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October 31, 2017 

Garth Branch, P.E. 
Chief Utility Engineer 
City of Clarksville Gas and Water Department (CGW) 
2215 Madison Street 
Clarksville, TN 37043 

Re: Water Master Plan 

Dear Garth: 

CGW’s Water Master Plan (WMP) is now complete. The development of the WMP was divided into 
several tasks to comprehensively develop/evaluate the following items: 

 Task 1 -Regulatory, Operational & Reliability Goals 
 Task 2 - Modeling of Existing Conditions 
 Task 3 - Stage 2 D/DBP Rule Compliance 
 Task 4 - Population and Demand Projections 
 Task 5 - Barge Point WTP / Raw Water Pump Station Facilities Conceptual Planning 
 Tasks 6 and 7 - Modeling of Future Conditions and Capital Improvement Plan 

Please see attached relevant technical memorandums and presentation slides for each specific task. 

Hazen would like to thank CGW for their input and feedback throughout the many workshops conducted 
as part of the WMP. We sincerely hope this effort has been viewed as a positive investment by CGW and 
one that will benefit the City of Clarksville as capital improvement decisions are made in the future. 

As always, Hazen appreciates the opportunity to work with CGW in the support of its water and 
wastewater systems. Please do not hesitate to contact us if you have any questions about the master plan, 
need any additional support, and/or need help updating the master plan in the future. 

Sincerely, 
 

 

Caleb Sanders, PE      
Senior Principal Engineer   
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Executive Summary 

This report presents a distribution system hydraulic analysis of CGW’s water system that will guide 
future capital planning efforts to accommodate growth.  Additionally, work performed for the conceptual 
planning at the proposed new Barge Point Water Treatment Plant (WTP) is presented. 

The hydraulic analysis used a computer model that simulated how the distribution system will respond to 
increasing demand. It also tested improvements to eliminate predicted deficiencies. We verified the 
accuracy of the model by checking simulations of existing conditions against flow and pressure 
measurements and operational records. This calibration process established confidence in model 
predictions for future conditions and the effectiveness of proposed improvements. 

Projected demands were based on available data from regional planning documents including traffic 
analysis zones and statewide population projections provided by the University of Tennessee.  CGW’s 
water system is projected to reach a maximum day demand of 39.3 mgd by year 2040. We checked pump 
capacity, storage capacity, and pipe capacity in each pressure zone. The model tested improvement 
alternatives to eliminate deficiencies, taking full advantage of the existing system and thus minimizing 
costs. 

Capital improvements were based on demands and event triggers (e.g. maximum day demands in system 
exceeding 80% of treatment plant capacity, large industrial users coming online, etc.).  Figure 1 shows an 
overview of the capital improvement projects identified. 

The first phase of recommended 
projects includes construction of 
the first phase of a new WTP at 
Barge Point Road and a second 
elevated storage tank in the 
Rossview Pressure Zone.  Also 
included are transmission 
improvements in the Main 
Pressure Zone required for the 
New Trane Tank, Sango PS 
improvements, and Secondary 
Rossview Booster Station. 

The second phase of 
improvements will include 
additional transmission 
improvements in the Rossview 
Pressure Zone along with 
construction of the new Rossview 
Booster Station, Trane Tank, 
Acme Tank, and upsized Sango 
PS. 

Figure 1: Capital Improvement Project Overview 
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Farther out on the planning horizon, the new Barge Point WTP will be expanded in subsequent phases as 
demand grows.  Ultimately, it is envisioned the capacity at this plant will match the 30 mgd capacity of 
the existing Clarksville WTP. 

The resulting projects identified in the master plan with associated planning cost estimates are shown in 
Table 1 in Year 2017 dollars. 

Table 1: Capital Improvement Project List 

Project Group / ID  Project Description  Planning Cost Estimate 

A‐1  Barge Point WTP Phase 1  $58,035,000

A‐2  Barge Point WTP Phase 2  $31,760,000

B‐1  Upsize lines to Kenwood Elementary  $54,000

B‐2  Valving Improvements  $280,000

C‐1  Increase Transmission Capacity  $4,405,000

D‐1  Delineation of North/South Main  $175,000

E‐1  Delineation of North/South Main  $175,000

F‐1  Increase Transmission Capacity  $1,210,000

F‐2  Create South Main Pressure Zone  $300,000

G‐1  Sango PS Redundant Supply Line Improvements  $795,000

G‐2  Construct Acme #3 Tank  $2,140,000

G‐3  Replace Sango PS  $3,775,000

H‐1  Increase Transmission Capacity to New Trane Tank  $1,810,000

H‐2  Construct New Trane Tank  $8,045,000

I‐1  Construct RVPS2  $8,145,000

I‐2  Increase Transmission Capacity to Dunlop Lane  $2,910,000

J‐1  Increase Transmission Capacity to Oakland Rd / HSC Tank $7,890,000

K‐1  Construct Rossview #2 Tank  $8,075,000

L‐1  Increase Transmission Capacity to Rossview Road  $3,430,000

  Total $143,409,000
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The purpose of this Technical Memorandum (TM) is to summarize current and potential future 

regulations, compliance concerns, and to establish water quality goals that will enable Clarksville Gas 

and Water to continue reliably producing high quality water and while meeting current and future 

demands and regulations.  Included in the contents of this TM are current federal and state drinking 

water regulations, and future and proposed regulations.  TM 1 also includes a brief discussion of 

historical water quality information in order to establish primary and secondary water quality goals. An 

operational/capacity assessment of the existing WTP was not required based on the recent expansion 

to 28 MGD capacity. 
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1. Introduction 

The City of Clarksville owns and operates its water treatment plant and distribution system which serves 

120,000 people in the area.  Plant staff report that the recent plant expansion provides a reliable capacity 

of 28 mgd, with peak hourly rate capacity at 30 mgd. Clarksville Gas and Water commissioned Hazen and 

Sawyer to develop a Water System Master Plan that identifies probable capital improvements required at 

the water treatment plant over the next 20 years.   

