will be determined
based on pump application. 

Gates

Gates will be made of Type 304 or Type 316 SST, as required for the application. Metallic items that are

partially embedded in concrete ( including frames for grating, covers, slide gates, and similar items) will
be made of Type 316 stainless steel where submerged or near water surface. Typically, isolation will be
performed by butterfly valves and not gates. 

Chemical Storage and Feed

Storage tanks will be constructed of FRP, if appropriate for the chemical. If FRP is not compatible, an
appropriate tank material will be selected and reviewed with NTMWD. Tanks will be single-wall+ 

construction, and containment will be provided external to the tanks. Access to the top of the tank will
be provided. Tanks will be sized for the greater of 30 days of storage at average plant flow conditions or

15 days of storage at maximum, plant flow conditions. Day tanks will be used in the chemical storage and
feed design for the plant. SST isolation valves will be used for tank isolation. 

Chemical dosing ( low flow applications) will use peristaltic pumps with adjustable -speed control. 
Diaphragm pumps may be used on ferric sulfate applications. A separate pump will be provided for each
feed point, and a standby pump will be provided for each chemical system. For polymer and lime feed
applications, progressing cavity pumps will be used. Flushing connections will be provided on each
chemical line and provisions for dilution water made, if appropriate. 

Gaseous chlorine will be used. The plant will receive rail delivery of tank cars and will also provide a
stationary 30 -ton bulk tank to receive truck delivery of chlorine as a backup to the railroad tank cars. 

Chlorine will be stored in a containment building equipped with a scrubber system designed to
neutralize the contents of the railroad tank car in the event of a spill. 

Liquid chemicals and ammonia gas will be provided by bulk truck deliveries to the plant. Ammonia

storage will be in a containment building equipped with a scrubber designed to neutralize the contents
of the stationary storage tank provided. 

Rapid Mixer

An impeller -type mixing system will be provided, with turbine -style blades for better efficiency. The
impeller mixer will be oriented as top entry with the drive located above the mixing chamber and a
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MECHANICAL

vertically oriented shaft connection to the impeller. A heavy-duty drive will be provided, rated for
continuous duty. Two mixers will be provided ( duty and standby) at each mixing point. 

Ozone Generation and Injection

The ozone generation system will consist of liquid oxygen storage, ambient vaporization, nitrogen boost, 

and ozone gas generation. The ozone generators will be liquid cooled with a closed- loop cooling system. 

Ozone injection will be done in a sidestream configuration. 

Air Scour Blowers

Two blowers will be provided for filter air scour. High- speed turbocompressors will be considered for

their higher efficiency, but may not be appropriate for this application, depending on the details of the
backwash sequence. Turbocompressors are best suited for longer run periods and do not hold up well to
a Targe number of starts and stops. If turbocompressors are determined to be a poor choice, rotary lobe
blowers will be provided. 

Other Process Equipment

Discussion of other process equipment (for example, flocculators, clarifiers, and filters) is provided in the
Process Definition Technical Memorandum. 

Motors

Electric motors will be Underwriters Laboratories (UL) listed, in accordance with UL674 and UL1004, and

NEMA Class B temperature rated for 40 degrees Celsius ambient. 

Rotating Equipment Protection
In general, rotating equipment will be monitored, as applicable, for motor moisture, motor winding
temperature, overload, Toss of power (at the motor control center), and vibration ( large equipment). 

Noise

Mechanical equipment noise levels generally will not exceed 85 decibels at 3 feet outside the structure. 

North Texas Municipal Water District Preferences

At the Basis of Design Workshop on May 14, 2015, mechanical equipment, valve, and piping preferences
for the Leonard WTP were provided by NTMWD staff. These preferences are listed in Table 2 and will
form the basis of design for mechanical equipment unless exceptions are approved by NTMWD. In
specific applications where the designer believes there are technical, operational, or life -cycle cost

issues that make an alternative more attractive, an analysis of the options will be prepared and

presented to NTMWD for consideration. 
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MECHANICAL

Table 2: NTMWD Equipment Preferences

Leonard Water Treatment Plant Basis of Design Report

Process Unit Equipment/ Component NTMWD Preference

Rapid Mix Mixers Vertical turbine — Falk or Chemineer

Flocculation/ Flocculators Vertical turbine or horizontal paddlewheel —TO BE

Sedimentation EVALUATED DURING PREDESIGN

Launders SST or FRP — must be rigid

Clarification Conventional or plate settlers —TO BE EVALUATED

DURING PREDESIGN

Baffles Concrete

Sludge collectors TO BE EVALUATED DURING PREDESIGN

Filtration Underdrains Leopold Type S

Media Sand plus anthracite or granular activated carbon—TO

BE EVALUATED DURING PREDESIGN

Chemical Systems Storage tanks FRP, if compatible

Containment Single-wall tanks, external containment

Pipe containment Pumped sumps with alarms

Chlorine dioxide generation Sodium chlorite and chlorine gas

Day tanks Yes

Lime and polymer pumps Progressive cavity

Other chemical pumps Peristaltic— Watson Marlow

Chlorinators Wallace and Tiernan

Ammoniators Wallace and Tiernan

Ozone generators Fuji

General Piping materials Steel or ductile, cement lined, cement coated if buried

Piping for chemical services Follow NTMWD- provided standards

Rotating equipment protection Thermal, moisture, overload, loss of power, and vibration

for large equipment

Electric actuators Rotork, Limitorque, EIM, Auma ( nonintrusive electronics) 
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PIPING
SCHEDULE

Pressure
Class

Nominal

Special
Thickness

Pipe

Test

Flow

Diameter

Class
Schedule
Wall

Spec. 

Joints/ 

Pressure/ 

Stream
ID

Service (

inches) 

Materiala

Thickness

Section

Fittings" 

Method' 

Lining

Coating

Comments

AA

Anhydrous
Ammonia

All

BSP

SCH
40

WLD

None

CAL

Calcium
Thiosulfate All

PVC

SCH
80

SW

None

None

CD

Chemical
Drain Buried

PVC

SCH
80

SW

None

None

Exposed

PVC

SCH
80

SW

None

CLO2

Chlorine
Dioxide All

PVC

SCH
80

SW

None

None

CLS

Chlorine
Solution All

PVC

SCH
80

SW

None

None

CW

Cold
Water Exposed

Copper

Type
L

SKW

None

None

Buried

Copper

Type
K

SKW

None

None

D

Drain
Exposed

GSP

SCH
40

SCRD

None

Buried

LISP

B&

SP

FS

Ferric
Sulfate Exposed

SST

SCH
105

WLD/
FL

None

None
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PIPING
SCHEDULE

Flow Stream
ID

Service

Pressure
Class

Nominal

Special
Thickness

Pipe

Test

Diameter

Class
Schedule
Wall

Spec. 

Joints/ 

Pressure/ 

inches) 

Materiala

Thickness

Section

Fittingsb

Method' 

Lining

Coating

Comments

HFA

Hydrofluosilicic
Acid
25% 

Exposed

PVC

SCH
80

SW

None

HPX

Hydrogen
Peroxide

All

SST

304L/
316L

WLD

None

None

HW

Hot
Water

All

Copper

Type
L

SKW

None

None

HWR

Hot
Water
Return

Buried

BSP

SCH
40

SCRD/
FL/

GE

None

None

Exposed

BSP

SCH
40

SCRD/
FL/

GE

None

None

HWS

Hot
Water
Supply

Buried

BSP

SCH
40

SCRD/
FL/

GE

None

None

Exposed

BSP

SCH
40

SCRD/
FL/

GE

None

None

LIME

Calcium
Hydroxide
Slurry

All

PVC

SCH
80

SW

None

NaOH

Sodium
Hydroxide
25% 

All

BSP

SCH
40

WLD

None

NACLO2

Sodium
Chlorite All

PVC

SCH
80

SW

None

None

NH3

Ammonia
Gas

All

BSP

SCH
40

WLD

None

20F4
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PIPING
SCHEDULE

Pressure
Class

Nominal

Special
Thickness

Pipe

Test

Flow

Diameter

Class
Schedule
Wall

Spec. 

Joints/ 

Pressure/ 

Stream
ID

Service (

inches) 

Material° 

Thickness

Section

Fittingsb

Methods

Lining

Coating

Comments

NPW

Non -
Potable
Water

Buried

PVC

SCH
80

SW

None

None

Exposed

PVC

SCH
80

SW

None

PHA

Phosphoric
Acid

All

PVC

SCH
80

SW

None

None

POL

Polymer (
undiluted) Exposed

PVC

SCH
80

SW

None

POLY

Polymer
30% Exposed

PVC

SCH
80

SW

None

None

PW

Potable
Water Exposed

Copper

Type
L

SKW

None

Buried

PVC

SCH
80

SW

None

None

SPD

Sump
Pump
Discharge

Exposed

PVC

SCH
80

SW/
FL

None

Buried

PVC

SCH
80

SW

None

None
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PIPING
SCHEDULE

Flow Stream
ID

Service

Pressure
Class

Nominal

Special
Thickness

Pipe

Test

Diameter

Class
Schedule
Wall

Spec. 

Joints/ 

Pressure/ 

inches) 

Materials

Thickness

Section

Fittingsb

Methodc

Lining

Coating

Comments

a

Piping
Material
Abbreviations: 

BSP

black
carbon
steel
pipe

CI

cast
iron

CISP

cast
iron
soil
pipe

CLDI

cement
lined
ductile
iron

GSP

galvanized
steel
pipe

PVC

polyvinyl
chloride

SST

stainless
steel

VCP

vitrified
clay
piping

b

Joint
Types
Abbreviations: 

B&

SP

bell
and
spigot

FL

flange

GE

grooved
end
joint

MJ

mechanical
joint

SCRD

screwed
on

SKW

soldered
socket

SW

solvent
welded

WLD

weld

c

Test
Pressure
Method
Abbreviations: 

H

hydrostatic
G

gravity
method

P

pneumatic

4

OF
4

Notes: SCH = 

schedule
Internal
linings
are
specified
in

the
piping
data
sheets
and
detailed
piping
specifications. 

External
coatings
will
be
as
specified
in

Section
09
99
00
Painting
and
Coatings. 
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TECHNICAL MEMORANDUM 3

Structural

PREPARED FOR: 

PREPARED BY: 

North Texas Municipal Water District

CH2M HILL

Released for the purposes of review by Mark Nanninga, 
PE Number 50823 on July 13, 2015

DATE: July 2015

Introduction

This technical memorandum (TM) presents the general design criteria to be used for the structural

design for the Leonard Water Treatment Plant. 

This TM includes the following information: 

Applicable codes, standards, and regulations

Design loads

Load combinations

Geotechnical design parameters

Stability criteria
Deflection criteria

Structural system requirements

Codes, Standards, and Regulations

International Building Code ( IBC) ( 2012) 

American Society of Civil Engineers (ASCE) 7, Minimum Design Loads for Buildings and Other
Structures

American National Standards Institute (ANSI)/ American Water Works Association (AWWA) D110, 

Wire- and Strand -Wound, Circular, Concrete Water Tanks

Reinforced Concrete: 

American Concrete Institute (ACI) 318 for Buildings and Non -Water -Holding Structures
ACI 350- 01 for Water -Holding Structures

Masonry: ACI 530

Steel: 

American Institute of Steel Construction (AISC) Specifications for Structural Joints Using
American Society for Testing Materials (ASTM) A 325 or A 490 Bolts

American Welding Society (AWS) Structural Welding Code AWS D1. 1

AISC Manual of Steel Construction, Thirteenth Edition

AISC 341- 10 Seismic Provisions for Structural Steel Buildings, Including Supplements

Aluminum: Aluminum Association Specifications for Aluminum Structures
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STRUCTURAL

Open -Web Steel Joists: Steel Joist Institute Standard Specifications

Metal Deck: American Iron and Steel Institute (AISI) Specifications for the Design of Light -Gauge, 

Cold -Formed Steel Structural Members

Light -Gauge Metal Framing: AISI Specifications for the Design of Light -Gauge, Cold -Formed Steel
Structural Members

Metal Grating: National Association of Architectural Metal Manufacturers Metal Grating Manual and
Heavy Duty Metal Grating Manual

Fiberglass: Extren Glass Reinforced Structural Engineering Manual, Morrison Molded Fiber Glass
Company

Design Loads

Loads will be based on the most stringent criteria of the building codes and standards listed above, and
loads discussed in the following sections. In all cases, the minimum criteria will conform to the minimum
requirements of the IBC with Texas Amendments. 

Dead Loads

The loads resulting from the weight of all fixed construction, such as walls, floors, roof, equipment

bases, and all permanent nonremovable stationary construction are considered to be dead loads. 
Numerical values used for these loads may be determined by either actual known weights of the
respective items or by documentation presented in the IBC and other publications such as ASCE 7. 

Collateral Loads

The collateral dead load accounts for ceilings; equipment; fixtures; and mechanical, electrical, and

plumbing appurtenances. A collateral dead load of 10 pounds per square foot (psf) will be applied to
floors and roofs, unless noted otherwise. In process buildings, collateral dead load will be increased to

25 psf, unless there is a moving crane directly beneath the structure that would prohibit large amounts
of process piping from being attached to floor or roof members. 

Live Loads

Assembly, exit corridors, stairs: 

Electrical rooms: 

General office areas: 

Grating: 

Heating, ventilating, and air conditioning
HVAC) mechanical rooms: 

Process areas: 

Roof, unless noted otherwise: 

Walkways and platforms unless noted: 

Storage areas: 

Vehicle access areas: 

100 psf

300 psf except when calculating foundation load, 
200 psf, or actual loads, whichever is greater

50 psf

150 psf

150 psf or actual equipment weight plus 50 psf

Allow for rolling equipment out

250 psf, except design individual slabs and beams for

300 psf

20 psf minimum

60 psf

250 psf

American Association of State Highway and
Transportation Officials (AASHTO) HS 20- 44
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STRUCTURAL

Seismic Loads

Unless Otherwise Noted ( Reference ASCE 7): 

Spectral response acceleration at short period ( Ss): 0. 150 ( U. S. Geological Survey [ USGS] 
online tool) 

Spectral response acceleration at 1 -second period (Si): 0. 059 ( USGS online tool) 

Site classification: D ( assumed, pending geotechnical
report) 

Design spectral response acceleration at short period ( Sos): 0. 160

Spectral response acceleration at 1 -second period (Sol): 0. 094

Occupancy risk category: III ASCE 7 ( Table 1. 5- 1) 

Seismic design category: B ASCE 7 ( Tables 11. 6- 1 and 11. 6- 2) 

Importance factor (I): 1. 25 ASCE 7 ( Table 1. 5- 2) 

Response modification coefficient (R): Varies per structure, in accordance

with ASCE 7

Overstrength factor (S2o): Varies per structure, in accordance

with ASCE 7

Deflection amplifier (Cd): Varies per structure, in accordance

with ASCE 7

Seismic Design of Liquid -Containing Concrete Structures ( Reference ACI 350.3- 06): 

Seismic zone: 0 ( Refer to Figure 4- 1) 

Wind Loads

Wind loads will be based on a design wind speed of 120 miles per hour (mph), Exposure B,. 

Snow Loads

Ground snow load will be 5 psf. 

Rain Loads

Loads will be increased as required assuming primary drains are plugged and water is at the overflow
elevation. 

Impact Loads

No significant impact loads are anticipated for the process or building structures. If cranes are included
in the design, impact loads will be developed for their design based on the provisions of IBC 1607. 13. 

Thermal Loads

No significant thermal loads are anticipated for these structures. 

Liquid Loads

Refer to drawings for design water levels and top of base slab elevations. The design of the containment

structures will include a check of cracking under normal loads. Sloshing loads during a seismic event will
also be taken into account during the design. Only the available capacity of the member has to be
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checked for seismic loads. A unit weight of 65 pounds per cubic foot (pcf) will be used for the liquid in

these environmental structures. 

Load cases that will be considered in design of liquid holding basins are as follows: 

All basins full of liquid to top of wall, no backfill

Backfill and groundwater with empty tank

Any tank cell empty or full in any combination

Earth Loads

Refer to the geotechnical report. Two feet of surcharge will be used where traffic loads can be within

one- half the height of the wall. It will be assumed that traffic can be within this limit unless there is

strong proof that this will never be possible. 

Load Combinations

Load combinations and load factors will be as required by ACI 350, ACI 318, ASCE 7, and IBC. 

Geotechnical Design Parameters
Geotechnical design parameters will be provided upon completion of the geotechnical investigation. 

Stability Criteria
The stability of all buildings and structures will be analyzed using the appropriate loading combinations
in ASCE 7- 10, Chapter 2 and ACI 350. 4R- 04, Design Considerations for Environmental Engineering
Concrete Structures. A minimum safety factor of 1. 2 will be used when floodwater level is assumed to
be at the top of the structure and resistance to uplift is provided by the dead weight of the structural
concrete plus the weight of soil directly above the toe of the base mat of the foundation. 

All safety factors are against unfactored soil loadings. The uplift pressure will be taken at the bottom of
the foundation. The use of flap (hydrostatic relief) valves in the walls or pressure relief valves in the floor
slab will not be an acceptable approach. The weight of items such as mechanical and electrical

equipment, concrete fillets, and grout fill will not be considered in resistance against buoyant forces. 

The weight of water in the structure will not be considered in resistance against buoyant forces. 

Deflection Criteria

Deflections will be limited to the following maximum values ( deflections are due to live load only unless
specifically indicated otherwise): 

Bridge crane girders: Unsupported length of structural

element ( L)/ 1000

Floor plates and grating: L/ 360

Beams, lintels, or slabs supporting masonry: L/ 720 (3/ 8 -inch maximum for lintels

over windows) 

Roofs ( check ponding): 
Without ceilings L/ 240

With ceilings L/ 360

Floors: 

Steel L/ 360

Concrete See ACI 318 for limitations for dead

and live load deflections
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Structural System Requirements

Concrete Design

Materials, design procedures, and reinforcing for concrete follow. 

Materials

Cast -in- place structural concrete will have a minimum compressive strength: 

For environmental engineered hydraulic structures: 

Typical concrete unless noted: 

Concrete fill: 

Curbs and sidewalks: 

Conduit encasements: 

Concrete pipe encasement not integral with foundation: 

Flowable fill: 

Reinforcing steel will be grade 60 for all reinforcing. 

STRUCTURAL

4,500 pounds per square inch ( psi) in

accordance with the requirements of

Tables 4.2. 2 and 4.3. 1 of ACI 350

4,000 psi

2, 500 psi unless noted otherwise

4, 500 psi in contact with process water

3, 000 psi

3, 000 psi

3, 000 psi

1, 500 psi

Prestressed, precast concrete will have a minimum compressive strength of 5, 000 psi at 28, unless

noted. The prestressing wires, strands, and tendons will be according to the manufacturer' s
standard. 

Design Procedures

Ultimate Strength Design Method will be used for all concrete design. The design of water -holding
structures and below -grade structures will include a crack width check. 

Construction joint locations will be suggested on the drawings where the length of pour is critical for

crack control. The contractor may revise construction joint locations subject to specified
requirements and will submit all joint locations for review. 

Control and expansion joints will be located on the drawings. All construction, control, and

expansion joints in hydraulic and below -grade structures will have a continuous waterstop as
specified. 

Expansion joints will generally be spaced between 60 and 90 feet on center. 

Minimum temperature and shrinkage reinforcing will be designed in accordance with requirements
and recommendations of referenced standards. 

Details of Reinforcing

Minimum concrete cover: 

Unformed concrete against earth

Formed concrete exposed to ozone

Formed concrete against earth

Liquid or exterior face, walls

Liquid or exterior face of slabs

Beams and columns, exposed to liquid: 

Ties and stirrups

Primary reinforcement

3 inches

3 inches

2 inches

2 inches

2 inches

2 inches

2. 5 inches
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Slabs, interior, dry face: 
3 - # 5 1 inches

6 - # 11 1. 5 inches

Beams and columns, interior, dry face: 
Ties and stirrups 1%Z inches

Primary reinforcement 2 inches

Laps and hooks will conform to requirements of referenced standards. 

Masonry Design
Materials, design procedures, and reinforcing for masonry follow. 

Materials

Hollow concrete masonry units will be ASTM C 90, normal weight. Masonry lintels will be used. 

Mortar will conform to ASTM C 270, Type S. 

Grout will conform to ASTM C 476. 

Minimum compressive strength will be 2, 000 psi. 

Reinforcing will be grade 60. 

Design Procedures

Design will be as partially reinforced masonry in accordance with ACI 530. 

Allowable Stress Design or Ultimate Strength Design Methods can be used. 

Assumed compressive strength ( F' m) will be a minimum of 1, 500 psi. 

Design will verify that the neutral axis of wall sections in bending fall in the face shell of the
masonry. 

Details of Reinforcing

Maximum spacing of vertical reinforcing in bearing walls and partition walls will be limited to 4 feet
and 8 feet, respectively. 

Bond beams will be provided at the top and bottom of walls and above and below intermediate

floors. Intermediate bond beams will not be used without discussing reasons with the lead structural
engineer. 

Joint reinforcing will be at 16 -inch maximum vertical spacing. 

Structural Steel Design

Materials and design procedures for structural steel follow. 

Materials

ASTM Minimum yield strength (f1
thousand pounds per square inch ( ksi) 

Rolled members, plates, and rods: A 36 36

Wide flanges: A992 50

Steel pipe: A 501 or A 53, 

Type E or S, Grade B 35

Steel tubes: A 500, Grade B 46

Bolts for connections: A 325- N unless noted otherwise
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Anchor bolts: 

Dry areas only F1554, Grade 55 with weld -ability supplement
S1, galvanized

Anchor bolts, unless noted F593 AISI Type 316, Condition CW

Welding electrodes: E70XX

Design Procedures

Design will be in accordance with AISC and AWS. Unless shown otherwise, all framing connections will
be bolted connections with high-strength bolts. Stainless steel will be used for bolts and fasteners where

corrosion concerns dictate. 

Aluminum Design

Materials and design procedures for aluminum follow. 

Materials

ASTM Specification

Aluminum shapes and plates Alloy 6061-T6 conforming to the ASTM sections in the
Aluminum Association Construction Manuals

Grating B221, Standard Specification for Aluminum and

Aluminum—Alloy Extruded Bars, Rods, Wire, Shapes, 
and Tubes

Handrails Conform to the requirements of project specifications

Bolts F593 AISI Type 316, Condition CW; do not use

aluminum bolts

Design Procedures

Designs will conform to the requirements of the Aluminum Association Specifications for Aluminum

Structures. 

Wide -flange beams, channels, and I - beams will be American Standard aluminum sections. 

Some aluminum equipment platforms may be performance specified to fit the actual equipment

purchased for the project. The contractor will employ a civil or structural engineer registered in the
State of Texas for the final design and detailing of the platforms. The design will be in accordance with
the project standard details and specifications, and compatible with the equipment. 

Fiberglass Design

Design procedures for fiberglass follow. 

Design Procedures

Fiberglass will only be used in highly corrosive locations where other materials are not suitable. 

Corrosion resistance requirements of resin will be reviewed with the lead process engineer(s) and

the project corrosion engineer. The lead structural engineer will be informed of type(s) of fiberglass

selected for use. 

Fiberglass will be ultraviolet resistant. 

Structural members and the design and detailing thereof will conform to the Extren Fiberglass Structural
Shapes Design Manual published by Strongwell Corp., Bristol, Virginia ( http:// www.strongwell. com). 

WT0604151051RDD 7



TECHNICAL MEMORANDUM 4

Site Civil

PREPARED FOR: 

PREPARED BY: 

DATE: 

North Texas Municipal Water District

CH2M HILL

Released for the purposes of review by Doug Harris, 
PE Number 120585 on July 8, 2015

July 2015

chum

Introduction

Leonard Water Treatment Plant

This technical memorandum was prepared to document the site civil requirements and basis of design for

the proposed new Leonard Water Treatment Plant (WTP). The facility site is located approximately 1. 5 miles
west of Leonard, between State Highway 69 and State Road 78 in Fannin County, Texas. 

The North Texas Municipal Water District (NTMWD) has acquired several parcels of land that total

approximately 1, 020 acres for the Bois d' Arc Creek Reservoir and Leonard WTP that will include the

WTP, a balancing reservoir, and areas for WTP sludge processing ( see Figure 1). The WTP is planned to
be located on the southwest block of the property in an area of approximately 320 acres. A seasonal
stream runs through the far west side of the parcel that will be buffered from the developed areas. 

Balancing Reservoir Site

Water Treatment Plant Si

a f

i S L _ 

I

Pow. w. ; Wm... rold Pond* 

84— — F 04iO..Yrd 4 Na4141•4.+ Rrsu

fWWiTP9i. 
0 7.'_ 003070 c,007r f5

Figure 1: Site Location Map
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SITE CIVIL

This technical memorandum summarizes site civil information relevant to development of the schematic

design; identifies applicable codes, design standards, and issues that require special consideration; and

summarizes the criteria for pavement design, site layout, stormwater, grading, and utilities. 

Applicable Codes, Standards, and Regulations

American Association of State Highway and Transportation Officials (AASHTO) 

Policy on the Geometric Design of Highways and Streets, 2011

American Concrete Institute (ACI) 

Americans with Disabilities Act (ADA), Standards for Accessible Design, 2010

American National Standards Institute (ANSI) 

American Society for Testing and Materials (ASTM) 

Texas Department of Transportation (TxDOT) Standards, including: 

TxDOT Roadway Design Manual, 2014

TxDOT Hydraulic Design Manual, 2014

Texas Manual on Uniform Traffic Control Devices ( MUTCD), 2014

TxDOT Standard Specifications for Construction and Maintenance of Highways, Streets, and
Bridges, 2014

International Building Code (2012) and Local Amendments

AASHTO Roadside Design Guide, 2011

Requirements of Local Building Codes and Zoning Ordinances

Design Criteria

Site Topography and Survey
A topographic survey of the proposed Leonard WTP site will be developed by Gorrondona and Associates, Inc. 
Surveyor). The survey will be performed in May and June 2015 using aerial mapping methods. Unless
requested otherwise, all data and imagery will be referenced to the Texas State Plane Coordinate
System, North Central Zone, North American Datum of 1983( 1993) and to mean sea level based on the

North American Vertical Datum of 1988. Units will be United States survey feet. All data and imagery will
meet or exceed American Society for Photogrammetry and Remote Sensing (ASPRS) Class 1 accuracies
for a 1 inch = 50 feet scale standard with a 1 -foot contour interval. 

Three semipermanent control points will be established for future site work. 

The necessary field surveys and office calculations will be performed to produce the final property
map of the proposed 1, 020 -acre Leonard WTP site. The field surveying will locate existing property
corners and right- of-way marker on the affected parcels. The final property map will be delivered in
an AutoCAD 2013 or MicroStation V8i file format. 

Existing property fences, utilities, and additional features will be provided by the Surveyor, in color digital
orthophotos produced to a 1 inch = 50 feet scale standard with a 3 -inch pixel resolution. It is anticipated that

additional ground survey will be required for more precise location of the proposed railroad spur, access
road connections, and other critical facilities. 

2 WT0604151051RDD



SITE CIVIL

Proposed Development

The project includes developing a master plan for a WTP with an ultimate capacity of 280 million gallons

per day ( MGD) and design of an initial phase with a 70 -MGD capacity. The initial phase will be a
conventional surface water treatment process with peroxidation, 

coagulation/ flocculation/ sedimentation, ozonation, granular media/ biologically active filtration, and
chlorine/ chloramine disinfection processes. The ultimate plant process scheme will mirror the initial

phase, except accommodations will be made for the potential of future ultraviolet (UV) disinfection and

side stream membrane treatment for a portion of the flow. The solids process is anticipated to include

backwash water recovery, sludge thickening, and either dewatering in lagoons or mechanical
dewatering. A high service pump station and an electrical substation ( both designed by others) will be
located on the WTP site. The location of these facilities will be established in the WTP master plan. 

The WTP consists of the following facilities, buildings, and structures: 

Administration building' 

Operations building' 
Maintenance building' 

Lab building' 
Raw water control vault

Chemical vault

Pre -oxidation basin

Flocculation/ sedimentation basins

Ozone facility (ozone generation building and ozone contact basins) 

Filtration facility

Wash -water pump station
Clear wells

Chemical storage and feed facility
Backwash equalization basin

Sludge thickeners

Solids dewatering (either lagoons or mechanical) 

Roadway
Adequate roadways, parking, and maneuvering areas on the facility will be provided to allow for

efficiency and safety for staff, visitors, and standard trucks and tractor -trailers for chemical deliveries, 
residuals disposal, sanitation services, and emergency services. Facilities will be located to allow for crane

access during construction and Tong -term maintenance after completion of construction. Turning radii
for truck movements will be based off a WB -62 as defined by AASHTO. A WB -62 is a tractor -trailer
combination with trailer length of 48 feet and an overall bumper to bumper length of 69 feet. Placement

of walls, fences, structures, signs, and landscaping will allow for adequate sight distance at intersections. 
The minimum cross slope of roadways will be 2 percent. Minimum vertical curve length at the

intersection of two grades will be 50 feet. Vertical curves on all streets will be omitted where the

algebraic difference in grades does not exceed 3 percent. Maximum slope in a parking lot is 4. 5 percent, 
and the minimum slope is 1 percent. The minimum slope of concrete gutters is 0. 5 percent. All paved

streets include curb and gutter where needed for drainage. 

1 Building function listed. Multiple building functions may be combined into a particular structure (for example, administration, laboratory, and
operations may be combined into a single structure). The WTP master plan will identify the number and functions of buildings. 
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Sidewalks

Sidewalks will be provided around all public access facilities and in process areas as needed to maintain

access for operations and maintenance. Sidewalks will be constructed of concrete, and will be a minimum

of 4 inches thick and 48 inches wide. The operations building, maintenance building, and lab building will
provide ADA -compliant access. Treatment areas do not need to be ADA compliant. 

Signage

Signs will be provided to clearly direct visitors to facilities. Facility roadways will be 24 feet minimum, and
all two-way roads accessible by tractor -trailers will have a minimum width of 30 feet. Roadway
intersections will be striped and signed. All striping and markings will be thermoplastic conforming to
TxDOT Specifications. Bollards will be provided as needed to protect critical facilities from traffic. 

Parking
A parking lot will be provided for the administration, operations building, maintenance building, lab, 
ozone generation building, high service pump station (designed by others), and at access points to major
process units. Visitor parking spaces will be provided, including ADA stalls and aisles as required for ADA
compliance, at the administration building and any other structure with potential public access. 

Standard parking spaces of 10 feet wide by 20 feet long will be provided, except for ADA -compliant
spaces. All parking spaces will be striped. 

Pavement Design

Pavement structural section and subgrade improvements will be designed based on the TxDOT method

for rigid pavement. Concrete is proposed for all roadway and parking area pavement, and design will be
based on findings from the geotechnical exploration performed prior to preliminary design, in
combination with an anticipated average daily traffic of 50 passenger vehicle trips and 10 tractor -trailer
trips per day on the paved facilities. Pavement will have a design life of 20 years. 

Facility Access Road
Fannin County Road 4965 bisects the property owned by NTMWD and connects State Highway 78 on the
south of NTMWD' s property to State Highway 69 on the north of the property. NTMWD desires to ask
Fannin County to abandon County Road 4965 and convert it to an internal roadway maintained by
NTMWD. If County Road 4965 is converted to an internal roadway, the access to the property and the
WTP site can be from either State Highway 78, State Highway 69, or both. The location and
configuration of the access will be addressed by the WTP master plan. After the access configuration is

established, the alignment of the access roads and construction access will be determined during
preliminary design. The following are included in the design: 

The facility entrance will include an entry gate with card reader and communications with the WTP
control room. Gates and card readers will be located far enough from the state highway so that
trucks can pull all the way off the road with the gate closed. 

The proposed intersection at the state highway will be coordinated with TxDOT and evaluated to
ensure safe sight distance for vehicles making left and right turns out of the WTP, and for vehicles
making left turns into the WTP. 

The need for improvements to state highways such as the addition of left and right turn lanes will be
evaluated. 
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Railroad Access

An existing railroad line runs along the north and east sides of the site near State Highway 69. A rail spur
will be constructed as part of the project to provide rail access from the main track to the WTP. The site

will be designed to accommodate this rail spur and the associated chemical deliveries from the rail cars. 

Additional information describing the work associated with the rail spur will be outlined in the Existing
Conditions Technical Memorandum. 

Fencing, Gates, and Security
The entire project site will be enclosed by 8 -foot -tall chain link with three -strand barbed wire fencing. 
The mesh spacing is a maximum 1 inch, and wire will be minimum 11 gauge. The main entrance gate will

be a cantilever slide gate with operators, control system, and card readers. Standard manual swing gates
consisting of chain- link fence will be located at alternate entry points, and between the WTP and other
facilities onsite. 

The WTP master plan will address the areas to be fenced, and the location and configuration of the

gates. The master plan will also address any aesthetic amenities associated with the site fencing and
gates. 

Grading, Stormwater, and Drainage
All process, controls, electrical, and operations facilities are proposed to be located at elevations above

690 feet in accordance with North American Vertical Datum of 1988. This elevations is a minimum of

10 feet above the 100 -year flood elevation of 680 feet. Parking areas, primary roadways, and other
structures are proposed to be located a minimum of 3 feet above the 100 -year floodplain. 

Surface drainage will be directed away from buildings, top of cut and fill slopes, and pedestrian walkways. 
All facility site drainage flow will be captured in abovegrade ditches and swales where feasible, and carried

away from the facilities. Where abovegrade facilities are not feasible, an inlet/ pipe network will be used. All

onsite flow will be directed to the west side of the site where it will ultimately make its way into the
existing creek channel and leave the site. 

Future expansion will be considered during drainage design. Stormwater facilities will be sized based on
buildout runoff where feasible to minimize disruption of future operations. 

Onsite stormwater facilities will be designed to the following standards: 

Onsite systems, including inlets and closed conduits, will be designed to convey the 10 -year storm
event with the hydraulic grade line 1 foot below the manhole top, drain inlet grate, or gutter flow
line. 

Drainage designs will protect all structures from flooding during a 100 -year storm (all structure
entrances will be above the 100 -year floodplain). 

Drainage from areas subject to contamination from chemicals will be captured separately and
routed to containment basins. 

Minimum pipe size for storm drain pipes will be 18 inches. 

Storm drain pipe will be reinforced concrete pipe ( RCP). 

TxDOT standards will be used for design of all storm inlets and outlets. 

Minimum velocity for storm drain pipes is 2 feet per second ( fps). 

Manholes will be provided at horizontal points of intersection ( PI) with a maximum spacing between
manholes of 500 feet. 
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Open channels are designed to convey the 100 -year storm event while maintaining at least 1 foot of
freeboard in cut sections and 3 feet of freeboard in levied sections. 

Culverts are designed to pass the channel design capacity while meeting freeboard requirements. 

Earth channels are designed to flow at a minimum velocity of 2 fps and a maximum velocity of 6 fps. 

Open channel calculations will be based on the Manning' s equation. 

Onsite hydrology will be based on the rational method. 

A minimum concentration time of 10 minutes will be used for hydrologic calculations. 

The TxDOT Hydraulic Manual will be followed as applicable for hydrologic and hydraulic calculations. 

Erosion and Sedimentation Control

Erosion control standards will be developed during the design of the project with input from the
Construction Manager at Risk ( CMAR) and will be incorporated into the site work while construction

activities are taking place. These measures will include the use of silt fences at the toe of new slopes, 

along intermediate slope benches when available, around the limits of stockpiles, and generally downhill
of disturbed areas. Temporary erosion control grasses consisting of a local erosion control seed mix
using native grasses when available) and straw mulch will be applied to disturbed bare ground surfaces

exposed during the wet season. Plastic sheeting may also be used on erodible stockpiles and other
disturbed areas where vegetation cannot be established in a timely manner, or where timing is critical to
cover exposed surfaces prior to a storm event. 

Yard Piping, Utilities, and Fire Protection

Yard piping will be laid out in corridors with a minimum spacing between pipes of one-half the larger
diameter to allow adequate room for pipe repairs. Space will be allocated, as necessary, for future
pipe installation and site electrical. A minimum horizontal spacing of 10 feet and vertical spacing of
18 inches will be provided between potable water and sanitary sewer lines. 

Site piping will be installed on imported pipe bedding with native backfill. A minimum cover depth of
4 feet will be provided over potable water lines, a minimum vertical spacing of 1 foot will be provided
between crossing pipes, and depth of cover will be minimized where possible while also minimizing
changes in pipe grade and high or low points. 

Piping under structures will be concrete -encased with the encasement extending to a distance outside
the structure determined by a 45 -degree angle from the outside of the footing to the pipe. 

Onsite sanitary facilities will either discharge to the Publicly Owned Treatment Work of Leonard or use an
onsite septic tank and leach field. Onsite sanitary sewer piping will be specified as polyvinyl chloride (PVC). 
The diameter will be based on the requirement that gravity pipelines will be designed to provide a
minimum velocity of 2 fps when flowing half full with a minimum diameter of 8 inches. Additional

information will be provided on sanitary sewer design criteria in the Existing Conditions Technical
Memorandum. Manholes will be located at changes in direction of gravity sanitary sewer at no less than
300 -foot intervals in a straight section of pipe. 

Water supply will be provided for fire protection and domestic uses. A permanent water supply that is
not dependent on WTP flows will be provided so that the plant has its minimum water supply needs met
independent of plant operations. The water supply will either come from Leonard public water supply or
from an onsite well. Leonard has capacity available to provide fire protection. The costs associated with
extension of service and fees will be evaluated in the Existing Conditions Technical Memorandum to
determine if this option would be cost effective. 
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The WTP master plan will address the source of potable water supply and sanitary sewer disposal. 

Temporary Facilities for Construction
The existing site has no water, power, sanitary sewer, or roadway (except for County Road 4965) 
infrastructure. A temporary facilities plan will be developed with input from the CMAR during
preliminary design and refined in final design. The temporary facilities plan will address the following: 

Water supply to support construction activities, fire protection, and domestic consumption

Sanitary waste disposal for construction
Drainage and sediment control during construction

Roadway and parking facilities to facilitate efficient construction

The temporary facilities plan will integrate with the initial phase improvements to the extent that
cost effective and feasible to do so. 
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TECHNICAL MEMORANDUM 5 Ci12M4.• 

Heating, Ventilation, and Air Conditioning; Plumbing; 
and Fire Protection

PREPARED FOR: North Texas Municipal Water District

PREPARED BY: CH2M HILL

Released for the purposes of review by Matt Fulls, 

PE Number 96563 on July 8, 2015

DATE: July 2015

Introduction

This technical memorandum was prepared to document the heating, ventilation, and air conditioning
HVAC); plumbing; and fire protection codes and design criteria for the design of the proposed new

Leonard Water Treatment Plant (WTP). 

It is anticipated HVAC and plumbing will be included in the proposed operations, lab, and maintenance
facilities. HVAC will also be required for electrical and controls rooms in process facilities, and for some

chemical storage areas. Plumbing will be needed for safety showers and eye washes in chemical storage
areas. Fire protection will be provided where required by code in operations, lab, maintenance, and
chemical storage areas. 

Applicable Codes, Standards, and Regulations

HVAC, plumbing, and fire protection design will incorporate, at a minimum, the requirements of the
following codes, standards, and regulations: 

Building Codes: 
HVAC: International Mechanical Code ( IMC) 

Energy: 2009 International Energy Conservation Code ( IECC) 

Building: International Building Code ( IBC) 

Plumbing: International Plumbing Code ( IPC) 
Fire: International Fire Code ( IFC) 

Fuel Gas: International Fuel Gas Code ( IFGC) 

Plumbing: International Plumbing Code ( IPC) 

Standards and Regulations: 

Air Moving and Conditioning Association ( AMCA) 

American Society of Heating, Refrigeration, and Air -Conditioning Engineers ( ASHRAE) 
American Society of Mechanical Engineers (ASME) 
American National Standards Institute (ANSI) 

Associated Air Balance Council ( AABC) 

Occupational Safety and Health Administration ( OSHA) Standards for General Industry
Sheet Metal and Air Conditioning Contractors National Association (SMACNA) 
National Fire Protection Association ( NFPA) 

American Conference of Governmental Industrial Hygienists (ACGIH) Industrial Ventilation

Manual
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HVAC Design Criteria

Outdoor Design Conditions

The climatic data in Table 1 will be used for the design of HVAC systems. 

Table 1: ASHRAEa Design Conditions

Leonard Water Treatment Plant Basis of Design Report

System Design

Cooling ASHRAEa 0. 4% design

100. 1° F ( dry bulb) 

75. 1° F ( wet bulb) 

Heating ASHRAEa 99. 6% design

30° F ( dry bulb) 

Elevation 700 feet +/-100

a Source: Fundamentals Manual (ASHRAE, 2013). 

Notes: 

Weather data from Collin County Regional Airport (McKinney National Airport). 
F = degrees Fahrenheit

Indoor Design Conditions

In general, the indoor design conditions listed in Table 2 will be used for this project. 

Table 2: Indoor Design Conditions

Leonard Water Treatment Plant Basis of Design Report

Occupancy

Heating Design Cooling Design
Temperature Temperature

F) (° F) 

Process areas and some chemical storage (ventilated and heated) 50 104a

Process areas and some chemical storage (air conditioned and heated) 50 85

Electrical rooms (air conditioned and heated) 50 85

SCADA, server, and control rooms (air conditioned and heated) 50 85

Administration, operations, and lab space ( air conditioned and heated; 

lab space humidity to be controlled to 40%) 

68 78

a Electrical equipment is generally rated for a maximum ambient temperature of 104° F; ventilation -cooling fans will be
sized on the basis of the temperature difference between inside and outside. Occasional excursions of higher
temperatures can be expected. 

Note: 

SCADA = supervisory control and data acquisition

Energy Code Compliance
Design will be in compliance with the 2009 IECC as required by the State of Texas. 
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Ventilation Design Criteria

Ventilation rates for HVAC systems will comply with applicable building, fire, and mechanical codes as
listed above. 

General Equipment Selection Criteria

Quality

Systems and vendors that exhibit high reliability and long service life will be specified for the basis of
design for HVAC systems. Process areas will be served by heavy-duty commercial- or industrial -grade
equipment. 

Humidity Control

Relative humidity will not be specifically controlled in most of the buildings. The lab space will have the
humidity controlled to 40 percent +/- 5 percent relative humidity. 

Backup Systems

In this project, most building spaces do not contain equipment or processes that would be measurably
harmed upon temporary loss of heating, ventilation, or air conditioning. Therefore, except as detailed
below, no deliberate HVAC system backup is planned. 

The following spaces will be served with at least two cooling or heating units as applicable, each sized at
a minimum of 60 percent of the total required capacity, so that failure of one item of air handling, 
heating, or cooling system equipment will not result in the total loss of room cooling or heat: 

Electrical rooms

SCADA, server, and control rooms

Administration, operations, and lab facilities

Corrosion Protection

HVAC equipment, ductwork, and air distribution devices serving corrosive areas will be provided with
protective coatings and/ or constructed from corrosion -resistant materials. 

Specific Equipment Selection Criteria

The following criteria are general in nature. Building- and zone -specific information regarding HVAC
system concepts will be presented in later design phases. 

Equipment Location

HVAC equipment will typically be located on the roof of the facility, and access will be provided by
permanent ladders or stairs. 

Heating Systems

Electrical resistance heating coils and heat pumps will be evaluated for space heating of facilities. 

Cooling Systems

Packaged and split system direct expansion ( DX) cooling systems will be used to provide cooling for
manned facilities, electrical rooms, and control rooms. Evaporative cooling systems will be evaluated as
an alternative for process or chemical areas that need cooling. 

Ductwork

Metal ductwork will conform to the latest SMACNA standards. In general, all ductwork will be

aluminum. Where aluminum is not suitable for the environment in which it is installed, stainless- steel

ductwork will be used. 
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All ductwork conveying mechanically cooled and heated supply air will be externally insulated. Internal
duct liner will not be used unless approved by the North Texas Municipal Water District for specific
applications. 

Starters and Disconnects

Motor starters/ contactors for HVAC equipment will be factory installed by the equipment manufacturer, 
when available. If the option is not available, starters/ contactors will be installed in a motor control

center or wall mounted as required by an electrical engineer. 

Equipment disconnects will be provided as required by electrical code. 

Control Systems

All HVAC control systems will generally be stand-alone electronic or microprocessor -based electronic - 
type as required. Control systems will include local control panels for equipment, either provided with

packaged equipment or free standing to serve one or more equipment items. 

A central building automation system ( BAS) will be provided for the entire WTP to monitor and control

HVAC equipment throughout the plant. This BAS system will also have the ability to be monitored
remotely. Critical pieces of HVAC equipment will have visible alarms at the BAS main computer and will

be linked back to the SCADA system. Additional alarms required by the IMC and IFC for chemical storage
spaces will also report back to the BAS and SCADA systems. 

Specific Zone Design Criteria

Administration/ Operations Building

Heating: 

Ventilation: 

Electrical resistance heat or heat pump in air -handling unit

Minimum ventilation required by code supplied through the air -handling
unit

Exhaust: For restrooms, locker rooms, breakrooms, and janitor' s closets as required

by code

Air Conditioning: Indoor constant air volume system, electric split system DX cooling

Environment: Nonhazardous, occupancy -driven loads, limited equipment loads

Comments: Provide backup air-conditioning and heating systems so that failure of any
one piece of HVAC equipment will not reduce cooling or heating capacity to
less than 60 percent of peak demand

Lab Building

Heating: Electrical resistance heat or heat pump in air -handling unit

Ventilation: Minimum ventilation required by code, and makeup air to maintain slightly
negative pressure in lab space, supplied through air -handling unit

Exhaust: Exhaust stack height, velocity, and dissipation per code requirements for

lab uses as determined in preliminary design

Air Conditioning: Indoor variable air volume system, electric split system DX cooling
proposed, lab functions to be determined may require different system

Environment: Potentially hazardous fumes from hoods, limited lab equipment loads
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Comments: 

Maintenance Building— 

Heating: 

Ventilation: 

Exhaust: 

Air Conditioning: 

Environment: 

Comments: 

Maintenance Building— 

Heating: 

Ventilation: 

Exhaust: 

Air Conditioning: 

Environment: 

Comments: 

HEATING, VENTILATION, AND AIR CONDITIONING; PLUMBING; AND FIRE PROTECTION

Provide backup air-conditioning and heating systems so that failure of any

one piece of HVAC equipment will not reduce cooling or heating capacity to
less than 60 percent of peak demand

Shop Areas

Electrical resistance heat with wall -mounted unit heaters

Makeup air through wall louvers

Minimum exhaust air by code though wall- or roof -mounted exhaust fans; 
local exhaust for hazardous processes as required by code

Not required, evaluate evaporative cooling

Nonhazardous, limited equipment loads

Space well ventilated, heated, no air conditioning

Office, Locker Area, and Electrical Room

Electrical resistance heat or heat pump in air -handling unit

Minimum ventilation required by code supplied through the air -handling
unit

Exhaust for restrooms, locker rooms, and breakrooms as required by code
through roof -mounted exhaust fans

Electric split system DX cooling; constant volume or variable volume system
to be evaluated

Nonhazardous, limited equipment loads

Provide backup air-conditioning and heating systems so that failure of any
one piece of HVAC equipment will not reduce cooling or heating capacity to
less than 60 percent of peak demand

Chemical Building/ Ozone Building — All Heated; Partial Air Conditioning for Select Chemicals

Heating: 

Ventilation: 

Exhaust: 

Air Conditioning: 

Environment: 

Electric unit heaters, electrical resistance heat in air -handling unit as
required by code

Makeup air through wall louvers or through air -handling unit

Ventilation rate to maintain negative pressure inside building

Exhaust rate as required by code through wall- or roof -mounted exhaust
fans, scrubbers for chlorine storage building

Electric DX cooling in unitary air conditioner or evaporative coolers for
designated chemicals

Hazardous chemicals stored

Comments: Cooling provided for chemicals that degrade significantly with local
temperatures; minimum ventilation rates to meet code requirements

Process and Chemical Area Electrical and Control Equipment Rooms

Heating: 

Ventilation: 

Electric heating through air handlers or heat pump

Not required
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Exhaust: Not required

Air Conditioning: Electric DX cooling in unitary air conditioners

Environment: Nonhazardous, significant equipment heat loads

Comments: Provide backup air-conditioning systems so that failure of any one unitary
air conditioner will not reduce cooling capacity to less than 60 percent of
peak demand

Plumbing and Fire Protection
General

This section summarizes the design criteria and requirements for building plumbing systems for the
project. 

Codes, Standards, and Regulations

Plumbing systems design will conform to the requirements of the listed codes and standards and any
supplementary requirements of the authorities having jurisdiction. 

Overall Design Criteria/ Requirements

General

Options for potable water will be evaluated in the Existing Conditions Report based on availability from
Leonard WTP and consideration of well options. 

Complete plumbing systems will be designed for the new buildings. 

Water hammer arresters will be provided at safety showers and quick -closing valves. 

Safety Shower/ Eye Wash

Safety shower/ eye wash stations will be provided in areas with hazardous chemicals. Each safety
shower/ eye wash will have a nearby floor drain. Tepid water will be provided to each safety shower/ eye
wash station through a mixing valve when possible. If hot water is not available, an electric instant water'! 
heater will be located at the eye wash station. 

Freeze Protection

Electric heat trace and insulation will be used for freeze protection where there is piping that contains
water that is exposed to the outside, or is located in an unheated space, and has a risk of freezing. 

Roof Drains

Roof drains will be a combination of roof drains and downspouts, or a gutter system, depending on the
facility. 

Cross Connection Control

Cross connection control will be provided in accordance with the IPC. 

Fire Protection Systems

Local fire services for this facility will be provided by the volunteer force at Leonard WTP who have
limited resources and may not be able to provide typical urban area response times. As a result, building
fire sprinkler systems will be provided where required by code and, in addition, will be evaluated for
other facilities to limit potential fire damage to critical facilities in the event of slow emergency
response. 
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A performance- based specification and occupancy hazard drawing will be provided so a licensed Fire
Protection Engineer or National Institute for Certification in Engineering Technologies -certified designer
can complete the detailed design of the fire protection systems. 

Thermal Insulation

Thermal insulation will be provided for the following piping systems: 

Potable cold water

Potable hot water

Exterior condensate drains from air-conditioning cooling coils
Refrigerant suction and liquid lines in interior spaces

Refrigerant liquid lines on the exterior of the building

Pipe Hanger Material

Plumbing: 

Process Buildings: Factory -applied plastic -coated steel

Chemical Rooms: 304 stainless steel or other material that will not corrode when exposed to

chemicals

Building Piping and Accessories

Piping materials of construction will be as follows: 

Potable cold water (PCW): PEXa or Type L copper

Nonpotable cold water (NPW): PEXa or Type L copper

Potable hot water (PHW): PEXa or Type L copper

Sanitary drain and vent (SS, V): Schedule 40 polyvinyl chloride (PVC) -drain waste and vent (DWV) soil
pipe

Roof drain and emergency overflow drain ( RD, ERD): Schedule 40 PVC- DWV soil pipe

Refrigerant piping (RS, RL): air conditioning and refrigeration -type copper pipe

Fire protection piping ( FP): Above and below floor, based on Schedule 40 carbon steel; other
schedule piping may be used based on available pressure and water flow requirements

Specific Zone Design Criteria/ Requirements

Specific plumbing requirements for facilities will be developed in preliminary design after the
architectural facility program has determined the needs for each facility. 
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Electrical

PREPARED FOR: 

PREPARED BY: 

North Texas Municipal Water District

CH2M HILL

Released for the purposes of review by Jason Clifford, 
PE Number 117689 on January 25th, 2016

DATE: January 2016

Introduction

dam: 

This technical memorandum has been prepared to document the basis of design and codes and

standards to be used for the electrical design for the Leonard Water Treatment Plant (WTP). The facility
site is located approximately 1. 5 miles west of Leonard, between State Highway 69 and State Road 78. 
The source of power for the facility is a transmission main owned by Oncor, located approximately
4 miles west of the Leonard WTP site. Figure 1 shows the electrical location plan. 
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ELECTRICAL

Dual power feeds to each facility for redundancy

Reserve power capacity for future upgrades

Electrical distribution equipment will be specified to name North Texas Municipal Water District' s

preferred manufacturers. 

System Description

Electrical Power Distribution System

The estimated total connected facility power was developed on the basis of the preliminary process
model. The connected power summary includes the liquid and residuals treatment processes at the

Leonard WTP site; an estimate of high service pumping requirements; and an allowance for

miscellaneous power Toads for building lighting, HVAC (heating, ventilation, and air conditioning), 
electrical service, and site lighting. The power summary does not include the power associated with the

raw water pump station that is located offsite. Power estimates for high service pumping were provided
by Freese & Nichols. 

Construction will be split into four phases. Phase 1 will include 70 million gallons per day (MGD) of
treatment capacity, and Phase 2 will build on the Phase 1 equipment and structures to expand to

140 MGD of capacity. Phases 3 and 4 will bring the plant to its ultimate capacity of 280 MGD. Phase 4
provides for a 50 -MGD membrane treatment system for water from a secondary brackish source, which
results in significantly higher power demands for that phase. It is recommended that the offsite power

transmission conductors be designed for the ultimate plant load with a 15 percent safety margin
45,000 kilovolt -ampere [ kVA]), and the onsite substation be designed for the first 140 -MGD power

requirements with a 15 percent safety margin ( 15, 000 kVA). The internal power distribution system

should be designed for the appropriate loads ( Phase 1 alone or Phases 1 and 2) depending on the future
expansion strategies. Table 1 lists power supply design criteria. 

Table 1: Power Supply Design Criteria for Leonard Water Treatment Plant, Including the High Service Pump Station
Leonard Water Treatment Plant Basis of Design Report

Parameter Design Criteria Comments

Electric Utility Fannin County Electric Cooperative

Service Voltage 25 kV

70 -MGD Connected Load, Total 8 MVA

70 -MGD Demand Load, Total 6 MVA

70 -MGD Generator Load, Total 5 MW

280 -MGD Connected Load, Total 39 MVA

280 -MGD Demand Load, Total 35 MVA

138 kV stepped down to 25 kV at substation onsite

70 MGD represents Phase 1. 

Generation capability to power one process train
35 MGD), plus the operations and maintenance

buildings

Estimate based on initial design and future load

projections, including possible UV upgrades and
membrane systems

Estimate based on initial design and future load

projections, including UV and membrane systems

Notes: 

kV = kilovolt

MVA = mega volt amp

MW = megawatt

UV = ultraviolet
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The electric utility supplier to the Leonard WTP will be Fannin County Electric Cooperative ( FCEC). The
138 -kV Oncor-owned overhead transmission line will be tapped for plant service. The transmission to

the site and onsite substation will be provided by FCEC. A utility substation will be provided to step
down the 138 -kV system to 25 kV for distribution around the WTP. 