Raw water is pumped to the plant from the Cumberland River. A positively-charged coagulant, Aluminum 

Chlorohydrate is added to the water to cause the negatively-charged particles in the raw water to attract 

and form ionic bonds (coagulation). Sodium permanganate is added to oxidize inorganic and some 

organic materials making them easier to coagulate, flocculate and settle with the particles. The flocculation 

process increases the coagulated particles to a size and weight that will settle in the sedimentation basins. 

Settled water is then filtered, removing the smallest particles that remain. The microfiltration process 

provides a physical barrier and filters all particulates greater than 0.1 micron in size and provides a direct 

barrier against bacteria, protozoa, and some viruses.  

The chlorination process following filtration effectively disinfects all pathogens that may still be present. A 

corrosion inhibitor is added after filtration in response to the lead, copper, corrosion control regulation. In 

addition, fluoride is added to the water post-filtration. As part of master planning efforts, Hazen and 

Sawyer will identify and evaluate potential improvements for its service area that can provide additional 

reliability to meet future demands and regulatory requirements.   

2. Regulatory Requirements 

In 1974, the United States Congress passed the Safe Drinking Water Act (SDWA) to regulate the nation’s 

public drinking water supplies and protect public health.  The SDWA protects drinking water as well as 

drinking water sources in the form of rivers, lakes, reservoirs, springs, and groundwater wells.  The SDWA 

was amended in 1986 and 1996 and ensures safe drinking water by regulating source water protection, 

water treatment, finished water distribution, and public information.  

The SWDA authorized the United States Environmental Protection Agency (USEPA) to establish national 

health-based standards for the protection of drinking water from both natural and manmade contaminants 

which are enforceable by local, state, and federal agencies.  The resulting standards were in the form of 

the National Interim Primary Drinking Water Regulations promulgated in 1975.  These regulations 

established health-based maximum contaminant levels (MCLs) for specific drinking water contaminants.  

These standards also stipulated contaminant testing methods to ensure that the standards were met.  

Additional information on the SDWA can be found at www.epa.gov/safewater/sdwa. 

A state may be granted “primacy” by the USEPA if the state can demonstrate that it will adopt drinking 

water standards at least as stringent as the USEPA standards and can ensure that water systems within 

the state meet these standards.  “Primacy” is the authority for a state to implement the SDWA within the 
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state’s jurisdiction.  Meeting drinking water standards is a joint effort involving the USEPA, primacy state 

drinking water programs, and public water systems. 

2.1 Federal Drinking Water Regulations 

The following sections describe existing and proposed federal drinking water regulations that are 

applicable to the Clarksville Water Treatment Plant (WTP).  Finalized rules are designated as either 

primary or secondary standards.  Primary standards (National Primary Drinking Water Regulations, or 

NPDWRs) are enforceable as they are associated with public health protection and apply to all public 

water systems.  The USEPA website (www.epa.gov/safewater/contaminants/index.html) lists all the 

regulated drinking water contaminants and their respective MCLs.  The regulated contaminants are 

classified as follows: 

 Microorganisms 

 Disinfectants 

 Disinfection By-Products 

 Inorganic Chemicals 

 Organic Chemicals, and 

 Radionuclides 

National Secondary Drinking Water Regulations (NSDWRs) correspond to aesthetic qualities such as 

color, taste, and odor.  Secondary standards are not enforceable.  The USEPA recommends secondary 

standards to water systems but does not require water systems to comply. However, States may choose 

to adopt them as enforceable standards.   

Under the SDWA, the USEPA has created a number of drinking water regulations applicable to public 

water systems, including Clarksville Gas and Water: 

 Amendments to the SDWA (National Primary Drinking Water Regulations), 1986 

 Surface Water Treatment Rule, 1989 

 Total Coliform Rule, 1989 

 Lead and Copper Rule, 1991 

 Interim Enhanced Surface Water Treatment Rule, 1998 

 Stage 1 Disinfectants and Disinfection By-Products Rule, 1998 

 Radionuclides Rule, 2000 

 Arsenic Rule, 2001 
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 Filter Backwash Recycling Rule, 2001 

 Stage 2 Disinfectants and Disinfection By-Products Rule, 2006 

 Long Term 2 Enhanced Surface Water Treatment Rule, 2006 

With the passing of the SDWA in 1974 came the regulation of approximately 20 contaminants between 

1974 and 1986 by the USEPA.  In 1979, a total trihalomethanes (TTHMs) standard of 0.1 mg/L was set for 

public water systems serving greater than 10,000 people.  The SDWA was amended in 1986, resulting in 

the National Primary Drinking Water Regulations (NPDWR).  The 1986 modifications to the SDWA 

resulted in the regulation of 83 contaminants, designated best available technologies, established filtration 

criteria and disinfection requirements, and banned lead solder.  Between 1987 and 1992, the USEPA 

issued four rules (Phase I, II, IIb, and V Rules) for the regulation of 69 contaminants.  Each contaminant 

had a health goal (maximum contaminant level goal, MCLG) and a legal limit (maximum contaminant 

level, MCL).  The Phase I Rule included the regulation of 8 Volatile Organic Compound (VOC) 

contaminants, the Phase II and IIb Rules set standards for 38 contaminants, and the Phase V Rule 

regulated 23 contaminants. 

In 1989, the Surface Water Treatment Rule (SWTR) was published to protect against waterborne diseases 

caused by viruses, Giardia lamblia, and Legionella.  The SWTR required the disinfection of surface waters 

and a residual disinfectant in the distribution system, as well as a 3-log (99.9%) removal/inactivation of 

Giardia and 4-log (99.99%) removal/inactivation of viruses.  The SWTR also required filtered water 

turbidity monitoring to determine the adequacy of the filtration process unless avoidance criteria were met.  

The SDWA was amended in 1996 to enhance source water protection, consumer education, and water 

system management.  The Clarksville WTP is not exempt from this rule and are therefore required to 

remove/inactivate 99.9% of Giardia lamblia cysts and 99.99% of viruses, maintain a residual disinfectant 

concentration in the distribution system, monitor filtered turbidity a minimum of every four hours and 

residual disinfectant concentration continuously and report turbidity, disinfection information, and 

waterborne disease outbreaks to the state on a monthly basis.  The microfiltration process used by 

Clarksville was granted 4-log Giardia removal and 2-log virus removal.  Therefore, disinfection in the 

clearwell is used to obtain an additional 2-log virus inactivation. As such, Clarksville Gas and Water 

complies with this rule through a combination of the use of complete treatment and microfiltration, use of 

chlorine as a primary disinfectant, turbidity and chlorine residual monitoring, and monthly reporting to the 

state primacy agency. 