Two 25 -kV feeders will be supplied by the utility substation, located onsite. These feeders will then be
connected to the main customer -owned 25 -kV substation switchgear, located adjacent to the utility
substation, and will represent the service point of the plant. This switchgear will be configured for Main - 

Tie -Tie -Main functionality, where the middle bus will provide isolation when maintenance or
replacement of components is necessary. 

A single overhead loop at 25 kV will be distributed throughout the plant to provide power to each main
loadcenter throughout the plant. Dual drops will be provided at each loadcenter, connected to two

100% load transformers. Each loadcenter will be configured for Main -Tie -Tie -Main functionality, where

the middle bus will be connected to the local standby generator. Automatic transfer controls will be
provided interior to each main loadcenter for control of the breakers and generator, upon loss or

restoration of utility power. 

Main loadcenters will be located at the east chemical facility, maintenance facility, ozone facility, high
service pump station, and the north chemical facility. Other loads and facilities will be sub -fed from
these main loadcenters. 

Low- and medium -voltage switchgear, motor control centers ( MCC), and low -voltage switchboards not

connected directly to a generator will all be configured Main -Tie -Main for redundant power supplies to
all facilities. 

Legally Required Emergency System ( NEC Article 700) 
None. 

Legally Required Standby Power System ( NEC Article 701) 
None. 

Standby Power System ( NEC Article 702) 
Diesel generators will connect to the system at the 4, 160V or 480V level, based on the associated

loadcenter voltage. The generators will be located in weatherproof, sound -attenuated outdoor

enclosures with sub -base fuel tanks, sized to provide 48 hours of fuel at 100% load. 

Uninterruptible power supplies ( UPS) will be provided at each electrical room and building to provide

battery backup systems for programmable logic controller (PLC) and supervisory control and data
acquisition (SCADA) equipment, fire alarm systems, security systems, and telecom systems. UPSs will be
sized for handling their full load for 15 minutes, enough time for the electrical distribution system to
transfer to standby (generator) power. 

Critical Operations Power System ( NEC Article 70x) 

None. 

Telecommunications Network

Conduit for telephone service will be provided from the property line to the main communications room

located in the operations building. 

Telephone service will be provided at the operations building offices and common rooms as well as the

maintenance building office. 
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Horizontal telecommunications cabling will be unshielded, twisted pair cabling that meets or exceeds
Category 6 requirements. Horizontal runs exceeding 300 feet will be served with fiber optic cable. 
Cabling will be listed for the environment installed (for example, riser and plenum). 

Backbone telecommunications cabling will be fiber optic cabling. 

No paging or mass -notification system will be provided. 

Fiber Optic Cabling System
A fiber optic cabling system will be installed to provide communications connectivity between process
buildings and the operations building. A common fiber optic system will be used for plant controls, 
security, and telecommunications. 

Fire Alarm System

A fire alarm system will be installed in the operations and maintenance buildings, ozone facility, 
chemical facilities, and any other buildings required by code. A sprinkler control system and a manually
initiated emergency alarm system will be installed in the chemical buildings. The various building fire
alarm control panels will be networked together with the main system panel located within the

operations building via fiber optic cables. The fire alarm system will require a dedicated telephone line
from the Fire Alarm Master Control Panel to the local fire station. 

Access Control, Security, and Surveillance Systems
See the Existing Conditions Report (September 2015). 

Lightning Protection
A lightning protection system will be provided for those buildings and structures that are shown to be

high risk, according to the analysis provided in National Fire Protection Association ( NFPA) 780. The
lightning protection system will be designed to comply with all applicable provisions of the most current
edition of Lightning Protection Institute (LPI) 175, Underwriters' Laboratories, LLC ( UL) 96, UL 96A, and
NFPA 780. 

Design Criteria —Applicable Codes, Standards, and Regulations

The authority having jurisdiction for the electrical system is Fannin County. The authority having
jurisdiction for the fire alarm system is the City of Leonard Fire Marshall. 

The electrical system design will be based on the following codes and standards. 

Codes

2014 National Electrical Code ( NEC) 

2012 National Electrical Safety Code (ANSI C2- 1987) 

Standards

American National Standards Association (ANSI) 

National Electrical Manufacturers Association ( NEMA) 

Institute of Electrical and Electronic Engineers ( IEEE) 

Instrument Society of America ( ISA) 
Insulated Cable Engineers Association ( ICEA) 

Occupational Safety and Health Administration (OSHA) 

American Society for Testing Materials (ASTM) 

4 WT0604151051RDD



ELECTRICAL

Underwriters' Laboratories, LLC ( UL) 

Illuminating Engineering Society ( IES) 

National Fire Protection Association ( NFPA), including NFPA 70E

International Electrical Testing Association ( NETA) 

System Voltage

System voltage will be provided as follows: 

25 kV, ungrounded delta, three- phase, three -wire

4. 16 kV, ungrounded delta, three-phase, three -wire

480 volts solidly grounded wye, three- phase, three -wire

208Y/ 120 volts solidly grounded wye, three- phase, four -wire

Table 2 provides detailed use voltage. 

Table 2: Use Voltage

Leonard Water Treatment Plant Basis of Design Report

Use Voltage

Interior Lighting 120 or 208 volts, single- phase

Site Lighting 480 volts, single- phase

Convenience Outlets 120 volts, single- phase

Motor Control 120 volts, single- phase

Motors ( less than 3/ 4 hp) 120 volts, single- phase

Motors ( 1 hp and larger) 480 volts, three-phase

Motors (400 hp and larger) 4, 160 volts, three- phase

Note: 

hp = horsepower

Sizing Criteria
Electrical systems will be designed using the following sizing criteria: 

Motor Control — Reduced voltage soft starters ( RVSS) for constant -speed loads above 50 hp. 
Separately mounted adjustable -frequency drives (AFD), with active front end, passive filtration, or
18 -pulse, for adjustable -speed motors above 100 hp. 

Generators — Provide power for operation of one complete train (35 MGD) of process equipment

and associated support buildings, including the operations and maintenance buildings. 

Uninterruptable Power Supply — Operate at 100 percent capacity for a minimum of 15 minutes. 

Power factor correction capacitors will be applied to produce an average facility power factor between
0. 97 and 0. 99 to reduce losses, release system capacity, avoid power company penalty, and improve

voltage conditions. Capacitors may be applied as needed to process loads that are not on AFD5 to get
the plant power factor into the target range. 

Motors

Generally, motors 50 hp and larger on drives and 100 hp and larger on constant speed will be provided
with a temperature protection system. 
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Motors installed outdoors will include space heaters. 

Motors will also be provided with enclosures that are suitable for operating in the environment in which
they are installed. The following lists the enclosures proposed and the area in which they will be
installed: 

Explosion -Proof (EXP) — Suitable for installation in a hazardous Class 1, Division 1, Group D Area or
Class 1, Division 2, Group D Area

Chemical Industry, Severe -Duty (CISD- TEFC) — Suitable for indoor and outdoor severe -duty
applications including high humidity, corrosive, dirty, or salty atmospheres

Totally Enclosed, Fan Cooled (TEFC) — Suitable for most indoor and outdoor applications in which the
environment is not corrosive or hazardous

Submersible — Suitable for applications in which the entire motor will be submerged in the

nonhazardous liquid that it is pumping

Motors driven by AFDs will be inverter duty. 

Voltage Drop
Limit starting voltage drop to less than 10 percent and running voltage drop to less than 3 percent. 

Equipment Preferences

The following list of equipment manufacturers will be considered for this project. Note that other

manufacturers may be installed if they meet the specifications developed during design. 

Oil -filled transformers: ABB, Cooper, or Eaton/ Cutler-Hammer. 

Diesel power generators: Caterpillar or Cummins. 

Medium -voltage switchgear: GE or Eaton/ Cutler-Hammer. 

MCCs: Square D, Allen Bradley, or Eaton/ Cutler Hammer. 

AFDs: Allen Bradley, Eaton -Cutler Hammer, Toshiba, or Square D. 

Lighting and power panels: GE, Eaton -Cutler Hammer, or Square D. Power panels will be built to
include a surge protective device (SPD). 

Lighting dry -type transformers: GE, Eaton -Cutler Hammer, or Square D. Transformers supplying
nonlinear loads will have the appropriate K -factor rating. 

Electrical Materials

The electrical materials used in the electrical system design will be based on the following NEC
guidelines. 

Section 26 05 02 Basic Electrical Requirements

Site Environmental Conditions

Elevation: 700 feet

Seismic: See Basis of Design Report, Technical Memorandum 3: Structural

Wind Loading: See Basis of Design Report, Technical Memorandum 3: Structural

Outdoor Temperature Range: See Basis of Design Report, Technical Memorandum 5: Heating, 
Ventilation, and Air Conditioning; Plumbing; and Fire Protection
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Area Classification

The following areas are classified chemically corrosive to metals: 

1. Chemical rooms

2. Exterior ozone contact basins

3. Exterior chemical storage buildings

The following areas are classified wet: 

1. Below -grade vaults and galleries

The following areas are classified dry: 

1. Mechanical and process rooms

The following areas are classified outdoor: 

1. Outdoor above -grade areas

The following areas are classified indoor: 

1. Maintenance building
2. Electrical rooms

3. Operations building
4. Building mechanical/ HVAC rooms

Section 26 05 04 Basic Materials and Methods

Metering

Electric utility metering will be in accordance with FCEC requirements (meet Electric Utility Service
Equipment Requirements Committee [ EUSERC] requirements). 

Power monitors will be installed on all switchgear, switchboards, MCCs, and the generator feeders. 

Power monitors will be connected to the plant control system for viewing via the SCADA system
human -machine interface ( HMI). 

Safety Switches

Safety switches will be heavy-duty type. 

Local disconnect switches will be located at motors where not in the same facility as the motor
controller with lockable disconnect. An auxiliary switch will be provided in VFD disconnects, where
applicable. 

A motor -rated toggle disconnect switch will be an alternative for nonfused local disconnect switches

for poly -phase motors in the 0. 5- to 5 -hp range. 

Control Stations

ON -OFF -REMOTE will be maintained or LOCAL/ REMOTE, START/ STOP momentary controls in local

control stations adjacent to each pump. REMOTE control, including pump shutdown, will be
maintained by the plant control system. 

Local speed control will be provided at the control stations, and remotely by the plant control
system. 

Section 26 05 05 Conductors

Copper with XHHW- 2 insulation for 600 -volt conductors

Aluminum with 133 percent ethylene propylene rubber (EPR) insulation for 35 -kV cables
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12 American wire gauge (AWG) minimum for power, #14 AWG minimum for control, or as defined

on drawings

16 AWG, 100 percent foil shield coverage, with drain wire, 600 -volt for field instrument cables

Four pair unshielded twisted pair #24 AWG solid conductors for indoor data network cables

Four pair shielded twisted pair #24 AWG solid conductors for outdoor data network cables

Section 26 05 26 Grounding

Ground rings will be placed around pad -mounted switches, transformers, and generator bonded to

duct bank ground; ground rods will be placed at each building and in handholes, on building steel, 
and other electrodes as required by NEC. 

Ground rings will be provided around buildings that include a lightning protection system. 

All grounding electrodes will be connected to a master ground bar in the electrical room. 

Section 26 05 33 Raceway and Boxes

Separate duct banks and manhole/ handhole networks will be used for the following systems: 

Medium -voltage power distribution

480 -volt power wiring, 120 -volt control wiring, and fiber optic communications
Route -opposing feeders on opposite sides of manholes

Duct banks will be provided as follows: 

Concrete -encased steel reinforced for all duct banks under roads and for all 25 -kV feeders

Direct -buried for all other duct banks

Manholes/ handholes located where duct banks are connected, or where required by pulling stress
of cabling

Raceway types will be as follows: 

Concrete encased: Schedule 40 polyvinyl chloride ( PVC) for power, 120 -volt control, and fiber; rigid

galvanized steel ( RGS) for analog. 

Direct buried: Schedule 40 PVC for power, 120 -volt control, and fiber; PVC -coated RGS for analog. 

Dry, exposed: Rigid aluminum. 

Outdoor and wet, exposed: Rigid aluminum. 

Stud -framed walls and above -ceiling tiles: Electrical metallic tubing (EMT). 

Concrete block walls and embedded in concrete/ under concrete floors: PVC, Schedule 40. 

Transition from buried/ embedded to exposed: PVC -coated RGS. 

Raceways for lighting, HVAC, and receptacle circuits will be surface mounted. 

Equipment cabinets or enclosures will be NEMA 4X, Type 316 stainless steel with Type 316 stainless

steel quick release luggage -type latches or three- point handle -operated latching system, with
integral conduit hubs for termination of aluminum conduits. 

Section 26 08 00 Testing

Independent visual and electrical testing of all major equipment
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Section 26 22 00 Low -Voltage Transformers

Copper windings

Section 26 43 00 Surge Protective Devices

SPDs at the incoming medium -voltage switchgear, low -voltage switchboards, MCCs, and at
panelboards

SPDs on data and communication cables that exit a building

Section 26 50 00 Lighting

Table 3 lists the lighting levels. 

Table 3: Lighting Levels

Leonard Water Treatment Plant Basis of Design Report

Area Lighting Level

Indoor process areas 30 FC

Outdoor process areas 1 FC

Electrical equipment rooms 30 FC

Mechanical equipment rooms 30 FC

Street lighting 0. 1 to 1 FC

Substation area 2 FC

Maintenance areas General 30 FC ( 50 FC at task areas) 

Offices 30 FC

Restrooms 10 to 15 FC

Control rooms 30 FC

Note: 

FC = foot-candle

Interior

Occupancy sensor -activated lighting. 

LED or fluorescent fixtures with high -efficiency lamps and electronic ballasts. 

Fluorescent lamps will be cool white, energy efficient, rapid start, extended life with 3100 initial
lumens. 

Process area lights will be enclosed and gasketed suitable for wet locations. 

Exterior

LED 4000k

PLC controlled

Street lighting will be light -emitting diode ( LED), mounted on 25 -foot aluminum poles and controlled
via photocell and automatic controls

Process lighting shall be LED, mounted on 10 -foot aluminum poles and controlled via photocell, 
automatic controls, and manual control
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Major Electrical Equipment

Table 4 lists the equipment that will be provided as shown in one -line diagrams and schedules. 

Table 4: Major Electrical Equipment

Leonard Water Treatment Plant Basis of Design Report

Section Equipment Comments

26 12 02 Pad -mount Transformers Loop feed type

26 13 16 Medium -voltage switchgear Metalclad type

26 1413 Switchboards 65k amps interrupting capacity (AIC) 

26 2419 Low -voltage MCCs RVSS will include bypass contactor

26 29 23 Low -voltage AFDs Ethernet/ IP communication module; over 40 -hp 18 -pulse or
active front end, separately mounted

26 32 13 Engine generators 4, 160V or 480V generation

Operations and Maintenance

Measured System Values

At a minimum, the following values will be monitored and recorded by the plant control system: 

Engine generator run status

Transfer controller status ( normal and standby power) 
Normal power plant demand in kW, volts, amps, etc. 

Critical power plant demand in kW, volts, amps, etc. 

Loadcenters demand in kW, volts, amps, etc. 

Alarming and Shutdown Controls
At a minimum, the following alarms and shutdown controls will be needed: 

Fire alarms

Security alarms
Engine generator failure alarm

Low generator fuel alarm

Main circuit breaker trip

Division of Responsibility

Electric Service

Incoming underground electrical service provided by the serving utility as part of its normal obligation to
customers is work provided by the serving utility. The electrical installer will provide customer -required

service provisions and electrical work including, but not limited to, primary trench and backfill, primary
duct system, metering components, and associated conduit. 

Telecommunications Service

Incoming telephone and internet service facilities provided by the serving utilities as part of their normal
obligation to customers is work provided by the telephone utility. The electrical installer will provide
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customer -required service provisions and interior telecommunications central and station equipment

telephone instruments, telephone switches, data switches, and hubs, servers, software, etc.) including
all associated raceways, outlet and junction boxes, cover plates, and pull wires. 

Standard Materials and Major Equipment

Materials and equipment specified in the Standards Manual will be provided and installed by the
electrical installer. All equipment will be installed by the electrical installer. 

Design Responsibility

The contractor' s electrical installer or system supplier will provide detail design of the following: 

Site electrical duct bank routing, sizing, and configuration; manhole and handhole location and sizing

Lighting and receptacle branch circuit wiring

Short circuit and protective device coordination study

Harmonic analysis

Arc flash study and labeling

Lightning protection system

Telecommunication system

Fire alarm system

Security system

WT0604151051RDD 11



TECHNICAL MEMORANDUM

Leonard Water Treatment Plant—Schedule

PREPARED FOR: North Texas Municipal Water District (NTMWD) 

PREPARED BY: CH2M HILL

Released for the purposes of review by Doug Harris, 
PE Number 120585

DATE: January 4, 2016

Background

The Leonard Water Treatment Plant (WTP) is a phased 280 -million -gallon -per -day surface water
treatment facility that North Texas Municipal Water District (NTMWD) plans to construct west of
Leonard, Texas. The treatment facilities are one component of the overall project that also includes

permitting, design, and construction of the Bois D' Arc Reservoir, raw water transmission and terminal
storage, and high service pumping and transmission to the NTMWD distribution facilities. 

This technical memorandum (TM) summarizes the proposed schedule for the design and construction of

the Leonard water treatment facilities. Included in the TM are a key dates summary table (see Table 1), 
a Microsoft Project Gantt chart of the planned overall schedule for the design and construction of the

treatment facilities (see attachment), and a more detailed deliverable schedule for the current design

phase ( see Table 2). 

The design phase of the treatment facilities project was started in March of 2015 with the NTMWD

award of a preliminary design contract to CH2M HILL. The project is currently in the conceptual
30 percent) design phase, which is scheduled to be complete in March 2016. The final design phases are

scheduled to be completed by March 2017, with initial site construction packages available for the
Construction Manager at Risk ( CMAR) late in 2016. Construction duration will be developed with the

CMAR once they come onboard in spring 2016, but the preliminary estimate of construction duration is
2. 5 years running through 2019. 

The overall project schedule is being maintained by Freeze and Nichols in their capacity as program
managers. The critical path for bringing the Leonard WTP online currently runs through the Bois D' Arc

Reservoir permitting, construction, and anticipated seasonal rains to store enough water to start up
treatment at the Leonard WTP. 

Key Dates for the Leonard Water Treatment Plant Facilities
Table 1 presents the key dates for the design, construction, and startup of the Leonard WTP facilities. 
The design activities are well under way, and the process has started to bring the CMAR on board; thus, 
design and construction activities appear to be tracking on schedule. At this point, two schedule

variables have the potential to significantly affect the facility startup. First are permit issues related to
the Bois D' Arc Reservoir that are pushing back the completion date for that facility. Second is the WTP
startup' s dependence on seasonal rains to generate sufficient raw water once the Bois D' Arc Reservoir is
complete. 
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LEONARD WATER TREATMENT PLANT - SCHEDULE

Table 1. Leonard Water Treatment Plant Key Dates

Design

Start of design

Deliver 30% design

Deliver 60% design

Deliver 95% design

Deliver construction plans

March 2015

March 2016

July 2016

November 2016

March 2017

Construction

Construction — mobilize and start site work

Construction — projected completion

January 2017

November 2019

Startup

Commence phased startup

Sufficient raw water stored for full startup

Startup and commissioning completion

September 2019

November 2019

February 2020

Deliverables for 30 Percent Design

During the 30 percent design phase, the plan is to have regular workshops to review key interim
deliverables to help the designers match facilities to NTMWD preferences. Many of these interim
deliverables will be in the form of manufacturer cut sheets, 3- dimensional . pdfs, or model views to

facilitate reviews. Table 2 tabulates the proposed workshop dates, key topics to be covered, and
comment deadlines to keep the design process on schedule. 

Table 2. NTMWD Review and Comment on Conceptual Design

Review

Review

Period

Meeting
Dates

Comment

Deadline

December 16 Review Meeting

Review FLOC/ SED basin and CLEAR WELL layout

Process flow diagram

Non -process space planning table

Review preliminary site layout and yard

piping

Done

Present, review

Present, review

Highlight questions

Present, review

1 week 16 -Dec -15 23 -Dec -15

1 week 16 -Dec -15 23 -Dec -15

1 week 16 -Dec -15 23 -Dec -15

1 week 16 -Dec -15 23 -Dec -15

Approximate January 6/ 7 Review Meeting

Electric distribution plan NTMWD preferences Live 16 -Jan -16 N/ A

Approximate January 6/ 7 Review Meeting

Review FILTER facility layout

Review select equipment recommendations

Site layout updates

Schedule technical memorandum

Present, review

Present, review

Present, review

Summary review

1 week 7 -Jan -16

1 week 7 -Jan -16

1 week 7 -Jan -16

2 weeks 7 -Jan -16

14 -Jan -16

14 -Jan -16

14 -Jan -16

21 -Jan -16
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LEONARD WATER TREATMENT PLANT— SCHEDULE

Table 2. NTMWD Review and Comment on Conceptual Design

Review

Review

Period

Meeting
Dates

Comment

Deadline

Approximate January 20 Review Meeting

Review OZONE facility layout and equipment

Review hydraulic profile and pump station
concepts

Deliver Piping and Instrumentation Diagrams

Site plan updates

Present, review

Present, review

Summary review

Present, review

1 week 20 -Jan -16

1 week 20 -Jan -16

2 weeks 20 -Jan -16

Live 20 -Jan -16

27 -Jan -16

27 -Jan -16

3 -Feb -16

N/ A

Approximate February 3 Review Meeting

Review CHEMICAL facility layout and
equipment

Review plant one line

Additional design details as needed

Present, review 1 week 17 -Feb -16

Present, review 1 week 17 -Feb -16

Review questions Live 17 -Feb -16

24 -Feb -16

24 -Feb -16

N/ A

Approximate February 17 Review Meeting

Review EQUIPMENT LIST

Review non -process facility layouts

Additional design details as needed

Present, review

Present, review

Review questions

1 week

1 week

Live

17 -Feb -16

17 -Feb -16

17 -Feb -16

24 -Feb -16

24 -Feb -16

N/ A

March 30 Percent Delivery

Facility master plan

30 percent plans, renderings and specs/ data

Updated cost estimate

Updated schedule

Deliver

Deliver

Deliver, review

Deliver

2 weeks

3 weeks

2 weeks

2 weeks

9 -Mar -16

23 -Mar -16

30 -Mar -16

30 -Mar -16

23 -Mar -16

13 -Apr -16

13 -Apr -16

13 -Apr -16

Note: 

N/ A = not applicable

Schedule Gantt Chart

The schedule in " Gantt" format with start and finish dates listed, and dependencies charted is attached. 

The schedule includes detailed design and review activities for the 30 percent design phase and overall

activities for the upcoming phases. The complete schedule is available in Microsoft Project format upon
request. 
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Schedule Gantt Chart
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Introduction

PREPARED FOR: North Texas Municipal Water District

PREPARED BY: CH2M HILL

General Information

This Existing Conditions Report is the second in a series of three reports to be developed as a part of the
Design Criteria and Conceptual Design Phase of the Leonard Water Treatment Plant Project. The other

two reports are the Basis of Design Report and Treatment Process Report. This Existing Conditions
Report summarizes the existing conditions and constraints that must be addressed in the planning and
design of the water treatment plant. This draft report includes seven individual technical memorandums

TM) summarizing the following topics related to the water treatment plant site: 

TM 1

TM 2

TM 3

TM 4

TM 5

TM 6

TM 7

Site Boundary and Topography
Site Geotechnical Data

Jurisdictional Areas and Other Site Constraints

Local Jurisdictional Issues

Emergency Services
Offsite Utilities

Railroad Coordination and Requirements

The information presented in these TMs will define constraints that must be addressed in the planning
and design of the Leonard Water Treatment Plant facilities. 

WT0604151051RDD 1



TECHNICAL MEMORANDUM 1

Site Boundary and Topography
PREPARED FOR: North Texas Municipal Water District

PREPARED BY: 

Introduction

CH2M HILL

Released for the purposes of review by Edward Motley, 
PE Number48243 on September 14, 2015

The proposed Leonard Water Treatment Plant (WTP) will be located approximately 1. 5 miles west of

Leonard, Texas. The proposed plant site is part of a 1, 120 -acre tract purchased by North Texas Municipal

Water District ( NTMWD) for the Lower Bois d' Arc Creek Water Supply Project (see Figure 1). The WTP
site will be located in the southwestern portion of the tract on a 323 -acre parcel. A balancing reservoir is
planned for the parcel north of the WTP site. 

Power Lines Wetlands and Ponds

Streams Dallas, Garland & Northeastern Railroad

Future WTPSiteRoot

LED] ? ] S c,]]] 

Figure 1. Site Location Map

Water Treatment Plant Boundary
The WTP site will be located on Tract 2 of the parcels owned by NTMWD as recorded in Volume 1424, 
Page 89 of the official public records of Fannin County. Figure 2 illustrates the boundary of the proposed
WTP site. 

WT0604151051RDD 1



SITE BOUNDARY AND TOPOGRAPHY

Site Topography
Figure 3 presents a topographic map of the Leonard WTP site based on aerial photography obtained in
June 2015. In general, the site is clear pastureland, with the exception of a small wooded area surrounding a
small intermittent creek on the far west side of the plant site, and measures approximately 3, 600 feet east - 
west and approximately 4,000 feet north -south. The site contains five small impoundments, two on the east

side, one on the south side, and two on the west side. An unnamed tributary of Bear Creek (TBC) flows across
the western extremity of the plant site, and a small drainage swale extends eastward from the tributary about
one-third across the site. 

The site has little relief with a maximum elevation of 712 feet mean sea level ( msl) at a small rise in the

southwest corner of the site and a low point of approximately 660 feet MLS in the TBC creekbed. A ridge runs
from the southwest corner to the northeast corner of the site with elevations varying from 712 to 700 feet
msl. From the ridge line, the property falls off to TBC on the west side and to an on -stream impoundment near

the southeast corner. The elevations along the east side of the site vary from a low of 680 feet msl in the

southeast corner to a high of 706 feet msl in the northeast corner. The elevations along the west side of the
site vary from a low of 659 feet msl in the bottom of TBC to a high of 700 feet msl at the southwest corner. 

The site also contains two structures, a former home and outbuilding, associated with a farm site near the
southeast corner of the site. The site is fenced around its perimeter with barbed wire. 

2 WT0604151051RDD
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TECHNICAL MEMORANDUM 2

Site Geotechnical Data

PREPARED FOR: 

PREPARED BY: 

Introduction

North Texas Municipal Water District

CH2M HILL

Released for the purposes of review by Doug Harris, 
PE Number 120585 on September 14, 2015

C112444. 

This technical memorandum and the attached draft Geotechnical Data Report provide the findings of

the initial soil investigations at the site of the proposed Leonard Water Treatment Plant (WTP). 

The WTP is proposed to be located approximately 1. 5 miles west of Leonard, Texas. The WTP site is a
323 -acre tract in the southwestern portion of a 1, 120 -acre property purchased by North Texas Municipal
Water District (NTMWD) for the Lower Bois d' Arc Creek Water Supply Project (see Figure 1). 

Power Lines Wetlands and Ponds

Streams — i- 4- Dallas, Garland & Northeastern Railroad

Future WTP Site

tEDD 273 ED:I

0

Figure 1. Site Location Map
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SITE GEOTECHNICAL DATA

Site Geotechnical Investigation

HVJ Associates, Inc. ( HVJ) was retained by CH2M HILL ( CH2M) to perform a geotechnical study for the
proposed NTMWD Leonard Water Treatment Plant (WTP) in Leonard, Texas. Between June 8 and 18, 

2015, HVJ was onsite and completed the drilling and sampling of 18 soil borings with depths ranging
between 15 and 45 feet below the existing ground surface. Layout of the borings on the site is illustrated
on Figure 2. On August 14, 2015, HVJ produced the draft Geotechnical Data Report (see Attachment 1). 

A geotechnical interpretive report is currently being completed by CH2M on the basis of the data
provided in the draft Geotechnical Data Report to develop design loadings for the various soil and rock
layers encountered and to provide recommendations on foundations for the water treatment facilities. 

This interpretive report is scheduled to be issued in September 2015. 

A
North

Legend

Approximate Boring Location - - - Approximate Gober Chalk - Ozan Formation Divide — Section Figure 4

Figure 2. Boring Location Layout Plate from HVJ Geotechnical Data Report

Groundwater Levels

Groundwater was observed in borings D- 2 and S- 3 at depths ranging between about 4 and 9 feet during
drilling operations and at depths ranging between about 9 and 16 feet after completion of drilling in
borings D- 1, D- 2, and S- 1 through S- 4. Groundwater was not encountered in the remaining borings. It is
anticipated that groundwater levels will fluctuate due to seasonal variations in climatic conditions. 

Groundwater may also be encountered through fissures and fractures of limestone with seasonal

variations. It should be noted that these borings were completed during a period of extremely high
seasonal rainfall. 

2 WT0604151051RDD



SITE GEOTECHNICAL DATA

Site Geotechnical Findings Summary
The site sits on an area described by the " Geologic Atlas of Texas, Sherman Sheet," as a combination of

Gober Chalk and the Ozan Formation. 

The Ozan Formation mainly consists of dark gray clay; weathers to light brownish with weak fissility; is
calcareous and poorly bedded; and has a variable amount of glauconite, some siltstone beds, and
marine megafossils. The Ozan Formation is approximately 425 feet thick. 

Gober Chalk mainly consists of bluish -gray limestone, weathers white, and is brittle and argillaceous. 
Gober Chalk is approximately 450 feet thick and thins eastward. 

The typical profile of the soils in both areas is 3 to 10 feet of fat clay underlain by a 5- to 10 -foot -thick
layer of weathered shale or limestone with sound rock below at depth from surface ranging from 8 to
24 feet. Lean clay was identified in 3 of the 18 borings in a 4- to 9 -foot layer between the fat clays and
weathered shale. See sample boring log of A- 10 illustrated on Figure 3 and site soils cross section on
Figure 4. 

LOG OFBORING
Prefect NTMWD Leonard Wale. Treadmill Mond

Badrq Na: 0, 10
GrvlriMalor during drilling Dry
GauTdwalar atbr dllllrq: Dry

DtiII Dem: 718rd5 6

Northing 7, 192, 600. 2
Emang: 2,646,8t3A

Protect Nn- DG -16.11840

Elevation: 696.179 loot

Steno c - 

Oaat - 

sot seams

soanze diads

wa rma T6Tt] 1tn

SDIUROCK CLAaiIRGATION

iS

Eg

a1rM, 11. 10r11 Tar

as Ila

t!- 

11A? I_ Y1
4im aas r. nay wetcolcaram dQ aan.aol.ntYi s

kitid

sosarto. r

LalattrCNCa.. 11mwr1na. L. r- 

eazrlK O raiYmrt,'x
went oar 1 4 wiener, 

ro m n a 50 eo m e m

s— Shoar Typos: i = Hnd Pant  = Torea e • = Liman,. Comp. 3i UU Triaxial

Seo Plata 0 tar 6odrg lacodns. PLATE 19

Figure 3. Sample Boring Log

Figure 4 is a cross section illustrating the site soils profile cut through borings A-4, A- 5, A- 6, and D- 1. 
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SITE GEOTECHNICAL DATA
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SITE GEOTECHNICAL DATA

Figure 5 presents HVJ' s table summarizing the subsurface conditions encountered. 

Table 5- 1— Stratum Types Encountered

Approximate Depths

of Strata

Encountered at

Borings, Feet

Stratum Type

Fat Clay Lean Clay Weathered Weathered

CH)(1) ( CL)(2) Shale(3) Limestone(4) 
Shalc(5) Limestone) 

D- 1 0- 1

D- 2 0- 11

S- 1 0- 6

S- 2 0- 5

S- 3 0- 11

S- 4 0- 6

Al* - 0- 12

A-2* 0- 5

A-3* 0- 7

A-4* 0- 3

A-5* 0- 8

A-6* 0- 8

A-7* 0- 7

A- 8* 0- 7

A-9* 0- 3

A-10* 0- 8

A-11* 0- 2.5

A-12* 0- 7

1- 9

11- 15

6- 17 - 17- 300) 

5- 14 14-23 23- 35(7) 

11- 16. 5 - 

9- 40(7) 

15- 450) 

30. 5(7) 

6- 15 - 15- 300

12- 15 - 15- 200) - 

5- 15 - 15- 200) 

7- 12 12- 19 - 19- 250) - 

3- 9 - 9- 150) - 

8- 12 12- 15 - 15- 200) - 

8- 24 - 24- 250) - 

7- 14 - 14- 200) 

7- 14 - 14-200) 

3- 9

8- 19 - 

2. 5- 8 - 

7- 13 - 13- 200) 

9- 150) 

19- 250) 

8- 150) 

Borings were drilled without collecting samples. Soil and rock type were described based on soil cuttings descriptions. 

Note: 

1. Very soft to very stiff, occasionally with calcareous nodules and ferrous oxides. 
2. Soft to stiff, with few calcareous nodules and ferrous oxides.. 

3. Soft to hard, yellowish brown and grayish brown. 

4. Soft to hard, yellowish brown. 

5. Hard to very hard, gray, with few limestone seams
6. Hard to very hard, gray, with few shale seams. 
7. Boring termination depth. 

Figure 5. Subsurface Conditions Encountered

WT0604151051RDD 7
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Houston

Austin

Dallas

San Antonio

ASSOCIATES

August 14, 2015

Mr. Edward M. Motley, BCEE, PE
CH2M HILL

12750 Merit Drive, Suite 1100

Dallas, TX 75251

Re: Geotechnical Data Report
NTMWD Leonard Water Treatment Plant

Leonard, Texas

Owner: NTMWD

HVJ Proposal No. DG1511840

Dear Mr. Motley: 

8701 John Carpenter Freeway, Suite 250

Dallas, Texas 75247- 4640
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214.678.0228 Fax

www.hvj. com

Submitted herein is the Geotechnical Data Report for the above referenced project. The study was
conducted in general accordance with proposal number DG1511840 dated February 25, 2015
Revised April 7, 2015) and is subject to the limitations presented in this report. 

We appreciate the opportunity of working with you on this project. Please read the entire report
and notify us if there are questions concerning this report or if we may be of further assistance. 

Sincerely, 

HVJ ASSOCIATES, INC. 
Texas Firm Registration No. F- 000646

DRAFT

Jae Hyun Park, PE Damian Bozek, EIT

Project Manager Staff Engineer

JP/ DB/ SP

This document was released for the purpose of interim review under the authority of Jae Hyun Park, PE 103692 on
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1 EXECUTIVE SUMMARY

HVJ Associates, Inc. was retained by CH2M HILL to perform geotechnical study for the proposed
NTMWD Leonard Water Treatment Plant in Leonard, Texas. We understand that the project

includes design of new structures for the proposed water treatment plant. 

Subsurface conditions were evaluated by drilling and sampling a total of eighteen (18) soil borings
with depths ranging between 15 and 45 feet below the existing ground surface. As proposed, two ( 2) 
borings were drilled and sampled to a depth of approximately 30 feet into bedrock (borings D- 1 and
D-2), four (4) borings were drilled and sampled to a depth of approximately 10 feet into bedrock
borings S- 1 through S- 4) and twelve ( 12) borings were augered continuously without sampling to a
depth of approximately 5 feet into bedrock (borings A-1 through A-12). A brief summary of our
investigational findings are presented below: 

1. Subsurface conditions encountered during our field activity in the borings are summarized in
the following table. 

Stratum Types Encountered

Approximate Depths

of Strata
Encountered at

Borings, Feet

Stratum Type

Fat Clay Lean Clay Weathered Weathered

CH)(1) ( CL)(2) Shale(3) Limestone (4) 
Shale(5) Limestone) 

D- 1

D-2

S- 1

S- 2

S- 3

S- 4

A- 1* 

A-2* 

A-3* 

A-4* 

A-5* 

A-6* 

A-7* 

A-8* 

A-9* 

A-10* 

0- 1

0- 11

0- 6

0- 5

0- 11

0- 6

0- 12

0- 5

0- 7

0- 3

0- 8

0- 8

0- 7

0- 7

0- 3

0- 8

1- 9 - 9- 40(7) 

11- 15 - 15- 45(x) 

6- 17 17- 30(x) - 

5- 14 14-23 23- 35(x) - 

11- 16. 5

6- 15

12- 15 - 15- 20(x) 

16. 5- 30. 50) 

15- 30(x) 

5- 15 15- 20(7) 

7- 12 12- 19 - 19- 25(7) 

3- 9 - 9- 15(7) 

8- 12 12- 15 - 15- 20(7) 

8- 24 - 24-25(7) 

i

7- 14 - 14-20(7) 

7- 14 - 14- 20(7) 

3- 9 - 

8- 19 - 

9- 15(7) 

19- 25(7) 



Approximate Depths

of Strata

Encountered at

Borings, Feet

Stratum Type

Fat Clay Lean Clay Weathered Weathered s 6

CH)(1) ( CL)(2) Shale(3) Limestone(4> 
Shale( Limestone( > 

A-11* 0- 2. 5

A-12* 0- 7

2. 5- 8 - 8- 15(7) 

7- 13 - 13- 20(7) 

Borings were augered without collecting samples. Soil and rock types were described based on soil cuttings
descriptions. 

Note: 

1. Very soft to very stiff, occasionally with calcareous nodules and ferrous oxides. 
2. Soft to stiff, with few calcareous nodules and ferrous oxides. 

3. Soft to hard, yellowish brown and grayish brown. 

4. Soft to hard, yellowish brown. 

5. Hard to very hard, gray, with few limestone seams
6. Hard to very hard, gray, with few shale seams. 
7. Boring termination depth. 

2. Groundwater was observed in borings D-2 and S- 3 at depths ranging between about 4 and 9
feet during drilling operations and at depths ranging between about 9 and 16 feet after
completion of drilling in borings D- 1, D-2 and S- 1 through S- 4. Groundwater was not
encountered in the remaining borings. It is anticipated that groundwater levels will fluctuate
due to seasonal variations in climatic conditions. Groundwater may also be encountered
through fissures and fractures of limestone with seasonal variations. Groundwater depths

information is included on the boring logs, Plates 4 through 21. 

3. A laboratory testing program, consisting of moisture contents, Atterberg limits, percent
passing # 200 sieve, unconfined compression, and dry unit weight, were performed on select
soil and rock samples. The testing results are included on the boring logs and on the
laboratory summary table in Appendix A. Swell index, soil box resistivity, sulfate, chloride
and pH test results are included in Appendix B. 

Please note that this executive summary does not fully relate our findings and opinions. Those
findings and opinions are only presented through our full report. 

ll



2 INTRODUCTION

2.1 Project Description

HVJ Associates, Inc. was retained by CH2M HILL to perform geotechnical study for the proposed
NTMWD Leonard Water Treatment Plant in Leonard, Texas. We understand that the project

includes design of new structures for the proposed water treatment plant. A site vicinity map
showing the approximate project location is presented on Plate 1 of the report. 

2.2 Geotechnical Investigation Program

The objectives of this study were to gather information on subsurface conditions at the site and to
provide geotechnical data report for the proposed structure. The objectives were accomplished by: 

Drilling six ( 18) borings at depths ranging between 15 and 45 feet below the existing ground
surface to determine soil stratigraphy and to obtain samples for laboratory testing; 
Performing laboratory tests to determine physical and engineering characteristics of the soils; 
and

Subsequent sections of this report contain descriptions of the field exploration, laboratory -testing
program and general subsurface conditions. 

3 FIELD INVESTIGATION

3.1 General

The field exploration program for the eighteen borings were performed between June 8, 2015 and

June 18, 2015. Subsurface conditions were investigated by drilling and sampling a total of six ( 18) 
bridge borings with depths ranging between 15 and 45 feet below the existing ground surface. As
proposed, two (2) borings were drilled and sampled to a depth of approximately 30 feet into
bedrock (boring D- 1 and D-2), four (4) borings were drilled and sampled to a depth of
approximately 10 feet into bedrock (borings S- 1 through S- 4) and twelve ( 12) borings were augered
continuously without sampling to a depth of approximately 5 feet into bedrock (borings A-1
through A-12). A site plan showing approximate boring locations is presented on Plate 3, Plan of
Borings. 

3.2 Sampling Methods
Soil samples in borings D- 1, D-2 and S- 1 through S- 4 were obtained continuously to a depth of 10
feet and then at 5 -foot intervals thereafter to the termination depth of the borings. Borings A-1

through A-12 were augered without sampling to the termination depth of the borings. Cohesive soil
samples were obtained with a three- inch thin-walled (Shelby) tube sampler in general accordance
with ASTM D 1587 standard. Each sample was removed from the sampler in the field, carefully
examined and then classified. The shear strengths of the cohesive soils were estimated by dividing
the field values of Pocket Penetrometer (PP) with 3 and are shown on boring logs. Suitable portions
of each sample were sealed and packaged for transportation to our laboratory. 

Coring was performed when rock was encountered to their termination depths. The coring method
employed consisted of a wire -lined NX core barrel with an inside diameter of 2 inches and length of

5 feet. The core samples were retrieved from the borehole and the percent recovery (REC) and the
Rock Quality Designation (RQD) were recorded for each 5 -foot run. The REC value was obtained

1



by dividing the total length of core recovered by the total length of the core run. The RQD value
was obtained by dividing the total length of sound core pieces with a minimum length of 4 inches by
the total length of the core run. The core samples were visually examined for rock type and
features, which were properly documented on boring logs along with the REC and RQD values. 
The samples were then wrapped and secured in core boxes for transported to our laboratory. 

TxDOT cone penetrometer test was performed starting at 5 feet for bridge borings and at
approximately 5 -foot intervals thereafter to the maximum termination depth of the borings. The test
consists of driving a 3 -inch diameter cone with a 170 -pound hammer, which is dropped for a
distance of 2 feet. The cone is driven for two consecutive 6 -inch increments, and the blow counts

for each increment are noted. In hard materials, the cone is driven with the resulting penetration in
inches recorded for the 50 blows. The numbers of blows for each 6 -inch increment and/ or the

amount of penetration for each 50 blows are presented on the boring logs. 

Detailed descriptions of the soils and rock strata encountered in the borings are given on the boring
logs presented on Plates 4 through 21. A key to the soils and rock classification and symbols used in
the boring logs are also presented on Plates 22A & 22B. 

3.3 Groundwater Observations

Groundwater was observed in borings D-2 and S- 3 at depths ranging between about 4 and 9 feet
during drilling operations and at depths ranging between about 9 and 16 feet after completion of
drilling in borings D- 1, D-2 and S- 1 through S- 4. Groundwater was not encountered in the
remaining borings. It is anticipated that groundwater levels will fluctuate due to seasonal variations
in climatic conditions. Groundwater may also be encountered through fissures and fractures of
limestone with seasonal variations. Groundwater depths information is included on the boring logs, 
Plates 4 through 21. 

3.4 Borehole Completion

All borings were backfilled with soil cuttings and bentonite chips upon completion of drilling. 

4 LABORATORY TESTING

4.1 Sample Examination and Classification

Soil samples transported to our laboratory were further examined and identified in accordance with
ASTM D 2488 — Description and Identification ofSoils. A preliminary soil classification was assigned to
each soil sample based on ASTM D 2487 — Classification ofSoilfor Engineering Purposes. Classification
testing was subsequently conducted on select samples and the result of each test was used to
confirm or modify the given preliminary soil classification. 

4.2 Geotechnical Testing
Selected soil samples were tested in the laboratory to determine applicable physical and engineering
properties. All tests were performed according to the relevant ASTM Standards. These tests
consisted of moisture contents, percent passing No. 200 sieve, Atterberg Limits, unconfined
compression on soil and rock, unit weight tests, swell index, soil box resistivity, sulfate, chloride and
pH tests. 

The Atterberg limits and percent passing No. 200 sieve tests were utilized to verify field
classification by the Unified Soils Classification System, and the unconfined compression tests
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and/ or hand penetrometer were utilized to obtain the undrained shear strength of the soil and rock. 

The type and number of tests performed for this investigation are summarized below: 

Table 4- 1 — Type and Number of Laboratory Tests

Type of Test
Number of

Tests

Moisture Content (ASTM D2216) 36

Atterberg Limits (ASTM D4318) 18

Percent Passing No. 200 Sieve (ASTM D1140) 17

Unconfined Compression ( Soil) (ASTM D2166) 17

Compressive Strength of Intact Rock (ASTM D7012) 18

Unit Dry Weight (ASTM D2166/ 2850) 35

Swell Index (ASTM 4829) 6

Soil Box Resistivity (ASTM G187) 3

Sulfate (SW -846 9038) 3

Chloride ( SM4500- CI- B) 3

PH (EPA 9045C) 3

Summary of laboratory test results is presented in Appendix A. Swell index, soil box resistivity, 
sulfate, chloride and pH test results are included in Appendix B. 

5 SITE CHARACTERIZATION

5. 1 Site Location

The project site is located on the west side of the intersection FM 78 and CR 4975, approximately
1. 5 mile west from Leonard, Texas. 

5. 2 General Geology
According to the University of Texas at Austin, Bureau of Economic Geology " Geologic Atlas of
Texas Sherman Sheet," the project area lies within the surface expression of Gober Chalk (map
symbol Kgc) and Ozan Formation (map symbol Ko). 

Ozan Formation mainly consists dark gray clay, weatheres to light brownish with weak fissility, 
calcareous, poorly bedded, variable amount of glauconite, some siltstone beds, and marine
megafossils. Thickness of Ozan approximately 425 feet. 

Gober Chalk bluish -gray, weathers white, brittle, argillaceous, thickness approximately 450 feet, 
thins eastward. 

A geology map showing the project location is provided on Plate 2. 

5. 3 Soil Stratigraphy
Our interpretation of soil and groundwater conditions at the project site is based on information

obtained at the boring locations only. This information has been used as the basis for our
conclusions and recommendations. Significant variations at areas not explored by the project boring
may require reevaluation of our findings and conclusions. Soil stratigraphy encountered at different
borings and at different depths is detailed below. 
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Table 5- 1— Stratum Types Encountered

Approximate Depths

of Strata

Encountered at

Borings, Feet

Stratum Type

Fat Clay Lean Clay Weathered Weathered
Shale(5) 

CH)(1) ( CL)(2) Shale(3) Limestone(4) 
Limestone) 

D- 1

D-2

S- 1

S- 2

S- 3

S- 4

A-1 * 

A-2* 

A-3* 

A-4* 

A-5* 

A-6* 

A-7* 

A-8* 

A-9* 

A-10* 

A-11* 

0- 1

0- 11

0- 6

0- 5

0- 11

0- 6

0- 12

0- 5

0- 7

0- 3

0- 8

0- 8

0- 7

0- 7

0- 3

0- 8

0- 2. 5

A-12* 0- 7

1- 9

11- 15

6- 17 17- 30(7) 

5- 14 14-23 23- 35(7) 

9- 40(7) 

15- 45(7) 

11- 16. 5 - 30. 5( 7) 

6- 15 - 15- 30(7) 

12- 15 - 15- 20(7) - 

5- 15 - 15- 20(7) 

7- 12 12- 19 - 19- 25(7) 

3- 9 - 9- 15(7) 

8- 12 12- 15 - 15- 20(7) 

8- 24 - 24-25(7) 

7- 14 14-20(7) 

7- 14 - 14-20(7) 

3- 9

8- 19

2.5- 8

7- 13 - 13- 20(7) 

9- 15(7) 

19- 25(7) 

8- 15(7) 

Borings were drilled without collecting samples. Soil and rock type were described based on soil cuttings descriptions. 

Note: 

1. Very soft to very stiff, occasionally with calcareous nodules and ferrous oxides. 
2. Soft to stiff, with few calcareous nodules and ferrous oxides.. 

3. Soft to hard, yellowish brown and grayish brown. 

4. Soft to hard, yellowish brown. 

5. Hard to very hard, gray, with few limestone seams
6. Hard to very hard, gray, with few shale seams. 
7. Boring termination depth. 
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Detailed descriptions of the soils encountered in the borings are given on the boring logs presented
on Plates 4 through 21. A key to the soils and rock classification and symbols used in the boring logs
is also presented on Plates 22A and 22B, respectively. 

5. 4 Groundwater Level

Groundwater was observed in borings D-2 and S- 3 at depths ranging between about 4 and 9 feet
during drilling operations and at depths ranging between about 9 and 16 feet after completion of
drilling in borings D- 1, D-2 and S- 1 through S- 4. Groundwater was not encountered in the
remaining borings. It is anticipated that groundwater levels will fluctuate due to seasonal variations
in climatic conditions. Groundwater may also be encountered through fissures and fractures of
limestone with seasonal variations. Groundwater depths information is included on the boring logs, 
Plates 4 through 21. 

6 LIMITATIONS

This investigation was performed for the exclusive use of CH2M HILL for the proposed NTMWD

Leonard Water Treatment Plant in Leonard, Texas. HVJ Associates, Inc. has endeavored to comply
with generally accepted geotechnical engineering practice common in the local area. HVJ
Associates, Inc. makes no warranty, express or implied. The analyses and recommendations
contained in this report are based on data obtained from subsurface exploration, laboratory testing, 
the project information provided to us and our experience with similar soils and site conditions. 

The methods used indicate subsurface conditions only at the specific locations where samples were
obtained, only at the time they were obtained, and only to the depths penetrated. Samples cannot
be relied on to accurately reflect the strata variations that usually exist between sampling locations. 
Should any subsurface conditions other than those described in our boring logs be encountered, 
HVJ Associates, Inc. should be immediately notified so that further investigation and supplemental
recommendations can be provided. 
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LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: D- 1

Groundwater during drilling: Dry

Groundwater after drilling: 16 feet

Project No.: DG -15- 11840

Drill Date: 7/ 13/2015 Elevation: 696. 754 feet

Northing: 7, 194,659.4 Station: -- 

Easting: 2, 646, 800.8 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ROCK CLASSIFICATION

W

0> z9
i5

o
aN

00Z

Z u_ Za

00a

O

LOGOFSOILBORINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
0- 

5- 

10 — 

15 — 

20 — 

25 — 

30 — 

35 — 

Shear Types: 

50/3"- 50/ 1" 

FAT CLAY (CL), very stiff, dry, dark brown

WEATHERED LIMESTONE, soft to hard, yellowish
brown

LIMESTONE, very hard, gray

50/ 0. 75'-50/ 0.5" - Unconfined Compressive Strength Test at 10- 11ft = 
REC= 100%, 107. 18tsf
RQD= 100% 

50/0.2T-50/ 0.25' 
REC=95%, - Unconfined Compressive Strength Test at 15- 16ft = 
RQD= 95% 108. 86tsf

50/0. 2T-50/0.25' 
REC= 90%, - Unconfined Compressive Strength Test at 20- 21 ft = 
RQD=87% 82.82tsf

50/0.2F-50/ 0.25' 
REC= 100%, - Unconfined Compressive Strength Test at 25-26ft = 
RQD=97% 102. 92tsf

50/0.25'- 50/ 0.25" 
REC= 100%, - Unconfined Compressive Strength Test at 30- 31ft = 
RQD= 90% 96.97tsf

with Shale layers below 33 feet

92 99

118

123

125

126

SHEAR STRENGTH, TSF

IN  ) K
0.5 1. 0 1. 5 2. 0

1I I I I 1 I 1 I - 

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I1 LIQUID LIMIT

10 20 30 40 50 70 80 90

0) IA

125

0

0

0

Hand Penet.  = Torvane A = Unconf. Comp. SIE = UU Triaxial

See Plate 3 for boring location. I PLATE 4a

ASSOCIATES



LOG OF BORING

Project: NTMWD Leonard Water Treatment Plant

Boring No.: D- 1

Groundwater during drilling: Dry

Groundwater after drilling: 16 feet

Project No.: DG -15- 11840

Drill Date: 7/ 13/ 2015 Elevation: 696. 754 feet

Northing: 7, 194, 659.4 Station: -- 

Easting: 2,646, 800. 8 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

w0 > Zw
C7) O) 

0d
O
Z

F- 

Zww oa
0

n

LOGOFSOILbvkINGLEONARDBORINGLOGS.GPJHVJ.GDT
B/

14/15
35 — 

40 — 

45 — 

50 — 

55 — 

60 — 

65 — 

50/0.25"- 50/0.25' LIMESTONE, very hard, gray
REC=93%, 
RQD= 77% 

70 — 

Shear Types: 

ir. 50/0. 25"-50/0. 25° 

H

Unconfined Compressive Strength Test at 35-36ft = 
30. 59tsf

120

SHEAR STRENGTH, TSF

A X

0. 5 1. 0 1. 5 2. 0
1 1 1 1 1 1 1 I

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I LIQUID LIMIT

10 20 30 40 50 60 70 80 90

See Plate 3 for boring locat

nd Penet.  = Torvane A = Unconf. Comp. * = UU Triaxial

on. PLATE 4b

ASSOCIATES



LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: D- 2

Groundwater during drilling: 9 feet

Groundwater after drilling: 8 feet

Project No.: DG -15- 11840

Drill Date: 7/ 13/2015 Elevation: 697.425 feet

Northing: 7, 193,878. 3 Station: -- 

Easting: 2, 645,441. 4 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ROCK CLASSIFICATION

3> zw

aN

0zz

1- 

COZu
00

CC0

LOGOFSOILBORINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
0- 

5- 

10- 

15- 

20 — 

25 — 

30 — 

35— 

Shear
5—

Shear Types: 

4-3

10- 17

50/0. 5"- 50/ 0. 5" 
REC= 93%, 
RQD=83% 

FAT CLAY (CL), very stiff, dry, dark brown

brown and gray below 6 feet, with few small gravel

WEATHERED LIMESTONE, soft to hard, yellowish
brown

LIMESTONE, very hard, gray

Unconfined Compressive Strength Test at 19-20ft = 
50/ 0. 25"- 50/ 0. 25" 69.59tsf
REC= 97%, 
RQD= 97% 

50/0. 25"- 50/0. 25
REC=82%, 

RQD=63% 

Unconfined Compressive Strength Test at 29- 30ft = 

50/ 0.75"- 50/ 0.25" 77.66tsf
REC= 81%, 
RQD= 78% 

H

96

96

93

93

91

90

94

100

SHEAR STRENGTH, TSF

A JK

0.5 1. 0 1. 5 2.0
I I I 1 I I I

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I I LIQUID LIMIT

10 20 30 50 60 70 80 90

125

126

O

O

See Plate 3 for boring locat

nd Penet. • = Torvane  = Unconf. Comp. ) IE = UU Triaxial

on. , PLATE 5a

ASSOCIATES



LOG OF BORING

Project: NTMWD Leonard Water Treatment Plant

Boring No.: D- 2

Groundwater during drilling: 9 feet

Groundwater after drilling: 8 feet

Project No.: DG -15- 11840

Drill Date: 7/ 13/ 2015 Elevation: 697.425 feet

Northing: 7, 193, 878. 3 Station: -- 

Easting: 2, 645,441. 4 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ROCK CLASSIFICATION

w0 > 
zw

CC

0
0- N

0zz

Zz

oa

0

m

0

00

0
0

0z

om
0

z00w
Z

0
m

0

c90J

35- 

40- 

45 — 

50 — 

55 — 

60- 

65 — 

7Shear Types: 

50/ 0. 5"- 50/0. 25' 

REC=93%, 
RQD=93% 

LIMESTONE, very hard, gray

50/ 0. 25"- 50/0.25
REC=97%, 
RQD=97% 

50/ 0.25"- 50/ 0. 25° 

H

Unconfined Compressive Strength Test at 35-36ft = 

70.43tsf

Unconfined Compressive Strength Test at 40-41ft = 
103.45tsf

129

125

SHEAR STRENGTH, TSF

A ) IC

0. 5 1. 0 1. 5 2.0
1 1 1 1 1 1 1 1 1

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I- 1 LIQUID LIMIT

10 20 30 40 50 60 70 80 90

O

O

and Penet.  = Torvane A = Unconf. Comp. = UU Triaxial

See Plate 3 for boring location. • PLATE 5b

ASSOCIATES



LOG OF BORING

Project: NTMWD Leonard Water Treatment Plant

Boring No.: S- 1

Groundwater during drilling: Dry

Groundwater after drilling: 10 feet

Project No.: DG -15- 11840

Drill Date: 7/ 14/2015 Elevation: 702. 186 feet

Northing: 7, 195, 553.4 Station: -- 

Easting: 2, 646,050. 1 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

wO > Zw
Qo

N

Z

1- 

Zww(_) 0- 
SHEARSHEAR STRENGTH, TSF

A ) IC

0. 5 1. 0 1. 5 2.0

LOGOFSOILBORINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
o- 

5- 

10- 

15 — 

20 — 

25 — 

30 — 

sz

35— 

Shear
5—

Shear Types: 

24-42

50/5.F-50/ 3" 

50/ 0.F-50/0.25
REC= 97%, 
RQD=97% 

FAT CLAY (CL), soft to stiff, moist, dark brown

96

96

WEATHERED SHALE, soft to hard, yellowish brown

95

50/ 0.2T-50/ 0.25
REC=95%, 
RQD=85% 

50/ 0. 2T-50/ 0. 