The Total Coliform Rule (TCR), published in 1989, regulated the amount of total coliforms in drinking 

water.  The non-enforceable MCLG was set as zero and the MCL allowed the presence of coliforms in 5 

percent or less of the total number of samples, where number of required samples depends on the 

number of people served.  The TCR also requires that a positive test for total coliforms be followed by a 

repeat testing of samples within 24 hours, as well as testing the positive sample for fecal coliforms and 

Escherichia coli (E. coli).  A sample that tests positive for fecal coliforms or E. coli results in an acute MCL 

violation.  Clarksville Gas and Water has a distribution system bacteriological monitoring plan approved by 

the Tennessee Department of Environment and Conservation (TDEC). 
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In June 1991, the USEPA published the Lead and Copper Rule (LCR) to protect public health by 

minimizing lead and copper levels in drinking water.  The rule specified action levels of 0.015 mg/L for lead 

and 1.3 mg/L for copper.  If the 90th percentile value of all samples exceeded the action level, specific 

actions were required.  Potential actions required include water quality parameter monitoring, 

implementation of recommended corrosion control treatment, source water monitoring, public education, 

and/or lead service line replacement.  The LCR was revised in October 2007 to enhance effectiveness in 

terms of monitoring, treatment, customer awareness, lead service line replacement, and compliance with 

public education requirements. Clarksville Gas and Water has completed all required monitoring and 

reporting to date for this rule and is in compliance. The next round of monitoring for this rule will 

commence in 2015. 

The Interim Enhanced Surface Water Treatment Rule (IESWTR) was published in 1998 with the intention 

of improving the control of microbial pathogens such as Cryptosporidium and to guard against the risk of 

microbial infection.  The IESWTR added protection from Cryptosporidium through strengthened combined 

filter effluent turbidity performance standards and individual filter turbidity provisions for filtered systems.  

The IESWTR applies to public water systems serving 10,000 or more people and requires a 2-log 

reduction in Cryptosporidium.  The rule also requires that the average filtered water turbidity for any month 

be less than 0.3 NTU in 95% of samples and never exceed 1 NTU.  For unfiltered systems, 

Cryptosporidium was included in the watershed control requirements.  The IESWTR also requires covers 

for all new finished water storage facilities and includes disinfection benchmark provisions to ensure 

continued levels of microbial protection while taking the necessary steps to comply with the DBP 

standards. 

The Stage 1 Disinfectants and Disinfection By-Products Rule (Stage 1 DBPR) was published at the same 

time as the IESWTR to address risks associated with disinfectants such as disinfection by-products 

(DBPs) formed when chlorine reacts with organics.  The rule applies to all community water systems and 

nontransient noncommunity water systems that add a chemical disinfectant for either primary or 

secondary treatment.  The Stage 1 DBPR also requires monitoring of total organic carbon (TOC), 

alkalinity, TTHM, five haloacetic acids (HAA5), and several other chemicals dependent on the disinfectant 

used.  The Stage 1 DBPR updated and superseded the 1979 TTHM standard by lowering the MCL for 

TTHMs and creating new MCLs for five haloacetic acids (HAA5), chorite, and bromate.  Table 2.1 shows 

the MCLs for the DBPs and the maximum residual disinfectant levels (MRDLs) for the disinfectant 

residuals specified by the Stage 1 DBPR.  
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Table 2.1 Stage 1 DBPR MCLs for Disinfection By-Products and MRDLs for Disinfectant Residuals 

Stage 1 DBPR MCLs and MRDLs

Disinfection By-Products (DBPs) MCL (mg/L) 

Total Trihalomethanes (TTHMs) 0.080

Five Haloacetic Acids (HAA5) 0.060

Chlorite 1.0

Bromate 0.010

Disinfectant Residual MRDL (mg/L) 

Chlorine 4.0 (as Cl2) 

Chloramines 4.0 (as Cl2) 

Chlorine Dioxide 0.8 (as ClO2) 

 

The Stage 1 DBPR also establishes regulations for the removal of DBP precursors.  Conventional filtration 

systems were required to remove specified percentages of organic matter depending on raw water TOC 

and alkalinity, as shown in Table 2.2.  With respect to the Clarksville WTP, source water TOC 

concentrations are historically between 2 mg/L and 3- mg/L. With raw water alkalinities of 70-100 mg/L, 

the raw TOC concentrations require 25% reduction through treatment to maintain compliance.   

Table 2.2 Stage 1 DBPR TOC Reduction Requirements 

TOC Reduction Requirements

Raw Water TOC 
(mg/L)

Raw Water Alkalinity (mg/L)

0-60 60-120 >120

2 - 4 35% 25% 15%

4 - 8 45% 35% 25%

> 8 50% 40% 30%

 

In December 2000, the Radionuclides Rule was published as a revision of the 1977 regulation.  The 

standards included a combined radium 226/228 of 5 picocuries (pCi)/L, a gross alpha standard for all 

alphas of 15 pCi/L (not including radon and uranium), a combined standard of 4 millirems/year for beta 

emitters, and a new MCL of 30 µg/L for uranium.  Shortly after, in January 2001, the Arsenic Rule was 

published to reduce the arsenic drinking water MCL from 50 µg/L to 10 µg/L. Monitoring conducted to date 

indicates that the Clarksville WTP is in compliance with both the Radionuclides and the Arsenic Rules. 

The Filter Backwash Recycling Rule (FBRR) was published in June 2001 and requires recycled filter 

backwash water, thickener supernatant, and liquids from dewatering processes be routed to allow 

treatment by all of the system’s conventional processes or direct filtration.  The EPA established this rule 

to reduce the probability of recycling processes allowing pathogenic microorganisms to be present in 
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finished drinking water.  The FBRR applies to all systems that use surface water or ground water under 

the direct influence of surface water (GWUDI), practice conventional or direct filtration, and recycled spent 

filter backwash, thickener supernatant, or liquids from dewatering process. Currently the Clarksville WTP 

sometimes recycles waste reverse filtration back to the head of the plant prior to chemical addition.  

The Stage 2 Disinfectants and Disinfection By-Products Rule (Stage 2 DBPR) was proposed in 2003 and 

promulgated in 2006 in conjunction with the Long Term 2 Enhanced Surface Water Treatment Rule 

(LT2ESWTR) to reduce the health risks associated with DBP formation in drinking water.  Criteria required 

by the Stage 2 DBPR to enhance regulations on DBPs included instituting a maximum contaminant limit 

goal for several individual DBPs (chloroform, monochloroacetic acid, and trichloroacetic acid) and 

requiring DBPs to be monitored in the distribution system based on locational running annual averages 

(RAAs).  

The Stage 2 DBPR also required utilities to establish a baseline for DBPs by conducting an Initial 

Distribution System Evaluation (IDSE).  The IDSE and Stage 2 DBPR compliance dates are summarized 

in Table 2.3, which is adapted from page 415 of the Federal Register (Vol. 71, No. 2, Jan 4, 2006). 

Table 2.3 IDSE and Stage 2 DBPR Compliance Dates 

Requirement 

Compliance dates by PWS size (retail population served) 1

CWSs and 
NTNCWSs 
serving at 

least 100,000 

CWSs and 
NTNCWSs 

serving  
50,000 - 
99,999

CWSs and 
NTNCWSs 

serving 
10,000 - 
49,999

CWSs serving  
< 10,000 

NTNCWSs 
serving  
< 10,000 

Submit IDSE 
monitoring plan OR. 

October 1, 2006 April 1, 2007 October 1, 
2007 

April 1, 2008 Not 
applicable. 

Submit IDSE system 
specific study plan 

OR. 
Submit 40/40 

certification OR. 
Receive very small 
system waiver from 

State. 
Complete standard 

monitoring or system 
specific study. 

September 30, 
2008 

March 31, 2009 September 30, 
2009 

March 31, 2010 Not 
applicable. 

Submit IDSE Report 
……… January 1, 2009 July 1, 2009 

January 1, 
2010 July 1, 2010 

Not 
applicable.

Begin subpart V 
(Stage 2) compliance 

monitoring 2. 

April 1, 2012  October 1, 2012 October 1, 
2013  

October 1, 2013 
(October 1, 2014 if 
Cryptosporidium 

monitoring is 
required under 

Subpart W)  
1 Wholesale and consecutive systems that are part of a combined distribution system must comply based on the 
schedule required of the largest system in the combined distribution system 

2 States may grant up to an additional 2 years for systems making capital improvements. 
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The Stage 2 DBPR also published a final Stage 2 DBPR and LT2ESWTR implementation schedule.  This 

is presented as Figure 2.1, and is adapted from page 416 of the Federal Register (Vol. 71, No. 2, Jan 4, 

2006). 

Figure 2.1 Stage 2 DBPR and LT2ESWTR Implementation Schedule 

 

 

The Stage 2 DBPR improves the stringency of the Stage 1 DBPR by requiring water systems to meet DBP 

MCLs at each monitoring site in the distribution system to enhance the safety of public health.  The Stage 

2 DBPR includes four provisions: 

1. Initial Distribution System Evaluation (IDSE) – The purpose of the IDSE is to identify Stage 2 

DBPR compliance monitoring sites that represent the system’s highest DBP levels.  Since 

compliance will be determined at these new monitoring sites, the IDSE will offer assurance that 

MCLs are being met across the distribution system.  The IDSE was designed to offer flexibility to 

water systems.  There are four IDSE compliance options: 
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a. Standard Monitoring Plan (SMP): Systems can monitor for TTHM and HAA5 levels for one 

year on a regular schedule, based on system size and source water type. Table 2.4 

identifies the IDSE monitoring frequencies and locations and is adapted from page 4644 of 

the Federal Register (Vol. 17, No. 18, Jan 27, 2006). 

b. System Specific Study (SSS): Systems can perform a site-specific study based on historical 

data, water distribution system models, or other data. 

c. 40/30 Certification: If the locational running annual average (LRAA) is less than 0.040 mg/L 

for TTHM and less than 0.030 mg/L for HAA5 at each location, a 40/30 certification may be 

obtained. 

d. Very Small System (VSS) Waiver: This applies to systems that serve fewer than 500 people 

and is therefore not applicable to Clarksville WTP.  
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 Table 2.4 Standard IDSE Monitoring Requirements 

Source 
Water Type 

Population 
Size Category 

Monitoring 
Frequency Distribution System Monitoring Locations 1

Total per 
monitoring 

period 

Near 
Entry 
Points 

2 

Average 
Residence 

Time 

High 
TTHM 

Locations

High 
HAA5 

Locations

Subpart H 
(surface 
water or 
ground 

water under 
the direct 

influence of 
surface 
water)  

< 500 
consecutive 

systems one (during 
peak 

historical 
month)

2 1 - 1 -
> 500 non-
consecutive 

systems 2 - 1 1
500 - 3,300 
consecutive 

systems 
four  

(every 90 
days) 

2 1 - 1 -
500 - 3,300 

non-
consecutive 

systems 2 - - 1 1

3,301 - 9,999 4 - 1 2 1

10,000 - 49,999 

six  
(every 60 

days) 

8 1 2 3 2
50,000 - 
249,999 16 3 4 5 4

250,000 - 
999,999 24 4 6 8 6

1,000,000 - 
4,999,999 32 6 8 10 8

>= 5,000,000 40 8 10 12 10

Ground 

< 500 
consecutive 

one (during 
peak 

historical 
month)

2 1 - 1 -
> 500 non-
consecutive 2 - - 1 1

500 - 9,999 

Four 
(every 90 

days) 

2 - - 1 1

10,000 - 99,999 6 1 1 2 2
100,000 - 
499,999 8 1 1 3 3

>= 500,000 12 2 2 4 4
1 When choosing sites consider TTHM and HAA5 Levels, Residence Time, Water Age, Disinfectant 
Residual, Geographic Coverage of Distribution System, and Hydraulic Representation. 
2 Near Entry Points: If you have more sites than required: choose entry points with the highest flows.  If 
you have fewer sites than required, replace additional sites with TTHM and HAA5 sites. 