SHALE, hard to very hard, gray, with limestone
layers

25" 

H

Unconfined Compressive Strength Test at 20-21ft = 
66.59tsf

Unconfined Compressive Strength Test at 26- 27ft = 
71. 31 tsf

91

94

108

130

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I LIQUID LIMIT

10_ 20 30 40 50 60 70 80 90

128

0

0

and Penet.  = Torvane A = Unconf. Comp. = UU Triaxial

See Plate 3 for boring location. • PLATE 6

ASSOCIATES
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LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: S- 2

Groundwater during drilling: Dry

Groundwater after drilling: 9 feet

Project No.: DG -15- 11840

Drill Date: 7/ 14/2015 Elevation: 688. 787 feet

Northing: 7, 194, 881. 0 Station: -- 

Easting: 2, 644,892.4 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ROCK CLASSIFICATION

w0 > 
zww7) 
CO o

n. N
0zZ

w
zu- 

oCL. 

0

L

bVRINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
CO

0

U' 0J

o- 

5- 5- 

10- 10- 

15- 15- 

20- 20- 

25- 25- 

30- 30- 

35— 

Shear
35—

Shear Types: 

FAT CLAY (CL), soft to stiff, moist, dark brown

4- 4 LEAN CLAY (CL), soft to very stiff, gray, with few

16- 12

calcareous deposits and shale seams

WEATHERED SHALE, hard, yellowish brown, 

50/ 0.7F-50/ 0. 5" grayish brown

50/ 3"- 50/ 2" 

SHALE, very hard, gray, with few limestone layers

50/ 0.25"- 50/ 0.25" 
25' 

REC=93%,- Unconfined Compressive Strength Test at 25-26ft = 

RQD=93% 28. 15tsf

50/ 0. 25"- 50/ 0. 25" 
REC= 100%, - Unconfined Compressive Strength Test at 30- 31ft = 
RQD= 100% 98.25tsf

1 50/ 0.25"- 50/ 0.25" 

86

93

89

99

97

110

121

131

SHEAR STRENGTH, TSF

0.5 1. 0 1. 5 2.0
I I I I I I 1 I I

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I I LIQUID LIMIT

10 20 30 4040 60 70 80 90

i

I( 

A

0

0

0

Hand Penet. • = Torvane A = Unconf. Comp. X = UU Triaxial

See Plate 3 for boring location. i PLATE 7

ASSOCIATES



LOG OF BORING

Project: NTMWD Leonard Water Treatment Plant

Boring No.: S- 3

Groundwater during drilling: 4 feet

Groundwater after drilling: 12 feet

Project No.: DG -15- 11840

Drill Date: 7/ 15/ 2015 Elevation: 695.226 feet

Northing: 7, 193, 271. 5 Station: -- 

Easting: 2, 646,695.3 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

w

0 > zw

Qo
0- N

0
z

1— 1— 

Zww(_) 0n. 
0

SHEAR STRENGTH, TSF

c

0. 5 1. 0 1. 5 2. 0

LOGOFSOILBORINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
o- 

5- 

10- 

15- 

20 — 

25 — 

30 — 

35 — 

Shear Types: 

5010. 5"- 50/0. 5" 
REC= 90%, 
RQD=83% 

50/ 0. 5"- 5010. 25

REC= 97%, 
RQD= 97% 

FAT CLAY (CL), soft to very stiff, dry, dark brown

yellowish brown and light gray below 2 feet, with
calcareous deposits

50/ 0. 5"- 50/0. 25
REC= 88%, 

RQD=87% 

WEATHERED LIMESTONE, soft to hard, yellowish

brown

LIMESTONE, very hard, gray

Unconfined Compressive Strength Test at 17- 18ft = 
25.41 tsf

50/ 0. 5"- 5010. 25'- 

Unconfined Compressive Strength Test at 22-23ft = 

61. 93tsf

86

98

98

98

94

97

95

117

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I- 1 LIQUID LIMIT

10 20 3L40 50 60 70 80 90

I

125

0

0

Hand Penet.  = Torvane A = Unconf. Comp. X = UU Triaxial

See Plate 3 for boring location. I PLATE 8

ASSOCIATES



LOG OF BORING

Project: NTMWD Leonard Water Treatment Plant

Boring No.: S- 4

Groundwater during drilling: Dry

Groundwater after drilling: 10 feet

Project No.: DG -15- 11840

Drill Date: 7/ 15/ 2015 Elevation: 710.715 feet

Northing: 7, 192, 512.0 Station: -- 

Easting: 2, 644, 780. 7 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ROCK CLASSIFICATION

w0> 
Zw

Q0
aN

00z

1- 

Zu

30
0

LOGOFSOILbvKINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
o- 

5- 

10- 

15 - 

20 - 

25 - 

30 - 

35 - 

Shear Types: 

10- 15

FAT CLAY (CL), stiff, dry, dark brown

yellowish brown below 4 feet

WEATHERED LIMESTONE, soft to hard, yellowish
brown

50/0. 2Y-50/0. 25

50/ 0. 25-50/ 0.25 LIMESTONE, very hard, gray, with some Shale
seams

50/0. 5-50/0. 25

REC=98%, - Unconfined Compressive Strength Test at 20-21ft = 
RQD= 98% 95.42tsf

50/0. 5-50/ 0. 25
REC= 87%, 
RQD=83% 

Unconfined Compressive Strength Test at 29-30ft = 

50/ 0.5-50/ 0.5-1 90.46tsf /- 

93

88

85

98

97

120

SHEAR STRENGTH, TSF

SIC

0. 5 1. 0 1. 5 2. 0
I I 1 1 1 1 1 1 I

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I LIQUID LIMIT

10 20 l30 40 50 60 70 80 90

d A

124

ID 1

0

0

Hand Penet.  = Torvane A = Unconf. Comp. SIE = UU Triaxial

See Plate 3 for boring location. 1 PLATE 9

ASSOCIATES



LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: A-1

Groundwater during drilling: Dry

Groundwater after drilling: Dry

Project No.: DG -15- 11840

Drill Date: 7/ 14/2015 Elevation: 689. 106 feet

Northing: 7, 195, 555.0 Station: -- 

Easting: 2, 644,902.5 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

w5> 
zw

yF/3

Qo
aN

0zz

1- 

z v_ ora. 

0

LOGOFSOILBORINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
0- 

5- 5- 

10- 10- 

15- 15 - 

20- 20 - 

25- 25 - 

30- 30 - 

35- 

Shear
35 -

Shear Types: 

5-5

7- 11

50/ 1"- 50/ 0.5' 

50/0. F-50/0. 5' 

H

FAT CLAY (CL), soft, moist, dark brown

WEATHERED SHALE, soft to hard, yellowish brown, 

with iron oxide and calcareous nodules, slightly silty

SHALE, hard, gray, slightly silty

SHEAR STRENGTH, TSF

A C

0. 5 1. 0 1. 5 2.0
I I I I I I I I

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I- 1 LIQUID LIMIT

10 20 30 40 50 60 70 80 90

and Penet. • = Torvane A = Unconf. Comp. SIE = UU Triaxial

See Plate 3 for boring locat on. , PLATE 10

ASSOCIATES



LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: A-2

Groundwater during drilling: Dry

Groundwater after drilling: Dry

Project No.: DG -15- 11840

Drill Date: 7/ 14/2015 Elevation: 701. 299 feet

Northing: 7, 195,534. 4 Station: -- 

Fasting: 2, 646, 996. 7 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

w0 > 
zW

c75Qo
N

0zz

1- 

ZLLU - W

0

0- 

5- 

10- 

15- 

20 — 

N

v 25 — 

00

0

vi2
30 — 

z

0

z — 0wJ - 
0z

35 — 

Shear Types: 

o See

00J

50/ 1. T-50/ 1" 

50/0.T-50/ 0. 25' 

50/0.25"-50/ 0. 

50/0.75"- 50/ 0. 

FAT CLAY (CL), soft, moist, dark brown

WEATHERED LIMESTONE, soft to hard, yellowish
brown

LIMESTONE, hard, gray

5" - 

SHEAR STRENGTH, TSF

A )( 

I
0.5 1. 0

I . 
0 1. 5 2. 0

I

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I I LIQUID LIMIT

10 20 30 40 50 60 70 80 90

Hand Penet. • = Torvane A = Unconf. Comp. ) = UU Triaxial

Plate 3 for boring location. I PLATE 11

ASSOCIATES



LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: A-3

Groundwater during drilling: Dry

Groundwater after drilling: Dry

Drill Date: 7/ 14/ 2015

Northing: 7, 195, 117.2

Easting: 2, 646,003. 6

Project No.: DG -15- 11840

Elevation: 701. 012 feet

Station: -- 

Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

w5 > 
zW

C7) Qo
aN

0zz

ZzCU
ova

CC0

LOGOFSOILBORINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
0- 

5- 

10- 

15- 

20 — 

25 — 

30 — 

35—

Shear Types: 

FAT CLAY (CL), soft, moist, dark brown

LEAN CLAY (CL), stiff, moist, yellowish brown

WEATHERED SHALE, soft, yellowish brown

5"- 

35— 

Shear H

SHALE, hard, gray, slightly silty

SHEAR STRENGTH, TSF

A ) IC

0. 5 1. 0 1. 5 2. 0
I I I 1 I I

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I LIQUID LIMIT

10 20 30 40 50 60 70 80 90

See Plate 3 for boring locat

nd Penet. 

on. 

Torvane A = Unconf. Comp. SIE = UU Triaxial

ASSOCIATES

PLATE 12



LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant Project No.: DG -15- 11840

Boring No.: A-4 Drill Date: 7/ 15/2015 Elevation: 686.040 feet

Groundwater during drilling: Dry Northing: 7, 194,286.8 Station: -- 

Groundwater after drilling: Dry Easting: 2, 644, 545. 1 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ROCK CLASSIFICATION

w0 > zw
ao
0- 

0zz

1- 

cnzLi_ 
O0

v
Ts: 

O
0

ac7
0
0J
z

0O

zO
w

3

0

30J

0- 

5- 5- 

10- 10- 

15- 15- 

20- 20- 

25- 25- 

30- 30- 

35— 

Shear
35— 

Shear Types: 

FAT CLAY (CL), soft, moist, brown

WEATHERED SHALE, soft to hard, yellowish brown, 

with iron oxide and calcareous nodules, slightly silty

8- 15

50/ 1"- 50/ 0.5' 

50/0. 5"- 50/ 0. 25"- 

H

0/ 0. 5" -50/ 0. 25

H

SHALE, hard to very hard, gray, slightly silty

SHEAR STRENGTH, TSF

IN A SIC

0. 5 1. 0 1. 5 2.0
1 1 1 1 1 1 1

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I- 1 LIQUID LIMIT

10 20 30 40 50 60 70 80 90

See Plate 3 for boring locat

nd Penet. • = Torvane A = Unconf. Comp. SIE = UU Triaxial

on. PLATE 13

ASSOCIATES



LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: A-5

Groundwater during drilling: Dry

Groundwater after drilling: Dry

Project No.: DG -15- 11840

Drill Date: 7/ 15/2015 Elevation: 693.949 feet

Northing: 7, 194,415.5 Station: -- 

Easting: 2,645, 373. 8 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

w0> 
z303

0d N

zZ

1- 

Z U

1- 

Zu

o0 - 

LOGOFSOILBORINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
0- 

5- 

10- 

15- 5- 

20- 20- 

25- 25- 

3030 - 

35- 

Shear
5-

Shear Types: 

3- 4

10-22

50/ 1. 5"- 50/ 1" 

50/ 0. 5"- 50/ 0. 5" 

H

FAT CLAY (CL), very soft, moist, dark brown

LEAN CLAY (CL), stiff, moist, yellowish brown

WEATHERED SHALE, soft to hard, yellowish brown

SHALE, hard, gray

SHEAR STRENGTH, TSF

A JK

0. 5 1. 0 1. 5 2.0
I I f 1 I 1 1 1

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT 1 1 LIQUID LIMIT

10 20 30 40 50 60 70 80 90

and Penet.  = Torvane A = Unconf. Comp. SIE = UU Triaxial

See Plate 3 for boring location. , PLATE 14

ASSOCI ATES



LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: A-6

Groundwater during drilling: Dry

Groundwater after drilling: Dry

Project No.: DG -15- 11840

Drill Date: 7/ 14/ 2015 Elevation: 699.414 feet

Northing: 7, 194,476. 1 Station: -- 

Easting: 2, 646, 009.4 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

w3 > Z
CT) 05

Qo
0- 

0
Z

r

Z Il

oa

0

LOGOFSOIL
b) 

JNGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
0- 

5- 5 - 

10- 10 - 

15- 15- 

20- 20 - 

25- 25- 

30- 30 - 

35- 

Shear
35 - 

Shear Types: 

3- 3

24- 25

35-40

50/ 1. 5"- 50/ 1" 

50/ 0. 5"- 50/ 0. 5" 

H

FAT CLAY (CL), very soft, moist, brown

WEATHERED SHALE, soft to hard, yellowish brown

SHALE, hard, gray

SHEAR STRENGTH, TSF

0. 5 1. 0 1. 5 2.0
I I I I I 1 1 1 I

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I - I LIQUID LIMIT

10 20 30 40 50 60 70 80 90

See Plate 3 for boring locat

nd Penet. • = Torvane A = Unconf. Comp. SIE = UU Triaxial

on. PLATE 15

ASSOCIATES



LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: A-7

Groundwater during drilling: Dry

Groundwater after drilling: Dry

Project No.: DG -15- 11840

Drill Date: 7/ 13/2015 Elevation: 698.385 feet

Northing: 7, 194,042. 1 Station: -- 

Easting: 2,646, 822.0 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

w

zz97 )7) 
0
N

zz

1- 

Z L - Lu 000
0

LOGOFSOILBORINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
0- 

5- 5- 

10- 10- 

15- 15 - 

20- 20 - 

25- 25 - 

30- 30 - 

35- 

Shear
35 -

Shear Types: 

7- 9

50/2. 5"- 50/ 2" 

50/ 0.5"- 50/0. 5" 

50/0.25"- 50/ 0. 

FAT CLAY (CL), soft, moist, dark brown

WEATHERED LIMESTONE, soft, yellowish brown

25° 

H

LIMESTONE, hard to very hard, gray

SHEAR STRENGTH, TSF

A ) IC

I
0. 5 1. 0 1. 5 2. 0

I . I . I . I

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT 1 1 LIQUID LIMIT

10 20 30 40 50 60 70 80 90

See Plate 3 for boring locat

nd Penet. • = Torvane A = Unconf. Comp. SIE = UU Triaxial

on. , PLATE 16

ASSOCIATES



LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: A-8

Groundwater during drilling: Dry

Groundwater after drilling: Dry

Project No.: DG -15- 11840

Drill Date: 7/ 15/ 2015 Elevation: 698.829 feet

Northing: 7, 193, 392.4 Station: -- 

Easting: 2,644, 934. 9 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

w0 > Zw
7) (7
Qo

LL N

Z

1- 
i) 

1- 

ZLLwU0
ce

fes` LOGOFSOILbuRINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
0- 

5- 

10- 

15- 

20 - 

25 - 

30 - 

35 - 

Shear Types: 

FAT CLAY (CL), soft, moist, dark brown

3- 5

WEATHERED SHALE, soft to hard, yellowish brown

50/ 1. 5"- 50/ 1. 25

50/2"- 50/ 1" 

50/ 0. Y-50/ 0. 25°- 

H

0/ 0. 5" - 50/ 0. 25

H

SHALE, hard, gray

SHEAR STRENGTH, TSF

X

I
0. 5

I
1. 0

I
1. 5

I
2. 0

I

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT i i LIQUID LIMIT

10 20 30 40 50 60 70 80 90

and Penet. • = Torvane A = Unconf. Comp. SIE = UU Triaxial

See Plate 3 for boring location. PLATE 17

ASSOCIATES



LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: A-9

Groundwater during drilling: Dry

Groundwater after drilling: Dry

Drill Date: 7/ 15/2015

Northing: 7, 193, 504.4

Easting: 2, 646, 086.0

Project No.: DG -15- 11840

Elevation: 702. 206 feet

Station: -- 

Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ROCK CLASSIFICATION

w0> 
zW

U) 0
aN

00

1- 

Zu

00
rt

SHEAR STRENGTH, TSF

A JK

0.5 1. 0 1. 5 2.0

LOGOFSOILBORINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
0- 

5- 

10- 

15- 

20 - 

25 - 

30 - 

35- 

Shear
5-

Shear Types: 

50/ 0.5"- 50/ 0. 25

50/0. 5"- 50/0. 25' 

50/ 0.75"-50/0. 

H

FAT CLAY (CL), soft, moist, dark brown, with
calcareous deposits and iron oxide stains

WEATHERED LIMESTONE, hard, yellowish brown

LIMESTONE, hard to very hard, gray

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I— I LIQUID LIMIT

10 20 30 40 50 60 70 80 90

and Penet.  = Torvane

See Plate 3 for boring locat ion. 

A = Unconf. Comp. X = UU Triaxial

ASSOCIATES

PLATE 18



LOG OF BORING
Project: NTMWD Leonard Water Treatment Plant

Boring No.: A- 10

Groundwater during drilling: Dry

Groundwater after drilling: Dry

Project No.: DG -15- 11840

Drill Date: 7/ 8/ 2015 Elevation: 696. 179 feet

Northing: 7, 192, 500.2 Station: -- 

Easting: 2, 645,813. 0 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

w0> 
zW
CT) Cn

0
0. N

00
z

1- 

zLL

00

0: 0

4

x

0

viO' 0
z_ 

0m
0

z00
J

O' Z

0

0

c90J

0- 

5- 

10- 

15- 

20 — 

25 — 

30 — 

35 — 

Shear Types: 

5- 6

FAT CLAY (CL), soft, moist, dark brown, with

calcareous deposits and iron oxide stains

5010. 75"- 50/0. 25

50/ 0.5"- 5010. 25

5010. 5"- 5010. 5" 

50/0. 5"- 50/0. 2

WEATHERED LIMESTONE, soft, yellowish brown

5"- 

H

LIMESTONE, hard to very hard, gray

SHEAR STRENGTH, TSF

A ) IC

0. 5 1. 0 1. 5 2. 0
1 1 1 1 1 1 1 1 1

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT 1 1 LIQUID LIMIT

10 20 30 40 50 60 70 80 90

See Plate 3 for boring locat

nd Penet.  = Torvane A = Unconf. Comp. SIE = UU Triaxial

on. , PLATE 19

ASSOCIATES



LOG OF BORING

Project: NTMWD Leonard Water Treatment Plant

Boring No.: A- 11

Groundwater during drilling: Dry

Groundwater after drilling: Dry

Project No.: DG -15- 11840

Drill Date: 7/ 8/ 2015 Elevation: 693.441 feet

Northing: 7, 192, 544. 1 Station: -- 

Easting: 2,646, 766. 8 Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ ROCK CLASSIFICATION

w

zrn0) 
Qo
aN

00Z

Z u_ Zw

O0

LOGOFSOILBORINGLEONARDBORINGLOGS.GPJHVJ.GDT
8/

14/15
0- 

5- 5- 

10- 10- 

15- 15- 

20- 20- 

25- 25- 

30- 30- 

35— 

Shear
35—

Shear Types: 

FAT CLAY (CL), soft, moist, dark brown, with

calcareous deposits and iron oxide stains

WEATHERED LIMESTONE, soft to hard, yellowish
brown

5010.75"- 50/0. 5' 

50/0. 5"- 50/ 0. 29

50/ 0. 5'-50/ 0. 25"- 

H

0/ 0. 5" - 50/ 0. 25

H

LIMESTONE, very hard, gray

SHEAR STRENGTH, TSF

A ) IC

0. 5
I

1. 0.
I

1. 5
1

2.0
I

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I- 1 LIQUID LIMIT

10 20 30 40 50 60 70 80 90

See Plate 3 for boring locat

nd Penet. • = Torvane A = Unconf. Comp. X = UU Triaxial

on. PLATE 20

ASSOCIATES



Project: NTMWD Leonard Water

Boring No.: A-12

Groundwater during drilling: Dry

Groundwater after drilling: Dry

LOG OF BORING
Treatment Plant

Drill Date: 7/ 15/ 2015

Northing: -- 

Easting: -- 

Project No.: DG -15- 11840

Elevation: 

Station: -- 

Offset: -- 

ELEV. 

DEPTH, 

FEET

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

SOIL/ROCK CLASSIFICATION

w

Z w
C

Qo
0 - 

ozz

1- 

ZZLL
000- 

0- 

5- 

10- 

15- 

20 - 

25 - 

30 - 

35- 

Shear
5-

Shear Types: 

4-4

38-50/4" 

50/ 1"- 50/ 0. 5" 

50/0. 75'-50/ 0. 

H

FAT CLAY (CL), soft, moist, dark brown

WEATHERED SHALE, soft to hard, yellowish brown

SHALE, hard, gray

SHEAR STRENGTH, TSF

A 3< 

0. 5 1. 0 1. 5 2. 0
1 1 1 1 1 1 1 1 1

MOISTURE 0 CONTENT, % 
PLASTIC LIMIT I— I LIQUID LIMIT

10 20 30 40 50 60 70 80 90

and Penet. 

See Plate 3 for boring location. 

Torvane A = Unconf. Comp. SIE = UU Triaxial

ASSOCIATES

PLATE 21



SOIL SYMBOLS

Soil Types

L I

SAMPLER TYPES

Thin Walled

Shelby Tube

Split Barrel

Y

Liner Tube

Z No Recovery

I' 

Auger

lT Jar Sample

VA 1JL

Clay Silt

Modifiers

Sand Gravel

f0, o

Clayey Si ty Sandy Cemented

Construction Materials WATER LEVEL SYMBOLS

Groundwater level determined during
drilling operations

w Groundwater level after drilling in
open borehole or piezometer

AAAAAAAA
AAAA
AAAA. 

Asphaltic Stabilized Fill or Portland

Concrete Base Debris Cement

Concrete

SOIL GRAIN SIZE
Particle Size or Sieve

Classification Particle Size No. ( U. S. Standard) 

Clay < 0. 002 mm < 0. 002 mm

Silt 0. 002 - 0. 075 mm 0. 002 mm - # 200 sieve

Sand 0. 075 - 4. 75 mm # 200 sieve - # 4 sieve

Gravel 4. 75 - 75 mm # 4 sieve - 3 in. 

Cobble 75 - 200 mm 3 in. - 8 in. 

Boulder > 200 mm > 8 in. 

DENSITY OF COHESIONLESS SOILS

Penetration

Descriptive Resistance " N" * 

Term Blows/ Foot

CONSISTENCY OF COHESIVE SOILS

Consistency Undrained Shear Penetration

Strength (tsf) Resistance " N" * 

Blows/ ft) 

Very Soft 0- 0. 125 < 2

Soft 0. 125 - 0. 25 2-4

Firm 0. 25 - 0. 5 4-8

Stiff 0. 5 — 1. 0 8- 15

Very Stiff 1. 0 — 2. 0 15- 30

Hard > 2. 0 > 30

Very Loose 0 - 4

Loose 4 - 10

Medium Dense 10 - 30

Dense 30 - 50

Very Dense > 50

PENETRATION RESISTANCE

ik-#-# Slows rpnitirprt npnptratinn Path of three rnngprntivw F- inrh** ner ASTM r)- 15RF,* 

50/ 4" If more than 50 blows are required, driving is discontinued and penetration at 50 blows is noted

4/ 6") Texas Cone Penetration blows required penetrating each of two consecutive 6 - inches per TEX- 132- E

The N value is taken as the blows required to penetrate the final 12 inches

TERMS DESCRIBING SOIL STRUCTURE

S/ickensided Fracture planes appear polished or Intermixed Soil sample composed of pockets of

glossy, sometimes striated different soil type and laminated or

Fissured Breaks along definite planes of fracture
stratified structure is not evident

with little resistance to fracturing Calcareous Having appreciable quantities of calcium

Inclusion Small pockets of different soils, such carbonate

as small lenses of sand scattered Ferrous Having appreciable quantities of iron
through a mass of clay

Parting Inclusion less than 1/ 4 inch thick
Nodule A small mass of irregular shape

extending through the sample

Seam Inclusion 1/ 4 inch to 3 inches thick 8701 John Carpenter Fury S"* 250

extending through the sample

Layer Inclusion greater than 3 inches thick

H V J 2c4 -6i227Ph
214- 678-0228 Fax

As u,n ATE1

extending through the sample

Laminated Soil sample composed of alternating
partings of different soil type

Stratified Soil sample composed of alternating

KEY TO TERMS AND SYMBOLS

USED ON BORING LOGS

seams or layers of different soil type PROJECT NO.: 

DG -15- 11840

DRAWING NO.: 

Plate 22A



ROCK TYPES SAMPLER TYPES

Thin Walled

Tube

Standard

Penetration

Test

THD Cone

Test

11 Rock Core

Auger Sample

Bag Sample

Limestone Shale Sandstone

1
e = a

s®ter`" 
i r. 
siommy

AM

r

Weathered

Limestone

Weathered

Shale

Weathered

Sandstone

11= 11/ A Ai

cnaivaQ'L
m.,.• Highly9 Y Dolomite Granite
M'a'o" 

r ioin.-_° PenetrationWeathered_–_= 
0 –+

T
clIrAl " Limestonewren. 

SOLUTION AND VOID CONDITIONS

Void Interstice; ageneral term forsspaceporeP

or other openings in rock. 

Cavities Small solutional concavities. 

HARDNESS

Very Soft Can be carved with a knife, broken with finger pressure, 

or UCS less than 30 tsf
Soft Can be gouged or grooved readily with a knife, 

or UCS between 30 and 100 tsf

Moderately Hard Can be scratched easily with a knife, or UCS between 100 and 250 tsf
Hard Can be scratched rarely with a knife, or UCS greater than 250 tsf
Very Hard Cannot be scratched with a knife

Vuggy Containing small cavities, usually lined
with a mineral of different composition

from that of the surrounding rock. 

Vesicular Containing numerous small, unlined
cavities, formed by expansion of gas
bubbles or steam during solidification of
the rock. 

Porous Containing pores, interstices, or other
openings which may or may not
interconnect. 

Cavernous Containing cavities or caverns, sometimes
quite large. Most frequent in limestones
and dolomites. 

WEATHERING GRADES OF ROCKMASS (1) 

Slightly Discoloration indicates weathering of rock material
and discontinuity surfaces. 

Moderately Less than half of the rock material is decomposed

or disintegrated to a soil. 

Highly More than half of the rock material is decomposed

or disintegrated to a soil. 

Completely All rock material is decomposed and/ or

disintegrated into soil. The original mass structure

is still largely intact. 

Residual Soil All rock material is converted to soil. The mass

structure and material fabric are destroyed. 

JOINT DESCRIPTION

SPACING INCLINATION SURFACES

Very Close < 2" Horizontal 0- 5 Slickensided Polished, grooved

Close 2"- 12" Shallow 5- 35 Smooth Planar

Medium Close 12"- 3' Moderate 35- 65 Irregular Undulating or granular
Wide > 3' Steep 65- 85 Rough Jagged or pitted

Vertical 85- 90

REFERENCES: BEDDING THICKNESS (2) 

1) British Standard ( 1981) Code of Practice for Site Investigation, Very Thick > 4' 
BS 5930. 

2) The Bridge Div., Tx. Highway Dept. Foundation Exploration & 

Thick 2'- 4' 

Thin 2"- 2' 

Very Thin 1/ 2"- 2" 

Design Manual, 2nd Division, revised June, 1974. Laminated 0. 08"- 1/ 2" 

Thinly Laminated < 0. 08" 

on each boring log is a compilation of subsurface IIInformation8701John Carpenter Fwy Su& c250

conditions and soil and rock classifications obtained from the

field as well as from laboratory testing of samples. Strata have

Dallas, 7X75247214-078-0227 PhH V J
7" 214- 678-0228 Fax

I
been interpreted by commonly accepted procedures. The
stratum lines on the logs may be transitional and approximate in
nature. Water level measurements refer only to those observed
at the times and places indicated, and may vary with time, 

KEY TO TERMS AND SYMBOLS

USED ON BORING LOGS

geologic condition or construction activity. PROJECT NO.: 
DG -15- 11840

DRAWING NO.: 
Plate 22B



APPENDIX A

SUMMARY OF LABORATORY RESULTS



Boring# Depth
i

Liquidm#
200

Plastic

Limit
PI

Percent

Finer

Than

Sieve

Moisture

Content

DryShear

Unitrength

Weight

pcfl

S (

UC) 

tsf) 

Rock

UC

tsf) 

Shear

Strength

Pocket

Pen) 

tsf) 

D-1 0 1. 5

D-1 0. 5 56 24 32 92 23. 8 98.9 1. 47

D-1 10.5 15. 1 118.4 107.2

D-1 15.5 13 123.3 108.9

D-1 20. 5 12.2 125. 1 82.8

D- 1 25.5 11. 8 125. 8 102.9

D- 1 30.5 12.2 124.8 97.0

D- 1 35. 5 14.3 120.4 30. 6

D-2 0 1

D-2 1 0.67

D-2 1. 5 63 25 38 96 30. 2 91 0.73

D-2 2 0.67

D-2 3 0. 5

D-2 3. 5 70 25 45 96 30.7 90.3 0. 72

D-2 4 0. 67

D-2 5. 5 65 22 43 93 29.2 93. 5 0. 65

D-2 6 0.83

D-2 7 0. 83

D-2 8 1. 33

D-2 8. 5 52 20 32 93 25.5 99.7 0. 69

D-2 9 1. 5

D-2 19.5 12. 9 124.5 69.6

D-2 29. 5 12.4 126. 1 77.7

D-2 35.5 12. 8 129.2 70.4

D-2 40.5 12.7 124.5 103. 5

S- 1 0 0. 33

S- 1 1 0. 5

S- 1 2 0.5

S- 1 2. 5 68 25 43 96 31. 5 91. 3 0. 71

S- 1 3 0.5

S- 1 4 0.67

S- 1 4. 5 76 25 51 96 29.7 93. 6 0.73

S- 1 6 1. 5

8701 John Carpenter Fur) sure 250

H V J
Dallas, 75247

214- 678-0227 Ph

214- 678-0228 Fax
nss0cinrrs

DATE: 08/ 05/ 2015
APPROVED BY: 

JP

PREPARED BY: 

DB

SUMMARY OF LAB TEST RESULTS

NTMWD LEONARD WATER TREATMENT PLANT

PROJECT NO.: 
DG- 15- 11840

DRAWING NO.: 

Plate A-I



Boring# Depth
Liquid

Limit

Plastic

Limit
PI

Percent

Finer

Than

200

Sieve

Moisture

Content

a) 

D

Unit

Weight

pct) 

Shear

Strength

UC) 

tsf) 

Rock

UC

tsf) 

Shear

Strength

Pocket

Pen) 

tsf) 

S- 1 7 1. 5

S- 1 7. 5 60 22 38 95 21. 5 107. 7 2.02

S- 1 8 1. 5

S- 1 9 1. 5

S- 1 20.5 12 129.9 66.6

S- 1 26.5 11. 7 127.6 71. 3

S- 2 0 1. 17

S- 2 1 0.83

S- 2 1. 5 60 22 38 86 25 98.8 1. 05

S- 2 2 1. 17

S- 2 3 1

S- 2 4 1. 17

S- 2 4. 5 63 23 40 93 26.6 97. 1 0.78

S- 2 6 1

S- 2 7 1. 5

S- 2 7. 5 43 6 37 89 18.4 110. 1 1. 28

S- 2 8 1. 33

S- 2 9 1. 17

S- 2 14 1. 5

S- 2 25.5 15. 3 121. 2 28.5

S- 2 30. 5 10.8 131 98.3

S- 3 0 0. 83

S- 3 1 1. 17

S- 3 1. 5 59 24 35 86 32.3 94 0.61

S- 3 2 1. 5

S- 3 3 1. 5

S- 3 4 1. 5

S- 3 4.5 58 23 35 98 26. 7 96.8 0. 59

S- 3 6 1. 5

S- 3 6. 5 72 25 47 98 24.6

S- 3 7 1. 5

S- 3 8 1. 5

S- 3 9 1. 5

8701 Jahn Carpenter Fsvy Suite 250

H V J
Dallas, TX 75247

214- 678-0227 Ph

214678-0228 Fax
AssoCIATfs

DATE: 08/ 05/ 2015
APPROVED BY: 

JP

PREPARED BY: 

DB

SUMMARY OF LAB TEST RESULTS

NTMWD LEONARD WATER TREATMENT PLANT

PROJECT NO.: 
DG -15- 11840

DRAWING NO.: 

Plate A -II



Boring# Depth
uid

Llimitt

Plastic

Limit
PI

Percent

Finer

Than

200

Sieve

Moisture

Content

D

Unit

Weight

pcfl

Shear

Strength

UC) 

tsf) 

Rock

UC

tsf) 

Shear

Strength

Pocket

Pen) 

tsf) 

S- 3 9. 5 78 30 48 98 29. 1 95. 1 0. 64

S- 3 17.5 16.4 117.4 25.4

S- 3 22.5 14 124.7 61. 9

S- 4 0 0. 67

S- 4 1 0. 67

S- 4 1. 5 73 27 46 36.4 84.7 0.69

S- 4 2 0. 67

S- 4 3 1

S- 4 3. 5 62 21 41 93 26 97. 6 0.98

S- 4 4 1

S- 4 6 1. 5

S- 4 7 1. 5

S- 4 7.5 57 22 35 88 23. 8 97 1. 03

S- 4 8 1. 5

S- 4 9 1. 5

S- 4 20. 5 14 119.7 95.4

S- 4 29 12.8 124. 1 90.5

Total 18 18 18 17 36 35 17 18 47

8701 John Carpenter Fury Suite 250

H V J
Dallas, TX 75247

214-678- 0227 Ph

214-678- 0228 Fax
ASSOCIAT15

DATE: 08/ 05/ 2015
APPROVED BY: 

JP

PREPARED BY: 

DB

SUMMARY OF LAB TEST RESULTS

NTMWD LEONARD WATER TREATMENT PLANT

PROJECT NO.: 
DG -15- 11840

DRAWING NO.: 

Plate A -III



APPENDIX B

ADVANCED LABORATORY TEST RESULTS

SWELL INDEX TEST, SULFATE, CHLORODE. PH AND SOIL BOX

RESISTIVITY TEST RESULTS) 



Project Name: 

Project No. 

Date Tested: 

Technician: 

HVJ ASSOCIATES, INC. 
EXPANSION INDEX OF SOILS ASTM D- 4829- 11

NTM\VD Leonard WIT

DG -15- 11840

07/ 28/ 15

KM

Boring No. D- 1

Sample Depth. 0- 1' 

Ring No. 
Date Calculated: 

1

08/ 07/ 15

sye Sa pp e., r Stes D 1 mm

7/ 28/ 2015

Sample Height (in) 1. 002 1. 076 Wet + Ring (g) 699.26 759. 51

Diameter (in) 4.002 4.002 Dry + Ring (g) 656.41 656.41

Volume (cc) 206. 544 221, 695 Ring Wt. (g) 360.28 360.53

Height of Solids ( in) 0.532 0.532 MDan° s

1

Specific Gravity 2.700 2.700 Wet + Tare (g) 64.85 56

Moisture Content (%) 16. 1 34.8 Dry + Tare (g) 60. 22

7/ 28/ 2015

Wet Density (pcf) 102.4 112.3 Tare (g) 31. 47 32

Dry Density (pcf) 88.2 83.3 Moisture Content (%) 16. 1

8. 0

Saturation (%) 47.8% 92.0% an I egep oP 311d 4. 5

Sa p1 De= Fat Clay (CL) 

10: 30

Calculated by: DB

Computed by: DB

Checked by: RE

1

2

Initial Swell Readings D1 ( in) 0. 2286

Final Swell Readings D2 ( in) 0. 3021

7/ 28/ 2015 9: 50 0. 0 1 0.2296

7/ 28/ 2015 10: 00 10.0 1 0.2286

7/ 28/ 2015 10:00 0.0 1 0.2286 ] 

7/ 28/ 2015 10:00 0. 1 1 0. 2291

7/ 28/ 2015 10:00 0.2 1 0. 2299

7/ 28/ 2015 10:00 0.5 1 0.2314

7/ 28/ 2015 10:01 1. 0 1 0. 2334

7/ 28/ 2015 10:02 2.0 1 0. 2367

7/ 28/ 2015 10:05 5.0 1 0.2479

7/ 28/ 2015 10:08 8. 0 1 0.2562

7/ 28/ 2015 10: 15 15. 0 1 0.2649

7/ 28/ 2015 10: 30 30. 0 1 0.2732

7/ 28/ 2015 11: 00 60. 0 1 0.2809

7/ 28/ 2015 12: 00 120.0 1 0.2894

7/ 28/ 2015 14: 00 240.0 1 0.2945

7/ 28/ 2015 17: 00 420.0 1 0.2978

7/ 31/ 2015 6:00 4080.0 1 0.3015

7/ 31/ 2015 8:00 4200.0 1 0. 3021

Calculated by: DB

Computed by: DB

Checked by: RE

1

2

Initial Swell Readings D1 ( in) 0. 2286

Final Swell Readings D2 ( in) 0. 3021

AH= D2-D1 ( in) 0.07350

EI= A.H* 1000/ H1 73. 4

3f • e strr A+ 6+* r4Fi` 8u[ :.*:•. 

Expansion

Index, EI

Potential

Expansion
Result

0-20 Very Low

21- 50 Low

51- 90 Medium 73.4

91- 130 High

130 Very High



Project Name: 

Project No. 

Date Tested: 

Technician: 

HVJ ASSOCIATES, INC. 
EXPANSION INDEX OF SOILS ASTM D-4829- 11

NTMWD Leonard WTP

DG -15- 11840

08/ 04/ 2015

KM

Boring No. D-2

Sample Depth. 2- 3' 

Ring No. 
Date Calculated: 08/ 07/ 15

Calculated by: DB

Computed by: DB

Checked by: RE

1

2

S ellIit.: ',( 3, la

Initial Swell Readings Dl ( in) 0. 4230

Final Swell Readings D2 ( in) 0. 4980

8/ 4/ 2015

Sample Height (in) 1. 002 1. 077 Wet + Ring (g) 703.40 761. 85

Diameter (in) 4.002 4.002 Dry + Ring (g) 655.39 655.39

Volume (cc) 206.544 222.004 Ring Wt. (g) 360. 31 - 361.09

Height of Solids ( in) 0. 530 0. 529

0. 2 1 0. 4195

Specific Gravity 2. 700 2. 700 Wet + Tare (g) 56.27 70

Moisture Content (%) 16. 9 36.2 Dry + Tare (g) 52.63

Wet Density (pet) 103.7 112.6 Tare (g) 31. 15 45

Dry Density (pcf) 88. 6 82.7 Moisture Content (%) 16. 9

1

Saturation (%) 50. 8% 94.2% en a u '  2.0. 

0. 4524

Fat Clay (CL) 

10: 30

Calculated by: DB

Computed by: DB

Checked by: RE

1

2

S ellIit.: ',( 3, la

Initial Swell Readings Dl ( in) 0. 4230

Final Swell Readings D2 ( in) 0. 4980

8/ 4/ 2015 9:50 0. 0 1 0.4232

8/ 4/ 2015 10: 00 10. 0 1 0.4230

8/ 4/ 2015 10: 00 0. 0 1 0.4230 I

8/ 4/ 2015 10: 00 0. 1 1 0.4191

8/ 4/ 2015 10: 00 0. 2 1 0. 4195

8/ 4/ 2015 10: 00 0. 5 1 0.4202

8/ 4/ 2015 10: 01 1. 0 1 0.4219

8/ 4/ 2015 10:02 2.0 1 0.2530

8/ 4/ 2015 10:05 5. 0 1 0. 4351

8/ 4/ 2015 10:08 8.0 1 0. 4410

8/ 4/ 2015 10: 15 15. 0 1 0. 4524

8/ 4/ 2015 10: 30 30. 0 1 0. 4710

8/ 4/ 2015 11: 00 60. 0 1 0.4810

8/ 4/ 2015 12: 00 120.0 1 0. 4857

8/ 4/ 2015 14:00 240.0 1 0.4888

8/ 4/ 2015 17: 00 420.0 1 0.4905

8/ 5/ 2015 6:00 1200.0 1 0.4971

8/ 5/ 2015 8:00 1320.0 1 0.4980

Calculated by: DB

Computed by: DB

Checked by: RE

1

2

S ellIit.: ',( 3, la

Initial Swell Readings Dl (in) 0.4230

Final Swell Readings D2 (in) 0.4980

4H=D2-D1 ( in) 0. 07500

EI= 4H* 1000/ H1 74.9

a} rr

Expansion Potential
Result

Index, EI Expansion

0- 20 Very Low

21- 50 Low

51- 90 Medium 74. 9

91- 130 High

130 Very I-Iigh



Project Name: 

Project No. 

Date Tested: 

Technician: 

HVJ ASSOCIATES, INC. 
EXPANSION INDEX OF SOILS ASTM D-4829- 11

NTMWD Leonard WTI' 

DG -15- 11840

07/ 30/ 15

KM

Boring No. 
Sample Depth. 

Ring No. 
Date Calculated: 

S- 1

2- 3' 

1

08/ 04/ 15

e' 1= 
lit

0. 4510

1. 

in

0. 5036

7/ 30/ 2015 9: 50

1. 002 1. 055 l• 692.86 748. 71

Diameter (in) 4.002 4.002 D + Rin • 643. 14 643. 14

Volume (cc) 206. 544 217. 387 Rin: Wt. (g) 360.28 360. 57

Hei. ht of Solids ( in) 0. 508 0.508 sizer D ;ACV

1 0. 4484

S. ecific Gra\*i • 2.700 ' 2.700 4 62.61 60

Moisture Content (%) 18. 1 37.4 D + Tare • 57. 73

10: 02

Wet Densi . c 100. 5 111. 4 I P 30.77 38

Dry Density (pcf) 85. 1 81. 1 Moisture Content (%) 18. 1

1

Saturation (o/) 49. 9% 93. 6/ Tep' o' i 1: 5

frk
1 s Fat Clay (CL) 

10: 30

e'1= 
lit

0. 4510

1. 

in

0. 5036

7/ 30/ 2015 9: 50 0. 0 1 0.4516

7/ 30/ 2015 10: 00 10. 0 1 0.4510

7/ 30/ 2015 10: 00 0. 0 1 0.4510

7/ 30/ 2015 10: 00 0. 1 1 0.4488

7/ 30/ 2015 10: 00 0. 2 1 0. 4484

7/ 30/ 2015 10: 00 0. 5 1 0. 4482

7/ 30/ 2015 10: 01 1. 0 1 0. 4491

7/ 30/ 2015 10: 02 2.0 1 0. 4508

7/ 30/ 2015 10: 05 5. 0 1 0. 4581

7/ 30/ 2015 10:08 8.0 1 0. 4635

7/ 30/ 2015 10: 15 15. 0 1 0. 4740

7/ 30/ 2015 10: 30 30.0 1 0. 4836

7/ 30/ 2015 11: 00 60. 0 1 0.4879

7/ 30/ 2015 12:00 120.0 1 0.4907

7/ 30/ 2015 14:00 240.0 1 0.4937

7/ 30/ 2015 17:00 420.0 1 0.4968

7/ 31/ 2015 6:00 1200.0 1 0.5014

7/ 31/ 2015 8:00 1320.0 1 0. 5026

7/ 31/ 2015 11: 00 1500.0 1 0.5032

7/ 31/ 2015 12:00 1560.0 1 0.5036

Calculated by: 

Computed by: 

Checked by: 

DB

DB

RE

1

D2

Initial Swell Readings D1 ( in) 0.4510

Final Swell Readings D2 (in) 0.5036

5H= D2-D1 ( in) 0.05260

EI= 4H* 1000/ H1 52. 5

Expansion Potential

Index, EI Expansion
Result

0- 20 Very Low

21- 50 Low

51- 90 Medium 52.5

91- 130 High

130 Very High



Project Name: 

Project No. 

Date Tested: 

Technician: 

HVJ ASSOCIATES, INC. 
EXPANSION INDEX OF SOILS ASTM D- 4829- 11

NTMWD Leonard W P

DG -15- 11840

7/ 24/ 15

KM

Boring No. S- 2

Sample Depth. 4- 5' 

Ring No. 
Date Calculated: 07/ 27/ 15

ell mR041tk , 

Initial Swell Readings D1 ( in) 0. 2402

Final Swell Readings D2 ( in) 

7/ 24/ 2015 9: 55

1. 002 1. 090 Wet + Rin • 709.47 772.56

Diameter (in) 4.002 4.002 D + Rin 669.22 669.22

Volume cc 206.544 224.745 til 360.29 361. 19

Hei• ht of Solids ( in) 0. 555 0.553

0. 2415

S. ecific Gravi 2.700 2.700

1

56. 62 63

Moisture Content C%) 15.0 33. 5 D + Tare 53. 33

10: 07

Wet Densi . c 105. 5 114.2 larlill 31. 34 40

Dry Density (pcf) 91. 8 85. 5 Moisture Content (%) 15.0

1

Saturation (%) 48.3% 93.40/ 0 a I oe ( k101a 3. 0

n Fat Clay (CL) 

10: 35

Calculated by: 

Computed by: 

Checked by: 

DB

DB

RE

1

2

Yr

Initial Swell Readings D1 ( in) 0. 2402

Final Swell Readings D2 ( in) 

7/ 24/ 2015 9: 55 0. 0 1 0.2408

7/ 24/ 2015 10: 05 10. 0 1 0. 2402

7/ 24/ 2015 10:05 0.0 1 0.2402 I

7/ 24/ 2015 10:05 0. 1 1 0.2410

7/ 24/ 2015 10:05 0. 3 1 0. 2415

7/ 24/ 2015 10: 05 0. 5 1 0.2428

7/ 24/ 2015 10:06 1. 0 1 0.2450

7/ 24/ 2015 10: 07 2. 0 1 0.2478

7/ 24/ 2015 10: 10 5. 0 1 0.2553

7/ 24/ 2015 10: 13 8. 0 1 0.2601

7/ 24/ 2015 10: 20 15. 0 1 0.2685

7/ 24/ 2015 10: 35 30.0 1 0.2810

7/ 24/ 2015 11: 05 60.0 1 0.2939

7/ 24/ 2015 12: 46 161. 0 1 0. 3011

7/ 25/ 2015 8: 30 1345.0 1 0. 3225

7/ 26/ 2015 7: 30 2725.0 1 0. 3263

7/ 27/ 2015 7: 30 4165.0 1 0. 3283

7/ 27/ 2015 8: 30 4225.0 1 0. 3285

Calculated by: 

Computed by: 

Checked by: 

DB

DB

RE

1

2

Yr

Initial Swell Readings D1 ( in) 0.2402

Final Swell Readings D2 (in) 0. 3285

4H= D2-D1 ( in) 0.08830

EI= 4H* 1000/ H1 88. 1

us

Expansion Potential
Result

Index, EI Expansion

0- 20 Very Low

21- 50 Low

51- 90 Medium 88. 1

91- 130 High

130 Very High



Project Name: 

Project No. 

Date Tested: 

Technician: 

HVJ ASSOCIATES, INC. 
EXPANSION INDEX OF SOILS ASTM D-4829- 11

NTMWD Leonard WTP

DG -15- 11840

08/ 06/ 15

KM

Boring No. 
Sample Depth. 

Ring No. 
Date Calculated: 

S- 3

1- 2' 

1

08/ 08/ 15

e ,.' ! . 
vxu it avxM

Va # & 

ntRal
YS t"D'a ; L yam

r.. .... k : fig a.$ m... .. 

8/ 6/ 2015

Sample Height (in) 1. 002 1. 054 Wet + Ring (g) 688. 95 740.70

Diameter (in) 4.002 4.002 Dry + Ring (g) 637. 37 637.37

Volume (cc) 206. 544 217. 325 Ring Wt. (g) 360. 31 ` 360. 99

Height of Solids ( in) 0. 498 0. 497 q! re tisl3, 

0. 4943

Specific Gravity 2.700 2.700 Vet + Tare (g) 48.31 59

Moisture Content (%) 17.9 37. 4 Dry + Tare (g) 45. 74

10: 07

Wet Density (pcf) 99. 3 109.0 Tare . 31. 38 35

Dry Density (pcf) 84.2 79.4 Moisture Content (%) 17. 9

1

Saturation (%) 48.3% 89. 9% ra. „ 6'44 35

90 Fat Clay (CL) 

10: 35

a

Initial Swell Readings D1 ( in) 0. 4946

Final Swell Readings D2 ( in) 

8/ 6/ 2015 9: 55 0. 0 1 0.4947

8/ 6/ 2015 10: 05 10. 0 1 0.4946

8/ 6/ 2015 10: 05 0. 0 1 0.4946 l

8/ 6/ 2015 10: 05 0. 1 1 0. 4941

8/ 6/ 2015 10: 05 0. 3 1 0. 4943

8/ 6/ 2015 10: 05 0. 5 1 0. 4945

8/ 6/ 2015 10:06 1. 0 1 0. 4950

8/ 6/ 2015 10: 07 2.0 1 0. 4962

8/ 6/ 2015 10: 10 5.0 1 0.5009

8/ 6/ 2015 10: 13 8.0 1 0.5030

8/ 6/ 2015 10:20 15. 0 1 0.5082

8/ 6/ 2015 10: 35 30. 0 1 0.5149

8/ 6/ 2015 11: 05 60. 0 1 0.5268

8/ 6/ 2015 12:05 120.0 1 0. 5344

8/ 6/ 2015 14:05 240.0 1 0.5381

8/ 6/ 2015 16: 05 360.0 1 0. 5398

8/ 7/ 2015 6:00 1195.0 1 0. 5461

8/ 7/ 2015 8:00 1315. 0 1 0. 5469

Calculated by: 

Computed by: 

Checked by: 

DB

DB

RE

1

D2

Initial Swell Readings D1 ( in) 0. 4946

Final Swell Readings D2 ( in) 0. 5469

HH= D2-D1 ( in) 0.05230

EI= 4H* 1000/ H1 52.2

Expansion Potential
Result

Index, EI Expansion

0- 20 Very Low

21- 50 Low

51- 90 Medium 52.2

91- 130 High

130 Very I-Iigh



Project Name: 

Project No. 