 

2. Compliance and Monitoring Requirements – The second provision of the Stage 2 DBPR serves 

to ensure that spatial variations in DBP exposure do not allow consumers to be at risk.  This 

provision provides a new compliance calculation (referred to as locational running annual average, 
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LRAA) for TTHM and HAA5.  The MCL values remain equal to the Stage 1 DBPR levels of 0.080 

mg/L and 0.060 mg/L for TTHM and HAA5, but the LRAA approach determines compliance by using 

the annual average at each individual sampling location. This approach will reduce exposure to high 

DBP concentrations by ensuring that each monitoring site is in compliance. 

3. Operational Evaluation Levels – Using the IDSE and LRAA calculations for compliance 

determination will lead to lower DBP concentrations overall.  However, it will still be possible for 

individual DBP samples to exceed the MCL even if the system is in compliance.  The Stage 2 DBPR 

therefore requires systems that exceed operational evaluation levels to analyze operational 

practices within the system and seek opportunities for DBP concentration reductions within the 

distribution system.  The operational evaluation levels for each monitoring location are determined 

by the following equation, where Q3 is the current quarter measurement, Q2 is the previous quarter 

measurement, Q1 is the quarter prior to the Q2 measurement, and MCL refers to the Stage 2 MCL 

for TTHM or HAA5. 

If (Q1 + Q2 + 2Q3) / 4 > MCL, then the system must conduct an operational evaluation. 

The operational evaluation should include an examination of system treatment and distribution 

operational practices, including changes in sources or source water quality, storage tank 

operations, and excess storage capacity, which may contribute to high TTHM and HAA5 

formation. Systems must also identify what steps could be considered to minimize future 

operational evaluation level exceedences.  If factors such as water quality data, plant performance 

data, and distribution system configuration can be utilized to identify the cause of the increased 

DBP levels, the State may allow isolating the evaluation to the identified cause.  System 

operational evaluation reports must be submitted to the State for review within 90 days after 

notification that operational evaluation is required. 

4. Consecutive Systems – The fourth provision of the Stage 2 DBPR regulates consecutive systems, 

which are defined as public water systems that receive some of their finished water from another 

public water system.  This provision will ensure that all consecutive systems provide drinking water 

that meets applicable DBP standards.  Discussions related to the state of Tennessee’s Consecutive 

Systems rule can be found below under Section 2.3, State Drinking Water Regulations. 
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Clarksville Gas and Water completed their IDSE monitoring, selected DBP monitoring sites and have been 

collecting the required DBP samples quarterly as required by the rule. 

Under the Stage 2 DBPR, USEPA has identified the best available technology (BAT) for complying with 

TTHM and HAA5 MCLs.  USEPA has specified a different BAT for systems that treat their source water 

than for consecutive systems as shown in Table 2.5. 

       Table 2.5 Identified Best Available Technologies (BAT) for TTHM and HAA5 Compliance 

System Type Identified Best Available Technologies 

Systems that 
treat their own 
source water 

a. GAC10 - Granular activated carbon filter beds with an empty-bed contact time of 10 
minutes based on average daily flow and a carbon reactivation frequency of every 120 
days 

b. GAC20 - Granular activated carbon filter beds with an empty-bed contact time of 20 
minutes based on average daily flow and a carbon reactivation frequency of every 240 
days. 
c. Nanofiltration (NF) using a membrane with a molecular weight cutoff of 1000 Daltons or 
less. 

Consecutive 
Systems 

a. Chloramination with management of hydraulic flow and storage to minimize residence 
time in the distribution system for systems serving at least 10,000 people. 

b. Management of hydraulic flow and storage to minimize residence time in the distribution 
system for systems serving fewer than 10,000 people.
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Table 2.6 shows the Stage 2 TTHM and HAA5 routine compliance monitoring requirements for all 

systems, as adapted from page 427 of the Federal Register (Vol. 71, No. 2, Jan 4, 2006).  If system LRAA 

values for TTHM and HAA5 at each location are ≤ 0.040 mg/L and ≤ 0.030 mg/L, respectively, based on a 

minimum of one year of monitoring at routine compliance locations, the system can qualify for reduced 

monitoring.  The reduced monitoring frequencies and locations are listed on page 427/428 of the Federal 

Register (Vol. 71, No. 2, Jan 4, 2006). 

    Table 2.6 Stage 2 DBPR Routine Compliance Monitoring Frequencies and Locations 

Source Water 
Type 

Population 
Size 

Category 

Monitoring 
Frequency1 

Distribution System Monitoring Locations 

Total per 
monitoring 

period2 

Highest 
TTHM 

locations 

Highest 
HAA5 

locations 

Existing 
Subpart L 

compliance 
locations 

Subpart H 
(surface water 

or ground 
water under 

the direct 
influence of 

surface water)  

< 500  per year 2 1 1 -

500 - 3,300  

per quarter 

2 1 1 -

3,301 - 9,999 2 1 1 -
10,000 - 
49,999 4 2 1 1

50,000 - 
249,999 8 3 3 2

250,000 - 
999,999 12 5 4 3

1,000,000 - 
4,999,999 16 6 6 4

>= 5,000,000 20 8 7 5

Ground 

< 500  
per year 

2 1 1 -

500 - 9,999 2 1 1 -
10,000 - 
99,999 

per quarter 

4 2 1 1
100,000 - 
499,999 6 3 2 1

>= 500,000 8 3 3 2
1 All systems must monitor during month of highest DBP concentrations 

2 Systems on quarterly monitoring must take dual sample sets every 90 days at each monitoring location, except for 
subpart H systems serving 500 - 3,300.  Systems on annual monitoring and subpart H systems serving 500 - 3,300 
are required to take individual TTHM and HAA5 samples (instead of a dual sample set) at the locations with the 
highest TTHM and HAA5 concentrations, respectively.  Only one location with a dual sample set per monitoring period 
is needed if highest TTHM and HAA5 concentrations occur at the same location, and month, if monitored annually. 
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The LT2ESWTR was promulgated to enhance public protection against illness caused by microbial 

pathogens including Cryptosporidium in drinking water as well as assess the tradeoffs associated with the 

control of disinfection byproducts.  Prior to the LT2ESWTR, Cryptosporidium was not regulated in 

unfiltered systems with surface water sources, which was found to be an issue due to evidence from 

survey data showing that Cryptosporidium levels in these systems were higher than in filtered water 

systems.  With the enactment of the LT2ESWTR, Cryptosporidium treatment for unfiltered water systems 

was required and therefore allowed the systems to achieve comparable public health protection.  After 

treatment studies illustrated multiple disinfectants that could be used for Cryptosporidium inactivation, the 

USEPA established LT2ESWTR requirements for unfiltered water systems to provide Cryptosporidium 

treatment based on the level of source water contamination.  The LT2ESWTR also addressed risks from 

uncovered finished water storage facilities by requiring cover or treatment for discharge from uncovered 

finished water storage facilities.   

The LT2ESWTR requires source water monitoring, additional treatment for Cryptosporidium, and 

modifications to uncovered finished water storage facilities as described below.    

1. Source Water Monitoring – The LT2ESWTR required source water monitoring by all Public Water 

Systems (PWSs) using surface water or ground water under the direct influence of surface water 

(GWUDI) to determine treatment requirements for Cryptosporidium.  PWSs serving at least 10,000 

people monitored for Cryptosporidium (plus E. coli and turbidity in filtered PWSs) for a period of two 

years.  Under the LT2ESWTR, specific criteria were set for sampling frequency and schedule, 

sampling location, and monitoring of new plants and sources. The date for PWSs to begin 

monitoring was staggered by PWS size, with larger PWSs starting earlier. 

2. Additional Treatment for Cryptosporidium – Source water monitoring results allow filtered 

systems to be classified into one of four treatment bins specifying required treatment measures.  To 

supplement existing Cryptosporidium treatment requirements, the LT2ESWTR established risk-

targeted Cryptosporidium treatment for surface waters and GWUDI.   Table 2.7 describes the bin 

classification for filtered PWSs as well as the treatment requirements for the various bin 

classifications and was adapted from page 674 and page 675 of the Federal Register (Vol. 71, No. 

3, Jan 5, 2006).  Filtered PWSs classified in Bins 2, 3, or 4 can use one or more treatment or control 

processes from a ‘‘microbial toolbox’’ of options. 

The LT2ESWTR requires all unfiltered PWSs to provide at least 2-log (99 percent) Cryptosporidium 

inactivation.  If the average source water Cryptosporidium level exceeds 0.01 oocysts/L based on 

the monitoring, the unfiltered PWS must provide at least 3-log (99.9 percent) Cryptosporidium 

inactivation. Further, unfiltered PWSs must achieve their overall inactivation requirements (including 

Giardia lamblia and virus inactivation) using a minimum of two disinfectants.  If there is a low 

occurrence of Cryptosporidium and the plant is given a Bin 1 classification, as is the case with 

Clarksville WTP during first round source water testing in 2009, then the plant will only have to meet 

the SWTR and IESWTR requirements.  If the classification falls in one of the higher bins then one 

or several of the additional treatment alternatives from the LT2ESWTR’s toolbox will have to be 
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considered in the design.  The toolbox options are presented in Table 2.8.  The Clarksville WTP 

uses low pressure membrane microfiltration with a nominal pore size of 0.1 micron which has been 

granted a 4-log removal credit for Cryptosporidium because microfiltration is a direct barrier and 

effectively filters particles in the cryptosporidium size range.  

 

 Table 2.7 Bin Classifications and Additional Treatment Requirements for Filtered Systems 

For systems 
Mean 

Cryptosporidium 
Concentration  

Bin 
Classification 

Additional Cryptosporidium treatment requirements 
assuming system uses specified filtration treatment in full 

compliance with existing requirements 

Conventional 
filtration 

treatment 
(including 
softening)

Direct 
filtration 

Slow sand or 
diatomaceous 
earth filtration 

Alternative 
filtration 

technologies 

…required to 
monitor for 

Cryptosporidium 

< 0.075 
oocysts/L 

Bin 1 
No 

additional 
treatment 

No 
additional 
treatment 

No 
additional 
treatment 

No 
additional 
treatment 

from 0.075 to  
< 1.0 oocysts/L 

Bin 2 
1-log 

treatment 
1.5-log 

treatment 
1-log 

treatment 
(1) 

from 1.0 to  
< 3.0 oocysts/L 

Bin 3 
2-log 

treatment 
2.5-log 

treatment 
2-log 

treatment 
(2) 

>= 3.0 
oocysts/L 

Bin 4 
2.5-log 

treatment 
3-log 

treatment 
2.5-log 

treatment 
(3) 

1 As determined by the state such that the total Cryptosporidium removal and inactivation is at least 4.0-log 

2 As determined by the state such that the total Cryptosporidium removal and inactivation is at least 5.0-log 

3 As determined by the state such that the total Cryptosporidium removal and inactivation is at least 5.5-log 

 

3. Uncovered Finished Water Storage Facilities – Existing regulations require PWSs to cover all 

new finished water storage facilities.  However, they did not address existing uncovered finished 

water storage facilities.  Under the LT2ESWTR, PWSs using uncovered finished water storage 

facilities must either cover the storage facility or treat the storage facility discharge to achieve 

inactivation and/or removal of 4-log virus, 3-log Giardia lamblia, and 2-log Cryptosporidium on a 

State-approved schedule. 

Based on past studies, USEPA estimated that plants using conventional treatment techniques (defined as 

coagulation, flocculation, sedimentation, and filtration) that are in compliance with the IESWTR or 

LT1ESWTR typically achieve a Cryptosporidium removal efficiency of approximately 3-log.  Cryptosporidium 

treatment credits towards LT2ESWTR.  

The LT2ESWTR included a variety of treatment and control options, collectively termed the “Microbial 
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Toolbox,” that PWSs can implement to comply with additional Cryptosporidium treatment requirements.  