Date Tested: 

Technician: 

HVJ ASSOCIATES, INC. 
EXPANSION INDEX OF SOILS ASTM D-4829- 11

NTMWD Leonard WTP

DG -15- 11840

08/ 06/ 15

KM

Boring No. S- 4

Sample Depth. 3- 4

Ring No. 
Date Calculated: 

1

08/ 08/ 15

nm. 1 uti Mata FinaI

Sample Height (in) 1. 002 1. 080 Wet + Ring (g) 694.43 763.81

Diameter (in) 4.002 4.002 Dry + Ring (g) 653.06 653.06

Volume (cc) 206.544 222.602 Ring Wt. (g) 360.28 361.66

Height of Solids ( in) 0. 526 0. 524

Specific Gravity 2. 700 2. 700 Wet + Tare (g,) 49.76 62

Moisture Content (%) 17. 1 38. 0 Dry + Tare (g) 47.07 at{ 

Vet Density (pct) 101. 0 112.7 Tare (g) 31. 36 41

Dry Density (pct) 86.2 81. 7 Moisture Content (%) 17. 1 y

Saturation (%) 48.4/ 0 96.6% 4ni òiae 41,' 3. 0

Fat Clay (CL) 

10: 35

F

0. 4873

Final Swell Readings D2 ( in) 0. 5652

8/ 10/ 2015 9: 55 0.0 1 0. 4877

8/ 10/ 2015 10:05 10.0 1 0. 4873

8/ 10/ 2015 10:05 0.0 1 0. 4873 1

8/ 10/ 2015 10:05 0. 1 1 0.4847

8/ 10/ 2015 10:05 0.3 1 0.4847

8/ 10/ 2015 10:05 0. 5 1 0.4848

8/ 10/ 2015 10:06 1. 0 1 0.4859

8/ 10/ 2015 10:07 2.0 1 0.4888

8/ 10/ 2015 10: 10 5. 0 1 0.4960

8/ 10/ 2015 10: 13 8.0 1 0. 5042

8/ 10/ 2015 10:20 15. 0 1 0.5198

8/ 10/ 2015 10: 35 30.0 1 0.5316

8/ 10/ 2015 11: 05 60.0 1 0.5460

8/ 10/ 2015 12:05 120.0 1 0. 5527

8/ 10/ 2015 14: 05 240.0 1 0. 5565

8/ 10/ 2015 16: 05 360.0 1 0. 5593

8/ 11/ 2015 6:00 1195.0 1 0. 5641

8/ 11/ 2015 8:00 1315.0 1 0. 5652

Calculated by: DB

Computed by: DB

Checked by: RE

1

2

Initial Swell Readings DI (in) 0. 4873

Final Swell Readings D2 ( in) 0. 5652

4H=D2-D1 ( in) 0.07790

EI= 4H*1000/ H1 77.7

Sr.Comt- rte+ a• r. a ., 

Expansion Potential
Result

Index, EI Expansion

0- 20 Very Low

21- 50 Low

51- 90 Medium 77. 7

91- 130 High

130 Very High
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DG -15- 11840
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Collected By: Client

XENCO
Laboratories

9701 Harry Hines Blvd, Dallas, TX 75220

Xenco-Houston (EPA Lab code: TX00122): 

Texas ( T104704215- 15- 19), Arizona (AZ0765), Florida (E871002), Louisiana (03054) 

Oklahoma (9218) 

Xenco-Atlanta (EPA Lab Code: GA00046): 

Florida (E87429), North Carolina (483), South Carolina (98015), Kentucky (85), DoD ( L10- 135) 
Texas ( T104704477), Louisiana (04176), USDA (P330- 07- 00105) 

Xenco-Lakeland: Florida (E84098) 

Xenco- Odessa (EPA Lab code: TX00158): Texas ( T104704400 -TX) 

Xenco-Dallas (EPA Lab code: TX01468): Texas ( T104704295 -TX) 

Xenco Phoenix (EPA Lab Code: AZ00901): Arizona(AZ0757) 

Xenco-Phoenix Mobile (EPA Lab code: AZ00901): Arizona ( AZM757) 

Xenco Tucson (EPA Lab code: AZ000989): Arizona ( AZ0758) 
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SWIFT Funding Information 

 

North Texas Municipal Water District 

 

Lower Bois D’Arc Creek Reservoir 

Project No. 317 

 

 

 

 

 

 

Vol.5 

‐Part D #59 

‐Part D #60 LBCR 

‐Part D #60 Treatment and Treated Water Distribution 

‐Part D #61 LBCR 

‐Part D #61 Treatment and Treated Water Distribution 

‐Part D #63 

‐Part D #64 



Current Customers      Potential Future Customers      
Ables Springs WSC      Blue Ridge      
Allen      Celina      
Anna      Ector      
Blackland WSC      Fannin County Other      
Bonham      Honey Grove      
BHP WSC (Hunt Co portion)      Leonard      
Caddo Basin SUD      Savoy      
Cash SUD      Southwest Fannin Co SUD      
College Mound WSC      Trenton      
Collin Co. Other      Weston      
Copeville SUD      Kaufman County Mining      
Crandall      Fannin County Mining      
Culleoka WSC      
Denton County Other      
East Fork SUD      
Fairview      
Farmersville      
Fate      
Forney      
Forney Lake WSC      
Frisco      
Garland      
Gastonia‐Scurry SUD      
Hackberry      
Heath      
High Point WSC      
Howe      
Hunt County Other      
Josephine      
Kaufman      
Kaufman County Other      
Lavon      
Lavon WSC      
Little Elm      
Lowry Crossing      
Lucas      
McKinney      
McLendon‐Chisolm      
Melissa      
Mesquite      

Beneficiaries of Lower Bois d'Arc Creek Reservoir and Leonard WTP, HS 
Pump Station, and Transmission lines

From Appendix H, Table H.23*, 2016 Region C Water Plan
* Removed any NTWMD customers that were not allocated supply from Lower Bois d'Arc Creek Reservoir in DB17

North Texas Municipal 
Water District

Part D. 59 - 
Entities



Current Customers      Potential Future Customers      

Beneficiaries of Lower Bois d'Arc Creek Reservoir and Leonard WTP, HS 
Pump Station, and Transmission lines

From Appendix H, Table H.23*, 2016 Region C Water Plan
* Removed any NTWMD customers that were not allocated supply from Lower Bois d'Arc Creek Reservoir in DB17

Milligan WSC      
Mt. Zion WSC      
Murphy      
Nevada      
North Collin WSC      
New Hope      
Oak Grove      
Parker      
Plano      
Post Oak Bend City      
Princeton      
Prosper      
RCH WSC      
Richardson      
Rockwall      
Rockwall Co. Other      
Rose Hill SUD      
Rowlett      
Royse City      
Sachse      
Saint Paul      
Scurry      
Seis Lagos UD      
Sunnyvale      
Talty      
Talty WSC      
Terrell      
The Colony      
Van Alstyne      
Wylie      
Wylie Northeast SUD      
Non‐Municipal Customers
Collin County Manufacturing      
Dallas County Manufacturing      
Denton County Manufacturing      
Fannin County Manufacturing      
Grayson County Manufacturing      
Kaufman County Manufacturing      
Kaufman County Steam Electric      
Rockwall County Manufacturing      



Planning Year 2020 2025 2030 2035 2040
Population 

(Million)
1.86 2.01 2.15 2.33 2.5

Water Use 
(MGD)

379 411 443 470 497

North Texas Municipal 
Water District

Part D. 59 - 
Population and Flows 
- Lower Bois d'Arc 
Creek Reservoir



Planning Year 2020 2025 2030 2035 2040
Population 

(Million)
1.86 2.01 2.15 2.33 2.5

Water Use 
(MGD)

379 411 443 470 497

North Texas Municipal 
Water District

Part D. 59 - Population and Flows 
- Treatment and Treated Water
Distribution



TWDB-1201
Revised 04/17

Uses

TWDB 
Funds 

Series 1

TWDB 
Funds 

Series 2

TWDB 
Funds 

Series 3

TWDB 
Funds 

Series 4

TWDB 
Funds 

Series 5

Total 
TWDB 
Cost

Other 
Funds Total Cost

Construction 
Construction $2.600 $427.396 $226.140 $0 $0 $656.137 $8.649 $664.786

Subtotal Construction $2.600 $427.396 $226.140 $0 $0 $656.137 $9 $664.786
Basic Engineering Fees 

Planning + $0.867 $0 $0 $0 $0 $0.867 $1.669 $2.536
Design $15.829 $2.896 $0.000 $0 $0 $18.725 $45.462 $64.187
Construction Engineering $0 $0 $1.961 $0 $0 $1.961 $2.740 $4.701

Basic Engineering Other 
**________________ $0 $0 $0 $0 $0 $0 $0 $0
Subtotal Basic Engineering 
Fees $16.696 $2.896 $1.961 $0 $0 $21.553 $49.872 $71.425
Special Services

Application $0 $0 $0 $0 $0 $0 $0 $0
Environmental $0 $0 $0 $0 $0 $0 $0 $0
Water Conservation Plan $0 $0 $0 $0 $0 $0 $0 $0
I/I Studies/Sewer $0 $0 $0 $0 $0 $0 $0 $0
Surveying $0 $0 $0 $0 $0 $0 $0 $0
Geotechnical $0 $0 $0 $0 $0 $0 $0 $0
Testing $0 $0 $0 $0 $0 $0 $0 $0
Permits $0.400 $6.953 $0.366 $0 $0 $7.719 $1.863 $9.582
Inspection $0 $6.255 $1.689 $0 $0 $7.944 $0.024 $7.968
O&M Manual $0 $0 $0 $0 $0 $0 $0 $0
Project Management (by 
engineer) $0 $0 $0 $0 $0 $0 $0 $0
Pilot Testing $0 $0 $0 $0 $0 $0 $0 $0
Water Distribution $0 $0 $0 $0 $0 $0 $0 $0

Special Services  Other 
**__________ $0 $0 $0 $0 $0 $0 $0 $0

Subtotal Special Services $0.400 $13.208 $2.055 $0 $0 $15.663 $1.887 $17.550
Other

Administration $0 $0 $0 $0 $0 $0 $0 $0
Land/Easements $0 $19.220 $0 $0 $0 $19.220 $106.152 $125.372
Water Rights Purchase (If 
Applicable) $0 $0 $0 $0 $0 $0 $0 $0
Capacity Buy-In  (If 
Applicable) $0 $0 $0 $0 $0 $0 $0 $0
Project Legal Expenses $0.500 $0 $0 $0 $0 $0.500 $3.556 $4.056
Other **  $0 $0 $0 $0 $0 $0 $0 $0.000

Subtotal Other Services $0.500 $19.220 $0.000 $0 $0 $19.720 $109.708 $129.428
Fiscal Services

Financial Advisor $0.038 $0.429 $0.210 $0 $0 $0.676 $0 $0.676
Bond Counsel $0.059 $0.606 $0.294 $0 $0 $0.959 $0 $0.959
Issuance Cost $0 $0 $0 $0 $0 $0 $0 $0
Bond Insurance/Surety $0 $0 $0 $0 $0 $0 $0 $0
Fiscal/Legal $0.023 $0.038 $0.016 $0 $0 $0.077 $0 $0
Capitalized Interest $0 $0 $0 $0 $0 $0 $0 $0
Bond Reserve Fund $0.783 $23.001 $11.104 $0 $0 $34.888 $0 $34.888
Loan Origination Fee $0 $0 $0 $0 $0 $0 $0 $0
Other **  $0.000 $0.000 $0.000 $0 $0 $0.000 $0 $0.000

Subtotal Fiscal Services $0.903 $24.073 $11.624 $0 $0 $36.600 $0 $36.600
Contingency

Contingency $0 $0 $0 $0 $0 $0 $0 $0
Subtotal Contingency $0 $0 $0 $0 $0 $0 $0 $0

TOTAL COSTS $21.099 $486.793 $241.781 $0 $0 $749.673 $170.116 $919.789

Other ** description must be entered
+ For Planning applications under the EDAP Program, please break down Planning costs as follows:

0

0

0

0

0 0 0

Category D

Total Planning Costs

PROJECT BUDGET - Entity Name: North Texas Municipal Water District
Project: Lower Bois d'Arc Creek Reservoir

All Costs in Millions

Category A

Category B

Category C



TWDB-1201
Revised 04/17

Uses

TWDB 
Funds 

Series 1

TWDB 
Funds 

Series 2

TWDB 
Funds 

Series 3

TWDB 
Funds 

Series 4

TWDB 
Funds 

Series 5

Total 
TWDB 
Cost

Other 
Funds Total Cost

Construction 
Construction $0 $21.012 $344.627 $0 $0 $365.639 $67.776 $433.416

Subtotal Construction $0 $21.012 $344.627 $0 $0 $365.639 $67.776 $433.416
Basic Engineering Fees 

Planning + $0 $0 $0 $0 $0 $0 $0 $0
Design $22.543 $7.571 $0 $0 $0 $30.114 $6.304 $36.418
Construction Engineering $0 $0 $0 $0 $0 $0 $0 $0

Basic Engineering Other 
**________________ $0 $0 $0 $0 $0 $0 $0 $0
Subtotal Basic Engineering 
Fees $22.543 $7.571 $0.000 $0 $0 $30.114 $6.304 $36.418
Special Services

Application $0 $0 $0 $0 $0 $0 $0 $0
Environmental $0 $0 $0 $0 $0 $0 $0 $0
Water Conservation Plan $0 $0 $0 $0 $0 $0 $0 $0
I/I Studies/Sewer $0 $0 $0 $0 $0 $0 $0 $0
Surveying $0 $0 $0 $0 $0 $0 $0 $0
Geotechnical $0 $0 $0 $0 $0 $0 $0 $0
Testing $0 $0 $0 $0 $0 $0 $0 $0
Permits $0 $0 $0 $0 $0 $0 $0 $0
Inspection $0 $0.414 $3.211 $0 $0 $3.625 $0.827 $4.452
O&M Manual $0 $0 $0 $0 $0 $0 $0 $0
Project Management (by 
engineer) $0 $0 $0 $0 $0 $0 $0 $0
Pilot Testing $0 $0 $0 $0 $0 $0 $0 $0
Water Distribution $0 $0 $0 $0 $0 $0 $0 $0

Special Services  Other 
**__________ $0 $0 $0 $0 $0 $0 $0 $0

Subtotal Special Services $0 $0.414 $3.211 $0 $0 $3.625 $0.827 $4.452
Other

Administration $0 $0 $0 $0 $0 $0 $0 $0
Land/Easements $0 $4.954 $0 $0 $0 $4.954 $5.913 $10.868
Water Rights Purchase (If 
Applicable) $0 $0 $0 $0 $0 $0 $0 $0
Capacity Buy-In  (If 
Applicable) $0 $0 $0 $0 $0 $0 $0 $0
Project Legal Expenses $0 $0 $0 $0 $0 $0 $0.341 $0
Other **  $0 $0 $0 $0 $0 $0 $0 $0

Subtotal Other Services $0 $4.954 $0.000 $0 $0 $4.954 $6.254 $11.208
Fiscal Services

Financial Advisor $0.042 $0.031 $0.365 $0 $0 $0.439 $0 $0.439
Bond Counsel $0.066 $0.044 $0.511 $0 $0 $0.621 $0 $0.621
Issuance Cost $0 $0 $0 $0 $0 $0 $0 $0
Bond Insurance/Surety $0 $0 $0 $0 $0 $0 $0 $0
Fiscal/Legal $0.026 $0.003 $0.028 $0 $0 $0.056 $0 $0.056
Capitalized Interest $0 $0 $0 $0 $0 $0 $0 $0
Bond Reserve Fund $0.874 $1.688 $19.298 $0 $0 $21.859 $0 $21.859
Loan Origination Fee $0 $0 $0 $0 $0 $0 $0 $0
Other **  $0 $0 $0 $0 $0 $0.000 $0 $0.000

Subtotal Fiscal Services $1.008 $1.766 $20.201 $0 $0 $22.976 $0 $22.976
Contingency

Contingency $0 $0 $0 $0 $0 $0 $0 $0
Subtotal Contingency $0 $0 $0 $0 $0 $0 $0 $0

TOTAL COSTS $23.551 $35.717 $368.039 $0 $0 $427.307 $81.162 $508.469

Other ** description must be entered
+ For Planning applications under the EDAP Program, please break down Planning costs as follows:

0

0

0

0

0 0 0

Category D

Total Planning Costs

PROJECT BUDGET - Entity Name: North Texas Municipal Water District
Project: Treatment and Treated Water Distribution

All Costs in Millions

Category A

Category B

Category C



WRD-253d 
03/16/2016 

Texas Water Development Board
Water Project Information

A. Project Name B. Project No. C. County D. Regional
Planning
Group (A-P)

E. Program(s) F. Loan : $_________      w/Out COI_
Principal Forgiveness : $_____________

Grant  : $_________________________ 

G. Loan Term:

H. Water Project Description: (Multiphase project, new or expansion; plant, well, storage, pump station, distribution system, etc)

Attach map of service area affected by Project or other documentation.

I. Is an Inter Basin Transfer potentially involved?
 Yes No

K. Service Area Projected
Population for at least a 20 year
period:
(if different from Planning Area,
discuss in separate attachment)

  Current Population Projected Population

Year:      20 2020 2025 2030 2035 2040

Population:

Project Design Year: 
(Year for which project will be sized)

             20 Design Population: 
(Population served by project on the design year)

L. Is the proposed project included in a current Regional Water Plan? Yes  No  Don’t Know 
 (If Yes, please specify on what page in the Regional Water Plan - Regional Water Plan Page Number:

M. What type of water source is associated directly with the proposed project?  Surface Water  Groundwater  Reuse 

N. Will the project increase the volume of water supply? Yes  No 

O. What volume of water is the project anticipated to deliver/ treat per year? Acre-Feet/Year 

P. Current Water Supply Information
Surface Water Supply Source / Provider Names Certificate No. Source County Annual Volume and Unit 

Groundwater Source Aquifer Well Field location Source County Annual Volume and Unit 

Q. Proposed Water Supply Associated Directly with the Proposed Project
Surface Water Supply Source / Provider Names Certificate No. Source County Annual Volume and Unit 

Groundwater Source Aquifer Well Field location: Source County Annual Volume and Unit 

R. Consulting Engineer Name Telephone No. E-mail address 

Telephone No. E-mail address

Lower Bois d'Arc Creek Reservoir NTMWD has multiple projects under this program. Fannin

CLower Bois d'Arc Creek Reservoir
Program

 713,072,510

30 Year

Multiphase project consisting of a new dam, reservoir, raw water pump station, raw water pipeline,
terminal storage reservoir, and compensatory mitigation.

■

J. Is project located in a Groundwater District (If yes, identify District by name)?
Yes ■  Red River and North Texas

1.67M 1.86M 2.01M 2.15M 2.33M 2.5M

40 2.5M
■

5c.25

■

■

120,665

North Texas Municipal Water District See attached sheet See attached sheet See attached sheet

N/A N/A N/A N/A

Lower Bois d'Arc Creek Reservoir/North Texas Municipal Water District 12151 Fannin 120,665 AF/y

N/A N/A N/A N/A

Freese and Nichols, Inc. 972-624-9216 jp@freese.com
S. Applicant Contact Name, Title

Steve Long - Reservoir Project Manager 469-626-4713

-

I I 

slong@ntmwd.com



WRD-253d 
03/16/2016 

Texas Water Development Board
Water Project Information

A. Project Name B. Project No. C. County D. Regional
Planning
Group (A-P)

E. Program(s) F. Loan : $_________       w/Out COI
Principal Forgiveness : $_____________

Grant  : $_________________________

G. Loan Term:

H. Water Project Description: (Multiphase project, new or expansion; plant, well, storage, pump station, distribution system, etc)

Attach map of service area affected by Project or other documentation.

I. Is an Inter Basin Transfer potentially involved?
 Yes No

K. Service Area Projected
Population for at least a 20 year
period:
(if different from Planning Area,
discuss in separate attachment)

  Current Population Projected Population

Year:      20 2020 2025 2030 2035 2040

Population:

Project Design Year: 
(Year for which project will be sized)

Design Population: 
(Population served by project on the design year)

L. Is the proposed project included in a current Regional Water Plan? Yes  No  Don’t Know 
 (If Yes, please specify on what page in the Regional Water Plan - Regional Water Plan Page Number:

M. What type of water source is associated directly with the proposed project?  Surface Water  Groundwater  Reuse 

N. Will the project increase the volume of water supply? Yes  No 

O. What volume of water is the project anticipated to deliver/ treat per year? Acre-Feet/Year 

P. Current Water Supply Information
Surface Water Supply Source / Provider Names Certificate No. Source County Annual Volume and Unit 

Groundwater Source Aquifer Well Field location Source County Annual Volume and Unit 

Q. Proposed Water Supply Associated Directly with the Proposed Project
Surface Water Supply Source / Provider Names Certificate No. Source County Annual Volume and Unit 

Groundwater Source Aquifer Well Field location: Source County Annual Volume and Unit 

R. Consulting Engineer Name Telephone No. E-mail address 

Telephone No. E-mail address

Treatment and Treated Water Distribution NTMWD has multiple projects under this program. Fannin

CLower Bois d'Arc Creek Reservoir
Program

 404,331,800

30 Year

Multiphase project consisting of a conventional water treatment plant, high service pump station,
and treated water pipeline.

■

J. Is project located in a Groundwater District (If yes, identify District by name)?
Yes■  Red River and North Texas

1.67M 1.86M 2.01M 2.15M 2.33M 2.5M

See Attached See Attached
■

5C.26

■

■

120,665

North Texas Municipal Water District See attached sheet See attached sheet See attached sheet

Lower Bois d'Arc Creek Reservoir/North Texas Municipal Water District 12151 Fannin 120,665 AF/y

Freese and Nichols, Inc. 972-624-9216 jp@freese.com
S. Applicant Contact Name, Title

Steve Long - Reservoir Project Manager 469-626-4713

N/A N/A N/A N/A

N/A N/A N/A N/A

-

I I 

slong@ntmwd.com



CMAR 1 - Dam Project CMAR 3 - Raw Water Pump Station Project

CMAR 5 - 90" Raw Water Pipeline Project

CMAR 5 - 84" Leonard to McKinney TWPL

CMAR 1 - Terminal Storage Reservoir Project

CMAR 3 - Leonard WTP Project

CMAR 3 - High Service Pump Station Project

CMAR 2 - Mitigation Property

FCEC - WTP Power Substation

FCEC - RWPS Power Substation

CMAR 4 - FM 897 Extension Project

CMAR 4 - Boat Ramps Around 
Reservoir

CMAR 4 - Country Road Improvements 
Around Reservoir

CMAR 1 - Reservoir Clearing

Rayburn - Transmission Lines

Rayburn - Transmission Lines

CMAR 2 - Mitigation Property

0 25,000 50,000
Feet

S
e c t i

o n  B

S
e c t i

o n  B
S e c t i o n  C

S e c t i o n  C

Ü

0 3 6 9 121.5
MilesNORTH TEXAS MUNICIPAL

WATER DISTRICT
Lower Bois d'Arc Creek Reservoir (LBCR) 
 Program Design and Construction Update

Update Date: 04-15-17

CMAR Program Summary Schedule Start Date End Date
Dam Engineering (344) Q1, 2015 Q1, 2017

Dam Construction (344) Q2, 2018 Q1, 2021
Reservoir Filling Q4, 2020 Q4, 2022

Reservoir Clearing - Engineering (TBD) Q2, 2016 Q3, 2017
Reservoir Clearing - Construction (TBD) Q2, 2018 Q2, 2020

Terminal Storage Reservoir - Engineering (317) Q4, 2017 Q2, 2019
Terminal Storage Reservoir - Construction (TBD) Q2, 2019 Q4, 2020

Mitigation - Engineering (366) Q1, 2015 Q4, 2018
Mitigation - Construction (366) Q2, 2018 Q1, 2022
Mitigation - Maintenance (366) Q2, 2022 TBD

Leonard Water Treatment Plant - Engineering (317) Q1, 2017 Q4, 2018
Leonard Water Treatment Plant - Construction (TBD) Q4, 2018 Q2, 2022

Leonard Water Treatment Plant - Power (317) Q2, 2015 Q4, 2020

HS Pump Station - Engineering (TBD) Q2, 2016 Q1, 2019
HS Pump Station - Construction (TBD) Q1, 2019 Q3, 2021

Raw Water Pump Station - Engineering (317, 358) Q4, 2016 Q3, 2018
Raw Water Pump Station - Construction (TBD) Q4, 2018 Q3, 2021

Raw Water Pump Station - Power (317) Q1, 2015 Q4, 2020

FM 897 - Engineering (383) Q2, 2015 Q4, 2016
FM 897 - Construction (TBD) Q2, 2018 Q2, 2020

County Roads - Engineering (TBD) Q2, 2016 Q4, 2017
County Roads  - Construction (TBD) Q2, 2018 Q2, 2019

Boat Ramps and Recreation - Engineering (TBD) Q3, 2018 Q3, 2019
Boat Ramps and Recreation - Construction (TBD) Q3, 2019 Q3, 2020

RW Pipeline - Engineering (317) Q2, 2017 Q4, 2018
RW Pipeline - Construction (Sections A, B, C) (TBD) Q1, 2019 Q3, 2020

Leonard to McKinney TW Pipeline - Prelim. Engineering (TBD) Q1, 2016 Q2, 2017
Leonard to McKinney TW Pipeline - Final Engineering (TBD) Q2, 2018 Q3, 2019

Leonard to McKinney TWPL - Construction (Section D, E) (TBD) Q3, 2019 Q1, 2021

North Texas Municipal Water District
Lower Bois d'Arc Reservoir Program

Program Component Start/End Dates

CMAR 5

CMAR 1

CMAR 2

CMAR 3

CMAR 4

H:\PIPES_PUMPS\Working\LBCR Monthly Report Maps\LBCR Report 2 sided map\Overall_align2017_03-17.mxd

North Texas Municipal Water District Part D.61.h - Map of Project Location
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The design year for the ultimate capacity of Leonard WTP, HSPS and treated water pipeline matches the 
design year of the LBCR. However, only the initial phase of these projects are included in this SWIFT 
application. The next expansion of Leonard WTP and HSPS is currently scheduled for 2026 and a parallel 
treated water pipeline is scheduled for 2032.   

61



NTMWD Surface Water Rights/Contracts 

CA 2410 G – Lavon Lake – Collin County, Texas; NTMWD water right:  118,840 ac-ft/yr plus return flows 
from Wilson Creek Wastewater Treatment Plant and return flows from 16 wastewater treatment plants 
in the East Fork of the Trinity River 

P-5003 – Lake Texoma – Grayson County, Texas; NTMWD water right:  77,300 ac-ft/yr

P-4301A – Lake Texoma – Grayson County, Texas; Purchase from Greater Texoma Utility Authority:
10,000 ac-ft/yr

P-4797 – Lake Chapman – Hopkins & Delta Counties, Texas; NTMWD water right:  54,000 ac-ft/yr

P-4798 – Lake Chapman – Hopkins & Delta Counties, Texas; Purchase from City of Cooper, Texas:

3,214 ac-ft/yr 

CA – 4669C & 4670A – Lake Tawakoni & Lake Fork - Hunt, Rains, & Van Zandt Counties, Texas; Purchase 
from Sabine River Authority: 

47,620 ac-ft/yr 

North Texas Municipal
Water District

Part D. 61. p - Surface Water 
Rights
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70 201 5 00003437 

Recorded On: August 03, 2015 

Fannin County 

Tammy Biggar Fannin County Clerk 

101 E. Sam Rayburn Dr., #102 

Bonham, Texas 75418 

Instrument Number: 2015-3437 

As 
Recordings Real Property 

Parties: NORTH TEXAS MUNICIPAL WATER DISTRICT 

To PUBLIC 

Comment: WATER USE PERMIT 

Recordings Real Property 

Total Recording: 

58.00 

58.00 

( Parties listed above are for Clerks reference only ) 

** Examined and Charged as Follows: ** 

Billable Pages: 9 

Number of Pages: 11 

************ DO NOT REMOVE. THIS PAGE IS PART OF THE INSTRUMENT************ 

Any provision herein which restricts the Sale, Rental or use of the described REAL PROPERTY 

because of color or race is invalid and unenforceable under federal law. 

File Information: 
Document Number: 2015-3437 

Receipt Number: 248095 

Recorded Date/Time: August 03, 2015 11 :53:04A 

Book-Vol/Pg: BK-OR VL-1817 PG-135 

User / Station: V Vandeventer - Cash Station #1 

Record and Return To: 

North Texas Municipal 

Water District

Part D. 61. q



TEXAS COMMISSION ON ENVIRONMENTAL QUALITY 

THE STATE OF TEXAS 
COUNTY OF TRAVIS 

IHEREBYl:ERTIFYTHATTHISISATRUEANDCORRECTCOPY 
OF A TEXAS COMMISSION ON ENVIRONMENTAL QUAUTY 
DOCUME~T. WilCH IS ALEO IN THE PERMANENT RECORDS 

JUN 2 9 2015 
WATER USE PERMIT OFTHECOMMISSION,GIVENUNDERMYHANDANDTHE 

SEAL OF OFFICE ON 

PERMIT NO. 12151 

Permittee: 

Filed: 

Purposes: 

North Texas Municipal Water 
District 

June 26, 2007 

Municipal, Industrial, 
Agricultural, and Recreation 

Watercourse: Lower Bois d'Arc Creek, 
tributary of the Red River 

M 
BRIOGETC. 

TYPE §§ 11.121, 11.085, W.&4~,IISSION 

Address: 

Granted: 

Counties: 

P.O. Box 2408 
Wylie, TX 75098 

June 26, 2015 

Collin, Dallas, Denton, 
Fannin, Hopkins, Hunt, 
Kaufman,Rainsand 
Rockwall Counties 

Watershed: Red, Trinity, and 
Sulphur River Basins 

WHEREAS, North Texas Municipal Water District (NTMWD, Applicant or Permittee) 
seeks a Water Use Permit to construct and maintain a dam and reservoir (Lower Bois d'Arc Creek 
Reservoir) with a maximum normal operating capacity of 367,609 acre-feet of water and a surface 
area of 16,526 acres on Bois d'Arc Creek, tributary of the Red River, Red River Basin in Fannin 
County for recreation purposes; and 

WHEREAS, Applicant also seeks authorization to divert and use not to exceed 175,000 
acre-feet of water per year from any point on the perimeter of the proposed reservoir at a 
maximum combined diversion rate of 365.15 cfs (163,889 gpm) for municipal, industrial and 
agricultural purposes; and 

WHEREAS,1 Applicant seeks authorization to reuse the return flows generated from the 
diversion and ustf of water from the proposed reservoir and until facilities are developed to reuse 
diverted water, such water will be returned to the Red, Sulphur, and Trinity River Basins; and 

WHEREAS, Applicant also seeks an interbasin transfer authorization to use the water 
within the Trinity River Basin, and within that portion of Fannin County located in the Sulphur 
River Basin. NTMWD's service area is currently located within Collin, Dallas, Denton, Fannin, 
Hopkins, Hunt, Kaufman, Rains and Rockwall Counties; and 

WHEREAS, Applicant indicates the proposed Lower Bois d'Arc Creek Reservoir will be 
located 15.2 miles in a northeast direction from City of Bonham and 9.7 miles in a north
northwest direction from the Town of Honey Grove. Station 42+33 on the centerline of the 
proposed dam will be S 23.2677° E, 514 feet from the southeast corner of O.H.P. Wood Survey, 
Abstract No. 1177, in Fannin County, Texas, also being at 33.7180° N Latitude, 95.9822° W 

Page1of9 



Longitude. The proposed dam will be located in the George W. King Original Survey, Abstract No. 

604; the James Kerr Original Survey, Abstract No. 614; and the John Reynolds Original Survey, 

Absti:act 931 in Fannin County, Texas. The proposed dam and reservoir will be located on the land 

of th!;:! App1ican~, which will be acquired prior to construction; and 

WHEREAS, Applicant indicates that diversions may overdraft the firm yield of the 

res~rvoir as. part ·Of a system operation with existing NTMWD supplies to achieve maximum 

cbnservati6n·Hflimited water resources; and 

· WHEREAS, this application is subject to the obligations of the state of Texas pursuant to 

the terms of the Red River Compact; and 

WHEREAS, the Texas Commission on Environmental Quality (TCEQ) finds that 

jurisdiction over the application is established; and 

WHEREAS, Applicant submitted the Proposed Lower Bois d'Arc Creek Reservoir 

Mitigation Plan, which was accepted and approved by the Executive Director; and 

WHEREAS, Applicant submitted the North Texas Municipal Water District Reservoir 

Accounting Plan, which was accepted and approved by the Executive Director; and 

WHEREAS, Applicant submitted the North Texas Municipal Water District Monitoring 

Planfor Proposed Lower Bois d'Arc Creek Reservoir, which was accepted and approved by the 

Executive Director; and 

WHEREAS, the Executive Director recommends that special conditions be included in the 

permit; and 

WHEREAS, multiple requests for a contested case hearing on the application were 

granted; and 

WHEREAS, as a result of negotiations with all parties, all hearing requests were 

withdrawn; and 

WHEREAS, the Commission has complied with the requirements of the Texas Water Code 

and Rules of the Texas Commission on Environmental Quality in issuing this water use permit; 

NOW, THEREFORE, this Water Use Permit No. 12151 is issued to North Texas Municipal 

Water District subject to the following terms and conditions: 

1. IMPOUNDMENT 

Permittee is authorized to construct and maintain a dam and reservoir (Lower Bois d'Arc 

Creek Reservoir) with a maximum normal operating capacity of 367,609 acre-feet of water 

on Bois d'Arc Creek, tributary of the Red River, Red River Basin in Fannin County located 

15.2 miles in a northeast direction from City of Bonham and 9. 7 miles in a north-northwest 

direction from the Town of Honey Grove. Station 42+33 on the centerline of the proposed 

dam will be S 23.2677° E, 514 feet from the southeast corner of O.H.P. Wood Survey, 

Abstract No. 1177, in Fannin County, Texas, also being at 33.7180° N Latitude, 95.9822° W 

Longitude. The proposed dam will be located in the George W. King Original Survey, 

Abstract No. 604 the James Kerr Original Survey, Abstract No. 614; and the John 

Reynolds Original Survey, Abstract 931 in Fannin County, Texas. 
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2. USE 

A. Permittee is authorized to use the impounded water for recreation purposes. 

B. Permittee is authorized to divert and use not to exceed 175,000 acre-feet of water 
per year for municipal, industrial and agricultural purposes within its service area 
in Collin, Dallas, Denton, Fannin, Hopkins, Hunt, Kaufman, Rains and Rockwall 
Counties. 

C. Permittee is authorized an interbasin transfer to use the water appropriated 
hereunder within the Trinity River Basin, and within that portion of Fannin County 
located in the Sulphur River Basin. 

D. Permittee is authorized to divert and reuse the return flows resulting from the 
diversion and use of water from the Lower Bois d'Arc Creek Reservoir as 
authorized under this permit, subject to the Permittee's compliance with Special 
Condition 6.Y. 

3. DIVERSION 

A. Permittee is authorized to divert the water authorized herein from any point on the 
perimeter of Lower Bois d'Arc Creek Reservoir. 

B. Permittee is authorized to divert the water authorized herein at a maximum 
combined diversion rate of 365.15 cfs (163,889 gpm). 

4. TIME PRIORITY 

The time priority for this right is June 26, 2007. 

5. CONSERVATION 

Permittee shall fully implement water conservation plans, developed in accordance with 
this provision, that provide for the utilization of those reasonably available practices, 
techniques, and technologies that reduce the consumption of water for municipal use on a 
gallons per-capita per day basis within NTMWD's service area and that, for each category 
of use authorized by this permit not including recreation use, prevent the waste of water, 
prevent or reduce the loss of water, improve the efficiency in the use of water, increase the 
recycling and reuse of water, and prevent the pollution of water, so that a water supply is 
made available for future or alternative uses. Permittee shall develop, submit and 
implement water conservation plans as required by law. Each water conservation plan 
submitted to the Executive Director shall be designed to comply with relevant state 
conservation standards then in effect, and, at the time of submission, shall be designed to 
achieve, for each category of authorized uses, the highest practicable levels of water 
conservation and efficiency achievable within the jurisdiction of the Permittee. Permittee 
shall report annually to the Executive Director on the implementation of its water 
conservation plans and shall make both its most current water conservation plan and the 
annual reports on the implementation of its conservation plans easily accessible to the 
public through electronic and other means. 

Such plans shall ensure that every water supply contract entered into, on or after the 
effective date of this permit, including any contract extension or renewal, requires that 
each successive wholesale customer shall develop and implement conservation measures 
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that will result in the highest practicable levels of water conservation and efficiency in 
order to comply with TWC § 11.085 (1)(2), and that each wholesale customer will report, no 
less frequently than once every year, to Permittee on the implementation of those 
conservation measures. If Permittee enters into a water supply contract on or after the 
effective date of this permit that authorizes the resale of water, such contract shall require 
that each successive customer in the resale of the authorized water implement water 
conservation measures at least as stringent as those included in Permittee's approved 
water conservation plan. 

6. SPECIAL CONDIDONS 

A. Permittee shall only impound and divert water authorized by this permit in 
accordance with the most recently approved North Texas Municipal Water District 

Reservoir Accounting Plan. Permittee shall maintain said plan in electronic 
format and make the data available to the Executive Director upon request. Any 
modifications to the North Texas Municipal Water District Reservoir Accounting 
Plan shall be approved by the Executive Director. Only modifications that would 
result in a change to a permit term must be in the form of an amendment to the 
permit. Should Permittee fail to maintain the accounting plan or timely notify the 
Executive Director of any modifications to the plan, Permittee shall immediately 
cease impoundments and diversions authorized in Paragraph ·1. IMPOUNDMENT 
and Paragraph 2. USE, and either apply to amend the permit, or voluntarily forfeit 
the permit. Permittee shall provide prior notice to the Executive Director of any 
proposed modifications to the accounting plan and provide copies of the 
appropriate documents effectuating such changes. 

B. All mitigation plans and monitoring required herein shall comply with 
requirements set forth in 33 United States Code §1341, commonly lmown as the 
federal Clean Water Act (CWA), §401 and 30 TAC Chapter 279. Mitigation and 
monitoring plans shall also comply with the requirements in §404 of the CW A as 
implemented through the U.S. Army Corps of Engineers permit for the Lower Bois 
d'Arc Creek Reservoir. 

C. Impoundment of water and diversion under this permit is contingent upon the 
initiation of implementation of the approved Mitigation Plan for the Proposed 
Lower Bois d'.Arc Creek Reservoir. Permittee's continued authorization of 
impoundment and diversion of water under this permit is contingent on timely 
completion of implementation in accordance with the terms of that plan. 
Modifications or changes to the plan must be approved by the Executive Director. 
Only modifications that would result in a change to a permit term must be in the 
form of an amendment to the permit. 

D. Permittee shall document compliance with the terms and conditions of this permit 
relating to environmental fl.ow requirements, as set out in Special Conditions 6.E. 
through 6.R., in the most recently approved North Texas Municipal Water District 
Reservoir Accounting Plan. 

E. Permittee shall determine compliance with pulse flow conditions and subsistence 
period freshet conditions using measured flows at USGS Gage 07332622, Bois 
d'Arc Creek at FM 409 near Honey Grove, TX or, in the case of deliberate releases 
to pass qualifying pulse flow events or qualifying subsistence period freshets, 
measurements of the releases from the reservoir as documented in the most 
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recently approved North Texas Municipal Water District Reservoir Accounting 
Plan. 

F. If calculated reservoir inflows, as determined in the most recently approved North 
Texas Municipal Water District Reservoir Accounting Plan, constitute a qualifying 
pulse flow event as defined in Special Condition 6.L., the pulse flow requirement 
for the season has not been met, and the flows at USGS gage 07332622 for the 
same time period do not exceed the pulse flow trigger requirement, the pulse shall 
be passed through the reservoir in a manner as close as practicable to the 
applicable seasonal release pattern identified in the most recently approved North 
Texas Municipal Water District Reservoir Accounting Plan. Permittee may 
release water to augment naturally occurring high flow events so that flows at the 
USGS Gage 07332622 meet or exceed the pulse flow trigger requirement, subject to 
the requirements of Special Condition 6.J. 

G. Consistent with Special Condition 6.F., when calculated reservoir inflows, as 
determined in the most recently approved North Texas Municipal Water District 
Reservoir Accounting Plan, equal or exceed the pulse :flow trigger requirements of 
Special Condition 6.R. and the pulse flow requirement for the season has not been 
met, inflows to the reservoir in excess of applicable base flow requirements may be 
temporarily impounded. Consistent with Special Condition 6.F, if the calculated 
volume or duration criterion for an applicable qualifying pulse flow event, as 
specified in Special Condition 6.L., is met, Permittee shall promptly release the 
temporarily impounded water in a manner as close as practicable to the applicable 
seasonal release pattern identified in the most recently approved North Texas 
Municipal Water District Reservoir Accounting Plan. 

H. Permittee is not required to release stored water, except temporarily impounded 
water as described in Special Condition 6.G. or a qualifying subsistence period 
freshet required to be released pursuant to Special Condition 6.Q., to meet the 
environmental flow requirements in this permit. All requirements for pass
throughs of inflows or releases of temporarily impounded water pursuant to 
Special Conditions 6.E. through 6.R. are limited to the volume of calculated inflows 
to the reservoir. 

I. Subject to compliance with the subsistence and base flow requirements of Special 
Conditions 6.Q and 6.R, inflows may be stored if either: (i) the pulse flow 
requirement for a season has been met; or (ii) inflows to the reservoir are below the 
applicable pulse flow trigger; or (iii) inflows equal or exceed the applicable pulse 
flow trigger but the calculated volume and duration criteria for a qualifying pulse 
flow event are both not met. If Permittee has stored water, other than temporarily 
stored water pursuant to Special Condition 6.G. that is part of a qualifying pulse 
flow event or water that is part of a qualifying subsistence period freshet required 
to be passed pursuant to Special Condition 6.Q., then in accordance with the terms 
and conditions of this permit, including any applicable environmental flow 
requirements in effect at the time the water was stored, Permittee may divert and 
use that stored water, even if the applicable environmental flow requirement is not 
met at the time of the subsequent diversion and use of that stored water. 

J. If a naturally occurring qualifying pulse :flow event is recorded at USGS gage 
07332622, such pulse flow event shall satisfy a pulse flow requirement for that 
event within the respective season. In addition, a pulse flow requirement for an 
event within a season may be satisfied by a naturally occurring high flow event 
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which has been augmented by reservoir releases as authorized in Special Condition 
6.F., but only if the applicable trigger, duration and volume criteria are all met as 
measured at that gage. 

K. Each season is independent of the preceding and subsequent seasons with respect 
to the pulse flow requirements of Special Condition 6.R. 

L. Except as otherwise provided in Special Condition 6.J., a pulse flow is considered 
to be a qualifying pulse flow event if the pulse flow trigger requirement is met and 
either the pulse flow volume or duration requirement is met, as specified in Special 
Condition 6.R. 

M. Permittee shall determine compliance with the requirement to pass reservoir 
inflows up to the applicable subsistence or base flow values of Special Condition 
6.R. based on measured flows at the outlet works of the dam. 

N. Seasons are defined as Fall-Winter (November - February), Spring (March -June), 
and Summer (July- October). 

0. Reservoir storage is the trigger for determining the applicable instream flow 
requirements in Special Conditions 6.E. through 6.R. Subsistence flow 
requirements apply when storage is less than 40% of the authorized conservation 
storage. Base flow and pulse flow requirements apply when conservation storage is 
equal to or greater than 40%. 

P. Pulse flow requirements are not applicable under subsistence flow conditions. 

Q. When subsistence flow requirements are in effect, as provided in Special Condition 
6.0., inflows into the reservoir up to 1 cfs shall be passed downstream and a 
subsistence period freshet pass-through requirement shall be in effect. 

A qualifying subsistence period freshet is characterized by a trigger flow of at least 
20 cfs and either a volume of at least 69 acre-feet or a duration of at least three 
days. Volume will be determined based on cumulative flows occurring over a three
day period, beginning with the day during which the trigger flow occurs. Duration 
will be determined based on the number of days of inflow greater than 1 cfs, 
beginning with the day on which the trigger flow occurs. During the time that 
subsistence flow requirements are in effect pursuant to Special Condition 6.0., 
Permittee shall track flows at USGS gage 07332622, Bois d'Arc Creek at FM 409, 
and inflows to the reservoir, to determine if a qualifying subsistence period freshet 
has occurred at either location. 

If, while subsistence flow requirements are in effect pursuant to Special Condition 
6.0., a 60-day period occurs without a qualifying subsistence period freshet at 
USGS gage 07332622, Bois d'Arc Creek at FM 409, but, during which, a qualifying 
subsistence period freshet has occurred as reservoir inflow, the subsistence period 
freshet shall be promptly passed through the dam. If a qualifying subsistence 
period freshet has not occurred as reservoir inflow during such 60-day period, 
flows will continue to be monitored to determine when a qualifying subsistence 
period freshet occurs at the FM 409 gage or a qualifying subsistence period freshet 
has occurred as inflow to the reservoir. During that period of continued 
monitoring, a qualifying subsistence period freshet will be passed as soon as such 
an event occurs as inflow into the reservoir unless a qualifying subsistence period 
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freshet has occurred at the FM 409 gage. 

As closely as practicable, the subsistence period freshet pass-through shall average 
20 cfs the first day, 10 cfs the second day, and 5 cfs the third day. As long as 
subsistence flow requirements are in effect, once a qualifying subsistence period 
freshet has occurred at USGS gage 07332622, Bois d'Arc Creek at FM 409, or such 
flow has been passed through the dam, a new 60-day period will be started for the 
purpose of determining when a qualifying subsistence flow event must be passed 
through the dam. In passing an individual subsistence period freshet through the 
dam, Permittee shall never be required to pass a volume of more than 69 acre-feet. 

R. Impoundment or diversion of reservoir inflows when flows are at or below the 
following values, at the applicable measurement points described in Special 
Conditions 6.E. and 6.M., is authorized only in compliance with Special Conditions 
6.A. and 6.D. through 6.Q., above: 

Season Subsistence 

Fall-Winter 
1 cfs* 

Spring 
1 cfs* 

Summer 
1 cfs* 

cfs = cubic feet per second 
af = acre-feet 

Base 

3 cfs 

10 cfs 

3 cfs 

Pulse 

2 per season 
Trigger: 150 cfs 
Volume: 1,000 af 
Duration: 7 days 
2perseason 
Trigger: 500 cfs 
Volume: 3,540 af 
Duration: 10 davs 
1 per season 
Trigger: 100 cfs 
Volume: 500 af 
Duration: !i days 

* A subsistence period freshet requirement with a trigger level 
of 20 cfs, a volume of 69 af, and a duration of 3 days, as further 
defined in Special Condition 6.Q., also applies. 

This special condition is subject to adjustment by the commission if the 
commission determines, through an expedited public review process, that such 
adjustment is appropriate to achieve compliance with applicable environmental 
flow standards adopted pursuant to Texas Water Code§ 11.1471. Any adjustment 
shall be made in accordance with the provisions of Texas Water Code§ 11.147(e-1). 

S. Permittee shall implement measures to minimize impacts to aquatic resources due 
to entrainment or impingement including, but not limited to, the installation of 
screens at the diversion facilities. Such measures shall include intake diversion 
facilities designed and operated to result in a velocity of water into the diversion 
facility of no greater than 1 foot-per-second. At all times that diversions are 
occurring, the intake diversion facilities shall be equipped with screens resulting in 
individual openings no larger than 1 square inch in size. 
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T. After commencing deliberate impoundment in the reservoir, Permittee shall 
conduct hydrologic and water quality monitoring in accordance with the approved 
North Texas Municipal Water District Monitoring Plan. Permittee shall submit a 
summary of hydrologic and water quality monitoring data to the Executive Director 
on an annual basis. Permittee shall submit to the Executive Director a summary 
report of hydro logic and water quality data in the fifth and tenth years following 
deliberate impoundment in the reservoir and every five years thereafter for as long 
as monitoring under Special Condition 6.U. continues. Hydrologic and water 
quality monitoring for all sites and parameters, other than daily flows at USGS 
Gage 07332622, Bois d'Arc Creek at FM 409 near Honey Grove, TX, and water 
quality monitoring associated with reservoir releases undertaken pursuant to 
Special Condition 6.W., may cease after ten years, or when instream monitoring 
specified in Special Condition 6.U. ceases, whichever is later. 

U. Permittee shall conduct instream monitoring of Bois d'Arc Creek at the FM 409 
Site and, at a minimum, one additional site within the non-channelized portion of 
the Creek farther downstream, in the first, third, fifth and tenth years following 
deliberate impoundment of water in the reservoir. In addition, if diversions from 
the reservoir, as calculated on an annualized basis, have not reached 100,000 acre
feet prior to the fifth year following deliberate impoundment, instream monitoring 
shall continue every fifth year thereafter until instream monitoring has been 
undertaken during two years following the year that diversions reach 100,000 acre
feet per year. Instream monitoring during any year in which it is required shall 
include a twice per year assessment of fish and macroinvertebrate communities 
and physical habitat assessment at each site, plus a twice per year analysis of water 
quality data collected at the USGS Gage 07332622, Bois d'Arc Creek at FM 409 
near Honey Grove, TX. All aquatic biological monitoring and physical habitat 
assessments shall take place in the index period (March 15 - October 15) with at 
least one of the twice per year monitoring events taking place in the critical period 
(July 1 - September 15). Aquatic biological monitoring and habitat 
characterization shall follow TCEQ protocols set forth in the most recently 
approved Surface Water Quality Monitoring Procedures, Volume 2: Methods for 
Collecting and Analyzing Biological Community and Habitat Data. 

V. Permittee shall submit a report to the Executive Director summarizing the twice 
per year monitoring activities in Special Condition 6.U. within six months after the 
second monitoring event in any year is completed. The report shall detail all 
monitoring efforts and shall include an assessment of the fish and 
macroinvertebrate communities and the biological metric scoring criteria used to 
assess aquatic life uses. Should aquatic life use not meet the water quality 
standards for Segment 0202A or future segment designation, Permittee shall 
develop and implement remedial management strategies, subject to Executive 
Director approval, to meet the designated aquatic life use. Permittee shall also 
submit summary reports to the Executive Director no later than six months after 
the end of the fifth and tenth year monitoring events, and any subsequent year's 
monitoring events, that compare all monitoring data to baseline conditions. 

W. Permittee shall construct and operate a multilevel outlet tower and regulate 
releases to ensure that water released from the reservoir maintains DO and 
temperature levels that meet the surface water quality standards for Segment 
0202A or future segment designation. Permittee shall monitor water quality near 
the outlet tower in accordance with the approved Monitoring Plan during the life of 
the permit. 
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X. Permittee shall install and maintain measuring devices which account for, within 
5% accuracy, the quantity of water diverted from the points authorized above in 
Paragraph 3. DIVERSION. Permittee shall allow representatives of the TCEQ 
reasonable access to the property to inspect the measuring device. 

Y. Prior to the diversion and reuse of the return flows authorized pursuant to 
Paragraph 2.D. USE, resulting from the diversion and use of water from the Lower 
Bois d'Arc Creek Reservoir as authorized under this permit, Permittee shall apply 
for and be granted an amendment to identify all specific points of discharge and 
diversion, and secure the appropriate authorizations to transfer such return flows 
through state watercourses pursuant to TWC §11.042, except to the extent such 
points of discharge, diversion, and transfer may be authorized by separate grant of 
authority from the Commission. 

7. TIME LIMITATIONS 

A. Construction of the dam for Lower Bois d'Arc Creek Reservoir must be in 
accordance with plans approved by the Executive Director. Construction of the dam 
without final approval of the construction plans is a violation of this authorization. 

B. Construction shall begin within two years of issuance of this permit and be 
completed within seven years of the issuance of this permit, unless Permittee 
applies for and is subsequently granted an extension of time before the expiration 
of these time limitations. 

This water use permit is issued subject to all superior and senior water rights in the Red 
River Basin. 

This permit is issued subject to the obligations of the State of Texas pursuant to the terms 
of the Red River Compact. 

Permittee agrees to be bound by the terms, conditions, and provisions contained herein 
and such agreement is a condition precedent to the granting of this permit. 

All other matters requested in the application which are not specifically granted by this 
water use permit are denied. 

This water use permit is issued subject to the Rules of the Texas Commission on 
Environmental Quality and to the right of continuing supervision of State resources exercised by 
the Commission. 

ISSUED: June 26, 2015 
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Bryan W. Shaw, Ph.D., P.E., Chairman 
Toby Baker, Commissioner 
Richard A. Hyde, P .E., Executive Director 

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY 

Protecting Texas by Reducing and Preventing Pollution 

Mr. Martin C. Rochelle 
Lloyd Gosselink, Attorneys at Law 
816 Congress Avenue, Suite 1900 
Austin, Texas 78701 

June 29, 2015 

CERTIFIED MAIL 

RE: North Texas Municipal Water District 
WRPERM 12151,CN601365448, RN105156137, RN105156145, RN105156152 
Water Use Permit No. 12151 
TWC §§11.121, 11.085, 11.042, and 11.046, Requiring Mailed and Published Notice 
Lower Bois d'Arc Creek, Red, Sabine, Sulphur, and Trinity River Basins 
Fannin County 

Dear Mr. Rochelle: 

Enclosed are certified copies of the above referenced document. 

The applicant, North Texas Municipal Water District, is instructed to ensure that the official 
record of this water right is filed with the County Clerk of the county in which the appropriation 
is to be made. 

The applicant is responsible for making payment arrangements with the Fannin County Clerk's 
Office for filing of the documents in the official records. An additional certified copy is enclosed 
for the purpose of filing with the appropriate County Clerk. 

As proof of filing, please ensure that the enclosed card is completed by the Fannin County 
Clerk's Office and returned to the Water Rights Permitting & Availability Section (MC 160), 
Texas Commission on Environmental Quality, P.O. Box 13087, Austin, Texas 78711-3087. 

This action is taken under the authority delegated by the Executive Director of the Texas 
Commission on Environmental Quality. 

Should you have questions, please contact Mr. Chris Kozlowski of the Texas Commission on 
Environmental Quality's Water Rights Permitting & Availability Section at (512) 239-1801, or if 
by correspondence, include MC 160 in the letterhead address below. 

Sin ely, 

e~:Cal,,f~~ 
ater Availability Division 

KM/ck 

Enclosures 

P.O. Box 13087 • Austin, Texas 78711-3087 • 512-239-1000 • tceq.texas.gov 

How is our customer service? tceq.texas.gov/customersurvey 



Mr. Rochelle's Direct Line: (512) 322-5810 
mrochelle@lglawfirm.com 

Mr. Mike Rickman 
Deputy Executive Director 
North Texas Municipal Water District 
P.O. Box 2408 
Wylie, Texas 75098 

July 28, 2015 

81 6 Congress Avenue, Suite 1900 
Austin.Texas 7870 I 
Telephone: (512) 322-5800 
Facsimile: (512) 472-0532 

www.lglawfirm.com 

VIA OVERNIGHT MAIL 

Re: Lower Bois d' Arc Creek Reservoir Water Use Permit No. 12151 (446-29) 

Dear Mike: 

Enclosed please find an original certified copy of the above-referenced water use permit 
along with a recordation card. Now that the permit is final and non-appealable, please arrange 
for the permit to be recorded with the Fannin County Clerk and have the Clerk fill out the 
recordation card. Once the card is filled out, please have it forwarded to the TCEQ--the card is 
already addressed to the proper group at the agency. 

We appreciate the opportunity to assist the District in obtaining this important permit for 
the Lower Bois d' Arc Creek Reservoir project. If you have any questions regarding the enclosed 
materials, please feel free to contact me, at your convenience. 