Options in the microbial toolbox include source protection and management programs, pre-filtration 

processes, treatment performance programs, additional filtration components, and inactivation 

technologies.  The Stage 2 Microbial/Disinfection Byproducts (M–DBP) Advisory Committee recommended 

the microbial toolbox to provide PWSs with broad flexibility in selecting cost-effective LT2ESWTR 

compliance strategies.  Most options in the microbial toolbox carry prescribed credits toward 

Cryptosporidium treatment requirements.  PWSs receive these credits by demonstrating compliance with 

required design and operational criteria.  In addition, States may award treatment credits other than the 

prescribed credit through a “demonstration of performance,” which involves site-specific testing by the PWS 

with a State-approved protocol.  Table 2.8 describes the Microbial Toolbox and is adapted from pages 

684/685 of the Federal Register (Vol. 71, No. 3, Jan 5, 2006). In order to receive removal credit for 

Cryptosporidium under the LT2SWTR, a membrane filtration system must meet the following three criteria:  

1. The process must comply with the definition of membrane filtration as stipulated by the rule.  

2. The removal efficiency of a membrane filtration process must be established through a product-

specific challenge test and ongoing, site-specific direct integrity testing during system operation.  

3. The membrane filtration system must undergo periodic direct integrity testing and continuous 

indirect integrity monitoring during operation.  

The rule does not prescribe a specific removal credit for membrane filtration processes. Instead, removal 

credit is based on system performance as determined by challenge testing and verified by direct integrity 

testing.  According to the Preliminary Engineering Report for the Clarksville WTP Expansion to 28 MGD 

prepared by JJG in 2009, the microfiltration process used at Clarksville has been granted a 4-log removal 

credit for Cryptosporidium based on manufacturer-certified challenge testing performed in California. 

Challenge testing demonstrates the ability of an integral membrane process to remove the target 

organism. Integrity breaches can develop in the membrane during routine operation that could allow the 

passage of microorganisms. In order to verify the removal efficiency of a membrane process during 

operation, direct integrity testing is required for all membrane filtration processes. A direct integrity test is 

defined as a physical test applied to a membrane unit in order to identify and isolate integrity breaches. 

The rule does not mandate the use of a specific type of direct integrity test, but rather performance criteria 

that any direct integrity test must meet. These criteria include requirements for resolution, sensitivity, and 

frequency:  

• Resolution: The direct integrity test must be applied in a manner such that a 3 micrometer breach 
contributes to the response from the test.  

 
• Sensitivity: The direct integrity test must be capable of verifying the ability of a membrane filtration 

system to achieve the log removal value awarded to the process by the state.  
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Frequency: The direct integrity test must be applied at a frequency of at least once per day, although 
less frequent testing may be permitted by the state at its discretion if appropriate safety factors are 
incorporated. 

A control limit must also be established for a direct integrity test, representing a threshold response which, 

if exceeded, indicates a potential integrity problem and triggers subsequent corrective action. For the 

purposes of LT2ESWTR compliance, this threshold response must be indicative of an integral membrane 

unit capable of achieving the Cryptosporidium removal credit awarded by the state. 

The LT2ESWTR also specifies that PWSs should start a second round of source water monitoring six 

years after the end of the first round of monitoring.  For PWSs serving more than 100,000 people, the 

monitoring should start no later than April 2015, while systems serving between 50,000 and 99,999 people 

should start by October 2015, and systems serving between 10,000 and 49,999 people should start the 

second round of monitoring by October 2016.  Systems serving less than 10,000 people that monitor for E. 

coli must begin the second round by October 2017 while systems serving less than 10,000 people and 

monitor for Cryptosporidium should start the second round by April 2019.  PWSs are required to perform 

the second round of monitoring in accordance with the initial source water monitoring requirements.  

Subsequently, PWSs will receive new bin classifications based on the results of the second round of 

monitoring. Clarksville Gas and Water should be receiving notice soon, if they have not already received 

notice, informing them of their requirement for the next round of source water monitoring for the 

LT2ESWTR. 
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   Table 2.8  Microbial Toolbox: Options, Credits and Criteria 

 

 

 

After the attacks on September 11, 2001, a greater emphasis was placed on the safety of critical 

government infrastructure, including the safety of water and wastewater treatment plant infrastructure.  

The government has subsequently produced legislation and instructions based on the need to protect the 

public water supply from the threat of terrorist attacks.  These include The Homeland Security Presidential 

Directives (HSPDs) and the Public Health Security and Bioterrorism Preparedness and Response Act 

(Bioterrorism Act) of 2002.  Other existing legislation related to water supply security include the 1996 

amendment of the Safe Drinking Water Act (SDWA) that increased regulations on source water protection  

and prevention activities and the Federal Water Pollution Control Act (Clean Water Act). 
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In 2002, the Bioterrorism Act was promulgated.  Title IV of the Bioterrorism Act deals with the safety and 

security of drinking water.  The Title requires drinking water systems with over 3,300 consumers to 

conduct vulnerability assessments in order to develop response measures to terrorist or other intentional 

acts that may affect public health.  In accordance with the Bioterrorism Act, the USEPA must provide 

water systems with information on potential threats, incident response strategies, vulnerability assessment 

protocols, and water security research studies.    

The sections of the HSPDs that are particularly relevant to water security matters are HSPD 7: Critical 

Infrastructure Identification, Prioritization, and Protection, HSPD 8: National Preparedness, HSPD 9: 

Defense of United States Agriculture and Food, and HSPD 10: Biodefense for the 21st Century.  HSPD 7 

stipulated that the Water Security Division develop a water sector specific plan as input to the National 

Infrastructure Protection Plan.  The resulting Water-Sector Specific Plan (2007) provides a strategy for the 

protection of critical infrastructure for drinking water and wastewater utilities, water and wastewater 

regulatory agencies, and other partners of the Water Sector.  HSPD 8 provides policies to improve 

readiness for prevention and response to terrorist attacks and other emergencies.  HSPD 9 stipulated that 

the USEPA develop a monitoring program to supply a means of advanced warning in the event of a 

terrorist attack.  In response, the USEPA developed the Water Security Initiative and the Water Laboratory 

Alliance.  The Water Security Initiative is a program that addresses the risk of drinking water 

contamination through three phases.  Phase I of the program involves the development of a detection and 

response system for drinking water contamination incidents.  Phase II involves a testing period in which 

the contamination warning systems (CWS) are to be piloted at drinking water treatment plants in order to 

improve the system design.  As part of Phase II, USEPA installed a CWS pilot at the Greater Cincinnati 

Water Works, with pre-design activities started in 2005 and data collection completed in 2010.  The 

USEPA has also been funded for the installation of CWS pilots in New York City, San Francisco, 

Philadelphia, and Dallas, with pilot studies expected to reach completion in 2012.  Phase III includes 

providing guidance and outreach to water utilities to enhance the utilization of effective drinking water 

contamination warning systems.  The Water Laboratory Alliance provides drinking water utilities with a 

national system of laboratories capable of analyzing water samples in the event of contamination.  If 

utilities become members of the WLA, critical support will be provided during a contamination incident to 

improve emergency response readiness.   