ENCLOSURES 

cc: Mr. Robert McCarthy 
Mr. Jason Hill 
Ms. Sara Thornton 

4862243.1 

Sincerely, 

Martin C. Rochelle 

Lloyd Gosselink Rochelle & Townsend, P.C. 

JUL 29 2tl~ 
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Date Recorded: _____________________ _ 

Volume _____________ _ Page No. ______ _ 

of the ___________________ _ records of the 

_______________________ County, Texas. 

By 
County Clerk and/or Deputy 

TNRCC-0100 (Rev. 03-13-96) 



WRD-208a 
06-23-2016 

STATE OF TEXAS 

COUNTY OF =--Fa=nru=·nc:....__ _______ _ 

§ 

§ 

§ 

SURFACE WATER AFFIDAVIT 

Before me, the undersigned notary, on this day personally appeared a person Judd R. Sanderson 
__ whose identity is known to me. After I administered an oath to him/her, upon his/her oath 

he/she said: 

1. I am over 18 years of age, of sound mind, and capable of making this affidavit. The facts stated in 
this affidavit are within my personal knowledge and are true and correct. 

2. I am an authorized representative of North Texas Municipal Water District , an 
entity that has filed an application for financial assistance with the Texas Water Development 

Board for a project that proposes the development of a new surface water supply source. 

3. Does the applicant possess a Certificate of Adjudication and/or Water Rights Perrnit(s) issued by 
the Texas Commission on Environmental Quality or a predecessor agency authorizing the 
appropriation ancl use of the surface water needed for the Project? 

Yes~ NoD 

Please attach a copy of the Certificate(s) of Adjudication and Water Rights Perrnit(s). 

Item attached: Yes~ NoD 

4. Does the applicant have the contractual right to use the surface water from an entity that enjoys the 
right to appropriate and use the surface water needed for the project? 

,u..,_ •. 

·YesD No :~ 

. ' .• ....... """""' """~-

Please attach a copy of any draft or executed water supply contract, lease or other legal 

ins~ent providing ~ontractual authorization to use the surface water needed for thel 

ProJect. I 

Item attached: YesD No~ 

1 

---------------------------------------------------



WRD-208a 
06-23-2016 

Please identify the Certificate of Adjudication(s) and Water Rights Perrnit(s) possessed by 
the wholesale water provider pursuant to which the contract, lease or other legal instrument 
has been or will be executed. 

Certificate of Adjudications: N =-=A-=-------------

Item attached: YesD No (8J 

Water Rights Perrnit(s) : Water Use Permit #12151 

Item attached: Yes [8J NoD 

Signed the day of /tf c i / ;:2.1 20 11 ' } 

Name ~L~~ 
Title: /Z-r'J' ;J; fr C 1-,,,r 

Sworn to and subscribed before me by 
20 I 

on--=-Clp_ Y-'-'1· 1_ 2-_,_7 _ 

Notary Public in and for the State of Texas 

[SEAL] 

, ........ .,,, LEANN BUMPUS 
~' "" "CJ ,,, T 

/{:;,KJ1o\Notary Public, State of exas 
;.,:,~,:.;:Comm. Expires 05-18-2020 ... :,.. . .• ~.:-
..,,,ti"oF:..t,~' Notary 10 10188600 ,,,, ... ,,, 

My Commission expires: __ 5_,1-/ ..... 1 B...;;......i)_z,_ o ___ _ 

I 
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TEXAS COMMISSION ON ENVIRONMENTAL QUALITY 

WATER USE PERMIT 

PERMIT NO. 12151 

Permittee: 

Filed: 

Purposes: 

North Texas Municipal Water 
District 

June 26, 2007 

Municipal, Industrial, 
Agricultural, and Recreation 

TYPE 

Address: 

Granted: 

Counties: 

THE STATE OF TEXAS 
COUNTY OF TRAVIS 

IHEREBYCERTIFYTHATTHIStSATRUEANDCORRECTCOPY 
OF A TEXAS COMIIISSION ON ENVIRONMENTAL Ql/AUTY 
DOCUMEl'IT. WilCH IS FILED IN THE PERMANENT RECORDS 

JUN 2 9 2015 

P.O. Box 2408 
Wylie, TX 75098 

June 26, 2015 

Collin, Dallas, Denton, 
Fannin, Hopkins, Hunt, 
Kaufman, Rains and 
Rockwall Counties 

Watercourse: Lower Bois d'Arc Creek, 
tributary of the Red River 

Watershed: Red, Trinity, and 
Sulphur River Basins 

WHEREAS, North Texas Municipal Water District (NTMWD, Applicant or Permittee) 
seeks a Water Use Permit to construct and maintain a dam and reservoir (Lower Bois d'Arc Creek 
Reservoir) with a maximum normal operating capacity of 367,609 acre-feet of water and a surface 
area of 16,526 acres on Bois d'Arc Creek, tributary of the Red River, Red River Basin in Fannin 
County for recreation purposes; and 

WHEREAS, Applicant also seeks authorization to divert and use not to exceed 175,000 
acre-feet of water per year from any point on the perimeter of the proposed reservoir at a 
maximum combined diversion rate of 365.15 cfs (163,889 gpm) for municipal, industrial and 
agricultural purposes; and 

WHEREAS; Applicant seeks authorization to reuse the return flows generated from the 
diversion and usef of water from the proposed reservoir and until facilities are developed to reuse 
diverted water, such water will be returned to the Red, Sulphur, and Trinity River Basins; and 

WHEREAS, Applicant also seeks an interbasin transfer authorization to use the water 
within the Trinity River Basin, and within that portion of Fannin County located in the Sulphur 
River Basin. NTMWD's service area is currently located within Collin, Dallas, Denton, Fannin, 
Hopkins, Hunt, Kaufman, Rains and Rockwall Counties; and 

WHEREAS, Applicant indicates the proposed Lower Bois d'Arc Creek Reservoir will be 
located 15.2 miles in a northeast direction from City of Bonham and 9.7 miles in a north
northwest direction from the Town of Honey Grove. Station 42+33 on the centerline of the 
proposed dam will be S 23.2677° E, 514 feet from the southeast corner of O.H.P. Wood Survey, 
Abstract No. 1177, in Fannin County, Texas, also being at 33.7180° N Latitude, 95.9822° W 
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Longitude. The proposed dam will be located in the George W. King Original Survey, Abstract No. 

604; the James Kerr Original Survey, Abstract No. 614; and the John Reynolds Original Survey, 

Abstract 93l in Fannin County, Texas. The proposed dam and reservoir will be located on the land 

of tJ:ie Applicant, which will be acquired prior to construction; and 

WHEREAS, Applicant indicates that diversions may overdraft the firm yield of the 

;resE?rvoir as, p~ of a system operation with existing NTMWD supplies to achieve maximum 

cbnservation·bflimited water resources; and 

,WHEREAS, this application is subject to the obligations of the state of Texas pursuant to 

the terms of the Red River Compact; and 

WHEREAS, the Texas Commission on Environmental Quality (TCEQ) finds that 

jurisdiction over the application is established; and 

WHEREAS, Applicant submitted the Proposed Lower Bois d'Arc Creek Reservoir 

Mitigation Plan, which was accepted and approved by the Executive Director; and 

WHEREAS, Applicant submitted the North Texas Municipal Water District Reservoir 

Accounting Plan, which was accepted and approved by the Executive Director; and 

WHEREAS, Applicant submitted the North Texas Municipal Water District Monitoring 

Planfor Proposed Lower Bois d'Arc Creek Reservoir, which was accepted and approved by the 

Executive Director; and 

WHEREAS, the Executive Director recommends that special conditions be included in the 

permit; and 

WHEREAS, multiple requests for a contested case hearing on the application were 

granted; and 

WHEREAS, as a result of negotiations with all parties, all hearing requests were 

withdrawn; and 

WHEREAS, the Commission has complied with the requirements of the Texas Water Code 

and Rules of the Texas Commission on Environmental Quality in issuing this water use permit; 

NOW, THEREFORE, this Water Use Permit No. 12151 is issued to North Texas Municipal 

Water District subject to the following terms and conditions: 

1. IMPOUNDMENT 

Permittee is authorized to construct and maintain a dam and reservoir (Lower Bois d'Arc 

Creek Reservoir) with a maximum normal operating capacity of 367,609 acre-feet of water 

on Bois d'Arc Creek, tributary of the Red River, Red River Basin in Fannin County located 

15.2 miles in a northeast direction from City of Bonham and 9. 7 miles in a north-northwest 

direction from the Town of Honey Grove. Station 42+33 on the centerline of the proposed 

dam will be S 23.2677° E, 514 feet from the southeast corner of O.H.P. Wood Survey, 

Abstract No. 1177, in Fannin County, Texas, also being at 33.7180° N Latitude, 95.9822° W 

Longitude. The proposed dam will be located in the George W. King Original Survey, 

Abstract No. 604 the James Kerr Original Survey, Abstract No. 614; and the John 

Reynolds Original Survey, Abstract 931 in Fannin County, Texas. 
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2. USE 

A. Permittee is authorized to use the impounded water for recreation purposes. 

B. Permittee is authorized to divert and use not to exceed 175,000 acre-feet of water 
per year for municipal, industrial and agricultural purposes within its service area 
in Collin, Dallas, Denton, Fannin, Hopkins, Hunt, Kaufman, Rains and Rockwall 
Counties. 

C. Permittee is authorized an interbasin transfer to use the water appropriated 
hereunder within the Trinity River Basin, and within that portion of Fannin County 
located in the Sulphur River Basin. 

D. Permittee is authorized to divert and reuse the return flows resulting from the 
diversion and use of water from the Lower Bois d'Arc Creek Reservoir as 
authorized under this permit, subject to the Permittee's compliance with Special 
Condition 6.Y. 

3. DIVERSION 

A. Permittee is authorized to divert the water authorized herein from any point on the 
perimeter of Lower Bois d'Arc Creek Reservoir. 

B. Permittee is authorized to divert the water authorized herein at a maximum 
combined diversion rate of 365.15 cfs (163,889 gpm). 

4. TIME PRIORITY 

The time priority for this right is June 26, 2007. 

5. CONSERVATION 

Permittee shall fully implement water conservation plans, developed in accordance with 
this provision, that provide for the utilization of those reasonably available practices, 
techniques, and technologies that reduce the consumption of water for municipal use on a 
gallons per-capita per day basis within NTMWD's service area and that, for each category 
of use authorized by this permit not including recreation use, prevent the waste of water, 
prevent or reduce the loss of water, improve the efficiency in the use of water, increase the 
recycling and reuse of water, and prevent the pollution of water, so that a water supply is 
made available for future or alternative uses. Permittee shall develop, submit and 
implement water conservation plans as required by law. Each water conservation plan 
submitted to the Executive Director shall be designed to comply with relevant state 
conservation standards then in effect, and, at the time of submission, shall be designed to 
achieve, for each category of authorized uses, the highest practicable levels of water 
conservation and efficiency achievable within the jurisdiction of the Permittee. Permittee 
shall report annually to the Executive Director on the implementation of its water 
conservation plans and shall make both its most current water conservation plan and the 
annual reports on the implementation of its conservation plans easily accessible to the 
public through electronic and other means. 

Such plans shall ensure that every water supply contract entered into, on or after the 
effective date of this permit, including any contract extension or renewal, requires that 
each successive wholesale customer shall develop and implement conservation measures 
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that will result in the highest practicable levels of water conservation and efficiency in 

order to comply with TWC § 11.085 (1)(2), and that each wholesale customer will report, no 

less frequently than once every year, to Permittee on the implementation of those 
conservation measures. If Permittee enters into a water supply contract on or after the 
effective date of this permit that authorizes the resale of water, such contract shall require 

that each successive customer in the resale of the authorized water implement water 

conservation measures at least as stringent as those included in Permittee's approved 

water conservation plan. 

6. SPECIAL CONDITIONS 

A. Permittee shall only impound and divert water authorized by this permit in 
accordance with the most recently approved North Texas Municipal Water District 

Reservoir Accounting Plan. Permittee shall maintain said plan in electronic 
format and make the data available to the Executive Director upon request. Any 

modifications to the North Texas Municipal Water District Reservoir Accounting 

Plan shall be approved by the Executive Director. Only modifications that would 
result in a change to a permit term must be in the form of an amendment to the 
permit. Should Permittee fail to maintain the accounting plan or timely notify the 

Executive Director of any modifications to the plan, Permittee shall immediately 
cease impoundments and diversions authorized in Paragraph-1. IMPOUNDMENf 

and Paragraph 2. USE, and either apply to amend the permit, or voluntarily forfeit 

the permit. Permittee shall provide prior notice to the Executive Director of any 
proposed modifications to the accounting plan and provide copies of the 
appropriate documents effectuating such changes. 

B. All mitigation plans and monitoring required herein shall comply with 
requirements set forth in 33 United States Code §1341, commonly known as the 
federal Clean Water Act (CWA), §401 and 30 TAC Chapter 279. Mitigation and 

monitoring plans shall also comply with the requirements in §404 of the CW A as 
implemented through the U.S. Army Corps of Engineers permit for the Lower Bois 
d' Arc Creek Reservoir. 

C. Impoundment of water and diversion under this permit is contingent upon the 
initiation of implementation of the approved Mitigation Plan for the Proposed 

Lower Bois d'.Arc Creek Reservoir. Permittee's continued authorization of 
impoundment and diversion of water under this permit is contingent on timely 
completion of implementation in accordance with the terms of that plan. 
Modifications or changes to the plan must be approved by the Executive Director. 

Only modifications that would result in a change to a permit term must be in the 
form of an amendment to the permit. 

D. Permittee shall document compliance with the terms and conditions of this permit 
relating to environmental flow requirements, as set out in Special Conditions 6.E. 
through 6.R, in the most recently approved North Texas Municipal Water District 

Reservoir Accounting Plan. 

E. Permittee shall determine compliance with pulse flow conditions and subsistence 

period freshet conditions using measured flows at USGS Gage 07332622, Bois 
d'Arc Creek at FM 409 near Honey Grove, TX or, in the case of deliberate releases 
to pass qualifying pulse flow events or qualifying subsistence period freshets, 
measurements of the releases from the reservoir as documented in the most 
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recently approved North Texas Municipal Water District Reservoir Accounting 
Plan. 

F. If calculated reservoir inflows, as determined in the most recently approved North 
Texas Municipal Water District Reservoir Accounting Plan, constitute a qualifying 
pulse flow event as defined in Special Condition 6.L., the pulse flow requirement 
for the season has not been met, and the flows at USGS gage 07332622 for the 
same time period do not exceed the pulse flow trigger requirement, the pulse shall 
be passed through the reservoir in a manner as close as practicable to the 
applicable seasonal release pattern identified in the most recently approved North 
Texas Municipal Water District Reservoir Accounting Plan. Permittee may 
release water to augment naturally occurring high flow events so that flows at the 
USGS Gage 07332622 meet or exceed the pulse flow trigger requirement, subject to 
the requirements of Special Condition 6.J. 

G. Consistent with Special Condition 6.F., when calculated reservoir inflows, as 
determined in the most recently approved North Texas Municipal Water District 
Reservoir Accounting Plan, equal or exceed the pulse flow trigger requirements of 
Special Condition 6.R. and the pulse flow requirement for the season has not been 
met, inflows to the reservoir in excess of applicable base flow requirements may be 
temporarily impounded. Consistent with Special Condition 6.F, if the calculated 
volume or duration criterion for an applicable qualifying pulse flow event, as 
specified in Special Condition 6.L., is met, Permittee shall promptly release the 
temporarily impounded water in a manner as close as practicable to the applicable 
seasonal release pattern identified in the most recently approved North Texas 
Municipal Water District Reservoir Accounting Plan. 

H. Permittee is not required to release stored water, except temporarily impounded 
water as described in Special Condition 6.G. or a qualifying subsistence period 
freshet required to be released pursuant to Special Condition 6.Q., to meet the 
environmental flow requirements in this permit. All requirements for pass
throughs of inflows or releases of temporarily impounded water pursuant to 
Special Conditions 6.E. through 6.R. are limited to the volume of calculated inflows 
to the reservoir. 

I. Subject to compliance with the subsistence and base flow requirements of Special 
Conditions 6.Q and 6.R, inflows may be stored if either: (i) the pulse f1ow 
requirement for a season has been met; or (ii) inflows to the reservoir are below the 
applicable pulse flow trigger; or (iii) inflows equal or exceed the applicable pulse 
flow trigger but the calculated volume and duration criteria for a qualifying pulse 
flow event are both not met. If Permittee has stored water, other than temporarily 
stored water pursuant to Special Condition 6.G. that is part of a qualifying pulse 
flow event or water that is part of a qualifying subsistence period freshet required 
to be passed pursuant to Special Condition 6.Q., then in accordance with the terms 
and conditions of this permit, including any applicable environmental flow 
requirements in effect at the time the water was stored, Permittee may divert and 
use that stored water, even if the applicable environmental flow requirement is not 
met at the time of the subsequent diversion and use of that stored water. 

J. If a naturally occurring qualifying pulse flow event is recorded at USGS gage 
07332622, such pulse flow event shall satisfy a pulse flow requirement for that 
event within the respective season. In addition, a pulse flow requirement for an 
event within a season may be satisfied by a naturally occurring high flow event 
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which has been augmented by reservoir releases as authorized in Special Condition 
6.F., but only if the applicable trigger, duration and volume criteria are all met as 
measured at that gage. 

K. Each season is independent of the preceding and subsequent seasons with respect 
to the pulse flow requirements of Special Condition 6.R. 

L. Except as otherwise provided in Special Condition 6.J., a pulse flow is considered 
to be a qualifying pulse flow event if the pulse flow trigger requirement is met and 
either the pulse flow volume or duration requirement is met, as specified in Special 
Condition 6.R. 

M. Permittee shall determine compliance with the requirement to pass reservoir 
inflows up to the applicable subsistence or base flow values of Special Condition 
6.R. based on measured flows at the outlet works of the dam. 

N. Seasons are defined as Fall-Winter (November - February), Spring (March - June), 
and Summer (July - October). 

0. Reservoir storage is the trigger for determining the applicable instream flow 
requirements in Special Conditions 6.E. through 6.R. Subsistence flow 
requirements apply when storage is less than 40% of the authorized conservation 
storage. Base flow and pulse flow requirements apply when conservation storage is 
equal to or greater than 40%. 

P. Pulse flow requirements are not applicable under subsistence flow conditions. 

Q. When subsistence flow requirements are in effect, as provided in Special Condition 
6.0., inflows into the reservoir up to 1 cfs shall be passed downstream and a 
subsistence period freshet pass-through requirement shall be in effect. 

A qualifying subsistence period freshet is characterized by a trigger flow of at least 
20 cfs and either a volume of at least 69 acre-feet or a duration of at least three 
days. Volume will be determined based on cumulative flows occurring over a three
day period, beginning with the day during which the trigger flow occurs. Duration 
will be determined based on the number of days of inflow greater than 1 cfs, 
beginning with the day on which the trigger flow occurs. During the time that 
subsistence flow requirements are in effect pursuant to Special Condition 6.0., 
Permittee shall track flows at USGS gage 07332622, Bois d'Arc Creek at FM 409, 
and inflows to the reservoir, to determine if a qualifying subsistence period freshet 
has occurred at either location. 

If, while subsistence flow requirements are in effect pursuant to Special Condition 
6.0., a 60-day period occurs without a qualifying subsistence period freshet at 
USGS gage 07332622, Bois d'Arc Creek at FM 409, but, during which, a qualifying 
subsistence period freshet has occurred as reservoir inflow, the subsistence period 
freshet shall be promptly passed through the dam. If a qualifying subsistence 
period freshet has not occurred as reservoir inflow during such 60-day period, 
flows will continue to be monitored to determine when a qualifying subsistence 
period freshet occurs at the FM 409 gage or a qualifying subsistence period freshet 
has occurred as inflow to the reservoir. During that period of continued 
monitoring, a qualifying subsistence period freshet will be passed as soon as such 
an event occurs as inflow into the reservoir unless a qualifying subsistence period 
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freshet has occurred at the FM 409 gage. 

As closely as practicable, the subsistence period freshet pass-through shall average 
20 cfs the first day, 10 cfs the second day, and 5 cfs the third day. As long as 
subsistence flow requirements are in effect, once a qualifying subsistence period 
freshet has occurred at USGS gage 07332622, Bois d'Arc Creek at FM 409, or such 
flow has been passed through the dam, a new 60-day period will be started for the 
purpose of determining when a qualifying subsistence flow event must be passed 
through the dam. In passing an individual subsistence period freshet through the 
dam, Permittee shall never be required to pass a volume of more than 69 acre-feet. 

R. lmpoundment or diversion of reservoir inflows when flows are at or below the 
following values, at the applicable measurement points described in Special 
Conditions 6.E. and 6.M., is authorized only in compliance with Special Conditions 
6.A. and 6.D. through 6.Q., above: 

Season Subsistence 

Fall-Winter 
1 cfs* 

Spring 
1 cfs* 

Summer 
1 cfs* 

cfs = cubic feet per second 
af = acre-feet 

Base 

3 cfs 

10 cfs 

3 cfs 

Pulse 

2 per season 
Trigger: 150 cfs 
Volume: 1,000 af 
Duration: 7 days 
2 per season 
Trigger: 500 cfs 
Volume: 3,540 af 
Duration: 10 davs 
1perseason 
Trigger: 100 cfs 
Volume: 500 af 
Duration: :-:; davs 

* A subsistence period freshet requirement with a trigger level 
of 20 cfs, a volume of 69 af, and a duration of 3 days, as further 
defined in Special Condition 6.Q., also applies. 

This special condition is subject to adjustment by the commission if the 
commission determines, through an expedited public review process, that such 
adjustment is appropriate to achieve compliance with applicable environmental 
flow standards adopted pursuant to Texas Water Code§ 11.1471. Any adjustment 
shall be made in accordance with the provisions of Texas Water Code§ 11.147(e-1). 

S. Permittee shall implement measures to minimize impacts to aquatic resources due 
to entrainment or impingement including, but not limited to, the installation of 
screens at the diversion facilities. Such measures shall include intake diversion 
facilities designed and operated to result in a velocity of water into the diversion 
facility of no greater than 1 foot-per-second. At all times that diversions are 
occurring, the intake diversion facilities shall be equipped with screens resulting in 
individual openings no larger than 1 square inch in size. 
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T. After commencing deliberate impoundment in the reservoir, Permittee shall 
conduct hydrologic and water quality monitoring in accordance with the approved 
North Texas Municipal Water District Monitoring Plan. Permittee shall submit a 
summary of hydro logic and water quality monitoring data to the Executive Director 
on an annual basis. Permittee shall submit to the Executive Director a summary 
report of hydro logic and water quality data in the fifth and tenth years following 
deliberate impoundment in the reservoir and every five years thereafter for as long 
as monitoring under Special Condition 6.U. continues. Hydrologic and water 
quality monitoring for all sites and parameters, other than daily flows at USGS 
Gage 07332622, Bois d'Arc Creek at FM 409 near Honey Grove, TX, and water 
quality monitoring associated with reservoir releases undertaken pursuant to 
Special Condition 6.W., may cease after ten years, or when instream monitoring 
specified in Special Condition 6. U. ceases, whichever is later. 

U. Permittee shall conduct instream monitoring of Bois d'Arc Creek at the FM 409 
Site and, at a minimum, one additional site within the non-channelized portion of 
the Creek farther downstream, in the first, third, fifth and tenth years following 
deliberate impoundment of water in the reservoir. In addition, if diversions from 
the reservoir, as calculated on an annualized basis, have not reached 100,000 acre
feet prior to the fifth year following deliberate impoundment, instream monitoring 
shall continue every fifth year thereafter until instream monitoring has been 
undertaken during two years following the year that diversions reach 100,000 acre
feet per year. Instream monitoring during any year in which it is required shall 
include a twice per year assessment of fish and macroinvertebrate communities 
and physical habitat assessment at each site, plus a twice per year analysis of water 
quality data collected at the USGS Gage 07332622, Bois d'Arc Creek at FM 409 
near Honey Grove, TX. All aquatic biological monitoring and physical habitat 
assessments shall take place in the index period (March 15 - October 15) with at 
least one of the twice per year monitoring events taking place in the critical period 
(July 1 - September 15). Aquatic biological monitoring and habitat 
characterization shall follow TCEQ protocols set forth in the most recently 
approved Surface Water Quality Monitoring Procedures, Volume 2: Methods for 
Collecting and Analyzing Biological Community and Habitat Data. 

V. Permittee shall submit a report to the Executive Director summarizing the twice 
per year monitoring activities in Special Condition 6.U. within six months after the 
second monitoring event in any year is completed. The report shall detail all 
monitoring efforts and shall include an assessment of the fish and 
macroinvertebrate communities and the biological metric scoring criteria used to 
assess aquatic life uses. Should aquatic life use not meet the water quality 
standards for Segment 0202.A or future segment designation, Permittee shall 
develop and implement remedial management strategies, subject to Executive 
Director approval, to meet the designated aquatic life use. Permittee shall also 
submit summary reports to the Executive Director no later than six months after 
the end of the fifth and tenth year monitoring events, and any subsequent year's 
monitoring events, that compare all monitoring data to baseline conditions. 

W. Perrnittee shall construct and operate a multilevel outlet tower and regulate 
releases to ensure that water released from the reservoir maintains DO and 
temperature levels that meet the surface water quality standards for Segment 
0202.A or future segment designation. Permittee shall monitor water quality near 
the outlet tower in accordance with the approved Monitoring Plan during the life of 
the permit. 
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X. Permittee shall install and maintain measuring devices which account for, within 
5% accuracy, the quantity of water diverted from the points authorized above in 
Paragraph 3. DIVERSION. Permittee shall allow representatives of the TCEQ 
reasonable access to the property to inspect the measuring device. 

Y. Prior to the diversion and reuse of the return flows authorized pursuant to 
Paragraph 2.D. USE, resulting from the diversion and use of water from the Lower 
Bois d'Arc Creek Reservoir as authorized under this permit, Permittee shall apply 
for and be granted an amendment to identify all specific points of discharge and 
diversion, and secure the appropriate authorizations to transfer such return flows 
through state watercourses pursuant to TWC §11.042, except to the extent such 
points of discharge, diversion, and transfer may be authorized by separate grant of 
authority from the Commission. 

7. TIME LIMITATIONS 

A. Construction of the dam for Lower Bois d'Arc Creek Reservoir must be in 
accordance with plans approved by the Executive Director. Construction of the dam 
without final approval of the construction plans is a violation of this authorization. 

B. Construction shall begin within two years of issuance of this permit and be 
completed within seven years of the issuance of this permit, unless Permittee 
applies for and is subsequently granted an extension of time before the expiration 
of these time limitations. 

This water use permit is issued subject to all superior and senior water rights in the Red 
River Basin. 

This permit is issued subject to the obligations of the State of Texas pursuant to the terms 
of the Red River Compact. 

Permittee agrees to be bound by the terms, conditions, and provisions contained herein 
and such agreement is a condition precedent to the granting of this permit. 

All other matters requested in the application which are not specifically granted by this 
water use permit are denied. 

This water use permit is issued subject to the Rules of the Texas Commission on 
Environmental Quality and to the right of continuing supervision of State resources exercised by 
the Commission. 

ISSUED: June 26, 2015 
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From: Erik Felthous
To: Daniel J. Sellars; Holly Kellen
Subject: FW: Resolution 17-16
Date: Wednesday, April 26, 2017 3:55:48 PM

From: Melisa Fuller On Behalf Of Tom Kula
Sent: Wednesday, April 26, 2017 3:50 PM
To: Judd Sanderson <jsanderson@NTMWD.COM>
Cc: Erik Felthous <efelthous@NTMWD.COM>; Terina Turner <tturner@NTMWD.COM>
Subject: Resolution 17-16

Judd,

Per Resolution No. 17-16, to be adopted by the Board of Directors in a regular meeting on April 27, 2017,

I hereby designate you, Judd Sanderson, Deputy Director, as the authorized representative of the

NTMWD for the purposes of furnishing such information and executing such documents as may  be

required in connection with the preparation and filing of such application for financial assistance and the

rules of the Texas Water Development Board.

Please let me know if you need additional information.

Thanks,

Thomas W. Kula
Executive Director

North Texas Municipal Water District

501 E. Brown Street |  Wylie, TX 75098

Office: 972.442.5405 |  Cell 214.493.6167

tkula@ntmwd.com | www.ntmwd.com

mailto:efelthous@ntmwd.com
mailto:djsellars@ntmwd.com
mailto:hkellen@ntmwd.com
mailto:tkula@ntmwd.com
http://www.ntmwd.com/


Property 
Description/Fannin 
County Appraisal 
District ID Number

Property Description 
LOT & BLOCK NO. OR 

TRACT NO.

Entity from whom the property 
must be acquired (property 

owner)

Aquired by 
easement

Expected 
acquisition date

to be funded by 
TWDB

82030 A0889 B PETTIT, ACRES 132 Volney Ray & Bertha Tyler Easement Dec-18 YES

78270 A0601 G W KING, ACRES 38 David Dalton Easement Dec-18 YES

70171 A0016 J C AKE, ACRES 37 Kenneth H & Janet E Jones Easement Dec-18 YES

Janet Broadfoot Jones Easement Dec-18 YES

81889
A0878 R PETTET, ACRES 

42.5, WILDLIFE 
MANAGEMENT

Kendall K. Brown & wife, Sharman Brown Easement Dec-18 YES

78975
A0653 P LAFLEUR, ACRES 

10.5, WILDLIFE 
MANAGEMENT

Kendall K. Brown & wife, Sharman Brown Easement Dec-18 YES

78973 A0653 P LAFLEUR, ACRES 
22.309, HOME EQUITY Garlan Marie Holmes Easement Dec-18 YES

Mid State Homes, Inc. Easement Dec-18 YES

78979 A0653 P LAFLEUR, ACRES 
59.4

Louis O Montanio and Wife Linda F 
Montanio Easement Dec-18 YES

84320 A1084 L SELF, ACRES 30.356 Aitazaz A. Shah and Farah A. Shah Easement Dec-18 YES

74600 A0337 I L DOBBS, ACRES 
37.452 Rubert Morgan and wife, Alice Morgan Easement Dec-18 YES

74601 A0337 I L DOBBS, ACRES 
16.48 Billy Wayne Kenemore Easement Dec-18 YES

80637 A0796 M E P & P RY, ACRES 
27.5 Billy Wayne Kenemore Easement Dec-18 YES

70190 A0022 D Y ALLEN, ACRES 4.0 Kevin Blake Lane Easement Dec-18 YES

70085 A0007 H S ALLEN, ACRES 
100. Thomas Bradley Lane Easement Dec-18 YES

85676 A1157 I C WILLIAMSON, 
ACRES 258.52 Stubbs Family Trust B c/o Easement Dec-18 YES

85682 A1157 I C WILLIAMSON, 
ACRES 152.9 Yvonne Butler Easement Dec-18 YES

70184 A0020 W A ALLEN, ACRES 
23.5

Stanley Owen and Mary E. Owen 
Revocable Living Trust Easement Dec-18 YES

79760 A0726 D W MORRISON, 
ACRES 44.85

Stanley Owen and Mary E. Owen 
Revocable Living Trust Easement Dec-18 YES

70177 A0019 E J ALLEN, ACRES 
108., LIFE ESTATE A & F Land & Cattle, L.L.C Easement Dec-18 YES

76605 A0496 J W HARRISON, 
ACRES 64.4

Allen-Franklin Family Living Trust July 
21,2011 Easement Dec-18 YES

81956 A0884 D PEVELER, ACRES 
25

Allen-Franklin Family Living Trust July 
21,2011 Easement Dec-18 YES

81961 A0884 D PEVELER, ACRES 
20.

Rufus Walter Allen, Jr. and wife Treva 
Carole Allen Easement Dec-18 YES

81958 A0884 D PEVELER, ACRES 
38.5 Eddie Hartfield, Jr. and Wallace Hartfield Easement Dec-18 YES

Raw Water Pipeline Property Acquision

PART D, No. 64 Has the applicant obtained all necessary land and easements? No.

Part D. 64 - Raw Water Pipeline 
Property

North Texas Municipal 
Water District



Raw Water Pipeline Property Acquision

PART D, No. 64 Has the applicant obtained all necessary land and easements? No.

Michael Preston Johnson, son. Easement Dec-18 YES

86490 A1233 A ZACHARY, ACRES 
25 Lisa Morse Easement Dec-18 YES

74078 A0280 J DAUGHERTY, 
ACRES 50

Eddie Hartfield, Jr. and Wallace James 
Hartfield Easement Dec-18 YES

82482 A0939 J RATTAN, ACRES 
108.679 Barry Stewart and wife, Diane Stewart Easement Dec-18 YES

76579 A0493 N HARRIS, ACRES 
85.297 Barry Stewart and wife, Diane Stewart Easement Dec-18 YES

76582 A0493 N HARRIS, ACRES 
164.541 Alfred C. Williams and Mildred Williams Easement Dec-18 YES

100879 A0735 G MARTIN, ACRES 
11.14 Hannah Kang Easement Dec-18 YES

83876 A1033 J STANDIFER, ACRES 
192.33 H E and Myra Astleford Easement Dec-18 YES

110285 A1033 J STANDIFER, ACRES 
4 Mark Vest and Deborah Sue Vest Easement Dec-18 YES

E F Spelce Easement Dec-18 YES

110285 A1033 J STANDIFER, ACRES 
4 H E and Myra Astleford Easement Dec-18 YES

83214
A1003 WM SAUNDERS, 
ACRES 257.9, LABEL# 

RAD1168030
Hernan Osorio Easement Dec-18 YES

83215 A1003 WM SAUNDERS, 
ACRES 54.75 James Donald Nichols Easement Dec-18 YES

81910 A0881 E PENNINGTON, 
ACRES 48.0 Douglas Kopf Easement Dec-18 YES

81908 A0881 E PENNINGTON, 
ACRES 20.817 Jeffrey Wayne Waller Easement Dec-18 YES

81903 A0881 E PENNINGTON, 
ACRES 14.728 Nejtek Family Trust Easement Dec-18 YES

81906 A0881 E PENNINGTON, 
ACRES 28.75 John A Pitts Easement Dec-18 YES

81919 A0882 E PENNINGTON, 
ACRES 25.5 John A Pitts Easement Dec-18 YES

81922 A0882 E PENNINGTON, 
ACRES 50 John A Pitts Easement Dec-18 YES

81921 A0882 E PENNINGTON, 
ACRES 24 John A Pitts Easement Dec-18 YES

75554 A0406 J M GAINER, ACRES 
57., WILDLIFE MANAGEMENT Margaret Pettengill Easement Dec-18 YES

75551
A0406 J M GAINER, ACRES 

106.76, WILDLIFE 
MANAGEMENT

Margaret Pettengill Easement Dec-18 YES

75556
A0406 J M GAINER, ACRES 

233.369, WILDLIFE 
MANAGEMENT

Frank & Helen Swartz Easement Dec-18 YES

75557 A0406 J M GAINER, ACRES 
106.85, LABEL# TEX0458551 Mark & Sara Baker Easement Dec-18 YES

75558 A0406 J M GAINER, ACRES 
44.25 Waymond L Long Easement Dec-18 YES

75542 A0406 J M GAINER, ACRES 
30.056 Tyler Living Trust Easement Dec-18 YES

116606 A0406 J M GAINER, ACRES 
38.642  Gina Marie Johnson Easement Dec-18 YES

http://propertysearch.fannincad.org/Property/View/100879
http://propertysearch.fannincad.org/Property/View/83876
http://propertysearch.fannincad.org/Property/View/83214
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http://propertysearch.fannincad.org/Property/View/81919
http://propertysearch.fannincad.org/Property/View/81922
http://propertysearch.fannincad.org/Property/View/81921
http://propertysearch.fannincad.org/Property/View/75554
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http://propertysearch.fannincad.org/Property/View/75556
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http://propertysearch.fannincad.org/Property/View/75558
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http://propertysearch.fannincad.org/Property/View/116606
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75539 A0406 J M GAINER, ACRES 
118 Millard Doan Brent Easement Dec-18 YES

75483 A0393 W P FITZGERALD, 
ACRES 37.5 Millard Doan Brent Easement Dec-18 YES

83055 A0990 H SMITH, ACRES 
188.375 Millard Doan Brent Easement Dec-18 YES

83077 A0990 H SMITH, ACRES 
303.012 McCraw B C Family Ltd Partnership Easement Dec-18 YES

72990 A0193 N CROOM, ACRES 
50.007 Larry & Brenda Lambert Easement Dec-18 YES

72997 A0193 N CROOM, ACRES 
131.69 ACLJK, Ltd. Easement Dec-18 YES

72983 A0193 N CROOM, ACRES 
95.85 D Lagoon Corp Easement Dec-18 YES

79736 A0724 W MERRELL, ACRES 
244.39 ACLJK, Ltd. Easement Dec-18 YES

85860 A1170 W WILEY, ACRES 103 Tyler Living Trust Easement Dec-18 YES

85861 A1170 W WILEY, ACRES 28.4 J B Clements (Curly) Easement Dec-18 YES

74536 A0327 S DIXON, ACRES 
53.347

Myra Astleford 1/2 Int. & Patsy Littrell 1/2 
Int. Easement Dec-18 YES

74591 A0333 A DAUGHERTY, 
ACRES 20.436 William N White Easement Dec-18 YES

74591 A0333 A DAUGHERTY, 
ACRES 20.436 William N White Easement Dec-18 YES

74590 A0333 A DAUGHERTY, 
ACRES 28.135 James M & Betty J McCarter Easement Dec-18 YES

84692 A1130 T TOBY, ACRES 46.5 Terry K & Robin J Lowrey Easement Dec-18 YES

109082 A1130 T TOBY, ACRES 12.5 Juan A Huerta Easement Dec-18 YES

84690 A1130 T TOBY, ACRES 59.9 Edward L Robinson Easement Dec-18 YES

76359 A0474 J HART, ACRES 38 Edward L Robinson Easement Dec-18 YES

75211 A0368 L M FOSTER, ACRES 
14.15 L D Shepherd III Easement Dec-18 YES

99896 A0368 I M FOSTER, ACRES 
69.026 Daryl Bagley Easement Dec-18 YES

84497 A1111 S TURNER, ACRES 
84.326 Roger & Nancy Hollister Easement Dec-18 YES

70896 A0073 J BECK, ACRES 
323.844 Monty & Sallie Jackson Easement Dec-18 YES

70896 A0073 J BECK, ACRES 
323.844 Monty & Sallie Jackson Easement Dec-18 YES

85515 A1152 WM WEBB, ACRES 
134.36 Reid Family Enterprises Ltd Easement Dec-18 YES

85503 A1152 WM WEBB, ACRES 
626.81 Monty & Sallie Jackson Easement Dec-18 YES

74649 A0343 E M EUBANKS, ACRES 
97.57 Ronney & Laura Thompson Easement Dec-18 YES

74651 A0343 E M EUBANKS, ACRES 
133.79 JCM Partners, LP Easement Dec-18 YES

74648 A0343 E M EUBANKS, ACRES 
49.121 Furr Properties, Ltd. Easement Dec-18 YES

74706 A0343 E M EUBANKS, ACRES 
100 David M McCollam Easement Dec-18 YES

http://propertysearch.fannincad.org/Property/View/75539
http://propertysearch.fannincad.org/Property/View/75483
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74748 A0343 E M EUBANKS, ACRES 
52.88 Pittman Revocable Living Trust Easement Dec-18 YES

74686 A0343 E M EUBANKS, ACRES 
56.971 Hot House Plants Limited Easement Dec-18 YES

74743 A0343 E M EUBANKS, ACRES 
100.0  G B Tefteller Easement Dec-18 YES

82190 A0917 D PENEY, ACRES 76.0  R J Roberts Easement Dec-18 YES

84420 A1100 J STEPHENS, ACRES 
80 R J & J F Roberts Easement Dec-18 YES

82199 A0921 T QUESENBERRY, 
ACRES 79.888 Beth Land & Cattle, LLC Easement Dec-18 YES

86316 A1223 F A WILLIAMS, ACRES 
108.75  Raul M & Mirella Rubalcava Easement Dec-18 YES

109676 A0978 A E RAY, ACRES 
23.999 BBM 5X5 Trust Easement Dec-18 YES

82746 A0978 A E RAY, ACRES 31.62 Mark & Phyllis Morgan Easement Dec-18 YES

113850 A0978 A E RAY 49.678  Jean B. Meller Subtrust Easement Dec-18 YES

86810 A1324 J W JONES, ACRES 
40. JCM Partners, LP Easement Dec-18 YES

86811 A1324 J W JONES, ACRES 
28.456  Robert P & Elaine Hooper Easement Dec-18 YES

86574 A1250 J M MORRIS, ACRES 
107.0  Johnny, Jo Elaine & Norma Jean Hooper Easement Dec-18 YES

86320 A1224 H B WILKERSON, 
ACRES 25.272 Jimmie Evans Easement Dec-18 YES

86319 A1224 H B WILKERSON, 
ACRES 85.18 James Evans Easement Dec-18 YES

73737 A0265 G C CLINE, ACRES 
22.288 James Evans Easement Dec-18 YES

87128 A1430 F FELTY, ACRES 24.0 Rodney R & Sandra Bollinger Easement Dec-18 YES

87125 A1430 F FELTY, ACRES 
266.28 Billy Gilbert Easement Dec-18 YES

71068 A0095 J J BRANTLEY, ACRES 
130.0 Billy Gilbert Easement Dec-18 YES

76798 A0514 A HICKS, ACRES 
281.774 Donald M Spurgin Easement Dec-18 YES

76876 A0527 J HOFFLER, ACRES 
10.0., LIFE ESTATE Denny M & Lavonna D Mitchell Easement Dec-18 YES

76877 A0527 J HOFFLER, ACRES 
5.76 Donald M Spurgin Easement Dec-18 YES

76912 A0527 J HOFFLER, ACRES 
67.868

Yang Huan Living Trust U/A/D April 
9,2011 Easement Dec-18 YES

86373 A1232 J ZEPADA, ACRES 
36.5

Yang Huan Living Trust U/A/D April 
9,2011 Easement Dec-18 YES

86368 A1232 J ZEPADA, ACRES 
169.504 Webb Living Trust Easement Dec-18 YES

86376 A1232 J ZEPADA, ACRES 
52.5 Mickey D & Joey N Fuller Easement Dec-18 YES

http://propertysearch.fannincad.org/Property/View/74686
http://propertysearch.fannincad.org/Property/View/82190
http://propertysearch.fannincad.org/Property/View/84420
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80370 A0779 M MOORE, ACRES 
137.096 McCord R Spendthrift Trust Easement Dec-18 YES

80372 A0779 M MOORE, ACRES 
106.5 Watson Bros Inc Easement Dec-18 YES

80343 A0778 M MOORE, ACRES 
166.4 Watson Bros Inc Easement Dec-18 YES

80345 A0778 M MOORE, ACRES 
38.946 Robert Norman Easement Dec-18 YES

80185 A0770 M MOORE, ACRES 
138.5 Clifton & Betty Evans Easement Dec-18 YES

82304 A0927 R REDDING, ACRES 
39.2 LIFE ESTATE  Margaret L Broyles Easement Dec-18 YES

82320 A0927 R REDDING, ACRES 
12.3 Steve Malone Easement Dec-18 YES

82323 A0927 R REDDING, ACRES 
338.166 North Texas Municipal Water District Easement Dec-18 YES

86978 A1388 D DEAL, ACRES 15.5  Bobby Jack & Texanna Norman Easement Dec-18 YES

79106 A0670 S L LEONARD, ACRES 
323.286 North Texas Municipal Water District NO

http://propertysearch.fannincad.org/Property/View/80370
http://propertysearch.fannincad.org/Property/View/80372
http://propertysearch.fannincad.org/Property/View/80343
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Property Description/ 
Fannin County Appraisal 

District ID Number Entity from which the property must be acquired (property owner) Full Ownership (ac) Easement (ac)
Expected 

Acquisition Date
To Be Funded by 

TWDB
74478 ADAIR JAMES & LISA 2.035 2.762 8/1/2018 YES

109609 ALEXANDER TERRY G 0.516 2.203 8/1/2018 YES
74146 ARNOLD WILMA V 12.306 6.88 8/1/2018 YES
82972 BARRETT DAVID L 8/1/2018 YES
82975 BARRETT DAVID L 8/1/2018 YES
78179 BLAINE JAMES & MONIKA 8/1/2018 YES
73766 BLEVINS, JOHN & BECKY 0.296 8/1/2018 YES
74348 BORDERS, DAYLON & KARA formerly VERMILLION ALLEN & BILLIE 4.137 3.105 8/1/2018 YES
72004 BORDERS, DAYLON & KARA formerly VERMILLION ALLEN & BILLIE 8/1/2018 YES
99143 BOSLEY TIMOTHY 8/1/2018 YES

100017 BOSLEY TIMOTHY 8/1/2018 YES
82632 BULLOCK DAVID SAMUEL 0.099 8/1/2018 YES
85674 BUTLER NOLAN 8/1/2018 YES
74145 CHEEK LAQUILLA 35.289 8/1/2018 YES
74503 CLARK BILLY DON 3.745 5.627 8/1/2018 YES
77214 COE LILA G ET AL C/O LILA COE 8/1/2018 YES
81235 COOPER, JOYCE 8/1/2018 YES
72697 CRAWFORD KATHY 10.682 9.654 8/1/2018 YES
74482 CRIDER KELLI heir of MC CONNELL MARIE % ELLIS MC CONNELL 0.081 8/1/2018 YES
81204 DEGROOT DANIEL & ANGELA 8/1/2018 YES
75042 DEMPSEY EMILY & JAMES C 8/1/2018 YES
84941 DEWITT W C 8/1/2018 YES
75738 DUNBAR CEDRIC H & JUDY 0.767 0.375 8/1/2018 YES

108261 DUNBAR JUDY & CEDRIC 8/1/2018 YES
73529 EL-JARRAH TAISSIR F & HIND 8/1/2018 YES
77341 EL-JARRAH TAISSIR F & HIND 8/1/2018 YES
70338 EL-JARRAH TAISSIR F & HIND 8/1/2018 YES
77219 ELLISON LARRY W 1.022 0.486 8/1/2018 YES
77220 ELLISON LARRY W 8/1/2018 YES
113658 EQUITY TRUST COMPANY formerly MANUS RANDALL 8/1/2018 YES

ESTES, GLENN 8/1/2018 YES
74022 FARMER RUEL D 8/1/2018 YES
83803 FERGUSON RICHARD A & TRACY J 8/1/2018 YES
73762 FOGLE MARY (TIM BRUCE-Deceased) 8/1/2018 YES
79842 FRANKLIN LARRY DON 8/1/2018 YES
78419 FREE NORMOUS 0.221 8/1/2018 YES
83003 GAUNT BILLY L 0.224 0.553 8/1/2018 YES
70548 GLASER DANIEL 8/1/2018 YES
74479 GOODWIN R H C/O JACKIE GOODWIN 2.182 3.145 8/1/2018 YES
81165 GRAVES, WILLIAM formerly HILL MILTON LLOYD 0.327 8/1/2018 YES
72507 HOWARD TONY 0.107 8/1/2018 YES
81200 JANSSEN BETTY P % JACK LAUGHLIN 8/1/2018 YES
81163 JOHNSON BENNY C 8/1/2018 YES
81846 JOHNSON JAMES & CARMEN C/O JAMES ANTHONY JOHNSON 0.077 8/1/2018 YES
70117 JONES, RANDY  (ALMA JOYCE ESTATE) 13.956 2.404 8/1/2018 YES
81244 KAPP STEVEN GERARD 0.643 0.35 8/1/2018 YES
81147 KASBARIAN CHARLES M 8/1/2018 YES
78310 KING CHRIS DOUGLAS 8/1/2018 YES
75372 KNIGHT RONNIE & REBECCA 8/1/2018 YES
83989 KNIGHT RONNIE & REBECCA 8/1/2018 YES
82167 KNIGHT RONNIE & REBECCA 8/1/2018 YES
75785 KNOX JOHN T & BETH A 8/1/2018 YES
78324 KOS, ERIC AND JULIANNE formerly SAMFORD MAX, JR.  & SABRINA 0.243 0.203 8/1/2018 YES
73494 LEDBETTER DENNIS & NANCY SCHAFFER C/O KEETON LAND DEV 26.938 3.795 8/1/2018 YES
79833 LEGACY RIDGE COUNTRY CLUB 8/1/2018 YES
82986 LILLIS ALFRED A 0.272 0.614 8/1/2018 YES
84506 LOCKE LEMUEL R 0.032 0.538 8/1/2018 YES
83134 LOCKE THOMAS R & JOHN G LOCKE (JOHN & CLARA) 8.855 8/1/2018 YES
71994 MASON HAROLD E & DARLENE 88.311 1.026 8/1/2018 YES
73759 MASON KAREN ELAINE HOLLIS 0.48 8/1/2018 YES
73486 MC CRAW BRENDA formerly ROBINSON EDWARD or RAGON MARK 0.086 1.147 8/1/2018 YES
70131 MC GEHEE, JOYCE 1.589 0.343 8/1/2018 YES
73772 MC LAIN HAROLD JR & GAIL 0.886 8/1/2018 YES
75717 MC PHAUL MARGARET O 8/1/2018 YES
74139 MC PHAUL MARGARET O 8/1/2018 YES
81202 MELTON, MARTHA (poa ROY GARZA) 69.795 8/1/2018 YES
71024 MILLER, JUSTIN, formerly SCHWARTZ BARRY & ROSE MARIE 1.093 1.649 8/1/2018 YES
75305 PARKS R BRIAN & SHARLENE ANN PARKS 8/1/2018 YES
81860 PARKS R BRIAN & SHARLENE ANN PARKS 8/1/2018 YES
73391 PEARSON J LEE 26.499 8/1/2018 YES
77390 PETTENGILL MARGARET (Bill and Margaret Mason, heirs) 0.169 8/1/2018 YES
77385 PITTS JOHN A 0.993 8/1/2018 YES
73493 RAIDEN GAYLON & KAY formerly BEWLEY MARK & SHEILA 17.558 2.797 8/1/2018 YES
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163.594 8.965

1.244 0.436

6.212 5.02
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79951 RAMSEY MARK ET AL C/O JOE RAMSEY 53.759 2.242 8/1/2018 YES
78533 RAMSEY MARK ET AL C/O JOE RAMSEY 47.714 8/1/2018 YES
79950 RAMSEY MATTHEW ET AL 28.629 3.344 8/1/2018 YES
82978 REED JOSEPH, JR., WESLEY REED & JOHN REED C/O WESLEY MARTIN REED 8/1/2018 YES
82978 REED JOSEPH, JR., WESLEY REED & JOHN REED C/O WESLEY MARTIN REED 8/1/2018 YES
82981 REED JOSEPH, JR., WESLEY REED & JOHN REED C/O WESLEY MARTIN REED 8/1/2018 YES
82979 REED JOSEPH, JR., WESLEY REED & JOHN REED C/O WESLEY MARTIN REED 8/1/2018 YES
74092 REED JOSEPH, JR., WESLEY REED & JOHN REED C/O WESLEY MARTIN REED 8/1/2018 YES
75782 REED JOSEPH, JR., WESLEY REED & JOHN REED C/O WESLEY MARTIN REED 8/1/2018 YES
78155 REED JOSEPH, JR., WESLEY REED & JOHN REED C/O WESLEY MARTIN REED 8/1/2018 YES
79843 ROBERTSON LLOYD B & BARBARA J LIVING TRUST 68.201 9.487 8/1/2018 YES
78378 ROBINSON FAMILY TRUST WILLIAM & DORIS ROBINSON TRUSTEES 8/1/2018 YES
70738 RYSER BILLY WAYNE 8/1/2018 YES
79613 RYSER BILLY WAYNE 8/1/2018 YES
70741 RYSER BILLY WAYNE 8/1/2018 YES
70740 RYSER BILLY WAYNE 8/1/2018 YES
75773 RYSER BILLY WAYNE 8/1/2018 YES
70187 RYSER BILLY WAYNE & PHYLLIS JANE RYSER 8/1/2018 YES
79949 RYSER BROTHERS PARTNERSHIP 8/1/2018 YES
79840 RYSER CHARLES 8/1/2018 YES
79614 RYSER CHARLES 8/1/2018 YES
78534 RYSER CHARLES 8/1/2018 YES
74265 RYSER CHARLES 8/1/2018 YES
75774 RYSER CHARLES 8/1/2018 YES
75775 RYSER CHARLES 8/1/2018 YES
79841 RYSER CHARLES 8/1/2018 YES
70088 RYSER CHARLES 8/1/2018 YES
85804 SADEGHIAN KHOSROW 51.007 8/1/2018 YES

108115 SANDERS, LOYD & KAY 30.802 8/1/2018 YES
86011 QUINN, HEIDI 1998 TRUST formerly SCHOENIG RANCH, INC 2.032 8/1/2018 YES
71993 SED PROPERTIES INC 8/1/2018 YES
78326 SMITH H Y % RAYMOND SMITH 0.001 1.427 8/1/2018 YES
86009 SMITH RUSSELL R 8/1/2018 YES
70121 SMITH RUSSELL R 8/1/2018 YES
83005 SMITH RUSSELL R 8/1/2018 YES
86010 SMITH RUSSELL R 8/1/2018 YES
86491 SMITH RUSSELL R 8/1/2018 YES
70093 STUBBS B R 8/1/2018 YES
85676 STUBBS B R 8/1/2018 YES
85677 STUBBS B R 8/1/2018 YES
81201 TAYLOR SUSAN LAUGHLIN & GREGORY 35.052 2.231 8/1/2018 YES
83136 TUBBS GERALD J 8/1/2018 YES
85799 TUBBS GERALD J 8/1/2018 YES
70186 TUBBS GERALD J 8/1/2018 YES
74464 TUCKER GRACE MARGARET C/O JARRETT LEON TUCKER 8/1/2018 YES
78416 TUCKER GRACE MARGARET C/O JARRETT LEON TUCKER 8/1/2018 YES
78417 TUCKER GRACE MARGARET C/O JARRETT LEON TUCKER 8/1/2018 YES
81144 TUCKER JARRETT 8/1/2018 YES
75979 TUCKER JARRETT 8/1/2018 YES
86348 TUCKER JARRETT LEON 8/1/2018 YES
81142 TUCKER JARRETT LEON 8/1/2018 YES
81141 TUCKER JARRETT LEON 8/1/2018 YES
79603 TUCKER JARRETT LEON 8/1/2018 YES
81139 TUCKER JARRETT LEON 8/1/2018 YES
81145 TUCKER JARRETT LEON 8/1/2018 YES
70194 WALKER CAROL MOCH 0.286 0.294 8/1/2018 YES
72688 WALKER MADA 0.265 8/1/2018 YES

100558 WALKER TRUST C/O MARGARET WALKER 0.508 8/1/2018 YES
78156 WITCHER FAMILY TRUST #1998 8/1/2018 YES
78157 WITCHER FAMILY TRUST #1998 8/1/2018 YES
83968 WITCHER FAMILY TRUST #1998 8/1/2018 YES
75843 WITCHER FAMILY TRUST #1998 8/1/2018 YES
78989 WITCHER FAMILY TRUST #1998 8/1/2018 YES
78991 WITCHER FAMILY TRUST #1998 8/1/2018 YES
109899 WITCHER FAMILY TRUST #1998 8/1/2018 YES

81161
WORTHEY, DAVID & SHARLEEN formerly HITCHCOCK CARLETON
SKAF, MARILYN & RASHID 9.963 14.335 8/1/2018 YES

70091 YARBROUGH CHARLES MICHAEL & JOHN E. 8/1/2018 YES
86006 YARBROUGH CHARLES MICHAEL & JOHN E. 8/1/2018 YES
70119 YARBROUGH CHARLES MICHAEL & JOHN E. 8/1/2018 YES
70089 YARBROUGH CHARLES MICHAEL & JOHN E. formerly WHITE ALFRED 8/1/2018 YES
70090 YARBROUGH CHARLES MICHAEL & JOHN E. formerly WHITE ALFRED 8/1/2018 YES
70084 YARBROUGH JOHN & CHARLES M 8/1/2018 YES
75776 YARBROUGH JOHN & CHARLES M 8/1/2018 YES

306.227

182.824

939.347 43.91

149.006

573.5 55.04
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72001 Cutts, David and Jean 0.224 8/1/2018 YES
110864 Webster, Judy 8/1/2018 YES
99204 Royse, Jason & Kelly 8/1/2018 YES
86492 Allen, Jessie and Helen 8/1/2018 YES
86493 Allen, Jessie and Helen 8/1/2018 YES



The treated water pipeline is currently in preliminary design, so actual easements needed are not known 
at this time.  However, the corridor and alignment study are underway, so the provided tables 
summarize the current landowners that are impacted by the study limits and the required easements 
will come from within this list of affected landowners.   

North Texas Municipal
Water District

Part D. 64 - Treated Water 
Pipeline Property - 
Description
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SWIFT - Schedule for Multi-Year Commitments

Current Total
Cost Escalation Cost

Total by Project
Lower Bois d'Arc Creek Reservior

Reimbursements (Authorized and to be Authorized) 20,196,000$        0% 20,196,000$        
FY18 (12/2017 - 11/2018) 449,243,000$      3% 462,720,290$      
FY19 (12/2018 - 11/2019) 216,783,000$      6% 229,789,980$      
FY20 (12/2019 - 11/2020) a 109,000$              9% 118,810$              
FY21 (12/2020 - 11/2021) a 109,000$              12% 122,080$              
FY22 (12/2021 - 11/2022) a 109,000$              15% 125,350$              

686,549,000$      713,072,510$      
Treatment & Treated Water Distribution

Reimbursements (Authorized and to be Authorized) 22,543,000$        0% 22,543,000$        
FY18 (12/2017 - 11/2018) 32,962,000$        3% 33,950,860$        
FY19 (12/2018 - 11/2019) 328,149,000$      6% 347,837,940$      
FY20 (12/2019 - 11/2020) -$  9% -$  
FY21 (12/2020 - 11/2021) -$  12% -$  
FY22 (12/2021 - 11/2022) -$  15% -$  

383,654,000$      404,331,800$      

Total by Project 1,070,203,000$  1,117,404,310$  

Total by SWIFT Bond Year
Reimbursements (Authorized and to be Authorized) 42,739,000$        0% 42,739,000$        
FY18 (12/2017 - 11/2018) 482,205,000$      3% 496,671,150$      
FY19 (12/2018 - 11/2019) 544,932,000$      6% 577,627,920$      
FY20 (12/2019 - 11/2020) a 109,000$              9% 118,810$              
FY21 (12/2020 - 11/2021) a 109,000$              12% 122,080$              
FY22 (12/2021 - 11/2022) a 109,000$              15% 125,350$              

Total by SWIFT Bond Year 1,070,203,000$  1,117,404,310$  
- - 

a - To be Included in FY19 Bond Issue.
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RESOLUTION AUTHORIZING THE ISSUANCE, SALE, AND DELIVERY OF
NORTH TEXAS MUNICIPAL WATER DISTRICT WATER SYSTEM REVENUE
BONDS, SERIES 2017; AND APPROVING AND AUTHORIZING
INSTRUMENTS AND PROCEDURES RELATING THERETO

WHEREAS, North Texas Municipal Water District (the "Issuer") is a political subdivision
of the State of Texas, being a conservation and reclamation district created and functioning under
Article 16, Section 59 of the Texas Constitution, pursuant to Chapter 62, Acts of 1951, 52nd
Legislature of Texas, Regular Session, as amended (the "Act");

WHEREAS, the Board of Directors of the Issuer is authorized to issue the bonds hereinafter
authorized pursuant to the Act, Chapter 791, Texas Government Code, as amended, and other
applicable laws; and

WHEREAS, by adoption of its Resolution No. 17-___ Approving an Application for
Financial Assistance, dated _______, 2017, the Texas Water Development Board ("TWDB") has
agreed to purchase the Issuer's hereinafter authorized bonds.

THEREFORE, BE IT RESOLVED BY THE BOARD OF DIRECTORS OF NORTH
TEXAS MUNICIPAL WATER DISTRICT THAT:

Section 1.  AMOUNT AND PURPOSE OF THE BONDS.  The bond or bonds of North
Texas Municipal Water District (the "Issuer") are hereby authorized to be issued and delivered in
the aggregate principal amount of $__________, FOR THE PURPOSE OF PROVIDING FUNDS
(i) FOR IMPROVING THE NORTH TEXAS MUNICIPAL WATER DISTRICT WATER
SYSTEM, INCLUDING PAYING PRECONSTRUCTION COSTS RELATING TO THE LOWER
BOIS D'ARC CREEK RESERVOIR, LEONARD WATER TREATMENT PLANT, AND
ASSOCIATED PIPELINES, (ii) TO FUND A RESERVE FUND FOR THE BONDS, AND (iii) TO
PAY COSTS OF ISSUANCE OF THE BONDS.

Section 2.  DESIGNATION OF THE BONDS.  Each bond issued pursuant to this Resolution
shall be designated: "NORTH TEXAS MUNICIPAL WATER DISTRICT WATER SYSTEM
REVENUE BOND, SERIES 2017", and initially there shall be issued, sold, and delivered hereunder
a single fully registered bond, without interest coupons, payable in installments of principal (the
"Initial Bond"), but the Initial Bond may be assigned and transferred and/or converted into and
exchanged for a like aggregate principal amount of fully registered bonds, without interest coupons,
having serial maturities, and in the denomination or denominations of $5,000 or any integral multi-
ple of $5,000, all in the manner hereinafter provided.  The term "Bonds" as used in this Resolution
shall mean and include collectively the Initial Bond and all substitute bonds exchanged therefor, as
well as all other substitute bonds and replacement bonds issued pursuant hereto, and the term
"Bond" shall mean any of the Bonds.

Section 3.  INITIAL DATE, DENOMINATION, NUMBER, MATURITIES, INITIAL
REGISTERED OWNER, AND CHARACTERISTICS OF THE INITIAL BOND. 

(a) The Initial Bond is hereby authorized to be issued, sold,  and delivered hereunder as
a single fully registered Bond, without interest coupons, dated ___________ 1, 2017, in the
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denomination and aggregate principal amount of $__________, numbered TR-1, payable in annual
installments of principal to the initial registered owner thereof, to-wit: Texas Water Development
Board, or to the registered assignee or assignees of said Bond or any portion or portions thereof (in
each case, the "registered owner"), with the annual installments of principal of the Initial Bond to
be payable on the dates, respectively, and in the principal amounts, respectively, stated in the FORM
OF INITIAL BOND set forth in this Resolution.

(b) The Initial Bond (i) may be prepaid or redeemed prior to the respective scheduled due
dates of installments of principal thereof, (ii) may be assigned and transferred, (iii) may be converted
and exchanged for other Bonds, (iv) shall have the characteristics, and (v) shall be signed and sealed,
and the principal of and interest on the Initial Bond shall be payable, all as provided, and in the
manner required or indicated, in the FORM OF INITIAL BOND set forth in this Resolution.

Section 4.  INTEREST.  The unpaid principal balance of the Initial Bond shall bear interest
from the date of delivery (the "Issue Date") the Initial Bond to the TWDB to the respective
scheduled due dates, or to the respective dates of prepayment or redemption, of the installments of
principal of the Initial Bond, and said interest shall be payable, all in the manner provided and at the
rates and on the dates stated in the FORM OF INITIAL BOND set forth in this Resolution.

Section 5.  FORM OF INITIAL BOND.  The form of the Initial Bond, including the form
of Registration Certificate of the Comptroller of Public Accounts of the State of Texas to be
endorsed on the Initial Bond, shall be substantially as follows:

FORM OF INITIAL BOND
NO. TR-1  $___________

UNITED STATES OF AMERICA
STATE OF TEXAS

NORTH TEXAS MUNICIPAL WATER DISTRICT
WATER SYSTEM REVENUE BOND,

SERIES 2017

NORTH TEXAS MUNICIPAL WATER DISTRICT (the "Issuer"), being a political
subdivision of the State of Texas, hereby promises to pay to TEXAS WATER DEVELOPMENT
BOARD (the "TWDB"), or to the registered assignee or assignees of this Bond or any portion or
portions hereof (in each case, the "registered owner") the aggregate principal amount of _______
____________________________________ AND __/100 DOLLARS in annual installments of
principal due and payable on SEPTEMBER 1 in each of the years, and in the respective principal
amounts, as set forth in the following schedule:
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Year
Principal 
Amount Year

Principal
Amount

and to pay interest, calculated on the basis of a 360-day year  composed of twelve 30-day months,
from the date of delivery of this Bond to the TWDB, on the balance of each such installment of
principal, respectively, from time to time remaining unpaid, at the rates as follows: 

Year Rate Year Rate

with said interest being payable semiannually on each March 1 and September 1 commencing 
March 1, 2018, while this Bond or any portion hereof is outstanding and unpaid.

THE INSTALLMENTS OF PRINCIPAL OF AND THE INTEREST ON this Bond are
payable in lawful money of the United States of America, without exchange or collection charges. 
The installments of principal and the interest on this Bond are payable to the registered owner hereof
through the services of THE BANK OF NEW YORK MELLON TRUST COMPANY, NATIONAL
ASSOCIATION, in Dallas, Texas, which is the "Paying Agent/Registrar" for this Bond.  Payment
of all principal of and interest on this Bond shall be made by the Paying Agent/ Registrar to the
registered owner hereof on each principal and/or interest payment date by check dated as of such
date, drawn by the Paying Agent/Registrar on, and payable solely from, funds of the Issuer required
by the resolution authorizing the issuance of this Bond (the "Bond Resolution") to be on deposit with
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the Paying Agent/Registrar for such purpose as hereinafter provided; and such check shall be sent
by the Paying Agent/Registrar by United States mail, first-class postage prepaid, on each such
principal and/or interest payment date, to the registered owner hereof, at the address of the registered
owner, as it appeared on the 15th day of the month next preceding each such date (the "Record
Date") on the Registration Books kept by the Paying Agent/Registrar, as hereinafter described;
provided that, if the TWDB is the registered owner of this Bond, at the option of the TWDB and at
the expense of the Issuer, such payment shall be made by wire transfer pursuant to written directions
of the TWDB.  The Issuer covenants with the registered owner of this Bond that on or before each
principal and/or interest payment date for this Bond it will make available to the Paying
Agent/Registrar, from the "Interest and Redemption Fund" created by the Bond Resolution, the
amounts required to provide for the payment, in immediately available funds, of all principal of and
interest on this Bond, when due.

IF THE DATE for the payment of the principal of or interest on this Bond shall be a
Saturday, Sunday, a legal holiday, or a day on which banking institutions in the City where the
Paying Agent/Registrar is located are authorized by law or executive order to close, then the date
for such payment shall be the next succeeding day which is not such a Saturday, Sunday, legal
holiday, or day on which banking institutions are authorized to close; and payment on such date
shall have the same force and effect as if made on the original date payment was due.

THIS BOND has been authorized in accordance with the Constitution and laws of the State
of Texas in the principal amount of $___________ FOR THE PURPOSE OF PROVIDING FUNDS
FOR IMPROVING THE NORTH TEXAS MUNICIPAL WATER DISTRICT WATER SYSTEM.

ON MARCH 1, 2028, or on any date whatsoever thereafter, the unpaid installments of
principal of this Bond may be prepaid or redeemed prior to their scheduled due dates, at the option
of the Issuer, with funds derived from any available source, as a whole, or in part, and, if in part, in
inverse order of principal installments.  If less than a whole principal installment is to be prepaid or
redeemed, the portion thereof to be prepaid or redeemed shall be selected by the Paying
Agent/Registrar by lot or other customary method (provided that a portion of this Bond may be
redeemed only in an integral multiple of $5,000), at the prepayment or redemption price of the
principal amount thereof, plus accrued interest to the date fixed for prepayment or redemption. 

AT LEAST 30 days prior to the date fixed for any such prepayment or redemption a written
notice of such prepayment or redemption shall be mailed by the Paying Agent/Registrar to the
registered owner hereof.  By the date fixed for any such prepayment or redemption due provision
shall be made by the Issuer with the Paying Agent/Registrar for the payment of the required prepay-
ment or redemption price for this Bond or the portion hereof which is to be so prepaid or redeemed,
plus accrued interest thereon to the date fixed for prepayment or redemption.  If such written notice
of prepayment or redemption is given, and if due provision for such payment is made, all as
provided above, this Bond, or the portion thereof which is to be so prepaid or redeemed, thereby
automatically shall be treated as prepaid or redeemed prior to its scheduled due date, and shall not
bear interest after the date fixed for its prepayment or redemption, and shall not be regarded as being
outstanding except for the right of the registered owner to receive the prepayment or redemption
price plus accrued interest to the date fixed for prepayment or redemption from the Paying
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Agent/Registrar out of the funds provided for such payment.  The Paying Agent/Registrar shall
record in the Registration Books all such prepayments or redemptions of principal of this Bond or
any portion hereof.

THIS BOND, to the extent of the unpaid or unredeemed principal balance hereof, or any
unpaid and unredeemed portion hereof in any integral multiple of $5,000, may be assigned by the
initial registered owner hereof and shall be transferred only in the Registration Books of the Issuer
kept by the Paying Agent/Registrar acting in the capacity of registrar for the Bonds, upon the terms
and conditions set forth in the Bond Resolution.  Among other requirements for such transfer, this
Bond must be presented and surrendered to the Paying Agent/Registrar for cancellation, together
with proper instruments of assignment, in form and with guarantee of signatures satisfactory to the
Paying Agent/Registrar, evidencing assignment by the initial registered owner of this Bond, or any
portion or portions hereof in any integral multiple of $5,000, to the assignee or assignees in whose
name or names this Bond or any such portion or portions hereof is or are to be transferred and
registered.  Any instrument or instruments of assignment satisfactory to the Paying Agent/Registrar
may be used to evidence the assignment of this Bond or any such portion or portions hereof by the
initial registered owner hereof.  A new bond or bonds payable to such assignee or assignees (which
then will be the new registered owner or owners of such new Bond or Bonds) or to the initial
registered owner as to any portion of this Bond which is not being assigned and transferred by the
initial registered owner, shall be delivered by the Paying Agent/Registrar in conversion of and
exchange for this Bond or any portion or portions hereof, but solely in the form and manner as
provided in the next paragraph hereof for the conversion and exchange of this Bond or any portion
hereof.  The registered owner of this Bond shall be deemed and treated by the Issuer and the Paying
Agent/Registrar as the absolute owner hereof for all purposes, including payment and discharge of
liability upon this Bond to the extent of such payment, and the Issuer and the Paying Agent/Registrar
shall not be affected by any notice to the contrary.

AS PROVIDED above and in the Bond Resolution, this Bond, to the extent of the unpaid
or unredeemed principal balance hereof, may be converted into and exchanged for a like aggregate
principal amount of fully registered bonds, without interest coupons, payable to the assignee or
assignees duly designated in writing by the initial registered owner hereof, or to the initial registered
owner as to any portion of this Bond which is not being assigned and transferred by the initial
registered owner, in any denomination or denominations in any integral multiple of $5,000 (subject
to the requirement hereinafter stated that each substitute bond issued in exchange for any portion
of this Bond shall have a single stated principal maturity date), upon surrender of this Bond to the
Paying Agent/Registrar for cancellation, all in accordance with the form and procedures set forth
in the Bond Resolution.  If this Bond or any portion hereof is assigned and transferred or converted
each bond issued in exchange for any portion hereof shall have a single stated principal maturity
date corresponding to the due date of the installment of principal of this Bond or portion hereof for
which the substitute bond is being exchanged, and shall bear interest at the rate applicable to and
borne by such installment of principal or portion thereof.  Such bonds, respectively, shall be subject
to redemption prior to maturity on the same dates and for the same prices as the corresponding
installment of principal of this Bond or portion hereof for which they are being exchanged.  No such
bond shall be payable in installments, but shall have only one stated principal maturity date.  AS
PROVIDED IN THE BOND RESOLUTION, THIS BOND IN ITS PRESENT FORM MAY BE
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ASSIGNED AND TRANSFERRED OR CONVERTED ONCE ONLY, and to one or more
assignees, but the bonds issued and delivered in exchange for this Bond or any portion hereof may
be assigned and transferred, and converted, subsequently, as provided in the Bond Resolution.  The
Issuer shall pay the Paying Agent/Registrar's standard or customary fees and charges for
transferring, converting, and exchanging this Bond or any portion thereof, but the one requesting
such transfer, conversion, and exchange shall pay any taxes or governmental charges required to be
paid with respect thereto.  The Paying Agent/Registrar shall not be required to make any such
assignment, conversion, or exchange (i) during the period commencing with the close of business
on any Record Date and ending with the opening of business on the next following principal or
interest payment date, or, (ii) with respect to any Bond or portion thereof called for prepayment or
redemption prior to maturity, within 45 days prior to its prepayment or redemption date.

IN THE EVENT any Paying Agent/Registrar for this Bond is changed by the Issuer, resigns,
or otherwise ceases to act as such, the Issuer has covenanted in the Bond Resolution that it promptly
will appoint a competent and legally qualified substitute therefor, and promptly will cause written
notice thereof to be mailed to the registered owner of this Bond.

IT IS HEREBY certified, recited, and covenanted that this Bond has been duly and validly
authorized, issued, and delivered; that all acts, conditions, and things required or proper to be
performed, exist, and be done precedent to or in the authorization, issuance, and delivery of this
Bond have been performed, existed, and been done in accordance with law; that this Bond is a
special obligation of the Issuer which, together with other bonds, are secured by and payable from
a first lien on and pledge of the "Pledged Revenues" as defined in the Bond Resolution, which
include the "Net Revenues of the District’s Water System", as defined in the Bond Resolution,
including specifically revenues derived pursuant to existing water supply contracts between the
Issuer and the Cities of Allen, Farmersville, Forney, Frisco, Garland, McKinney, Mesquite, Plano,
Princeton, Richardson, Rockwall, Royse City, and Wylie, Texas, which cities are currently the
Member Cities constituting the territory and boundaries of the Issuer, water supply contracts relating
to the District’s Water System with any other cities which hereafter may become Member Cities,
and water supply contracts with other cities and customers in connection with the District’s Water
System.

THE ISSUER has reserved the right, subject to the restrictions stated in the Bond Resolution,
to issue Additional Bonds payable from and secured by a first lien on and pledge of the "Pledged
Revenues" on a parity with this Bond.

THE ISSUER also has reserved the right to amend the Bond Resolution with the approval
of the registered owners of 51% in principal amount of all outstanding bonds secured by and payable
from a first lien on and pledge of the "Pledged Revenues".

THE REGISTERED OWNER hereof shall never have the right to demand payment of this
Bond or the interest hereon out of any funds raised or to be raised by taxation or from any source
whatsoever other than specified in the Bond Resolution.

BY BECOMING the registered owner of this Bond, the registered owner thereby
acknowledges all of the terms and provisions of the Bond Resolution, agrees to be bound by such

6



terms and provisions, acknowledges that the Bond Resolution is duly recorded and available for
inspection in the official minutes and records of the governing body of the Issuer, and agrees that
the terms and provisions of this Bond and the Bond Resolution constitute a contract between the
registered owner hereof and the Issuer.

IN WITNESS WHEREOF, the Issuer has caused this Bond to be signed with the manual
signature of the President of the Board of Directors of the Issuer and attested and countersigned with
the manual  signature of the Secretary of the Board of  Directors of the Issuer, has caused the 
official seal of the Issuer  to be duly impressed on  this Bond, and has  caused this  Bond to be  dated 
___________ 1, 2017.

                    xxxxx                                             xxxxx                                 
Secretary, Board of Directors, President, Board of Directors,
North Texas Municipal Water District North Texas Municipal Water District 

(DISTRICT SEAL)

FORM OF REGISTRATION CERTIFICATE OF THE
COMPTROLLER OF PUBLIC ACCOUNTS:

COMPTROLLER'S REGISTRATION CERTIFICATE:  REGISTER NO.

I hereby certify that this Bond has been examined, certified as to validity, and approved by
the Attorney General of the State of Texas, and that this Bond has been registered by the
Comptroller of Public Accounts of the State of Texas.

Witness my signature and seal this

 __________________________________________
 Comptroller of Public Accounts of the State of Texas

(COMPTROLLER'S SEAL)

Section 6.  ADDITIONAL CHARACTERISTICS OF THE BONDS. Registration and
Transfer.  (a)  The Issuer shall keep or cause to be kept at the principal corporate trust office of THE
BANK OF NEW YORK MELLON TRUST COMPANY, NATIONAL ASSOCIATION, in Dallas,
Texas (the "Paying Agent/Registrar") books or records of the registration and transfer of the Bonds
(the "Registration Books"), and the Issuer hereby appoints the Paying Agent/Registrar as its registrar
and transfer agent to keep such books or records and make such transfers and registrations under
such reasonable regulations as the Issuer and Paying Agent/Registrar may prescribe; and the Paying
Agent/Registrar shall make such transfers and registrations as herein provided.  The Paying
Agent/Registrar shall obtain and record in the Registration Books the address of the registered owner
of each Bond to which payments with respect to the Bonds shall be mailed, as herein provided; but
it shall be the duty of each registered owner to notify the Paying Agent/Registrar in writing of the
address to which payments shall be mailed, and such interest payments shall not be mailed unless
such notice has been given.  The Issuer shall have the right to inspect the Registration Books during
regular business hours of the Paying Agent/Registrar, but otherwise the Paying Agent/Registrar shall

7



keep the Registration Books confidential and, unless otherwise required by law, shall not permit
their inspection by any other entity.  Registration of each Bond may be transferred in the Registra-
tion Books only upon presentation and surrender of such Bond to the Paying Agent/Registrar for
transfer of registration and cancellation, together with proper written instruments of assignment, in
form and with guarantee of signatures satisfactory to the Paying Agent/Registrar, evidencing (i) the
assignment of the Bond, or any portion thereof in any integral multiple of $5,000, to the assignee
or assignees thereof, and (ii) the right of such assignee or assignees to have the Bond or any such
portion thereof registered in the name of such  assignee or assignees.  Upon the assignment and
transfer of any Bond or any portion thereof, a new substitute Bond or Bonds shall be issued in
conversion and exchange therefor in the manner herein provided.  The Initial Bond, to the extent of
the unpaid or unredeemed principal balance thereof, may be assigned and transferred by the initial
registered owner thereof once only, and to one or more assignees designated in writing by the initial
registered owner thereof.  All Bonds issued and delivered in conversion of and exchange for the
Initial Bond shall be in any denomination or denominations of any integral multiple of $5,000
(subject to the requirement hereinafter stated that each substitute Bond shall have a single stated
principal maturity date), shall be in the form prescribed in the FORM OF SUBSTITUTE BOND set
forth in this Resolution, and shall have the characteristics, and may be assigned, transferred, and
converted as hereinafter provided.  If the Initial Bond or any portion thereof is assigned and
transferred or converted the Initial Bond must be surrendered to the Paying Agent/Registrar for
cancellation, and each Bond issued in exchange for any portion of the Initial Bond shall have a
single stated principal maturity date, and shall not be payable in installments; and each such Bond
shall have a principal maturity date corresponding to the due date of the installment of principal or
portion thereof for which the substitute Bond is being exchanged; and each such Bond shall bear
interest at the single rate applicable to and borne by such installment of principal or portion thereof
for which it is being exchanged.  If only a portion of the Initial Bond is assigned and transferred,
there shall be delivered to and registered in the name of the initial registered owner substitute Bonds
in exchange for the unassigned balance of the Initial Bond in the same manner as if the initial
registered owner were the assignee thereof.  If any Bond or portion thereof other than the Initial
Bond is assigned and transferred or converted each Bond issued in exchange therefor shall have the
same principal maturity date and bear interest at the same rate as the Bond for which it is exchanged. 
A form of assignment shall be printed or endorsed on each Bond, excepting the Initial Bond, which
shall be executed by the registered owner or its duly authorized attorney or representative to
evidence an assignment thereof.  Upon surrender of any Bonds or any portion or portions thereof
for transfer of registration, an authorized representative of the Paying Agent/Registrar shall make
such transfer in the Registration Books, and shall deliver a new fully registered substitute Bond or
Bonds, having the characteristics herein described, payable to such assignee or assignees (which
then will be the registered owner or owners of such new Bond or Bonds), or to the previous
registered owner in case only a portion of a Bond is being assigned and transferred, all in conversion
of and exchange for said assigned Bond or Bonds or any portion or portions thereof, in the same
form and manner, and with the same effect, as provided in Section 6(d), below, for the conversion
and exchange of Bonds by any registered owner of a Bond.  The Issuer shall pay the Paying
Agent/Registrar's standard or customary fees and charges for making such transfer and delivery of
a substitute Bond or Bonds, but the one requesting such transfer shall pay any taxes or other
governmental charges required to be paid with respect thereto.  The Paying Agent/Registrar shall
not be required to make transfers of registration of any Bond or any portion thereof (i) during the
period commencing with the close of business on any Record Date and ending with the opening of
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business on the next following principal or interest payment date, or, (ii) with respect to any Bond
or any portion thereof called for redemption prior to maturity, within 45 days prior to its redemption
date.

(b) Ownership of Bonds.  The entity in whose name any Bond shall be registered in the
Registration Books at any time shall be deemed and treated as the absolute owner thereof for all
purposes of this Resolution, whether or not such Bond shall be overdue, and the Issuer and the
Paying Agent/Registrar shall not be affected by any notice to the contrary; and payment of, or on
account of, the principal of, premium, if any, and interest on any such Bond shall be made only to
such registered owner.  All such payments shall be valid and effectual to satisfy and discharge the
liability upon such Bond to the extent of the sum or sums so paid.

(c) Payment of Bonds and Interest.  The Issuer hereby further appoints the Paying
Agent/Registrar to act as the paying agent for paying the principal of and interest on the Bonds, and
to act as its agent to convert and exchange or replace Bonds, all as provided in this Resolution.  The
Paying Agent/Registrar shall keep proper records of all payments made by the Issuer and the Paying
Agent/Registrar with respect to the Bonds, and of all conversions and exchanges of Bonds, and all
replacements of Bonds, as provided in this Resolution.

(d) Conversion and Exchange or Replacement; Authentication.  Each Bond issued and
delivered pursuant to this Resolution, to the extent of the unpaid or unredeemed principal balance
or principal amount thereof, may, upon surrender of such Bond at the principal corporate trust office
of the Paying Agent/Registrar, together with a written request therefor duly executed by the
registered owner or the assignee or assignees thereof, or its or their duly authorized attorneys or
representatives, with guarantee of signatures satisfactory to the Paying Agent/Registrar, may, at the
option of the registered owner or such assignee or assignees, as appropriate, be converted into and
exchanged for fully registered bonds, without interest coupons, in the form prescribed in the FORM
OF SUBSTITUTE BOND set forth in this Resolution, in the denomination of $5,000, or any integral
multiple of $5,000 (subject to the requirement hereinafter stated that each substitute Bond shall have
a single stated maturity date), as requested in writing by such registered owner or such assignee or
assignees, in an aggregate principal amount equal to the unpaid or unredeemed principal balance or
principal amount of any Bond or Bonds so surrendered, and payable to the appropriate registered
owner, assignee, or assignees, as the case may be.  If the Initial Bond is assigned and transferred or
converted each substitute Bond issued in exchange for any portion of the Initial Bond shall have a
single stated principal maturity date, and shall not be payable in installments; and each such Bond
shall have a principal maturity date corresponding to the due date of the installment of principal or
portion thereof for which the substitute Bond is being exchanged; and each such Bond shall bear
interest at the single rate applicable to and borne by such installment of principal or portion thereof
for which it is being exchanged.  If a portion of any Bond (other than the Initial Bond) shall be
redeemed prior to its scheduled maturity as provided herein, a substitute Bond or Bonds having the
same maturity date, bearing interest at the same rate, in the denomination or denominations of any
integral multiple of $5,000 at the request of the registered owner, and in aggregate principal amount
equal to the unredeemed portion thereof, will be issued to the registered owner upon surrender
thereof for cancellation.  If any Bond or portion thereof (other than the Initial Bond) is assigned and
transferred or converted, each Bond issued in exchange therefor shall have the same principal
maturity date and bear interest at the same rate as the Bond for which it is being exchanged.  Each
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substitute Bond shall bear a letter and/or number to distinguish it from each other Bond.  The Paying
Agent/Registrar shall convert and exchange or replace Bonds as provided herein, and each fully
registered Bond delivered in conversion of and exchange for or replacement of any Bond or portion
thereof as permitted or required by any provision of this Resolution shall constitute one of the Bonds
for all purposes of this Resolution, and may again be converted and exchanged or replaced.  It is
specifically provided that any Bond authenticated in conversion of and exchange for or replacement
of another Bond on or prior to the first scheduled Record Date for the Initial Bond shall bear interest
from the date of the Initial Bond, but each substitute Bond so authenticated after such first scheduled
Record Date shall bear interest from the interest payment date next preceding the date on which such
substitute Bond was so authenticated, unless such Bond is authenticated after any Record Date but
on or before the next following interest payment date, in which case it shall bear interest from such
next following interest payment date; provided, however, that if at the time of delivery of any
substitute Bond the interest on the Bond for which it is being exchanged is due but has not been
paid, then such Bond shall bear interest from the date to which such interest has been paid in full. 
THE INITIAL BOND issued and delivered pursuant to this Resolution is not required to be, and
shall not be, authenticated by the Paying Agent/Registrar, but on each substitute Bond issued in
conversion of and exchange for or replacement of any Bond or Bonds issued under this Resolution
there shall be printed a Paying Agent/Registrar's Certificate, in the form set forth following the
FORM OF SUBSTITUTION OF BOND.  An authorized representative of the Paying
Agent/Registrar shall, before the delivery of any such Bond, date and manually sign the Paying
Agent/Registrar's Certificate, and no such Bond shall be deemed to be issued or outstanding unless
the Paying Agent/Registrar's Certificate is so executed.  The Paying Agent/Registrar promptly shall
cancel all Bonds surrendered for conversion and exchange or replacement.  No additional
ordinances, orders, or resolutions need be passed or adopted by the governing body of the Issuer or
any other body or person so as to accomplish the foregoing conversion and exchange or replacement
of any Bond or portion thereof, and the Paying Agent/Registrar shall provide for the printing, execu-
tion, and delivery of the substitute Bonds in the manner prescribed herein, and said Bonds shall be
of type composition printed on paper with lithographed or steel engraved borders of customary
weight and strength.  Pursuant to Section 1201.067, Texas Government Code, the duty of conversion
and exchange or replacement of Bonds as aforesaid is hereby imposed upon the Paying
Agent/Registrar, and, upon the execution of the above Paying Agent/Registrar's Authentication
Certificate, the converted and exchanged or replaced Bond shall be valid, incontestable, and
enforceable in the same manner and with the same effect as the Initial Bond which originally was
issued pursuant to this Resolution, approved by the Attorney General, and registered by the
Comptroller of Public Accounts.  The Issuer shall pay the Paying Agent/Registrar's standard or
customary fees and charges for transferring, converting, and exchanging any Bond or any portion
thereof, but the one requesting any such transfer, conversion, and exchange shall pay any taxes or
governmental charges required to be paid with respect thereto as a condition precedent to the
exercise of such privilege of conversion and exchange.  The Paying Agent/Registrar shall not be
required to make any such conversion and exchange or replacement of Bonds or any portion thereof
(i) during the period commencing with the close of business on any Record Date and ending with
the opening of business on the next following principal or interest payment date, or, (ii) with respect
to any Bond or portion thereof called for redemption prior to maturity, within 45 days prior to its
redemption date.
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(e) In General.  All Bonds issued in conversion and exchange or replacement of any
other Bond or portion thereof, (i) shall be issued in fully registered form, without interest coupons,
with the principal of and interest on such Bonds to be payable only to the registered owners thereof,
(ii) may be redeemed prior to their scheduled maturities, (iii) may be transferred and assigned, (iv)
may be converted and exchanged for other Bonds, (v) shall have the characteristics, (vi) shall be
signed and sealed, and (vii) the principal of and interest on the Bonds shall be payable, all as
provided, and in the manner required or indicated, in the FORM OF SUBSTITUTE BOND set forth
in this Resolution.

(f) Payment of Fees and Charges.  The Issuer hereby covenants with the registered
owners of the Bonds that it will (i) pay the standard or customary fees and charges of the Paying
Agent/Registrar for its services with respect to the payment of the principal of and interest on the
Bonds, when due, and (ii) pay the fees and charges of the Paying Agent/Registrar for services with
respect to the transfer of registration of Bonds, and with respect to the conversion and exchange of
Bonds solely to the extent above provided in this Resolution.

(g) Substitute Paying Agent/Registrar.  The Issuer covenants with the registered owners
of the Bonds that at all times while the Bonds are outstanding the Issuer will provide a competent
and legally qualified bank, trust company, financial institution, or other agency to act as and perform
the services of Paying Agent/Registrar for the Bonds under this Resolution, and that the Paying
Agent/Registrar will be one entity.  The Issuer reserves the right to, and may, at its option, change
the Paying Agent/Registrar upon not less than 120 days written notice to the Paying Agent/Registrar,
to be effective not later than 60 days prior to the next principal or interest payment date after such
notice.  In the event that the entity at any time acting as Paying Agent/Registrar (or its successor by
merger, acquisition, or other method) should resign or otherwise cease to act as such, the Issuer
covenants that promptly it will appoint a competent and legally qualified bank, trust company,
financial institution, or other agency to act as Paying Agent/Registrar under this Resolution.  Upon
any change in the Paying Agent/Registrar, the previous Paying Agent/Registrar promptly shall
transfer and deliver the Registration Books (or a copy thereof), along with all other pertinent books
and records relating to the Bonds, to the new Paying Agent/Registrar designated and appointed by
the Issuer.  Upon any change in the Paying Agent/Registrar, the Issuer promptly will cause a written
notice thereof to be sent by the new Paying Agent/Registrar to each registered owner of the Bonds,
by United States mail, first-class postage prepaid, which notice also shall give the address of the new
Paying Agent/Registrar.  By accepting the position and performing as such, each Paying
Agent/Registrar shall be deemed to have agreed to the provisions of this Resolution, and a certified
copy of this Resolution shall be delivered to each Paying Agent/Registrar.

(h)  Reporting Requirements of Paying Agent/Registrar.  To the extent required by the
Code and the regulations promulgated and pertaining thereto, it shall be the duty of the Paying
Agent/Registrar, on behalf of the Issuer, to report to the owners of the Bonds and the Internal
Revenue Service (i) the amount of "reportable payments", if any, subject to backup withholding
during each year and the amount of tax withheld, if any, with respect to payments of the Bonds and
(ii) the amount of interest or amount treating as interest on the Bonds and required to be included
in gross income of the owner thereof.
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Section 7.  FORM OF SUBSTITUTE BONDS.  The form of all Bonds issued in conversion
and exchange or replacement of any other Bond or portion thereof, including the form of Paying
Agent/Registrar's Certificate to be printed on each of such Bonds, and the Form of Assignment to
be printed on each of the Bonds, shall be, respectively, substantially as follows, with such
appropriate variations, omissions, or insertions as are permitted or required by this Resolution.

FORM OF SUBSTITUTE BOND

Unless this Bond is presented by an authorized representative of The Depository Trust
Company, a New York corporation (together with any successor security depository appointed
pursuant to the Indenture referred to herein, "DTC") to the Trustee named herein or its agent for
registration of transfer, exchange, or payment, and any Bond issued is registered in the name of Cede
& Co. or in such other name as is requested by an authorized representative of DTC (and any
payment is made to Cede & Co. or to such other entity as is requested by an authorized
representative of DTC), ANY TRANSFER, PLEDGE, OR OTHER USE HEREOF FOR VALUE
OR OTHERWISE BY OR TO ANY PERSON IS WRONGFUL inasmuch as the registered owner
hereof, Cede & Co., has an interest herein.

As provided in the Indenture, until the termination of the system of book-entry only transfers
through DTC, and notwithstanding any other provision of the Indenture to the contrary, this Bond
may be transferred, in whole but not in part, only to a nominee of DTC, or by a nominee of DTC to
DTC or a nominee of DTC, or by DTC or a nominee of DTC to any successor securities depository
or any nominee thereof.

NO. R-___ PRINCIPAL AMOUNT
$______________

UNITED STATES OF AMERICA
STATE OF TEXAS

NORTH TEXAS MUNICIPAL WATER DISTRICT
WATER SYSTEM REVENUE BOND,

SERIES 2017

INTEREST RATE MATURITY DATE ISSUE DATE CUSIP NO.

     % September 1, ____ ____________, 2017

ON THE MATURITY DATE specified above NORTH TEXAS MUNICIPAL WATER
DISTRICT (the "Issuer"), being a political subdivision of the State of Texas, hereby promises to pay
to CEDE & CO., or to the registered assignee hereof (either being hereinafter called the "registered
owner") the principal amount of _________________________________________________ and
to pay interest thereon, calculated on the basis of a 360-day year composed of twelve 30-day
months, from the Issue Date specified above to the Maturity Date specified above, or the date of
redemption prior to maturity, at the interest rate per annum specified above; with interest being
payable semiannually on each March 1 and September 1, commencing March 1, 2018.  If the date
of authentication of this Bond is later than the first Record Date (hereinafter defined), such principal
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amount shall bear interest from the interest payment date next preceding the date of authentication,
unless such date of authentication is after any Record Date but on or before the next following
interest payment date, in which case such principal amount shall bear interest from such next
following interest payment date.

THE PRINCIPAL OF AND INTEREST ON this Bond are payable in lawful money of the
United States of America, without exchange or collection charges.  The principal of this Bond shall
be paid to the registered owner hereof upon presentation and surrender of this Bond at maturity or
upon the date fixed for its redemption prior to maturity, at the principal corporate trust office of THE
BANK OF NEW YORK MELLON TRUST COMPANY, NATIONAL ASSOCIATION, in Dallas,
Texas,  which is the "Paying Agent/Registrar" for this Bond.  The payment of interest on this Bond
shall be made by the Paying Agent/Registrar to the registered owner hereof on each interest payment
date by check dated as of such interest payment date, drawn by the Paying Agent/Registrar on, and
payable solely from, funds of the Issuer required by the resolution authorizing the issuance of the
Bonds (the "Bond Resolution") to be on deposit with the Paying Agent/Registrar for such purpose
as hereinafter provided; and such check shall be sent by the Paying Agent/Registrar by United States
mail, first-class postage prepaid, on each such interest payment date, to the registered owner hereof,
at the address of the registered owner, as it appeared on the 15th day of the month next preceding
each such date (the "Record Date") on the Registration Books kept by the Paying Agent/Registrar,
as hereinafter described; provided, however, for Bonds, the registered owner of which is the Texas
Water Development Board (the "TWDB"), at the option of the TWDB and at the expense of the
Issuer, such payment shall be made by wire transfer pursuant to written directions of the TWDB. 
However, notwithstanding the foregoing provisions, the payment of such interest may be made by
any other method acceptable to the Paying Agent/Registrar and requested by, and at the risk and
expense of, the registered owner hereof.  Any accrued interest due upon the redemption of this Bond
prior to maturity as provided herein shall be paid to the registered owner at the principal corporate
trust office of the Paying Agent/Registrar upon presentation and surrender of this Bond for redemp-
tion and payment at the principal corporate trust office of the Paying Agent/Registrar.  The Issuer
covenants with the registered owner of this Bond that on or before each principal payment date,
interest payment date, and accrued interest payment date for this Bond it will make available to the
Paying Agent/Registrar, from the "Interest and Redemption Fund" created by the Bond Resolution,
the amounts required to provide for the payment, in immediately available funds, of all principal of
and interest on the Bonds, when due.

IF THE DATE for the payment of the principal of or interest on this Bond shall be a
Saturday, Sunday, a legal holiday, or a day on which banking institutions in the City where the
Paying Agent/Registrar is located are authorized by law or executive order to close, then the date
for such payment shall be the next succeeding day which is not such a Saturday, Sunday, legal
holiday, or day on which banking institutions are authorized to close; and payment on such date
shall have the same force and effect as if made on the original date payment was due.

THIS BOND is one of an issue of Bonds dated ___________ 1, 2017, authorized in
accordance with the Constitution and laws of the State of Texas in the principal amount of
$___________ FOR THE PURPOSE OF PROVIDING FUNDS FOR IMPROVING THE NORTH
TEXAS MUNICIPAL WATER DISTRICT WATER SYSTEM.
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    ON MARCH 1, 2028, or on any date whatsoever thereafter, the Bonds of this Series may be
redeemed prior to their scheduled maturities, at the option of the Issuer, with funds derived from any
available and lawful source, as a whole, or in part, and, if in part, so long as the Bonds are owned
by the TWDB, in inverse order of maturity, and otherwise the Issuer shall select and designate the
particular maturities and amounts of Bonds to be redeemed.  If less than all of the Bonds within a
maturity are to be redeemed, the particular Bonds or portions thereof to be redeemed shall be
selected by the Paying Agent/Registrar by lot or other customary method (provided that a portion
of a Bond may be redeemed only in an integral multiple of $5,000), at the redemption price of the
principal amount thereof, plus accrued interest to the date fixed for redemption. 

AT LEAST 30 days prior to the date fixed for any redemption of Bonds or portions thereof
prior to maturity at the option of the Issuer, a written notice of such redemption shall be sent by the
Paying Agent/Registrar by United States mail, first-class postage prepaid, not less than 30 days prior
to the date fixed for any such redemption, to the registered owner appearing on the Registration
Books at the close of business on the day next preceding the date of mailing of such notice;
provided, however, that any notice so mailed shall be conclusively presumed to have been duly
given and the  failure to receive such notice, or any defect therein shall not affect the validity or
effectiveness of the proceedings for the redemption of any Bond at the option of the Issuer.  By the
date fixed for any such redemption due provision shall be made with the Paying Agent/Registrar for
the payment of the required redemption price for the Bonds or portions thereof which are to be so
redeemed, plus accrued interest thereon to the date fixed for redemption.  If such written notice of
redemption is mailed and if due provision for such payment is made, all as provided above, the
Bonds or portions thereof which are to be so redeemed thereby automatically shall be treated as
redeemed prior to their scheduled maturities, and they shall not bear interest after the date fixed for
redemption, and they shall not be regarded as being outstanding except for the right of the registered
owner to receive the redemption price plus accrued interest from the Paying Agent/Registrar out of
the funds provided for such payment.  If a portion of any Bond shall be redeemed  a substitute Bond
or Bonds having the same maturity date, bearing interest at the same rate, in any denomination or
denominations in any integral multiple of $5,000, at the written request of the registered owner, and
in aggregate principal amount equal to the unredeemed portion thereof, will be issued to the
registered owner upon the surrender thereof for cancellation, at the expense of the Issuer, all as
provided in the Bond Resolution.

THIS BOND OR ANY PORTION OR PORTIONS HEREOF IN ANY INTEGRAL
MULTIPLE OF $5,000 may be assigned and shall be transferred only in the Registration Books of
the Issuer kept by the Paying Agent/Registrar acting in the capacity of registrar for the Bonds, upon
the terms and conditions set forth in the Bond Resolution.  Among other requirements for such
assignment and transfer, this Bond must be presented and surrendered to the Paying Agent/Registrar,
together with proper instruments of assignment, in form and with guarantee of signatures satisfac-
tory to the Paying Agent/Registrar, evidencing assignment of this Bond or any portion or portions
hereof in any integral multiple of $5,000 to the assignee or assignees in whose name or names this
Bond or any such portion or portions hereof is or are to be transferred and registered.  The form of
Assignment printed or endorsed on this Bond shall be executed by the registered owner or its duly
authorized attorney or representative, to evidence the assignment hereof.  A new Bond or Bonds
payable to such assignee or assignees (which then will be the new registered owner or owners of
such new Bond or Bonds), or to the previous registered owner in the case of the assignment and
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transfer of only a portion of this Bond, may be delivered by the Paying Agent/Registrar in
conversion of and exchange for this Bond, all in the form and manner as provided in the next
paragraph hereof for the conversion and exchange of other Bonds.  The Issuer shall pay the Paying
Agent/Registrar's standard or customary fees and charges for making such transfer, but the one
requesting such transfer shall pay any taxes or other governmental charges required to be paid with
respect thereto.  The Paying Agent/Registrar shall not be required to make transfers of registration
of this Bond or any portion hereof (i) during the period commencing with the close of business on
any Record Date and ending with the opening of business on  the next following principal or interest
payment date, or, (ii) with respect to any Bond or any portion thereof called for redemption prior
to maturity, within 45 days prior to its redemption date.  The registered owner of this Bond shall be
deemed and treated by the Issuer and the Paying Agent/Registrar as the absolute owner hereof for
all purposes, including payment and discharge of liability upon this Bond to the extent of such
payment, and the Issuer and the Paying Agent/Registrar shall not be affected by any notice to the
contrary.

ALL BONDS OF THIS SERIES are issuable solely as fully registered bonds, without
interest coupons, in the denomination of  any integral multiple of $5,000.  As provided in the Bond
Resolution, this Bond, or any unredeemed portion hereof, may, at the request of the registered owner
or the assignee or assignees hereof, be converted into and exchanged for a like aggregate principal
amount of fully registered bonds, without interest coupons, payable to the appropriate registered
owner, assignee, or assignees, as the case may be, having the same maturity date, and bearing
interest at the same rate, in any denomination or denominations in any integral multiple of $5,000
as requested in writing by the appropriate registered owner, assignee, or assignees, as the case may
be, upon surrender of this Bond to the Paying Agent/Registrar for cancellation, all in accordance
with the form and procedures set forth in the Bond Resolution.  The Issuer shall pay the Paying
Agent/Registrar's standard or customary fees and charges for transferring, converting, and
exchanging any Bond or any portion thereof, but the one requesting such transfer, conversion, and
exchange shall pay any taxes or governmental charges required to be paid with respect thereto as
a condition precedent to the exercise of such privilege of conversion and exchange.  The Paying
Agent/Registrar shall not be required to make any such conversion and exchange (i) during the
period commencing with the close of business on any Record Date and ending with the opening of
business on the next following principal or interest payment date, or, (ii) with respect to any Bond
or portion thereof called for redemption prior to maturity, within 45 days prior to its redemption
date.  

IN THE EVENT any Paying Agent/Registrar for the Bonds is changed by the Issuer, resigns,
or otherwise ceases to act as such, the Issuer has covenanted in the Bond Resolution that it promptly
will appoint a competent and legally qualified substitute therefor, and promptly will cause written
notice thereof to be mailed to the registered owners of the Bonds.

IT IS HEREBY certified, recited, and covenanted that this Bond has been duly and validly
authorized, issued, and delivered; that all acts, conditions, and things required or proper to be
performed, exist, and be done precedent to or in the authorization, issuance, and delivery of this
Bond have been performed, existed, and been done in accordance with law; that this Bond is a
special obligation of the Issuer which, together with other bonds, are secured by and payable from
a first lien on and pledge of the "Pledged Revenues" as defined in the Bond Resolution, which
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include the "Net Revenues of the District’s Water System", as defined in the Bond Resolution,
including specifically revenues derived pursuant to existing water supply contracts between the
Issuer and the Cities of Allen, Farmersville, Forney, Frisco, Garland, McKinney, Mesquite, Plano,
Princeton, Richardson, Rockwall, Royse City, and Wylie, Texas, which cities are currently the
Member Cities constituting the territory and boundaries of the Issuer, water supply contracts relating
to the District’s Water System with any other cities which hereafter may become Member Cities,
and water supply contracts with other cities and customers in connection the District’s Water
System.

THE ISSUER has reserved the right, subject to the restrictions stated in the Bond Resolution,
to issue Additional Bonds payable from and secured by a first lien on and pledge of the "Pledged
Revenues" on a parity with this Bond and series of which it is a part.

THE ISSUER also has reserved the right to amend the Bond Resolution with the approval
of the registered owners of 51% in principal amount of all outstanding bonds secured by and payable
from a first lien on and pledge of the "Pledged Revenues".

THE REGISTERED OWNER hereof shall never have the right to demand payment of this
Bond or the interest hereon out of any funds raised or to be raised by taxation or from any source
whatsoever other than specified in the Bond Resolution.

BY BECOMING the registered owner of this Bond, the registered owner thereby
acknowledges all of the terms and provisions of the Bond Resolution, agrees to be bound by such
terms and provisions, acknowledges that the Bond Resolution is duly recorded and available for
inspection in the official minutes and records of the governing body of the Issuer, and agrees that
the terms and provisions of this Bond and the Bond Resolution constitute a contract between each
registered owner hereof and the Issuer.

IN WITNESS WHEREOF, the Issuer has caused this Bond to be signed with the facsimile
signature of the President of the Board of Directors of the Issuer and attested and countersigned with
the facsimile signature of the Secretary of the Board of Directors of the Issuer, and has caused the
official seal of the Issuer to be duly impressed, or placed in facsimile, on this Bond.

                         xxxxxx                                           xxxxx                                       
Secretary, Board of Directors President, Board of Directors
North Texas Municipal Water District North Texas Municipal Water District

(DISTRICT SEAL) 
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FORM OF PAYING AGENT/REGISTRAR'S AUTHENTICATION CERTIFICATE

PAYING AGENT/REGISTRAR'S AUTHENTICATION CERTIFICATE

It is hereby certified that this Bond has been issued under the provisions of the Bond
Resolution described in this Bond; and that this Bond has been issued in conversion of and exchange
for or replacement of a bond, bonds, or a portion of a bond or bonds of an issue which originally was
approved by the Attorney General of the State of Texas and registered by the Comptroller of Public
Accounts of the State of Texas.

THE BANK OF NEW YORK MELLON TRUST
 COMPANY, NATIONAL ASSOCIATION
   Paying Agent/Registrar

Dated : _____________________________
Authorized Representative

FORM OF ASSIGNMENT

ASSIGNMENT

FOR VALUE RECEIVED, the undersigned sells, assigns and transfers unto

Please Insert Social Security or
Other Identifying Number of Assignee
/___________________________________/

____________________________________________________________
(Name and Address of Assignee)

the within Bond and does hereby irrevocably constitute and appoint _________________________
to transfer said Bond on the books kept for registration thereof with full power of substitution in the
premises.

Date: _____________________

____________________________________

Signature Guaranteed: ____________________________________

NOTICE: The signature to this assignment must correspond with the name as it appears upon
the face of the within Bond in every particular, without alteration or enlargement or
any change whatever; and

NOTICE: Signature(s) must be guaranteed by an eligible guarantor institution participating in
a Securities Transfer Association recognized signature guarantee program.
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Section 8.  ADDITIONAL DEFINITIONS.  That as used in this Resolution the following
terms shall have the meanings set forth below, unless the text hereof specifically indicates otherwise:

The term "Additional Bonds" shall mean the additional parity revenue bonds permitted to
be authorized in the future in this Resolution.

The term "Board" shall mean the Board of Directors of the Issuer, being the governing body
of the Issuer, and it is further resolved that the declarations and covenants of the Issuer contained
in this Resolution are made by, and for and on behalf of the Board and the Issuer, and are binding
upon the Board and the Issuer for all purposes.

The terms "Bond Resolution" and "Resolution" mean this resolution authorizing the Bonds.

The term "Bonds" means collectively the Initial Bond as described and defined in Sections
2 and 3 of this Resolution, and all substitute bonds exchanged therefor as well as all other substitute
and replacement bonds issued pursuant to this Resolution.

The term "Contracts" shall mean collectively:  (a) the original separate water supply
contracts between the Issuer and each of the current Member Cities, respectively, and all
amendments thereto, with each of said contracts initially having been authorized at elections held
in each of the current Member Cities, respectively, on December 5, 1953, except for (i) such contract
with the City of Richardson, which is dated April 7, 1965, and was amended on July 2, 1973, and
modified in October, 1973,  (ii) such contract with the City of Allen, Texas, which is dated as of
October 1, 1998 (the "Allen Contract"), and (iii) such contract with the City of Frisco, Texas, which
is dated as of October 1, 2001 (the "Frisco Contract"), as all of said contracts (except the Allen
Contract and the Frisco Contract, which have not been amended or modified since the respective
dates thereof), as amended, have been further amended, modified, combined, consolidated, and
wholly replaced by a single "North Texas Municipal Water District Regional Water Supply
Facilities Amendatory Contract" dated as of August 1, 1988, executed between the Issuer and each
of such Member Cities, (b) any water supply contracts relating to the System with any other cities
which hereafter may become Member Cities, and (c) all water supply contracts between the Issuer
and other cities and customers in connection the District’s Water System.

The terms "District" and "Issuer" shall mean North Texas Municipal Water District.

The terms "District's System" and "System" shall mean all of the Issuer's existing water
storage, treatment, transportation, distribution, and supply facilities, and other properties, which
heretofore have been acquired or constructed with the proceeds from the sale of all bonds or other
obligations ever issued by the Issuer which have been payable from or secured by a lien on or pledge
of any part of the "Net Revenues of the System," or with revenues from said System, together with
all future improvements, enlargements, extensions, and additions to any of the foregoing, and all
future new facilities, which are acquired or constructed with the proceeds from the sale of the Parity
Bonds and any Additional Bonds or money from the Contingency Fund (hereinafter described) or
any water supply facilities which are deliberately and specifically, at the option of the Board, made
a part of the System by resolution of the Board, and all repairs to and replacements of the System. 
Said terms do not include any Issuer facilities which provide waste treatment or disposal or other
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wastewater services of any kind.  Said terms do not include any facilities acquired or constructed
by the Issuer with any proceeds from the issuance of "Special Facilities Bonds," which are hereby
defined as being revenue obligations of the Issuer which are not issued as Additional Bonds, and
which are payable from any source, contract or revenues whatsoever other than the Pledged
Revenues; and Special Facilities Bonds may be issued for any lawful purposes and made payable
from any source, contract, or revenues whatsoever other than the Pledged Revenues.

The term "Gross Revenues of the System" shall mean all of the revenues, income, rentals,
rates, fees, and charges of every nature derived by the Board or the Issuer from the operation and/or
ownership of the System, including specifically all payments and amounts received by the Board
or the Issuer from the Contracts, and all investments, interest, and income from any Fund created
pursuant to this Resolution.

The term "Member Cities" shall mean collectively the Cities of Allen, Farmersville, Forney, 
Frisco, Garland, McKinney, Mesquite, Plano, Princeton, Richardson, Rockwall, Royse City, and
Wylie, Texas, together with all cities which hereafter may become Member Cities as provided in the
Act.

The terms "Net Revenues of the District’s Water System" and "Net Revenues of the System"
shall mean the Gross Revenues of the System less the Operation and Maintenance Expense of the
System.

The term "Operation and Maintenance Expense of the System" shall mean all costs of
operation and maintenance of the System including, but not limited to, repairs and replacements,
operating personnel, the cost of utilities, supervision, engineering, accounting, auditing, legal
services, insurance premiums, and any other supplies, services, administrative costs, and equipment
necessary for proper operation and maintenance of the System, payments to any public or private
entity made for the purchase of water, storage right, or other interests in water, or for the use or
operation of any property or facilities, payments to the United States of America with respect to the
operation, maintenance, and use of Lavon Dam and Reservoir and/or any other reservoirs or
facilities in connection with the Issuer's sources of water for the System, and payments made by the
Issuer in satisfaction of judgments or other liabilities resulting from claims not covered by Issuer's
insurance. Depreciation shall not be considered an item of Operation and Maintenance Expense.

The term "Parity Bonds" shall mean, (i) the Bonds, (ii) the outstanding North Texas
Municipal Water District Water System Revenue Bonds, Series 2008 (the "Series 2008 Bonds"),
dated as of June 15, 2008, authorized by a resolution of the Board on June 26, 2008 (the "Series
2008 Bond Resolution"), (iii) the outstanding North Texas Municipal Water District Water System
Revenue Bonds, Series 2009A (the "Series 2009A Bonds"), dated as of March 1, 2009, authorized
by a resolution of the Board on February 24, 2009 (the "Series 2009A Bond Resolution"), (iv) the
outstanding North Texas Municipal Water District Water System Revenue Bonds, Series 2009B (the
"Series 2009B Bonds"), dated as of July 15, 2009, authorized by a resolution of the Board on July
23, 2009 (the "Series 2009B Bond Resolution"), (v) the outstanding North Texas Municipal Water
District Water System Revenue Refunding and Improvement Bonds, Series 2009C (the "Series
2009C Bonds"), dated as of November 15, 2009, authorized by a resolution of the Board on October
22, 2009 (the "Series 2009C Bond Resolution"), (vi) the outstanding North Texas Municipal Water
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District Water System Revenue Bonds, Taxable Series 2009D (Build America Bonds - Direct
Payment) (the "Series 2009D Bonds"), dated as of November 15, 2009, authorized by a resolution
of the Board on October 22, 2009 (the "Series 2009D Bond Resolution"), (vii) the North Texas
Municipal Water District Water System Revenue Bonds, Series 2010 (the "Series 2010 Bonds"),
dated March 15, 2010, authorized by a resolution of the Board on October 28, 2010 (the "Series
2010 Bond Resolution"), (viii) the North Texas Municipal Water District Water System Revenue
Bonds, Taxable Series 2010A (Build America Bonds - Direct Payment) (the "Series 2010A Bonds"),
dated March 15, 2010, authorized by a resolution of the Board on October 28, 2010 (the "Series
2010A Bonds"), (ix) the North Texas Municipal Water District Water System Revenue Refunding
and Improvement Bonds, Series 2012 (the "Series 2012 Bonds"), dated as of June 15, 2012,
authorized by a resolution of the Board on June 28, 2012 (the "Series 2012 Bond Resolution"), (x)
the North Texas Municipal Water District Water System Revenue Refunding and Improvement
Bonds, Series 2014 (the "Series 2014 Bonds"), dated as of June 15, 2014, authorized by a resolution
of the Board on June 26, 2014 (the "Series 2014 Bond Resolution"), (xi) the North Texas Municipal
Water District Water System Revenue Refunding and Improvement Bonds, Series 2015 (the "Series
2015 Bonds"), dated as of April 15, 2015, authorized by a resolution of the Board on April 23, 2015
(the "Series 2015 Bond Resolution"), and (xii) the North Texas Municipal Water District Water
System Revenue Refunding and Improvement Bonds, Series 2016 (the "Series 2016 Bonds"), dated
as of October 15, 2016, authorized by a resolution of the Board on October 27, 2016 (the "Series
2016 Bond Resolution").

The term "Pledged Revenues" shall mean:  (a)  the Net Revenues of the System and (b) any
additional revenues, income, receipts, or other resources, including, without limitation, any grants,
donations, or income received or to be received from the United States Government, or any other
public or private source, whether pursuant to an agreement or otherwise, which in the future may,
at the option of the Issuer, be pledged to the payment of the Parity Bonds or the Additional Bonds.

The term "TWDB" shall mean the Texas Water Development Board.

The term "year" or "fiscal year" shall mean the Issuer's fiscal year, which currently begins
on October 1 of each calendar year, but which subsequently may be any other 12 month period
hereafter established by the Issuer as a fiscal year for the purposes of any resolution authorizing the
Bonds or any Additional Bonds.

Section 9.  PLEDGE.  (a)  The Bonds authorized by this Resolution are hereby designated
as, and shall be, "Additional Bonds" as permitted by Sections 22 and 23, respectively, of the Series
2008 Bond Resolution, the Series 2009A Bond Resolution, the Series 2009B Bonds Resolution, the
Series 2009C Bond Resolution, the Series 2009D Bond Resolution, the Series 2010 Bond
Resolution, the Series 2010A Bond Resolution, the Series 2012 Bond Resolution, the Series 2014
Bond Resolution, the Series 2015 Bond Resolution, and the Series 2016 Bond Resolution, and it is
hereby determined, declared, and resolved that all of the Parity Bonds, including the Bonds
authorized by this Resolution, are and shall be secured and payable equally and ratably on a parity,
and that Sections 8 through 26 of this Resolution substantially restate and are supplemental to and
cumulative of the applicable and pertinent provisions of the resolutions authorizing the issuance of
the previously issued Parity Bonds, respectively, with Sections 8 through 26 of this Resolution being
equally applicable to all of the Parity Bonds, including the Bonds.
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(b) The Parity Bonds and any Additional Bonds, and the interest thereon, are and shall
be secured by and payable from a first lien on and pledge of the Pledged Revenues, and the Pledged
Revenues are further pledged to the establishment and maintenance of the Interest and Redemption
Fund, the Reserve Fund and the Contingency Fund as provided in this Resolution.

Section 10.  REVENUE FUND.  There has been created and established and there shall be
maintained on the books of the Issuer, and accounted for separate and apart from all other funds of
the Issuer, a special fund entitled the "North Texas Municipal Water District Water System Revenue
Bonds Revenue Fund" (hereinafter called the "Revenue Fund").  All Gross Revenues of the System
(excepting the investment interest and income from the Interest and Redemption Fund, the Reserve
Fund, and the Contingency Fund) shall be credited to the Revenue Fund immediately upon receipt. 
All Operation and Maintenance Expenses of the System shall be paid from such Gross Revenues
credited to the Revenue Fund, as a first charge against same.

Section 11.  INTEREST AND REDEMPTION FUND.  For the sole purpose of paying the
principal of and interest on all outstanding Parity Bonds and any Additional Bonds, as the same
come due, there has been created and established and shall be maintained at The Bank of New York
Mellon Trust Company, National Association, or at the option of the Issuer at any time hereafter,
established and maintained at any national bank having a capital and surplus in excess of
$25,000,000, a separate fund entitled the "North Texas Municipal Water District Water System
Revenue Bonds Interest and Redemption Fund" (hereinafter called the "Interest and Redemption
Fund").

Section 12.  RESERVE FUND.  There has been created and established, and there shall be
maintained at The Bank of New York Mellon Trust Company, National Association, or at the option
of the Issuer at any time hereafter, established and maintained at any national bank having a capital
and surplus in excess of $25,000,000, a separate fund entitled the "North Texas Municipal Water
District Regional Water System Revenue Bonds Reserve Fund" (hereinafter called the "Reserve
Fund").  The Reserve Fund shall be used solely for the purpose of finally retiring the last of the
outstanding Parity Bonds and Additional Bonds, or for paying principal of and interest on any
outstanding Parity Bonds and Additional Bonds, when and to the extent the amount in the Interest
and Redemption Fund is insufficient for such purpose.

Section 13.  CONTINGENCY FUND.  There has been created and established, and there
shall be maintained at The Bank of New York Mellon Trust Company, National Association, or at
the option of the Issuer at any time hereafter, established and maintained at any national bank having
a capital and surplus in excess of $25,000,000, a separate fund entitled the "North Texas Municipal
Water District Water System Revenue Bonds Contingency Fund" (hereinafter called the
"Contingency Fund").  The Contingency Fund shall be used solely for the purpose of paying the
costs of improvements, enlargements, extensions, or additions to the System, and unexpected or
extraordinary repairs or replacements of the System for which System funds are not otherwise
available, or for paying unexpected or extraordinary Operation and Maintenance Expenses of the
System for which System funds are not otherwise available, or for paying principal of and interest
on any Parity Bonds or Additional Bonds, when and to the extent the amount in the Interest and
Redemption Fund is insufficient for such purpose 
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Section 14.  DEPOSITS OF PLEDGED REVENUES; INVESTMENTS.  (a) The Pledged
Revenues shall be deposited into the Interest and Redemption Fund, the Reserve Fund, and the
Contingency Fund when and as required by this Resolution.

(b) Money in any Fund established or maintained pursuant to the this Resolution may,
at the option of the Issuer, be placed in secured time deposits or secured certificates of deposit, or
be invested in direct obligations of the United States of America, obligations guaranteed or insured
by the United States of America, which, in the opinion of the Attorney General of the United States,
are backed by its full faith and credit or represent its general obligations, including, but not limited
to, evidences of indebtedness issued, insured, or guaranteed by such governmental agencies as the
Federal Home Loan Banks, Government National Mortgage Association, Farmers Home
Administration, Federal Home Loan Mortgage Association, or Small Business Administration;
provided that all such deposits and investments shall be made in such manner that the money
required to be expended from any Fund will be available at the proper time or times.  Such
investments shall be valued in terms of current market value as of the 20th day of August of each
year.  Interest and income derived from such deposits and investments shall be credited to the Fund
from which the deposit or investment was made.  Such investments shall be sold promptly when
necessary to prevent any default in connection with the Parity Bonds or Additional Bonds.  

Section 15.  FUNDS SECURED.  Money in all Funds described in this Resolution, to the
extent not invested, shall be secured in the manner prescribed by law for securing funds of the
Issuer.

Section 16.  DEBT SERVICE REQUIREMENTS.  (a)  Promptly after the delivery of the
Initial Bond the Issuer shall cause to be deposited to the credit of the Interest and Redemption Fund,
from the proceeds received from the sale and delivery of the Initial Bond, all accrued interest, if any,
to be used to pay part of the interest coming due on the Bonds.

(b) The Issuer shall transfer from the Pledged Revenues and deposit to the credit of the
Interest and Redemption Fund the amounts, at the times, as follows:

(1) such amounts, deposited in approximately equal monthly installments on or
before the 25th day of each month hereafter as will be sufficient, together with other
amounts, if any, then on hand in the Interest and Redemption Fund and available for such
purpose, to pay the interest scheduled to accrue and come due on all of the Parity Bonds on
the next succeeding interest payment date; and 

(2) such amounts, deposited in approximately equal monthly installments on or
before the 25th day of each month hereafter as will be sufficient, together with other
amounts, if any, then on hand in the Interest and Redemption Fund and available for such
purpose, to pay the principal scheduled to mature and come due, and/or mandatorily required
to be redeemed prior to maturity, on all of the Parity Bonds on the next succeeding principal
payment date.

Section 17.  RESERVE REQUIREMENTS.  The Issuer is required to accumulate and
maintain in the Reserve Fund an aggregate amount of money and/or investments equal in market
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value to the average annual principal and interest requirements on all outstanding Parity Bonds (the
"Reserve Required Amount"). Immediately after the delivery of the Initial Bond, the District shall
deposit to the credit of the Reserve Fund, from the proceeds from the sale and delivery of the Initial
Bond, an amount of money, if any, which will cause the Reserve Fund to contain, together with the
other money and/or investments then on hand therein, an amount of money and/or investments equal
in market value to  the Reserve Required Amount.  No deposits shall be made into the Reserve Fund
as long as the money and investments in the Reserve Fund are at least equal in market value to the
Reserve Required Amount; but if and whenever the market value of money and investments in the
Reserve Fund is reduced below said Reserve Required Amount because of a decrease in market
value of investments, then the Issuer shall require the Member Cities to increase their payments
under their respective Contracts as soon as practicable, and in any event within one year, in an
amount sufficient to restore the amount of such decrease; and in the event the Reserve Fund is used
pay the principal of or interest on the Bonds because of insufficient amounts being available in the
Interest and Redemption Fund, then the Issuer shall require the Member Cities to increase their
payments under the their respective Contracts as soon as practicable, and in any event within one
year, in an amount sufficient to restore the Reserve Fund to the Reserve Required Amount, and the
Issuer shall deposit, in the Reserve Fund, in approximately equal periodic payments, not less than
annual, such amounts as are required to cause the Reserve Fund to contain the Reserve Required
Amount within five years from any date of the use of the Reserve Fund to pay such principal or
interest.  So long as the Reserve Fund contains the Reserve Required Amount, all amounts in excess
thereof shall be deposited to the credit of the Interest and Redemption Fund on or before September
1 of each year.

Section 18.  CONTINGENCY REQUIREMENTS.  There is now on hand in the Contingency
Fund an amount of money and/or investments at least equal in market value to $500,000.  No
additional deposits are required to be made to the credit of the Contingency Fund unless and until
such amount therein is reduced or depleted.  If and when such amount in the Contingency Fund is
reduced or depleted then, subject and subordinate to making the required deposits to the credit of
the Interest and Redemption Fund and the Reserve Fund, such reduction or depletion shall be
restored from amounts which shall be provided for such purpose in the Issuer's Annual Budget for
the next ensuing fiscal year or years; provided that the Issuer is not required to budget more than
$200,000 for such purpose during any one fiscal year.  So long as the Contingency Fund contains
money and investments not less than the amount of $500,000 in market value, any surplus in the
Contingency Fund over said amount may be withdrawn and used for any lawful purpose.

Section 19.  DEFICIENCIES; EXCESS PLEDGED REVENUES.  (a) If on any occasion
there shall not be sufficient Pledged Revenues to make the required deposits into the Interest and
Redemption Fund, the Contingency Fund, and the Reserve Fund, then such deficiency shall be made
up as soon as possible from the next available Pledged Revenues, or from any other sources lawfully
available for such purpose.

(b) Subject to making the required deposits to the credit of the Interest and Redemption
Fund, the Contingency Fund, and the Reserve Fund, when and as required by this Resolution, or any
Resolution authorizing the issuance of Additional Bonds, the excess Pledged Revenues may be used
for any lawful purpose; provided that at the time each Annual Budget is prepared all such excess
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revenues which are not pledged to the payment of junior or subordinate lien bonds or other
obligations of the Issuer, and which have not been committed by formal resolution or order of the
Board for a specific purpose, and which exceed twenty-five percent of the Operation and
Maintenance Expenses of the Issuer for the fiscal year then ending, shall be applied to the payment
of Operation and Maintenance Expenses of the Issuer for the next ensuing fiscal year, and the
Annual Budget shall be prepared accordingly.

Section 20.  PAYMENT OF PARITY BONDS AND ADDITIONAL BONDS. 
Semiannually on or before the first day of each March and September while any of the Parity Bonds
or Additional Bonds are outstanding and unpaid, the Issuer shall make available to the paying agents
therefor, out of the Interest and Redemption Fund, the Contingency Fund, or the Reserve Fund, if
necessary, money sufficient to pay such interest on and such principal of the Parity Bonds and
Additional Bonds as will accrue or mature on such March 1 or September 1, as the case may be.  The
paying agents shall destroy all paid Parity Bonds and Additional Bonds, and furnish the Issuer with
an appropriate certificate of cancellation or destruction.

Section 21.  FINAL DEPOSITS; GOVERNMENTAL OBLIGATIONS.  (a)  Any Parity
Bond or Additional Bond shall be deemed to be paid, retired, and no longer outstanding, when
payment of the principal of, redemption premium, if any, on such Parity Bond or Additional Bond,
plus interest thereon to the due date thereof (whether such date be by reason of maturity, upon
redemption, or otherwise) either (i) shall have been made or caused to be made in accordance with
the terms thereof (including the giving of any required notice of redemption), or (ii) shall have been
provided by irrevocably depositing with a paying agent therefor, (1) money sufficient to make such
payment or (2) Government Obligations, as hereinafter defined in this Section, certified by an
independent public accounting firm of national reputation to mature as to principal and interest in
such amounts and at such times as will insure the availability, without reinvestment, of sufficient
money to make such payment, and all necessary and proper fees, compensation, and expenses of
such paying agent pertaining to the Parity Bonds and Additional Bonds with respect to which such
deposit is made shall have been paid or the payment thereof provided for to the satisfaction of such
paying agent.  At such time as a Parity Bond or Additional Bond shall be deemed to be paid
hereunder, as aforesaid, it shall no longer be secured by or entitled to the benefits of any Bond
Resolution or a lien on and pledge of the Pledged Revenues, and shall be entitled to payment solely
from such money or Government Obligations.

(b) Any moneys so deposited with a paying agent may at the direction of the Issuer also
be invested in Government Obligations, maturing in the amounts and times as hereinbefore set forth,
and all income from all Government Obligations in the hands of the paying agent pursuant to this
Section which is not required for the payment of the Parity Bonds and Additional Bonds, the
redemption premium, if any, and interest thereon, with respect to which such moneys has been so
deposited, shall be turned over to the Issuer.

(c) The Issuer covenants that no deposit will be made or accepted under clause (ii) of this
Section and no use made of any such deposit which would cause the Parity Bonds or any Additional
Bonds to be treated as arbitrage bonds within the meaning of the Internal Revenue Code of 1986,
as amended.
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(d) For the purpose of this Section, the term "Government Obligations" shall mean direct
obligations of the United States of America, including obligations the principal of and interest on
which are unconditionally guaranteed by the United States of America, and which may be United
States Treasury obligations such as its State and Local Government Series, and which may be in
book-entry form.

(e) Notwithstanding any provisions of this Resolution, all money or Government
Obligations set aside and held in trust pursuant to the provisions of this Section for the payment of
Parity Bonds and Additional Bonds, the redemption premium, if any, and interest thereon, shall be
applied to and used for the payment of Parity Bonds and Additional Bonds, the redemption
premium, if any, and interest thereon.

(f) Notwithstanding the foregoing, the Issuer covenants that with respect to the Parity
Bonds it will provide a paying agent/registrar to perform the services thereof provided for by this
Resolution the same as if they had not been defeased, and the Issuer shall make proper arrangements
to provide and pay for such paying agent and registrar services.

Section 22.  ADDITIONAL BONDS.  (a)  The Issuer shall have the right and power at any
time and from time to time, and in one or more Series or issues, to authorize, issue, and deliver
additional parity revenue bonds (herein called "Additional Bonds"), in accordance with law, in any
amounts, for any lawful purpose relating to the System, including the refunding of any Parity Bonds
or Additional Bonds.  Such Additional Bonds, if and when authorized, issued, and delivered in
accordance with this Resolution, shall be secured by and made payable equally and ratably on a
parity with the Parity Bonds, and all other outstanding Additional Bonds, from a first lien on and
pledge of the Pledged Revenues.

(b) The Interest and Redemption Fund and the Reserve Fund, established by this
Resolution shall secure and be used to pay all Additional Bonds as well as the Parity Bonds. 
However, each Resolution under which Additional Bonds are issued shall provide and require that,
in addition to the amounts required by the provisions of this Resolution and the provisions of any
other Resolution or Resolutions authorizing Additional Bonds to be deposited to the credit of the
Interest and Redemption Fund, the Issuer shall deposit to the credit of the Interest and Redemption
Fund at least such amounts as are required for the payment of all principal of and interest on said
Additional Bonds then being issued, as the same come due; and that the aggregate amount to be
accumulated and maintained in the Reserve Fund shall be increased, if and to the extent necessary,
to an amount not less than the average annual principal and interest requirements of all Parity Bonds
and Additional Bonds which will be outstanding after the issuance and delivery of the then proposed
Additional Bonds; and that the required additional amount shall be so accumulated by the deposit
in the Reserve Fund of all or any part of said required additional amount in cash immediately after
the delivery of the then proposed Additional Bonds, or, at the option of the Issuer, by the deposit of
said required additional amount (or any balance of said required additional amount not deposited
in cash as permitted above) within five years from the date of such installment or series of
Additional Bonds, and in approximately equal installments, not less than annual.
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(c) All calculations of average annual principal and interest requirements made pursuant
to this Section shall be made as of and from the date of the Additional Bonds then proposed to be
issued.

(d) The principal of all Additional Bonds must be scheduled to be paid or mature on
September 1 of the years in which such principal is scheduled to be paid or mature; and all interest
thereon must be payable on March 1 and September 1.

Section 23.  FURTHER REQUIREMENTS FOR ADDITIONAL BONDS.  Additional
Bonds shall be issued only in accordance with this Resolution, but notwithstanding any provisions
of this Resolution to the contrary, no installment, Series, or issue of Additional Bonds shall be issued
or delivered unless the President and the Secretary of the Board sign a written certificate to the effect
that the Issuer is not in default as to any covenant, condition, or obligation in connection with all
outstanding Parity Bonds and Additional Bonds, and the Resolutions authorizing same, and that the
Interest and Redemption Fund and the Reserve Fund each contains the amount then required to be
therein, and either (a) an independent registered professional engineer of the State of Texas or a firm
of such engineers executes a certificate or report to the effect that in his or its opinion the Pledged
Revenues in each complete fiscal year thereafter will be at least equal to 1.25 times the average
annual principal and interest requirements of all Parity Bonds and Additional Bonds to be
outstanding after the delivery of the then proposed Additional Bonds, or (b) in the alternative to (a),
above, the President and Secretary of the Board sign a written certificate to the effect that, based
upon an opinion of legal counsel to the Issuer, there are Contracts then in effect pursuant to which
the Member Cities and others which are parties to such Contracts are obligated to make minimum
payments to the Issuer at such times (including during periods when water is not available to such
member Cities and others) and in such amounts as shall be necessary to provide to the Issuer Net
Revenues of the System sufficient to pay when due all principal of and interest on all Parity Bonds
and Additional Bonds to be outstanding after the issuance of the proposed Additional Bonds, and
to make the deposits into the Reserve Fund as required under this Resolution.

Section 24.  GENERAL COVENANTS.  The Issuer further covenants and agrees that:

(a) PERFORMANCE.  It will faithfully perform at all times any and all covenants,
undertakings, stipulations, and provisions contained in this Resolution and each resolution author-
izing the issuance of Additional Bonds, and in each and every Parity Bond and Additional Bond;
that it will promptly pay or cause to be paid the principal of and interest on every Bond and Addi-
tional Bond, on the dates and in the places and manner prescribed in such resolutions and Parity
Bonds or Additional Bonds; and that it will, at the times and in the manner prescribed, deposit or
cause to be deposited the amounts required to be deposited into the Interest and Redemption Fund
and the Reserve Fund; and any holder of the Parity Bonds or Additional Bonds may require the
Issuer, its Board, and its officials and employees, to carry out, respect, or enforce the covenants and
obligations of this Resolution or any resolution authorizing the issuance of Additional Bonds, by all
legal and equitable means, including specifically, but without limitation, the use and filing of
mandamus proceedings, in any court of competent jurisdiction, against the Issuer, its Board, and its
officials and employees.
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(b) ISSUER'S LEGAL AUTHORITY.  It is a duly created and existing conservation and
reclamation district of the State of Texas pursuant to Article 16, Section 59 of the Texas Constitu-
tion, and Chapter 62, Acts of the 52nd Legislature of the State of Texas, Regular Session, 1951, as
amended (originally compiled as Vernon's Ann. Tex. Civ. St. Article 8280-141), and is duly
authorized under the laws of the State of Texas to create and issue the Parity Bonds; that all action
on its part for the creation and issuance of the Parity Bonds has been duly and effectively taken, and
that the Parity Bonds in the hands of the holders and owners thereof are and will be valid and
enforceable special obligations of the Issuer in accordance with their terms.

(c) TITLE.  It has or will obtain lawful title to, or the lawful right to use and operate, the
lands, buildings, and facilities constituting the System, that it warrants that it will defend, the title
to or lawful right to use and operate, all the aforesaid lands, buildings, and facilities, and every part
thereof, for the benefit of the holders and owners of the Parity Bonds and Additional Bonds against
the claims and demands of all persons whomsoever, that it is lawfully qualified to pledge the
Pledged Revenues to the payment of the Parity Bonds and Additional Bonds in the manner
prescribed herein, and has lawfully exercised such rights.

(d) LIENS.  It will from time to time and before the same become delinquent pay and
discharge all taxes, assessments, and governmental charges, if any, which shall be lawfully imposed
upon it, or the System, that it will pay all lawful claims for rents, royalties, labor, materials, and
supplies which if unpaid might by law become a lien or charge thereon, the lien of which would be
prior to or interfere with the liens hereof, so that the priority of the liens granted hereunder shall be
fully preserved in the manner provided herein, and that it will not create or suffer to be created any
mechanic's, laborer's, materialman's, or other lien or charge which might or could be prior to the
liens hereof, or do or suffer any matter or thing whereby the liens hereof might or could be impaired;
provided, however, that no such tax, assessment, or charge, and that no such claims which might be
used as the basis of a mechanic's, laborer's, materialman's, or other lien or charge, shall be required
to be paid so long as the validity of the same shall be contested in good faith by the Issuer.

(e) OPERATION OF SYSTEM.  While the Parity Bonds or any Additional Bonds are
outstanding and unpaid it will cause the System to be continuously and efficiently operated and
maintained in good condition, repair, and working order, and at a reasonable cost.

(f) FURTHER ENCUMBRANCE.  While the Parity Bonds or any Additional Bonds are
outstanding and unpaid, it shall not additionally encumber the Pledged Revenues in any manner,
except as permitted in this Resolution in connection with Additional Bonds, unless said
encumbrance is made junior and subordinate in all respects to the liens, pledges, covenants, and
agreements of this Resolution and any resolution authorizing the issuance of Additional Bonds; but
the right of the Issuer and the Board to issue revenue bonds payable from a subordinate lien on the
Pledged Revenues is specifically recognized and retained.

(g) SALE OF PROPERTY.  While the Parity Bonds or any Additional Bonds are
outstanding and unpaid, it will maintain its current legal corporate status as a conservation and
reclamation district, and the Issuer shall not sell, convey, mortgage, or in any manner transfer title
to, or lease, or otherwise dispose of the entire System, or any significant or substantial part thereof;
provided that whenever it deems it necessary to dispose of any machinery, fixtures, and equipment,
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it may sell or otherwise dispose of such machinery, fixtures, and equipment when it has made
arrangements to replace the same or provide substitutes therefor, unless it is determined by the
Board that no such replacement or substitute is necessary.

(h) INSURANCE.  (1)  It will cause to be insured such parts of the System as would
usually be insured by corporations operating like properties, with a responsible insurance company
or companies, against risks, accidents, or casualties against which and to the extent insurance is
usually carried by corporations operating like properties, including fire and extended coverage
insurance.  Public liability and property damage insurance shall also be carried unless the general
counsel for Issuer, or the Attorney General of Texas, gives a written opinion to the effect that the
Issuer, the Board, and its officers and employees, are not liable for claims which would be protected
by such insurance.  At any time while any contractor engaged in construction work shall be fully
responsible therefor, the Issuer shall not be required to carry insurance on the works being
constructed, but the contractor shall be required to carry appropriate insurance.  All such policies
shall be open to the inspection of the owners of the Parity Bonds and Additional Bonds and their
representatives at all reasonable times.

(2) Upon the happening of any loss or damage covered by insurance from one or more
of said causes, the Issuer shall make due proof of loss and shall do all things necessary or desirable
to cause the insuring companies to make payment in full directly to the Issuer.  The proceeds of
insurance covering such property, together with any other funds necessary and available for such
purpose, shall be used forthwith by the Issuer for repairing the property damaged or replacing the
property destroyed; provided, however, that if said insurance proceeds and other funds are
insufficient for such purpose, then said insurance proceeds pertaining to the System shall be used
promptly as follows:

(a) for the redemption prior to maturity of the Parity Bonds and Additional
Bonds, if any, ratably in the proportion that the outstanding principal of each Series or issue
of Parity Bonds or Additional Bonds bears to the total outstanding principal of all Parity
Bonds and Additional Bonds; provided that if on any such occasion the principal of any such
Series or issue is not subject to redemption, it shall not be regarded as outstanding in making
the foregoing computation; or

(b) if none of the outstanding Parity Bonds or Additional Bonds is subject to
redemption, then for the purchase on the open market and retirement of said Parity Bonds
and Additional Bonds, in the same proportion as prescribed in the foregoing clause (a), to
the extent practicable; provided that the purchase price for any such Parity Bond or
Additional Bonds shall not exceed the redemption price of such Parity Bond or Additional
Bond on the first date upon which it becomes subject to redemption; or

(c) to the extent that the foregoing clauses (a) and (b) cannot be complied with
at the time, the insurance proceeds, or the remainder thereof, shall be deposited in a special
and separate trust fund, at an official depository of the Issuer, to be designated the Insurance
Account.  The Insurance Account shall be held until such time as the foregoing clauses (a)
and/or (b) can be complied with, or until other funds become available which, together with
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the Insurance Account, will be sufficient to make the repairs or replacements originally
required, whichever of said events occurs first.

(3) The annual audit hereinafter required shall contain a list of all such insurance policies
carried, together with a statement as to whether or not all insurance premiums upon such policies
have been paid.

(i) RATE COVENANT.  It will fix, establish, maintain, and collect such rentals, rates,
charges, and fees for the use and availability of the System as are necessary to produce Gross
Revenues of the System sufficient, together with any other Pledged Revenues, (a) to pay all
Operation and Maintenance Expenses of the System and (b) to make all payments and deposits re-
quired to be made into the Interest and Redemption Fund, and to maintain the Reserve Fund and the
Contingency Fund, when and as required by the resolutions authorizing all Parity Bonds and
Additional Bonds.

(j) RECORDS.  Proper books of record and account will be kept in which full, true, and
correct entries will be made of all dealings, activities, and transactions relating to the System, the
Pledged Revenues, and all Funds described in this Resolution; and all books, documents, and
vouchers relating thereto shall at all reasonable times be made available for inspection upon request
of any owner of a Parity Bond or Additional Bond.

(k) AUDITS.  Each year while any of the Parity Bonds or Additional Bonds is
outstanding, an audit will be made of its books and accounts relating to the System and the Pledged
Revenues by an independent certified public accountant or an independent firm of certified public
accountants.  As soon as practicable after the close of each year, and when said audit has been
completed and made available to the Issuer, a copy of such audit for the preceding year shall be
mailed to the Municipal Advisory Council of Texas and to any bondholders who shall so request in
writing.  Such annual audit reports shall be open to the inspection of the bondholders and their
agents and representatives at all reasonable times.

(l) GOVERNMENTAL AGENCIES.  It will comply with all of the terms and conditions
of any and all agreements applicable to the System and the Parity Bonds or Additional Bonds
entered into between the Issuer and any governmental agency, and the Issuer will take all action
necessary to enforce said terms and conditions; and the Issuer will obtain and keep in full force and
effect all franchises, permits, and other requirements necessary with respect to the acquisition,
construction, operation, and maintenance of the System.

(m) CONTRACTS.  It will comply with the terms and conditions of the Contracts, and
any amendments thereto, and will cause the Member Cities and other cities and customers to comply
with all of their obligations thereunder by all lawful means; provided that the Contracts will not be
rescinded, modified, or amended in any way which would materially affect adversely the operation
of the System or the rights of the owners of the Parity Bonds and Additional Bonds; provided further
that, without violating this Section 24(m), the Contracts may be modified or amended to change the
allocation of the Annual Requirement (as defined in the Contracts) among the Member Cities by
changing the basis for determination of each Member City's minimum amount of each Annual
Requirement.
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(n) ANNUAL BUDGET.  On or before the first day of the second calendar month prior
to the beginning of each fiscal year, it will prepare the preliminary Annual Budget of Operation and
Maintenance Expenses of the System for the ensuing fiscal year, and any amounts required to be
deposited to the credit of the Contingency Fund during the ensuing fiscal year, and such budget shall 
include a showing as to the proposed expenditures for such ensuing fiscal year.  In the Annual
Budget for each fiscal year provisions shall be made for payment of the annual lease consideration
and the Issuer's share of the cost of operation and maintenance of Lavon Dam and Reservoir and any
other payments with respect to water in any other reservoir required to be made by the Issuer.  If the
owners of ten per centum (10%) in aggregate principal amount of the Parity Bonds and Additional
Bonds then outstanding shall so request on or before the 15th day of the aforesaid month, the Board
shall hold a public hearing on or before the 15th day of the following month, at which any such
owner may appear in person or by agent or attorney and present any objections he may have to the
final adoption of such budget.  Notice of the time and place of such hearing shall be published twice,
once in each of two successive weeks, in daily newspapers (and if not daily newspaper is published
in any one of such cities, in a weekly newspaper published in such cities) of general circulation
published in each of the Cities of Garland, McKinney, Mesquite, Richardson, and Dallas, Texas, the
date of the first publication to be at least fourteen days before the date fixed for the hearing, and
copies of such notice shall be mailed at least ten days before the hearing to each owner of a Parity
Bond or Additional Bond who shall have filed his or her name and address with the Secretary of the
Board for such purpose.  The Issuer further covenants that on or before the first day of each fiscal
year it will finally adopt the Annual Budget of Operation and Maintenance Expenses of the System
for such fiscal year (hereinafter sometimes call the "Annual Budget") and that except as otherwise
provided herein the total expenditures in any division thereof will not exceed the total expenditures
in the corresponding division in the preliminary budget.  If for any reason the Board shall not have
adopted the Annual Budget before the first day of any fiscal year, the budget for the preceding fiscal
year shall be deemed to be in force until the adoption of the Annual Budget.  The Operation and
Maintenance Expenses of the System incurred in any fiscal year will not exceed the reasonable and
necessary amount thereof, and the Board will not expend any amount or incur any obligation for
maintenance, repair, and operation in excess of the amounts provided therefor in the Annual Budget;
provided, however, that if at any time the Board shall determine that the amount of the appropriation
for any item in the Annual Budget is in excess of the amount which will be required for such item,
the Board may by resolution reduce such appropriation and make an appropriation for any item or
items not covered by the Annual Budget or increase the appropriation for any other item or items
by an amount not exceeding the amount of such reduction; and provided, further, that the Board may
at any time by resolution adopt an Amended or Supplemental Annual Budget for the remainder of
the then current fiscal year in case of an emergency caused by some extraordinary occurrence which
shall be recited in such resolution.

Section 25.  AMENDMENT OF RESOLUTION.  (a)  The owners of Parity Bonds and
Additional Bonds aggregating 51% in principal amount of the aggregate principal amount of then
outstanding Parity Bonds and Additional Bonds shall have the right from time to time to approve
any amendment to any resolution authorizing the issuance of any Parity Bonds or Additional Bonds,
which may be deemed necessary or desirable by the Issuer, provided, however, that nothing herein
contained shall permit or be construed to permit the amendment of the terms and conditions in said
resolutions or in the Parity Bonds or Additional Bonds so as to:
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(1) Make any change in the maturity of the outstanding Parity Bonds or
Additional Bonds;

(2) Reduce the rate of interest borne by any of the outstanding Parity Bonds or
Additional Bonds;

(3) Reduce the amount of the principal payable on the outstanding Parity Bonds
or Additional Bonds;

(4) Modify the terms of payment of principal of or interest on the outstanding
Parity Bonds or Additional Bonds, or impose any conditions with respect to such payment;

(5) Affect the rights of the holders of less than all of the Parity Bonds and
Additional Bonds then outstanding;

(6) Change the minimum percentage of the principal amount of Parity Bonds and
Additional Bonds necessary for consent to such amendment.

(b) If at any time the Issuer shall desire to amend a resolution under this Section, the
Issuer shall cause notice of the proposed amendment to be published in a financial newspaper or
journal published in the City of New York, New York, once during each calendar week for at least
two successive calendar weeks.  Such notice shall briefly set forth the nature of the proposed
amendment and shall state that a copy thereof is on file at the principal office of each paying agent
for any of the Parity Bonds or Additional Bonds for inspection by all owners of Parity Bonds and
Additional Bonds.  Such publication is not required, however, if notice in writing is given to each
holder of Parity Bonds and Additional Bonds.

(c) Whenever at any time not less than thirty days, and within one year, from the date
of the first publication of said notice or other service of written notice the Issuer shall receive an
instrument or instruments executed by the owners of at least 51% in aggregate principal amount of
all Parity Bonds and Additional Bonds then outstanding, which instrument or instruments shall refer
to the proposed amendment described in said notice and which specifically consent to and approve
such amendment in substantially the form of the copy thereof on file as aforesaid, the Issuer may
adopt the amendatory resolution in substantially the same form.

(d) Upon the adoption of any amendatory resolution pursuant to the provisions of this
Section, the resolution being amended shall be deemed to be amended in accordance with the
amendatory resolution, and the respective rights, duties, and obligations of the Issuer and all the
owners of then outstanding Parity Bonds and Additional Bonds and all future Additional Bonds shall
thereafter be determined, exercised, and enforced hereunder, subject in all respects to such
amendment.

(e) Any consent given by the owner of a Parity Bond or Additional Bond pursuant to the
provisions of this Section shall be irrevocable for a period of six months from the date of the first
publication of the notice provided for in this Section, and shall be conclusive and binding upon all
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future holders or owners of the same Parity Bond or Additional Bond during such period.  Such
consent may be revoked at any time after six months from the date of the first publication of such
notice by the owner who gave such consent, or by a successor in title, by filing notice thereof with
each Paying Agent for each Series of Parity Bonds and Additional Bonds, and the Issuer, but such
revocation shall not be effective if the owners of 51% in aggregate principal amount of the then
outstanding Parity Bonds and Additional Bonds as in this Section defined have, prior to the
attempted revocation, consented to and approved the amendment.

(f) For the purpose of this Section, the ownership of and other matters relating to the
Parity Bonds shall be determined from the registration books kept by the registrar therefor.  

Section 26.   DAMAGED, MUTILATED, LOST, STOLEN, OR DESTROYED BONDS. 

(a)  Replacement Bonds.  In the event any outstanding Bond is damaged, mutilated, lost,
stolen, or destroyed, the Paying Agent/Registrar shall cause to be printed, executed, and delivered,
a new bond of the same principal amount, maturity, and interest rate, as the damaged, mutilated, lost,
stolen, or destroyed Bond, in replacement for such Bond in the manner hereinafter provided.

(b) Application for Replacement Bonds.  Application for replacement of damaged,
mutilated, lost, stolen, or destroyed Bonds shall be made by the registered owner thereof to the
Paying Agent/Registrar.  In every case of loss, theft, or destruction of a Bond, the registered owner
applying for a replacement bond shall furnish to the Issuer and to the Paying Agent/Registrar such
security or indemnity as may be required by them to save each of them harmless from any loss or
damage with respect thereto.  Also, in every case of loss, theft, or destruction of a Bond, the
registered owner shall furnish to the Issuer and to the Paying Agent/Registrar evidence to their
satisfaction of the loss, theft, or destruction of such Bond, as the case may be.  In every case of
damage or mutilation of a Bond, the registered owner shall surrender to the Paying Agent/Registrar
for cancellation the Bond so damaged or mutilated.

(c) No Default Occurred.  Notwithstanding the foregoing provisions of this Section, in
the event any such Bond shall have matured, and no default has occurred which is then continuing
in the payment of the principal of, redemption premium, if any, or interest on the Bond, the Issuer
may authorize the payment of the same (without surrender thereof except in the case of a damaged
or mutilated Bond) instead of issuing a replacement Bond, provided security or indemnity is
furnished as above provided in this Section.

(d) Charge for Issuing Replacement Bonds.  Prior to the issuance of any replacement
bond, the Paying Agent/Registrar shall charge the registered owner of such Bond with all legal,
printing, and other expenses in connection therewith.  Every replacement bond issued pursuant to
the provisions of this Section by virtue of the fact that any Bond is lost, stolen, or destroyed shall
constitute a contractual obligation of the Issuer whether or not the lost, stolen, or destroyed Bond
shall be found at any time, or be enforceable by anyone, and shall be entitled to all the benefits of
this Resolution equally and proportionately with any and all other Bonds duly issued under this
Resolution.
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(e) Authority for Issuing Replacement Bonds.  In accordance with Section 1201.067,
Texas Government Code, this Section of this Resolution shall constitute authority for the issuance
of any such replacement bond without necessity of further action by the governing body of the Issuer
or any other body or person, and the duty of the replacement of such bonds is hereby authorized and
imposed upon the Paying Agent/Registrar, and the Paying Agent/Registrar shall authenticate and
deliver such Bonds in the form and manner and with the effect, as provided in Section 6(d) of this
Resolution for Bonds issued in conversion and exchange for other Bonds.

Section 27.  COVENANTS REGARDING TAX-EXEMPTION.  (a)  Covenants.  The Issuer
covenants to refrain from any action which would adversely affect, or to take such action to assure,
the treatment of the Bonds as obligations described in section 103 of the Code, the interest on which
is not includable in the "gross income" of the holder for purposes of federal income taxation.  In
furtherance thereof, the Issuer covenants as follows:  

(1) to take any action to assure that no more than 10 percent of the proceeds of
the Bonds or the projects financed therewith (less amounts deposited into a reserve fund, if
any) are used for any "private business use," as defined in section 141(b)(6) of the Code, or
if more than 10 percent of the proceeds or the projects financed therewith are so used, such
amounts, whether or not received by the Issuer, with respect to such private business use, do
not, under the terms of this Resolution or any underlying arrangement, directly or indirectly,
secure or provide for the payment of more than 10 percent of the debt service on the Bonds,
in contravention of section 141(b)(2) of the Code;

(2) to take any action to assure that in the event that the "private business use"
described in subsection (a) hereof exceeds five percent of the proceeds of the Bonds or the
projects financed therewith (less amounts deposited into a reserve fund, if any) then the
amount in excess of five percent is used for a "private business use" which is "related" and
not "disproportionate," within the meaning of section 141(b)(3) of the Code, to the
governmental use;

(3) to take any action to assure that no amount which is greater than the lesser
of $5,000,000, or five percent of the proceeds of the Bonds (less amounts deposited into a
reserve fund, if any) is, directly or indirectly, used to finance loans to persons, other than
state or local governmental units, in contravention of section 141(c) of the Code;

(4) to refrain from taking any action that would otherwise result in the Bonds
being treated as "private activity bonds" within the meaning of section 141(b) of the Code;

(5) to refrain from taking any action that would result in the Bonds being
"federally guaranteed" within the meaning of section 149(b) of the Code;

(6) to refrain from using any portion of the proceeds of the Bonds, directly or
indirectly, in a manner that would cause the Bonds to be "arbitrage bonds" within the
meaning of section 148(a) of the Code and Regulations, including to acquire or to replace
funds which were used, directly or indirectly to acquire Nonpurpose Investments (as defined
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in the Code and Regulations) which produce yield materially higher than the yield on the
TWDB's bonds that are issued to provide financing for the purchase of the Bonds, other than
Nonpurpose Investments acquired with --

(A) proceeds of the Bonds invested for a reasonable temporary period of 3
years or less or, in the case of a refunding bond, for a period of 30 days or less until
such proceeds are needed for the purpose for which the Bonds are issued,

(B) amounts invested in a bona fide debt service fund, within the meaning
of section 1.148-1(b) of the Treasury Regulations, and

(C) amounts deposited in any reasonably required reserve or replacement
fund to the extent such amounts do not exceed the least of meximum annual debt
service on the Bonds, 125% of average annual debt service on the Bonds, or 10
percent of the stated principal amount (or, in the case of a discount, the issue price)
of the Bonds;

(7) to otherwise restrict the use of the proceeds of the Bonds or amounts treated
as proceeds of the Bonds, as may be necessary, so that the Bonds do not otherwise
contravene the requirements of section 148 of the Code (relating to arbitrage), section 149(g)
of the Code (relating to hedge bonds), and, to the extent applicable, section 149(d) of the
Code (relating to advance refundings); and

(8) to take all necessary steps to comply with the requirement that certain
amounts earned on investment of gross proceeds of the Bonds be rebated to the federal
government in order to satisfy the requirements of section 148 of the Code.  The District
will:

(A) account for all Gross Proceeds, as defined in the Code and Regulations
(including all receipts, expenditures and investments thereof) on its books of account
separately and apart from all other funds (and receipts, expenditures and investments
thereof) and retain all records of such accounting for a least six years after the final
Computation Date, as defined in the Code and Regulations.  The Issuer may,
however, to the extent permitted by law, commingle Gross Proceeds of its loan with
other money of the Issuer, provided that the Issuer separately accounts for each
receipt and expenditure of such Gross Proceeds and the obligations acquired
therewith;

(B) calculate the Rebate Amount as defined in the Code and Regulations,
with respect to the Bonds, not less frequently than each Computation Date, in
accordance with rules set forth in section 148(f) of the Code, section 1.148-3 of the
Regulations, and the rulings thereunder.  The Issuer shall maintain a copy of such
calculations for a least six years after the final Computation Date;

(C) as additional consideration for the purchase of the Bonds by the TWDB,
and in order to induce the purchase of the Bonds by the TWDB, by measures
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designed to ensure the excludability of the interest on the Source Series Bonds from
the gross income of the owners thereof for federal income tax purposes, pay to the
United States, the amount described in paragraph (b) above within 30 days after each
Computation Date; and

(D) exercise reasonable diligence to assure that no errors are made in the
calculations required by paragraph (b) and, if such error is made, to discover and
promptly to correct such error within a reasonable amount of time thereafter,
including payment to the United States of any interest and any penalty required by
the Regulations.

For purposes of the foregoing (a)(1) and (a)(2), the Issuer understands that the term
"proceeds" includes "disposition proceeds" as defined in the Treasury Regulations and, in the case
of refunding bonds, transferred proceeds (if any) and proceeds of the refunded bonds expended prior
to the date of issuance of the Bonds.  

(b) Compliance with Code.  It is the understanding of the Issuer that the covenants
contained herein are intended to assure compliance with the Code and any regulations or rulings
promulgated by the U.S. Department of the Treasury pursuant thereto.  In the event that regulations
or rulings are hereafter promulgated which modify or expand provisions of the Code, as applicable
to the Bonds, the Issuer will not be required to comply with any covenant contained herein to the
extent that such failure to comply, in the opinion of nationally-recognized bond counsel, will not
adversely affect the exemption from federal income taxation of interest on the Bonds under section
103 of the Code.  In the event that regulations or rulings are hereafter promulgated which impose
additional requirements which are applicable to the Bonds, the Issuer agrees to comply with the
additional requirements to the extent necessary, in the opinion of nationally-recognized bond
counsel, to preserve the exemption from federal income taxation of interest on the Bonds under
section 103 of the Code.  In furtherance of such intention, the Issuer hereby authorizes and directs
its President or Executive Director to execute any documents, certificates or reports required by the
Code and to make such elections, on behalf of the Issuer, which may be permitted by the Code as
are consistent with the purpose for the issuance of the Bonds.  The Issuer covenants to comply with
the covenants contained in this section after defeasance of the Bonds.

(c) Rebate Fund.  In order to facilitate compliance with the above covenant (a)(8), a
"Rebate Fund" is hereby established by the Issuer for the sole benefit of the United States of
America, and such fund shall not be subject to the claim of any other person, including without
limitation, the bondholders.  The Rebate Fund is established for the additional purpose of
compliance with section 148 of the Code.

(d) Written Procedures.  Unless superseded by another action of the Issuer to ensure
compliance with the covenants contained herein regarding private business use, remedial actions,
arbitrage and rebate, the Issuer hereby adopts and establishes the instructions attached hereto as
Exhibit A as their written procedures applicable to Bonds issued pursuant to the Contract.
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Section 28   ALLOCATION OF, AND LIMITATION ON, EXPENDITURES FOR THE
PROJECT; DISPOSITION OF THE PROJECT.  (a)  The Issuer covenants to account for the
expenditure of Bond proceeds and investment earnings to be used for the construction or acquisition
of the property constituting the project financed with proceeds of the sale of the Bonds on its books
and records by allocating proceeds to expenditures within 18 months of the later of the date that (1)
the expenditure is made or (2) such construction or acquisition is completed.  The foregoing
notwithstanding, the Issuer shall not expend proceeds of the Bonds or investment earnings thereon
more than 60 days after the earlier of (1) the fifth anniversary of the delivery of the Bonds or (2) the
date the Bonds are retired, unless the Issuer obtains an opinion of nationally-recognized bond
counsel that such expenditure will not adversely affect the tax-exempt status of the Bonds.  For
purposes hereof, the Issuer shall not be obligated to comply with this covenant if it obtains an
opinion that such failure to comply will not adversely affect the excludability for federal income tax
purposes from gross income of the Bonds on the Bonds.

(b) The Issuer covenants that the property constituting the project financed with proceeds
of the Bonds will not be sold or otherwise disposed in a transaction resulting in the receipt by the
Issuer of cash or other compensation, unless the Issuer obtains an opinion of nationally-recognized
bond counsel that such sale or other disposition will not adversely affect the tax-exempt status of
the Bonds.  For purposes of the foregoing, the portion of the property comprising personal property
and disposed in the ordinary course shall not be treated as a transaction resulting in the receipt of
cash or other compensation.  For purposes hereof, the Issuer shall not be obligated to comply with
this covenant if it obtains an opinion that such failure to comply will not adversely affect the
excludability for federal income tax purposes from gross income of the interest.

Section 29  CUSTODY, APPROVAL, AND REGISTRATION OF BONDS; BOND
COUNSEL'S OPINION, CUSIP NUMBERS, AND PREAMBLE.  The President of the Board of
Directors of the Issuer is hereby authorized to have control of the Initial Bond issued hereunder and
all necessary records and proceedings pertaining to the Initial Bond pending its delivery and its
investigation, examination, and approval by the Attorney General of the State of Texas, and its
registration by the Comptroller of Public Accounts of the State of Texas.  Upon registration of the
Initial Bond said Comptroller of Public Accounts (or a deputy designated in writing to act for said
Comptroller) shall manually sign the Comptroller's Registration Certificate on the Initial Bond, and
the seal of said Comptroller shall be impressed, or placed in facsimile, on the Initial Bond.  The
approving legal opinion of the Issuer's Bond Counsel and the assigned CUSIP numbers may, at the
option of the Issuer, be printed on the Initial Bond or on any Bond issued and delivered in
conversion of and exchange or replacement of any Bond, but neither shall have any legal effect, and
shall be solely for the convenience and information of the registered owners of the Bonds.  The
preamble to this Resolution is hereby adopted and made a part hereof for all purposes. 

Section 30.  INTEREST EARNINGS ON BOND PROCEEDS.  Interest earnings derived
from the investment of proceeds from the sale of the Initial Bond, other than proceeds deposited in
accordance with Section 16 hereof, shall be used as provided in Section 34(c) hereof; provided that
after such use, if any of such interest earnings remain on hand, such interest earnings on bond
proceeds which are required to be rebated to the United States of America pursuant to Section 27
hereof in order to prevent the Bonds from being arbitrage bonds shall be so rebated and not
considered as interest earnings for the purposes of this Section.
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Section 31.  DTC REGISTRATION.  The Bonds initially shall be issued and delivered in
such manner that no physical distribution of the Bonds will be made to the public, and the Deposi-
tory Trust Company ("DTC"), New York, New York, initially will act as depository for the Bonds. 
DTC has represented that it is a limited purpose trust company incorporated under the laws of the
State of New York, a member of the Federal Reserve System, a "clearing corporation" within the
meaning of the New York Uniform Commercial Code, and a "clearing agency" registered under
Section 17A of the federal Securities Exchange Act of 1934, as amended, and the Issuer accepts, but
in no way verifies, such representations.  The Initial Bond authorized by this Resolution shall be
delivered to and registered in the name of the Purchaser.  However, it is a condition of delivery and
sale that the Purchaser, immediately after such delivery, shall cause the Paying Agent/Registrar, as
provided for in this Resolution, to cancel said Initial Bond and deliver in exchange therefor a
substitute Bond for each maturity of such Initial Bond, with each such substitute Bond to be regis-
tered in the name of CEDE & CO., the nominee of DTC, and it shall be the duty of the Paying
Agent/Registrar to take such action.  It is expected that DTC will hold the Bonds on behalf of the
Purchaser and/or the DTC Participants, as defined and described in the Official Statement referred
to and approved in Section 32 hereof (the "DTC Participants").  So long as each Bond is registered
in the name of CEDE & CO., the Paying Agent/Registrar shall treat and deal with DTC in all
respects the same as if it were the actual and beneficial owner thereof.  It is expected that DTC will
maintain a book entry system which will identify beneficial ownership of the Bonds by DTC Partici-
pants in integral amounts of $5,000, with transfers of ownership being effected on the records of
DTC and the DTC Participants pursuant to rules and regulations established by them, and that the
substitute Bonds initially deposited with DTC shall be immobilized and not be further exchanged
for substitute Bonds except as hereinafter provided.  The Issuer is not responsible or liable for any
functions of DTC, will not be responsible for paying any fees or charges with respect to its services,
will not be responsible or liable for maintaining, supervising, or reviewing the records of DTC or
the DTC Participants, or protecting any interests or rights of the beneficial owners of the Bonds. 
It shall be the duty of the Purchaser and the DTC Participants to make all arrangements with DTC
to establish this book-entry system, the beneficial ownership of the Bonds, and the method of paying
the fees and charges of DTC.  The Issuer does not represent, nor does it in any way covenant that
the initial book-entry system established with DTC will be maintained in the future.  The Issuer
reserves the right and option at any time in the future, in its sole discretion, to terminate the DTC
(CEDE & CO.) book-entry only registration requirement described above, and to permit the Bonds
to be registered in the name of any owner.  If the Issuer exercises its right and option to terminate
such requirement, it shall give written notice of such termination to the Paying Agent/ Registrar and
to DTC, and thereafter the Paying Agent/Registrar shall, upon presentation and proper request,
register any Bond in any name as provided for in this Resolution.  Notwithstanding the initial
establishment of the foregoing book-entry system with DTC, if for any reason any of the originally
delivered substitute Bonds is duly filed with the Paying Agent/Registrar with proper request for
transfer and substitution, as provided for in this Resolution, substitute Bonds will be duly delivered
as provided in this Resolution, and there will be no assurance or representation that any book-entry
system will be maintained for such Bonds.
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Section 32.  SALE OF BONDS; USE OF PROCEEDS.

(a) Sale to TWDB.  The Bonds are hereby sold to TWDB (the "Purchaser"), acting
through the TWDB's designated trustee, for the price of par, less an origination fee of ____% of the
principal amount of the Bonds.  The Bonds have been purchased by the TWDB pursuant to its
Resolution No. 17-___ adopted on ________, 2017 ("TWDB Resolution No. 17-___").  The Bonds
initially delivered shall be registered in the name of the Texas Water Development Board.  The
Private Placement Memorandum prepared in connection with the sale of the Bonds to the TWDB
is approved.  The Issuer has determined, based upon the advice provided by its financial advisors,
that acceptance of the purchase price for the Bonds is on terms advantageous to, and in the best
interests of, the Issuer. 

(b) Notice from TWDB of Sale of Bonds.  It is the intent of the parties to the sale of the
Bonds that if TWDB ever determines to sell all or a part of the Bonds, it shall notify the Issuer at
least 60 days prior to the sale of the Bonds of the decision to so sell the Bonds

(c) Proceeds.  The proceeds from the sale of the Bonds shall be used in the manner
described in the letter of instructions executed by the Issuer, or on behalf of the Issuer by its
financial advisor.

(d) Payment by Wire Transfer.  Payment of amounts due and owing on the Bonds to the
TWDB shall be made by wire transfer, at no expense to the TWDB, as provided in the FORM OF
INITIAL BOND and the FORM OF SUBSTITUTE BOND.

(e) Investment of Bond Proceeds.  Proceeds from the sale of the Bonds shall be held at
a designated state depository or other properly chartered and authorized institution in accordance
with Chapter 2256, Texas Government Code, and Chapter 2257, Texas Government Code.

Section 33. ESCROW AGREEMENT.  The President, any Vice President, the Secretary,
and/or the Executive Director/General Manager are each authorized to execute and deliver an
escrow agreement in substantially the form attached as Exhibit B.  The TWDB agrees that proceeds
of the Bonds required to be deposited under the Escrow Agreement shall be disposed of and released
in accordance with TWDB Rules Relating to Financial Programs or as otherwise authorized and
directed by the TWDB.

Section 34. PROJECT FUND.

(a) Project Fund Created.  There is hereby created, established and maintained on the
books of the Issuer, a separate fund to be entitled the "North Texas Municipal Water District Water
System Revenue Bonds, Series 2017 Project Fund" (hereinafter called the "Project Fund").  Monies
in the Project Fund shall be maintained at a official depository bank of the Issuer.

(b) Use of Funds.  Except as otherwise may be provided in Sections 17, 32(c), and 33
hereof, the proceeds of the Bonds shall be deposited in the Project Fund and used by the Issuer for
payment of the costs of construction, improvements, and extensions of the System, and the payment
of costs associated therewith, including any costs for engineering, financing, financial consultation,
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administrative, auditing and legal expenses.  Amounts in the Project Fund shall be timely and
expeditiously used to pay such costs, in compliance with applicable federal and State law.

(c) Surplus Proceeds.  Any surplus proceeds, including the investment earnings derived
from the investment of monies on deposit in the Project Fund, from the Bonds remaining on deposit
in the Project Fund after completing the improvements and extensions to the System and upon the
completion of the final accounting as described in Section 35(c) hereof, shall be transferred to the
Interest and Redemption Fund to redeem, in inverse order of maturity, the Bonds owned by TWDB,
unless the Executive Administrator of TWDB approves the use of such surplus proceeds to pay
eligible costs of improving or extending the System by funding projects that are part of the State
Water Plan.

Section 35. TWDB REQUIREMENTS.  The Issuer covenants and agrees, so long as the
TWDB owns any of the Bonds, as follows:

(a) Compliance with the TWDB's Rules and Regulations.  The Issuer covenants to
comply with the rules and regulations of the TWDB.

(b) Audits.  The Issuer shall mail a copy of the Issuer's audit required by Section 24(k)
hereof to the TWDB within 120 days after the close of the fiscal year.  In addition, monthly
operating statements for the System shall be maintained by the Issuer and made available, on
request, to the TWDB, and the monthly operating statement shall be in such detail as requested by
the Development Fund Manager of the TWDB until this requirement is waived thereby.  Upon
request by the Executive Administrator of the TWDB, the Issuer shall provide or cause the Member
Cities to provide, to the Executive Administrator, the most recent audits of such Member Cities as
are requested by the Executive Administrator.

(c) Final Accounting.  The Issuer shall render a final accounting to the TWDB in
reference to the total cost incurred by the Issuer for construction, improvements, and extensions to
the System which were financed by the issuance of the Bonds, together with a copy of "as built"
plans of such construction, improvements, and extensions upon completion.

(d) Defeasance.  Should the Issuer exercise its right under this Resolution to effect the
defeasance of the Bonds, the Issuer agrees that it will provide the TWDB with written notice of any
such defeasance.

(e) Segregation of Funds.  The Issuer covenants that proceeds of the Bonds (except for
amounts deposited into the Reserve Fund) shall remain separate and distinct from other sources of
funds from the date of closing of the Bonds through final disbursement of the proceeds thereof.

(f) Environmental Indemnity.  Proceeds from the Bonds shall not be used by the Issuer
when sampling, testing, removing, or disposing of contaminated soils and/or media at the project
site.  To the extent permitted by law, the Issuer agrees to indemnify, hold harmless, and protect the
TWDB from any and all claims, causes of action, or damages to the person or property of third
parties arising from the sampling, analysis, transport, storage, treatment, recycling, and disposition
of any contaminated sewage sludge, contaminated sediments, and/or contaminated media that may
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be generated by the Issuer, its contractors, agents, officials, and employees as a result of activities
relating to the project funded with proceeds of the Bonds.

(g) Environmental Determination.  In connection with the project financed with the
Bonds, the Issuer agrees to implement any environmental determination issued by the Executive
Administrator of TWDB to satisfy the environmental review requirements set forth in 31 Texas
Administrative Code 371.

(h) Insurance.  The Issuer agrees that it will maintain insurance on the System in an
amount determined by the TWDB to be sufficient to protect TWDB's interest in the project financed
with the proceeds of the Bonds.  The Issuer may satisfy this covenant with self-insurance.

(i) Water Conservation Program.  The Issuer has implemented or will implement an
approved water conservation program in compliance with 31 Texas Administrative Code
371.71(a)(2)(F).

(j) No Purchase of TWDB Bonds.  The Issuer agrees that it, nor any related party to the
issuer, will not purchase, as a investment or otherwise, bonds issued by TWDB including, without
limitation, bonds issued by TWDB, the proceeds of which were used by TWDB to purchase the
Bonds.

(k) Compliance with Federal Contracting Law.  The Issuer acknowledges that it has a
legal obligation to comply with any applicable requirements of federal law relating to contracting
with disadvantaged business enterprises.

(l) Compliance with State Contracting Law.  The Issuer acknowledges that it has a legal
obligation to comply with any applicable requirements of State law relating to contacting with
historically underutilized businesses and the Issuer shall report to the TWDB the amount of proceeds
of the Bonds used to compensate historically underutilized businesses that worked on the project.

(m) TWDB Remedies.  The TWDB may exercise all remedies available to it in law or
equity, and any provision of this Resolution that restricts on limits the full exercise of such remedies
by the TWDB shall be of no force or effect.

(n) Limitation on Conveyances of Bonds.  Prior to any action by the Issuer to convey the
Bonds of the Issuer held by the TWDB to another entity, the conveyance and assumption of the
Bonds must be approved by the TWDB.

(o) Accounting.  The Issuer shall maintain current, accurate and complete records and
accounts in accordance with generally accepted accounting principles necessary to demonstrate
compliance with financial assistance related legal and contractual provisions.
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Section 36.  CONTINUING DISCLOSURE UNDERTAKING.  

(a) Annual Reports

The Issuer shall provide or cause to be provided annually to the MSRB, (1) within six
months after the end of each fiscal year ending in or after 2017, financial information and operating
data of the general type included in the final Official Statement with respect to the Series 2016
Bonds, (i) with respect to the Issuer, in tables numbered 1 through 5, and (ii) with respect to each
Significant Obligated Persons in Appendix C, and (2) when and if available, audited financial
statements of the Issuer and each Significant Obligated Person.  Any financial statements so to be
provided shall be prepared in accordance with generally accepted accounting principles or such
other accounting principles as the Issuer or any such Significant Obligated Person may be required
to employ from time to time pursuant to state law or regulation.  If the audit of such financial
statements of the Issuer or a Significant Obligated Person is not complete within 12 months after the
respective fiscal year end,  then the Issuer shall  provide or cause to be provided by each Significant
Obligated Person unaudited financial statements within such 12-month period and audited financial
statements when and if the audit report on such statements become available.

If the Issuer or any such Significant Obligated Person changes its fiscal year, the Issuer will
notify or cause the Significant Obligated Person to notify the MSRB of the change (and of the date
of the new fiscal year end) prior to the next date by which the Issuer or any such Significant
Obligated Person otherwise would be required to provide financial information and operating data
pursuant to this Section.

The financial information and operating date to be provided pursuant to this Section may be
set forth in full in one or more documents or may be included by specific reference to any document
(including an official statement or other offering document, if it is available from the MSRB) that
theretofore has been provided to the MSRB or filed with the SEC 

(b) Event Notices.

The Issuer shall notify the MSRB, in a timely manner, of any of the following events with
respect to the Bonds, not in excess of ten Business Days after occurrence of the event:

1. Principal and interest payment delinquencies;

2. Non-payment related defaults, if material;

3. Unscheduled draws on debt service reserves reflecting financial difficulties;

4. Unscheduled draws on credit enhancements reflecting financial difficulties;

5. Substitution of credit or liquidity providers, or their failure to perform;

6. Adverse tax opinions, the issuance by the Internal Revenue Service of
proposed or final determinations of taxability, Notices of Proposed Issue (IRS Form
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5701-TEB) or other material notices or determinations with respect to the tax status of the
security, or other material events affecting the tax status of the security;

7. Modifications to the rights of security holders, if material;

8. Bond calls, if material, and tender offers;

9. Defeasances;

10. Release, substitution or sale of property securing repayment of the securities,
if material;

11. Rating changes;

12. Bankruptcy, insolvency, receivership or similar event of the Issuer or a
Significant Obligated Person;

13. The consummation of a merger, consolidation, or acquisition involving the
Issuer or a Significant Obligated Person or the sale of all or substantially all of the assets of
the Issuer or a Significant Obligated Person, other than in the ordinary course of business,
the entry into a definitive agreement to undertake such an action or the termination of a
definitive agreement relating to any such actions, other than pursuant to its terms, if material;
and

14. Appointment of a successor or additional trustee or the change of name of a
trustee, if material.

The Issuer shall notify the MSRB, in a timely manner, of any failure by the Issuer to provide
financial information or operating data in accordance with Section 36(c) of this Resolution by the
time required by such Section.  As used in clause 12 above, the phrase "bankruptcy, insolvency,
receivership or similar event" means the appointment of a receiver, fiscal agent, or similar officer
for the Issuer in a proceeding under the U.S. Bankruptcy Code or in any other proceeding under state
or federal law in which a court or governmental authority has assumed jurisdiction over substantially
all of the assets or business of the Issuer, or if jurisdiction has been assumed by leaving the Board
of Directors and official or officers of the Issuer in possession but subject to the supervision and
orders of a court or governmental authority, or the entry of an order confirming a plan of
reorganization, arrangement or liquidation by a court or governmental authority having supervision
or jurisdiction over substantially all of the assets or business of the Issuer.

(c) Limitations, Disclaimers, and Amendments.

The Issuer shall be obligated to observe and perform or cause a Significant Obligated Person
to observe and perform the covenants specified in this Section for so long as, but only for so long
as, such Significant Obligated persons remains a "Significant Obligated Person" with respect to the
Bonds, except that the Issuer in any event will give notice of any deposit made in accordance with
Section 21 hereof that causes Bonds no longer to be Outstanding.
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The provisions of this Section are for the sole benefit of the Holders and beneficial owners
of the Bonds, and nothing in this Section, express or implied, shall give any benefit or any legal or
equitable right, remedy, or claim hereunder to any other person.  The Issuer undertakes to provide
or cause to be provided only the financial information, operating data, financial statements, and
notices which it has expressly agreed to provide pursuant to this Section and does not hereby
undertake to provide or cause to be provided any other information that may be relevant or material
to a complete presentation of the Issuer's or any Significant Obligated Person's financial results,
condition or prospects or hereby undertake to update any information provided in accordance with
this Section or otherwise, except as expressly provided herein.  The Issuer does not make any
representation or warranty concerning such information or its usefulness to a decision to invest in
or sell Bonds at any future date.

UNDER NO CIRCUMSTANCES SHALL THE ISSUER BE LIABLE TO THE HOLDER
OR BENEFICIAL OWNER OF ANY BOND OR ANY OTHER PERSON, IN CONTRACT OR
TORT, FOR DAMAGES RESULTING IN WHOLE OR IN PART FROM ANY BREACH BY
THE ISSUER, WHETHER NEGLIGENT OR WITHOUT FAULT ON ITS PART, OF ANY
COVENANT SPECIFIED IN THIS SECTION, BUT EVERY RIGHT AND REMEDY OF ANY
SUCH PERSON, IN CONTRACT OR TORT, FOR OR ON ACCOUNT OF ANY SUCH BREACH
SHALL BE LIMITED TO AN ACTION FOR MANDAMUS OR SPECIFIC PERFORMANCE. 

No default by the Issuer in observing or performing its obligations under this Section shall
comprise a breach of or default under this Resolution for purposes of any other provision of this
Resolution.

Nothing in this Section is intended or shall act to disclaim, waive, or otherwise limit the
duties of the Issuer under federal and state securities laws.

Should the Rule be amended to obligate the Issuer to make filings with or provide notices
to entities other than the MSRB, the Issuer hereby agrees to undertake such obligation with respect
to the Bonds in accordance with the Rule as amended.  The provisions of this Section may be
amended by the Issuer from time to time to adapt to changed circumstances that arise from a change
in legal requirements, a change in law, or a change in the identify, nature, status, or type of
operations of the Issuer or any Significant Obligated Person, but only if (1) the provisions of this
Section, as so amended, would have permitted an underwriter to purchase or sell Bonds in the
primary offering of the Bonds in compliance with the Rule, taking into account any amendments or
interpretations of the Rule since such offering as well s such changed circumstances and (2) either
(a) the Holders of a majority in aggregate principal amount (or any greater amount required by any
other provision of this Resolution that authorizes such an amendment) of the outstanding Bonds
consent to such amendment or (b) a Person that is unaffiliated with the Issuer (such as nationally
recognized bond counsel) determined that such amendment will not materially impair the interest
of the Holders and beneficial owners of the Bonds.  If the Issuer so amends the provisions of this
Section, it shall include with any amended financial information or operating data next provided in
accordance with Subsection (a) hereof an explanation, in narrative form, of the reason for the
amendment and of the impact of any change in the type of financial information or operating data
so provided.  The Issuer may also amend or repeal the provisions of this continuing disclosure
agreement if the SEC amends or repeals the applicable provision of the Rule or a court of final
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jurisdiction enters judgment that such provisions of the Rule are invalid, but only if and to the extent
that the provisions of this sentence would not prevent an underwriter from lawfully purchasing or
selling Bonds in the primary offering of the Bonds.

(d) Definitions.

As used in this Section, the following terms have the meanings ascribed to such terms below:

"MSRB" means the Municipal Securities Rulemaking Board.

"Rule" means SEC Rule 15c2-12, as amended from time to time.

"SEC" means the United States Securities and Exchange Commission and any successor to
its duties.

"Significant Obligated Person" means, at any point in time, any Member City or other party
contracting with the Issuer, in either case whose payments to the Issuer for the use of or service from
the System in the calendar year preceding any such determination exceeded 10% of the Gross
Revenues of the System.

Section 37.  ATTORNEY GENERAL FEES.  The District hereby authorizes and directs
payment, from legally available funds of the District, of the nonrefundable examination fee of the
Attorney General of the State of Texas required by Section 1202.004, Texas Government Code, as
amended.

Section 38.  FURTHER PROCEDURES.  The President, Vice President, and/or the Secretary
of the Board of Directors of the Issuer, the Executive Director and General Manager of the Issuer,
and all other officers, employees, and agents of the Issuer, and each of them, shall be and they are
hereby expressly authorized, empowered, and directed from time to time and at any time to do and
perform all such acts and things and to execute, acknowledge, and deliver in the name and on behalf
of the Issuer all such instruments, whether or not herein mentioned, as may be necessary or desirable
in order to carry out the terms and provisions of this Resolution, the Bond Purchase Agreement, the
Bonds, the sale and delivery of the Initial Bond and the Bonds, and all details in connection there-
with.  In case any officer whose signature shall appear on any Bond shall cease to be such officer
before the delivery of such Bond, such signature shall nevertheless be valid and sufficient for all
purposes the same as if such officer had remained in office until such delivery.

Section 39.  REPEAL OF CONFLICTING RESOLUTIONS.  All resolutions and all parts
of any resolutions which are in conflict or inconsistent with this Resolution are hereby repealed and
shall be of no further force or effect to the extent of such conflict or inconsistency.

**************
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EXHIBIT "A"

WRITTEN PROCEDURES RELATING TO CONTINUING
COMPLIANCE WITH FEDERAL TAX COVENANTS

A. Arbitrage.   With respect to the investment and expenditure of the proceeds of the
Bonds and any Additional Bonds (the "Obligations") the Issuer's Executive Director and Director
of Finance (the "Responsible Persons") will :                                

For Obligations issued for newly acquired property or constructed property:

· instruct the appropriate person or persons that the construction, renovation or
acquisition of the facilities must proceed with due diligence and that binding
contracts for the expenditure of at least 5%of the proceeds of the Obligations will be
entered into within 6 months of the date of delivery of the Obligations ("Issue
Date");

· monitor that at least 85% of the proceeds of the Obligations to be used for the
construction, renovation or acquisition of any facilities are expended within 3 years
of the Issue Date;

· restrict the yield of the investments (other than those in the Reserve Fund) to the
yield on the Obligations after 3 years of the Issue Date; 

· monitor all amounts deposited into a sinking fund or funds, e.g., the Interest and
Redemption Fund and the Reserve Fund, to assure that the maximum amount
invested at a yield higher than the yield on the Obligations does not exceed an
amount equal to the debt service on the Obligations in the succeeding 12 month
period plus a carryover amount equal to one-twelfth of the principal and interest
payable on the Obligations for the immediately preceding 12-month period;

· assure that no more than 50% of the proceeds of the Obligations are invested in an
investment with a guaranteed yield for 4 years or more;

· assure that the maximum amount of the Reserve Fund invested at a yield higher than
the yield on the Obligations will not exceed the lesser of (1) 10% of the original
principal amount of the Obligations, (2) 125% of the average annual debt service on
the Obligations measured as of the Issue Date, or (3) 100% of the maximum annual
debt service on the Obligations as of the Issue Date;

For Obligations issued for refunding purposes:

· monitor the actions of the escrow agent (to the extent an escrow is funded with
proceeds) to assure compliance with the applicable provisions of the escrow
agreement, including with respect to reinvestment of cash balances;  



For all Obligations:

· maintain any official action of the Issuer (such as a reimbursement resolution) stating
its intent to reimburse itself  with the proceeds of the Obligations any amount
expended prior to the Issue Date for the acquisition, renovation or construction of the
facilities;

· assure that the applicable information return (e.g., IRS Form 8038-G, 8038-GC, or
any successor forms) is timely filed with the IRS;  

· assure that, unless excepted from rebate and yield restriction under section 148(f) of
the Code, excess investment earnings are computed and paid to the U.S. government
at such time and in such manner as directed by the IRS (i) at least every 5 years after
the Issue Date and (ii) within 30 days after the date the Obligations are retired.  

B. Private Business Use.  With respect to the use of the facilities financed or refinanced
with the proceeds of the Obligations the Responsible Persons  will: 

· monitor the date on which the facilities are substantially complete and available to
be used for the purpose intended; 

· monitor whether, at any time the Obligations are outstanding, any person, other than
the Issuer, the employees of the Issuer, the agents of the Issuer  or members of the
general public has any contractual right (such as a lease, purchase, management or
other service agreement) with respect to any portion of the facilities; 

· monitor whether, at any time the Obligations are outstanding, any person, other than
the Issuer, the employees of the Issuer, the agents of the Issuer  or members of the
general public has a right to use the output of the facilities (e.g., water, gas,
electricity);

· monitor whether, at any time the Obligations are outstanding, any person, other than
the Issuer, the employees of the Issuer, the agents of the Issuer  or members of the
general public has a right to use the facilities to conduct or to direct the conduct of
research; 

· determine whether, at any time the Obligations are outstanding, any person, other
than the Issuer, has a naming right for the facilities or any other contractual right
granting an intangible benefit; 

· determine whether, at any time the Obligations are outstanding, the facilities are sold
or otherwise disposed of;  and

· take such action as is necessary to remediate any failure to maintain compliance with
the covenants contained in the resolution authorizing the Obligations.



C. Record Retention.  The Responsible Persons will maintain or cause to be maintained
all records relating to the investment and expenditure of the proceeds of the Obligations and the use
of the facilities financed or refinanced thereby for a period ending three (3) years after the complete
extinguishment of the Obligations.  If any portion of the Obligations is refunded with the proceeds
of another series of tax-exempt obligations, such records shall be maintained until the three (3) years
after the refunding obligations are completely extinguished.  Such records can be maintained in
paper or electronic format.  

D.         Responsible Persons.  Each Responsible Person shall receive appropriate training
regarding the Issuer's accounting system, contract intake system, facilities management and other
systems necessary to track the investment and expenditure of the proceeds and the use of the
facilities financed with the proceeds of the Obligations.  The foregoing notwithstanding, the
Responsible Persons are authorized and instructed to retain such experienced advisors and agents
as may be necessary to carry out the purposes of these instructions.     
            



EXHIBIT "B"

FORM OF ESCROW AGREEMENT



PRIVATE PLACEMENT MEMORANDUM DATED _______________, 2017

NEW ISSUE BOOK-ENTRY-ONLY

On the date of initial delivery of the Obligations (defined below), Issuer Bond Counsel (defined on page 2) will render its opinion
substantially in the form attached in APPENDIX C - FORM OF OPINION OF BOND COUNSEL.

$44,650,000
NORTH TEXAS MUNICIPAL WATER DISTRICT,

WATER SYSTEM REVENUE BONDS, SERIES 2017
(the "Obligations")

Dated: July 1, 2017 Due: September 1

Interest Date:

Record Date:

Interest on the Obligations will be payable on March 1, 2018, and on each September 1 and
March 1 each year thereafter until maturity or prior redemption (each an "Interest Payment
Date"). The Obligations will bear interest at the rates per annum set forth in "APPENDIX A -
MATURITY SCHEDULE."

The close of business on the fifteenth business day of the calendar month immediately
preceding the applicable Interest Payment Date.

Date Interest Accrues: Each Obligation shall bear interest from the Delivery Date thereof or the most recent Interest
Payment Date to which interest has been paid or provided for.

Redemption: The Obligations are subject to redemption prior to maturity as provided herein. See "THE
OBLIGATIONS - Redemption Provisions" herein.

Authorized Denominations: The Obligations are being issued as fully registered bonds in denominations of $5,000, or any
integral multiple thereof.

Paying
Agent/Registrar/Registrar:

The paying agent ("Paying Agent/Registrar/Registrar") for the Obligations is The Bank of
New York Mellon Trust Company, National Association, Dallas, Texas.

Book-Entry-Only System Upon initial issuance, the ownership of the Obligations will be registered in the registration
books of North Texas Municipal Water District (the "Issuer") kept by the Paying
Agent/Registrar, in the name of Cede & Co., as nominee of The Depository Trust Company,
New York, New York ("DTC") to which principal, redemption premium, if any, and interest
payments on the Obligations will be made. The purchasers of the Obligations will not receive
physical delivery of bond certificates. Principal of, interest, and premium if any, on the
Obligations will be payable at the designated office of the Paying Agent/Registrar in, Texas as
the same become due and payable.

Issuer: North Texas Municipal Water District, created and functioning under Article 16, Section 59,
of the Texas Constitution, pursuant to the general laws of the State of Texas, including
Chapters 49 and 51, Texas Water Code, and pursuant to the provisions of Chapter 268, Acts of
1957, 55th Legislature of Texas, Regular Session, as amended (collectively, the "District
Act").

Official Action: Resolution Authorizing the Issuance, Sale and Delivery of North Texas Municipal Water
District, Water System Revenue Bonds, Series 2017, dated September __, 2017.

Purpose: The Obligations are being issued for the purpose of (i) to pay for construction, improvements,
and extensions to the District's Water System, including design, acquisition, and construction
relating to the Lower Bois d’Arc Reservoir Project; (ii) to fund a debt service reserve fund and
(iii) to pay costs of issuance of the Series 2017 Bonds.

Security for the Obligations: See "SECTION 9 PLEDGE" OF "APPENDIX B – FORM OF OFFICIAL ACTION."

Ratings: See "OTHER INFORMATION - Ratings"

Delivery Date: _____________, 2017.

___________________________________________________

See "APPENDIX A - MATURITY SCHEDULE" for Principal Amounts,

Maturities, Interest Rates, Prices or Yields, and Initial CUSIP Numbers

North Texas Municipal
Water District

Part E. 71. b

• 
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Private Placement Memorandum
relating to

$44,650,000

NORTH TEXAS MUNICIPAL WATER DISTRICT
WATER SYSTEM REVENUE BONDS, SERIES 2017

(the "Obligations")

INTRODUCTION

This Private Placement Memorandum, including the cover page and appendices, contains brief descriptions
of the Issuer, provides certain information with respect to the issuance by the Issuer, and summaries of certain
provisions of the "Obligations" pursuant to the Official Action. Except as otherwise set forth herein, capitalized
terms used but not defined in this Private Placement Memorandum have the meanings assigned to them in the
Official Action. See "APPENDIX B – "FORM OF OFFICIAL ACTION" attached hereto.

APPENDIX A contains the maturity schedule for the Obligations. APPENDIX B contains the Official
Action and a description of the purpose for the proceeds of the Obligations. APPENDIX C contains a copy of the
proposed opinion of Bond Counsel with respect to the Obligations. The summaries of the documents contained in
the forepart of this Private Placement Memorandum are not complete or definitive, and every statement made in this
Private Placement Memorandum concerning any provision of any document is qualified by reference to such
document in its entirety.

THE OBLIGATIONS

General Description

The Obligations are being issued in the aggregate principal amount set forth in APPENDIX A of this
Private Placement Memorandum and will mature and be subject to redemption prior to maturity as described therein.
The Obligations are being issued as fully registered bonds in denominations of $5,000, or any integral multiple
thereof. The Obligations will be dated as of the stated date of issue and will mature on the dates referenced thereon,
and will bear interest at the rates per annum set forth in "APPENDIX A - MATURITY SCHEDULE."

Interest on the Obligations is payable semiannually on each Interest Payment Date, and will be calculated
on the basis of a 360-day year consisting of twelve 30-day months. Principal of and the redemption price with
respect to the Obligations will be payable to the Owners upon presentation and surrender at the principal office of
the Paying Agent/Registrar.

Purpose

See "APPENDIX B - FORM OF OFFICIAL ACTION."

Authority for Issuance

The Obligations are special obligations of the North Texas Municipal Water District (the "District")
secured by and payable, both as to principal and interest, solely from and secured by a first lien on and pledge of the
"Pledged Revenues" as defined in the Resolution authorizing the issuance of the Obligations.

Security for the Obligations

See "APPENDIX B - FORM OF OFFICIAL ACTION."
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Redemption Provisions

On March 1, 2028, or on any date thereafter, the Obligations maturing on and after September 1, 2028 may
be redeemed prior to their scheduled maturities, upon the written direction of the Issuer, with funds provided by the
Issuer, at par plus accrued interest to the date fixed for redemption as a whole, or in part, and if less than all of a
maturity is to be redeemed the Paying Agent/Registrar will determine by lot the Obligations, or portions thereof
within such maturity to be redeemed (provided that a portion of an Obligation may be redeemed only in Authorized
Denominations).

Notice of Redemption; Selection of Obligations to Be Redeemed

See "APPENDIX B - FORM OF OFFICIAL ACTION."

The Paying Agent/Registrar, so long as a Book-Entry-Only System is used for the Obligations, will send
any notice of redemption of the Obligations, notice of any proposed amendment to the Official Action or other
notices with respect to the Obligations only to DTC. Any failure by DTC to advise any DTC Participant (defined
below), or of any DTC participant to notify the beneficial owner, shall not affect the validity of the redemption of
the Obligations called for redemption or any other action premised on any such notice. Redemption of portions of
the Obligations by the Issuer will reduce the outstanding principal amount of such Obligations held by DTC.

Book-Entry-Only System

The information in this caption concerning The Depository Trust Company, New York, New York ("DTC")
and DTC’s book entry system has been obtained from DTC and the Issuer makes no representation or warranty nor
takes any responsibility for the accuracy or completeness of such information.

DTC will act as securities depository for the Obligations. The Obligations will be issued as fully-registered
securities registered in the name of Cede & Co. (DTC’s partnership nominee) or such other name as may be
requested by an authorized representative of DTC. One fully-registered certificate will be issued for each maturity
of the Obligations and deposited with DTC. See APPENDIX B - "FORM OF OFFICIAL ACTION."

DTC is a limited-purpose trust company organized under the New York Banking Law, a "banking
organization" within the meaning of the New York Banking Law, a member of the Federal Reserve System, a
"clearing corporation" within the meaning of the New York Uniform Commercial Code, and a "clearing agency"
registered pursuant to the provisions of Section 17A of the Securities Exchange Act of 1934. DTC holds and
provides asset servicing for over 3.5 million issues of U.S. and non-U.S. equity, corporate and municipal debt issues,
and money market instrument (from over 100 countries) that DTC’s participants (the "Direct Participants") deposit
with DTC. DTC also facilitates the post-trade settlement among Direct Participants of sales and other securities
transactions, in deposited securities, through electronic computerized book entry transfers and pledges between
Direct Participants’ accounts. This eliminates the need for physical movement of securities certificates. Direct
Participants include both U.S. and non-U.S. securities brokers and dealers, banks, trust companies, clearing
corporations, and certain other organizations. DTC is a wholly-owned subsidiary of The Depository Trust &
Clearing Corporation ("DTCC"). DTCC is the holding company for DTC, National Securities Clearance
Corporation, and Fixed Income Clearance Corporation, all of which are registered clearing agencies. DTCC is
owned by the users of its regulated subsidiaries. Access to the DTC system is also available to others such as both
U.S. and non-U.S. securities brokers and dealers, banks, trust companies, and clearing corporations that clear
through or maintain a custodial relationship with a Direct Participant, either directly or indirectly ("Indirect
Participants"). Direct Participants and Indirect Participants are referred to herein collectively as "Participants".
DTC has a Standard & Poor’s rating of "AA+". The DTC Rules applicable to its Participants are on file with the
Securities and Exchange Commission. More information about DTC can be found at www.dtcc.com and
www.dtc.org.
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Purchases of Obligations under the DTC system must be made by or through Direct Participants, which
will receive a credit for the Obligations on DTC’s records. The ownership interest of each actual purchaser of each
Obligation ("Beneficial Owner") is in turn to be recorded on the Participants’ records. Beneficial Owners will not
receive written confirmation from DTC of their purchase. Beneficial Owners are, however, expected to receive
written confirmations providing details of the transaction, as well as periodic statements of their holdings, from the
Participant through which the Beneficial Owner entered into the transaction.

Transfers of ownership interests in the Obligations are to be accomplished by entries made on the books of
Participants acting on behalf of Beneficial Owners. Beneficial Owners will not receive Obligations representing
their ownership interests in Obligations, except in the event that use of the book-entry system for the Obligations is
discontinued.

To facilitate subsequent transfers, all Obligations deposited by Direct Participants with DTC are registered
in the name of DTC’s partnership nominee, Cede & Co., or such other name as may be requested by an authorized
representative of DTC. The deposit of Obligations with DTC and their registration in the name of Cede & Co. or
such other DTC nominee do not effect any change in beneficial ownership. DTC has no knowledge of the actual
Beneficial Owners of the Obligations; DTC’s records reflect only the identity of the Direct Participants to whose
accounts such Obligations are credited, which may or may not be the Beneficial Owners. The Participants will
remain responsible for keeping account of their holdings on behalf of their customers.

Conveyance of notices and other communications by DTC to Direct Participants, by Direct Participants to
Indirect Participants, and by Direct Participants and Indirect Participants to Beneficial Owners will be governed by
arrangements among them, subject to any statutory or regulatory requirements as may be in effect from time to time.

Redemption notices shall be sent to DTC. If less than all of the Obligations within a maturity are being
redeemed, DTC’s practice is to determine by lot the amount of the interest of each Direct Participant in such
maturity to be redeemed.

Neither DTC nor Cede & Co. (nor any other DTC nominee) will consent or vote with respect to
Obligations unless authorized by a Direct Participant in accordance with DTC’s Money Market Instrument
Procedures. Under its usual procedures, DTC mails an Omnibus Proxy to the Issuer as soon as possible after the
record date. The Omnibus Proxy assigns Cede & Co.’s consenting or voting rights to those Direct Participants to
whose accounts Obligations are credited on the record date (identified in a listing attached to the Omnibus Proxy).

All payments on the Obligations will be made to Cede & Co., or such other nominee as may be requested
by an authorized representative of DTC. DTC’s practice is to credit Direct Participants’ accounts upon DTC’s
receipt of funds and corresponding detail information from the Issuer or the Paying Agent/Registrar, on payable date
in accordance with their respective holdings shown on DTC’s records. Payments by Participants to Beneficial
Owners will be governed by standing instructions and customary practices, as is the case with Obligations held for
the accounts of customers in bearer form or registered in "street name," and will be the responsibility of such
Participant and not of DTC, the Paying Agent/Registrar, or the Issuer, subject to any statutory or regulatory
requirements as may be in effect from time to time. All payments to Cede & Co. (or such other nominee as may be
requested by an authorized representative of DTC) are the responsibility of the Issuer or the Paying Agent/Registrar,
disbursement of such payments to Direct Participants will be the responsibility of DTC, and disbursement of such
payments to the Beneficial Owners will be the responsibility of Participants.

DTC may discontinue providing its services as depository with respect to the Obligations at any time by
giving reasonable notice to the Issuer or the Paying Agent/Registrar. Under such circumstances, in the event that a
successor depository is not obtained, Obligations are required to be printed and delivered.

With the consent of the Texas Water Development Board, the Issuer may decide to discontinue use of the system of
book-entry-only transfers through DTC (or a successor securities depository). In that event, Obligations will be
printed and delivered to DTC or successor securities depository.
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TAX MATTERS

Opinion

Bond Counsel will deliver its opinion on the date of delivery of the Obligations substantially in the form as
attached in "APPENDIX C - FORM OF OPINION OF BOND COUNSEL."

OTHER INFORMATION

Forward Looking Statements

The statements contained in this Private Placement Memorandum, including the cover page, appendices,
and any other information or documents provided by the Issuer, that are not purely historical, are forward-looking
statements, including statements regarding the Issuer’s assumptions, expectations, hopes, intentions, or strategies
regarding the future. Any of such assumptions, expectations or hopes could be inaccurate and, therefore, there can
be no assurance that the forward-looking statements included herein will prove to be accurate. Holders of the
Obligations should not place undue reliance on forward-looking statements. All forward-looking statements
included in this Private Placement Memorandum are based on information available to the Issuer on the date hereof,
and the Issuer assumes no obligation to update any such forward-looking statements. It is important to note that the
Issuer’s actual results could differ materially from those in such forward-looking statements.

Ratings

The existing outstanding water system revenue bonds of the District are rated "AAA" by Standard & Poor's
Ratings Services, a Standard & Poor's Financial Services LLC business, and "Aa2" by Moody’s Investors Service,
Inc. An explanation of the significance of such ratings may be obtained from the company furnishing the rating.
The ratings reflect only the respective views of such rating companies, and the District makes no representation as to
the appropriateness of the ratings. There is no assurance that such ratings will continue for any given period of time,
or that they will not be revised downward or withdrawn entirely by either or both of such rating companies, if in the
judgment of either or both companies, circumstances so warrant. Any such downward revision or withdrawal of
such ratings, by either of them, may have an adverse effect on the market price of the Obligations. No application
has been made to any rating agency or municipal bond insurance company for qualification of the
Obligations for ratings or municipal bond insurance, respectively.

LITIGATION

At the time of the initial delivery of the Bonds, the District will provide the Initial Purchaser with a
certificate to the effect that no litigation of any nature has been filed or is then pending challenging the issuance of
the Bonds or that affects the payment and security of the Bonds or in any other manner questioning the issuance,
sale or delivery of said Bonds.

CONTINUING DISCLOSURE OF INFORMATION

In the Official Action, the Issuer has made the following agreement for the benefit of the holders and
beneficial owners of the Obligations. The Issuer is required to observe the agreement for so long as it remains
obligated to advance funds to pay the Obligations. Under the agreement, the Issuer will be obligated to provide
certain updated financial information and operating data, and timely notice of specified material events, to certain
other information vendors. SEE APPENDIX B - "FORM OF OFFICIAL ACTION."

Compliance with Prior Undertakings

During the last five years, the District believes it has complied in all material respects with its previous
continuing disclosure undertakings, entered into pursuant to the Rule, except as follows:

In fiscal year ending 2010, the City of Forney ("Forney") became, and in fiscal year ending 2011 the City
continued to be, a Significant Obligated Person with respect to its Buffalo Creek Wastewater Interceptor System (the
"Buffalo Creek System"), because Forney’s payments to the District for use of, or service from, the Buffalo Creek
System exceeded 10% of the Gross Revenues of the Buffalo Creek System. However, due to an administrative
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oversight, the required financial information and operating data for Forney was not timely filed at the State
Information Depository ("SID") or the MSRB for fiscal years ending 2010 and 2011. All financial information has
since been filed, including a notice of late filing. The District has implemented procedures to ensure timely filing of
all future financial information.

The District became obligated to file annual reports with the nationally recognized municipal securities
information repository ("NRMSR") and any SID in an offering for the Panther Creek Regional Wastewater System
("Panther Creek System") that took place in 2006. However, due to an administrative oversight that resulted from
additional requirements relating to the Panther Creek System’s 2009 bond issue, certain of the required information
and operating data for the District was not timely filed at the SID or MSRB for fiscal years ending 2009 through
2011. The District has since filed the required information. The District has implemented procedures to ensure
timely filing of all future financial information.

In its Water Transmission Facilities Contract Revenue Bonds (City of Terrell Project), Series 2005, the
District agreed that it would provide or cause the Significant Obligated Person to provide certain updated financial
information and operating data annually to each NRMSIR and any SID, which information would include audited
financial statements, provided an audit is commissioned and the audit is completed in time. The District further
agreed that if audited financial statements were not available by the required time, the District would provide or
cause to be provided unaudited financial statements within the required time, which is six months after the end of
each fiscal year of the Significant Obligated Person (March 31 in each year) and would provide or cause to be
provided audited financial statements when and if such audited financial statements became available. For fiscal
years ending 2009-2013, the Significant Obligated Person, the City of Terrell, Texas ("Terrell"), filed its audited
financial statements between 4 and 10 months after March 31 in each year. Terrell filed certain financial information
and statements of the type included in Appendix A and C of the 2014 City of Terrell Project Official Statement
through its other filings.

In its Water System Revenue Bonds Series 2010, the District agreed that it would provide or cause
Significant Obligated Persons to provide certain updated financial information and operating data annually to the
MSRB, which information would include audited financial statements, provided an audit is commissioned and the
audit is completed in time. The District further agreed that if audited financial statements were not available by the
required time, the District would provide or cause to be provided unaudited financial statements within the required
time, which is six months after the end of each fiscal year of the Significant Obligated Person ending in or after
2010, and would provide or cause to be provided audited financial statements when and if such audited financial
statements became available. In the fiscal years ending 2011 and 2012, a Significant Obligated Person, the City of
Garland ("Garland"), filed its audited financial statements on April 17, 2012 and May 1, 2013, respectively.
However, Garland did file certain unaudited financial statements, financial information and quantitative data in the
form of certain tables identified for each of the respective debt issuances within six months after the end of its 2011
and 2012 fiscal years (March 31).

Due to an administrative oversight, the current investments table was not included in the 2012-2015 filings
for the District’s Water Transmission Facilities Contract Revenue Refunding Bonds (City of Plano Project), Series
2009. The investments table due in 2016 was timely filed, but the District believes it is neither reasonably feasible
nor material to create such Tables for prior years. The District has implemented procedures to ensure timely filing of
all future information.

Due to an administrative oversight, the ten largest wastewater customers was not included in the 2012-2013
filings for the District’s City of Rockwall 2007 Sewage Treatment and Disposal Service Contract (Buffalo Creek
Plant) Revenue Bonds, Series 2008 (the "2008 Bonds"). The City of Rockwall, through its disclosure filings, had
filed this information and the information was publically available. This information is now linked to the 2008
Bonds 2012-2013 filings.

The ratings on municipal bond insurers have been downgraded with frequency at various times in recent
years. Information about the downgrades of municipal bond insurers has been publicly reported. During the previous
five years, the District and Significant Obligated Persons have filed notices of downgrades of municipal bond
insurers that insured the District or Significant Obligated Person’s outstanding obligations, but no assurances can be
made that all the filings have been made or made in a timely manner.
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On March 18, 2014, Standard and Poor’s upgraded Assured Guaranty’s rating from "AA-" to "AA", and
the District did not timely file a material event notice related to the rating change, by virtue of the insurance policy
provided by Assured Guaranty, for the District’s Mustang Creek Wastewater Interceptor System Contract Revenue
Bonds, Series 2012. The material event notice has now been filed, including a notice of late filing.

On August 4, 2015, Moody’s downgraded from "Aa3" to "A1" the District’s Water Facilities Installment
Sale Contract Revenue Bonds (City of Rockwall Pump Station Project), Series 2006 and the District’s City of
Rockwall 2007 Sewage Treatment and Disposal Service Contract (Buffalo Creek Plant) Revenue Bonds, Series
2008, and a material event notice was not timely filed. The material event notice has now been filed, including a
notice of late filing.

In its Regional Wastewater System Revenue Bonds Series 2009, the District agreed that it would provide or
cause Significant Obligated Persons to provide certain updated financial information and operating data annually to
the MSRB, which information would include audited financial statements, provided an audit is commissioned and
the audit is completed in time. The District further agreed that if audited financial statements were not available by
the required time, the District would provide or cause to be provided unaudited financial statements within the
required time, which is six months after the end of each fiscal year of the Significant Obligated Person ending in or
after 2009, and would provide or cause to be provided audited financial statements when and if such audited
financial statements became available. In the fiscal year ending 2011, a Significant Obligated Person, the City of
Mesquite ("Mesquite"), filed unaudited financial statements by the required time, on March 30, 2012, and these
unaudited financial statements were available on EMMA under Mesquite’s CUSIP. However, these unaudited
financial statements were not linked to the District’s outstanding CUSIP numbers where Mesquite is a Significant
Obligation Person.

MISCELLANEOUS

Any statements made in this Private Placement Memorandum involving matters of opinion or of estimates,
whether or not so expressly stated, are set forth as such and not as representations of fact, and no representation is
made that any of the estimates will be realized. Neither this Private Placement Memorandum nor any statement that
may have been made verbally or in writing is to be construed as a contract with the owners of the Obligations.

The information contained above is neither guaranteed as to accuracy or completeness nor to be construed
as a representation by the Issuer. The information and expressions of opinion herein are subject to change without
notice and neither the delivery of this Private Placement Memorandum nor any sale made hereunder is to create,
under any circumstances, any implication that there has been no change in the affairs of the Issuer or the Issuer from
the date hereof.

The Private Placement Memorandum is submitted in connection with the sale of the securities referred to
herein and may not be reproduced or used, as a whole or in part, for any other purpose.

ADDITIONAL INFORMATION

The Private Placement Memorandum speaks only as of its date and the information contained herein is
subject to change. Descriptions of the Obligations and the Official Action and any other agreements and documents
contained herein constitute summaries of certain provisions thereof and do not purport to be complete.



APPENDIX A

MATURITY SCHEDULE CUSIP Prefix: 662903 (1)

(Due September 1)

Maturity Initial CUSIP Maturity Initial CUSIP
Amount September 1 Rate Yield Suffix (1) Amount September 1 Rate Yield Suffix (1)

940,000$ 2018 1,460,000$ 2033
965,000 2019 1,505,000 2034
995,000 2020 1,550,000 2035

1,025,000 2021 1,600,000 2036
1,055,000 2022 1,645,000 2037
1,090,000 2023 1,695,000 2038
1,120,000 2024 1,745,000 2039
1,155,000 2025 1,800,000 2040
1,190,000 2026 1,850,000 2041
1,225,000 2027 1,910,000 2042
1,260,000 2028 1,965,000 2043
1,300,000 2029 2,025,000 2044
1,340,000 2030 2,085,000 2045
1,380,000 2031 2,145,000 2046
1,420,000 2032 2,210,000 2047

_______________
(1) CUSIP is a registered trademark of the American Bankers Association. CUSIP data herein is provided by
CUSIP Global Services, managed by S&P Global Market Intelligence on behalf of the American Bankers
Association. This data is not intended to create a database and does not serve in any way as a substitute for the
CUSIP Services. CUSIP numbers are provided for convenience of reference only. Neither the Issuer nor the
Financial Advisor take any responsibility for the accuracy of CUSIP numbers.
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APPENDIX C

FORM OF OPINION OF BOND COUNSEL



 
 
 
 
 
 ___________, 2017 
 
 NORTH TEXAS MUNICIPAL WATER DISTRICT 
 WATER SYSTEM REVENUE BONDS, 
 SERIES 2017  
  DATED ________ 1, 2017 
 $__________ 
 

AS BOND COUNSEL for the North Texas Municipal Water District (the "Issuer"), we 
have examined into the legality and validity of the bond issue initially evidenced by the bond 
described above (the "Initial Bond"), which Initial Bond originally has been issued and delivered 
as a single fully registered bond, without interest coupons, with the principal amount thereof 
payable in installments due on September 1 in each of the years ____ through ____, and with the 
unpaid balance of each installment of principal, respectively, bearing interest from the date hereof 
to the scheduled maturity, or to the date of prepayment or redemption, of each installment of 
principal, at the following rates per annum for each maturity, respectively: 
 

 
Year 

 
Rate 

 
Year 

 
Rate 

    
    
    
    
    
    
    
    
    
    

 
with interest, calculated on the basis of a 360-day year composed of twelve 30-day months, payable 
semiannually on each March 1 and September 1, commencing March 1, 2018, and with the then 
outstanding principal of the Initial Bond being subject to prepayment or redemption, as a whole, 
or in part, prior to scheduled maturity, at the option of the Issuer, on September 1, 2028, or on any 
date whatsoever thereafter, all in accordance with the terms and conditions stated on the face of 
the Initial Bond.  The Initial Bond may, at the request of the registered owner, be transferred and 
converted into, and/or exchanged for, fully registered bonds, without interest coupons, in the 
denomination of $5,000 or any integral multiple of $5,000, and such bonds again may be trans-
ferred and/or exchanged, all subject to the conditions stated and in the manner provided in the 
Resolution authorizing the issuance of the Initial Bond (the "Bond Resolution"), with any such 



bonds which are registered, authenticated, and delivered in accordance with the Bond Resolution 
being hereinafter called "Definitive Bonds". 
 

WE HAVE EXAMINED the applicable and pertinent provisions of the Constitution and 
laws of the State of Texas, and have examined and relied upon a transcript of certified proceedings 
of the Issuer, and other pertinent instruments furnished by the Issuer relating to the authorization 
of the Initial Bond and Definitive Bonds and the issuance and delivery of the Initial Bond, 
including the executed Initial Bond and a printed specimen of the form for Definitive Bonds 
initially made available by the Issuer for completion and exchange for the Initial Bond. 
 

BASED ON SAID EXAMINATION, IT IS OUR OPINION that the Initial Bond and 
Definitive Bonds have been duly authorized and the Initial Bond has been duly issued and 
delivered, all in accordance with law, and that, except as may be limited by laws relating to 
sovereign immunity and to bankruptcy, reorganization, and other similar matters affecting 
creditors' rights, (i) the covenants and agreements in the Bond Resolution constitute valid and 
binding obligations of the Issuer, and the Initial Bond constitutes and Definitive Bonds will 
constitute valid and legally binding special obligations of the Issuer, which, together with other 
bonds, are secured by and payable from a first lien on and pledge of the "Pledged Revenues" as 
defined in the Bond Resolution, including specifically revenues derived pursuant to existing water 
supply contracts between the Issuer and the Cities of Allen, Farmersville, Forney, Frisco, Garland, 
McKinney, Mesquite, Plano, Princeton, Richardson, Rockwall, Royse City, and Wylie, Texas, 
which cities are currently the Member Cities constituting the territory and boundaries of the Issuer, 
water supply contracts relating to the District=s Water System with any other cities which hereafter 
may become Member Cities, and water supply contracts with other cities and customers in 
connection the District=s Water System, and (ii) each of the aforesaid Contracts is authorized by 
law, has been duly executed, is valid, and is legally binding upon and enforceable by the parties 
thereto in accordance with their respective terms and provisions. 
 

THE ISSUER has reserved the right, subject to the restrictions stated in the Bond 
Resolution, to issue additional parity revenue bonds which also may be secured by and made 
payable from a first lien on and pledge of the Pledged Revenues. 
 

THE ISSUER also has reserved the right, subject to the restrictions stated in the Bond 
Resolution, to amend the Bond Resolution with the approval of the holders or owners of fifty-one 
percent in principal amount of all outstanding bonds which are secured by and payable from a first 
lien on and pledge of the Pledged Revenues. 
 

THE REGISTERED OWNERS of the Initial Bond and the Definitive Bonds shall never 
have the right to demand payment of the principal thereof or interest thereon out of any funds 
raised or to be raised by taxation, or from any source whatsoever other than specified in the Bond 
Resolution. 
 

IN OUR OPINION, that, except as discussed below, under the statutes, regulations, 
published rulings, and court decisions existing on the date of this opinion, for federal income tax 
purposes, the interest on the Initial Bond and the Definitive Bonds (collectively, the "Bonds") (i) 
is excludable from the gross income of the owners thereof and (ii) is not includable in an owner's 



alternative minimum taxable income under section 55 of the Internal Revenue Code of 1986 (the 
"Code").  In expressing the aforementioned opinions, we have relied on, and assume compliance 
by the Issuer with, certain representations, the accuracy of which we have not independently 
verified, and assume compliance with certain and covenants regarding the use and investment of 
the proceeds of the Bonds and the use of the property financed therewith.  We call your attention 
to the fact if such representations are determined to be inaccurate or if the Issuer fails to comply 
with such covenants, interest on the Bonds may become includable in gross income retroactively 
to the date of issuance of the Bonds. 

 
OUR OPINIONS ARE BASED ON EXISTING LAW, which is subject to change.  Such 

opinions are further based on our knowledge of facts as of the date hereof.  We assume no duty 
to update or supplement our opinions to reflect any facts or circumstances that may thereafter come 
to our attention or to reflect any changes in any law that may thereafter occur or become effective.  
Moreover, our opinions are not a guarantee of result and are not binding on the Internal Revenue 
Service (the "Service"); rather, such opinions represent our legal judgment based upon our review 
of existing law and in reliance upon the representations and covenants referenced above that we 
deem relevant to such opinions.  The Service has an ongoing audit program to determine 
compliance with rules that relate to whether interest on state or local obligations is includable in 
gross income for federal income tax purposes.  No assurance can be given whether or not the 
Service will commence an audit of the Bonds.  If an audit is commenced, in accordance with its 
current published procedures the Service is likely to treat the Issuer as the taxpayer.  We observe 
that the Issuer has covenanted not to take any action, or omit to take any action within its control, 
that if taken or omitted, respectively, may result in the treatment of interest on the Bonds as 
includable in gross income for federal income tax purposes. 

 
EXCEPT AS STATED ABOVE, we express no opinion as to any other tax consequences 

of acquiring, carrying, owning, or disposing of the Bonds.  In particular, but not by way of 
limitation, we express no opinion with respect to the federal, state or local tax consequences arising 
from the enactment of any pending or future legislation. 
 

WE HAVE ACTED AS BOND COUNSEL for the Issuer for the sole purpose of rendering 
an opinion with respect to the legality and validity of the Bonds under the Constitution and laws 
of the State of Texas, and with respect to the exemption of the interest on the Bonds from federal 
income taxes, and for no other reason or purpose.  We have not been requested to investigate or 
verify, and have not investigated or verified, any records, data, or other material relating to the 
financial condition or capabilities of the Issuer or its Member Cities, or the adequacy of the 
"Pledged Revenues," and have not assumed any responsibility with respect thereto.  The 
foregoing opinions represent our legal judgment based upon a review of existing legal authorities 
that we deem relevant to render such opinions and are not a guarantee of a result.   
 

Respectfully, 
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