2.2 Future and Proposed Regulations 

The USEPA has several programs to evaluate the public health impact and potential regulation of the many 

known compounds and microorganisms that are not currently subject to proposed or promulgated NPDWR.  

These contaminants, however, are known to or anticipated to occur in drinking water.  Many of these 

unregulated contaminants are listed in the Drinking Water Contaminant Candidate List (CCL) or in the 

Unregulated Contaminant Monitoring Rule (UCMR) program.  The more well-known contaminants that may 

be the subject of future regulations or an increase in regulation stringency include strontium, perchlorate, 

chlorate, additional non-regulated VOCs, chromium VI, nitrosamines, and emerging contaminants, as 

discussed below. Note that strontium was the ONLY contaminant to get a positive regulatory determination.   
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The USEPA has decided to regulate perchlorate under the SDWA with a NPDWR MCL to be proposed in 

the next 24 months.  Several states have already established a perchlorate MCL including California (6 µg/L) 

and Massachusetts (2 µg/L).  Nevada has an action level of 18 µg/L.  Sources of perchlorate include 

munitions, rocket fuel, industrial sites, and hypochlorite.  The use of an on-site sodium hypochlorite 

generation system (OSG) at the Clarksville WTP indicates this rule may apply to Clarksville Gas and Water. 

In addition to perchlorate, chlorate is another impurity commonly occurring in drinking water facilities that 

use bulk hypochlorite or OSG hypochlorite.  In hypochlorite solutions, chlorate may form during 

manufacture, transport, or storage, and increases in concentration correlate with the increase of time 

and/or temperature (Stanford et al., 2011).  Chlorate has been placed on the third USEPA Contaminant 

Candidate list and the USEPA has announced a chlorate health reference level of 210 µg/L.  Therefore, 

chlorate is likely to be regulated in the future.   

USEPA will be looking closely at chlorate and nitrosamines in the context of the review of the M/DBP 

Cluster in the third six-year review in 2016. While no immediate determination has been made.  if the 

USEPA incorporates rule making during their Six-Year review, the approval and implementation process 

may be shorter than sending them via a positive regulatory determination and an entirely new rule.  (With 

six year review, they just revise the existing rules, thus we could easily envision a Stage3DBPRule or 

possibly a “Long Term DBPRule”, depending on how USEPA is feeling about naming conventions.)  Thus, 

we may still be on the 2022 horizon for regulatory compliance for chlorate and nitrosamines. 

Two states, Massachusetts and Minnesota, have nominated manganese for inclusion in the agency's 

contaminated candidate list (CCL4), the list of substances eligible for regulation under the Safe Drinking 

Water Act.  Manganese was included in CCL3 and it was deemed unnecessary to regulate it in drinking 

water. But an agency source says that more recent toxicity studies suggest that ingestion of manganese 

may lead to "troubling" neurological effects in children. "It looks like the effects [in the studies] are in the 

range of [USEPA's] existing [reference dose (RfD)] or lower," the source says. 

The source's comments are backed up by the states' nominations of manganese for the CCL4 list. Both 

note that the element occurs in drinking water at levels exceeding USEPA's health advisory level, and that 

research published since USEPA's 1993 IRIS assessment indicate the possibility of subtle neurological 

effects in schoolchildren. "Manganese is commonly detected in groundwater in the United States at 

concentrations greater than the lifetime Health Advisory (HA) value of 300 ug/L," according to Minnesota 

Department of Health's 2012 nomination. "Twelve percent of 4,976 groundwater samples taken throughout 

the United States by the US Geological Survey from 1992 -- 2003 exceeded the HA for manganese." 

Both states also cite the newer neurological data. Massachusetts Department of Environmental Protection 

writes in its 2012 nomination, "There has been an accumulating body of work since USEPA's last review of 

manganese suggesting an association between drinking water exposure in school age children and a variety 

of subtle neurological effects .Effects in one of the more recent studies have been seen at manganese water 

concentrations below the current USEPA lifetime Health Advisory value, suggesting that the validity of that 

research finding be critically examined and that possibly the basis for the current HA be revisited. 
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Clarksville 2014 MOR data indicate average raw water manganese concentration of 0.07 mg/L and an 

average finished water concentration of 0.01 mg/L.  Both the raw and finished water concentrations fall 

significantly below the Health Advisory value.  However, monitoring of the future research findings and the 

regulatory climate for a potential revision to the HA is recommended. 

Budget constraints and limited resources continue to delay most of the major drinking water regulations 

that are anticipated to be released by USEPA’s Office of Groundwater and Drinking Water (OGWDW). 

Regulatory actions that may impact the Clarksville water systems were released in 2014: 

Proposed definition of Waters of the U.S.; Proposed ambient water quality criteria for the protection of 

human health; Advance notice of proposed rulemaking for hydraulic fracturing chemicals and mixtures; 

Evaluation of chemical safety and USEPA Report on Risk Management Plans (RMPs); and Proposed 

Clean Power Plan (CPP).  

On July 31st, USEPA, in response to Executive Order 13650, requested information on potential revisions 

to its Risk Management Program (RMP) regulations and related programs. In this Request for Information 

(RFI), the Agency asked for information and data on specific regulatory elements and process safety 

management approaches, the public and environmental health and safety risks they address, and the 

costs and burdens they may entail. USEPA will use the information received in response to this RFI to 

inform what action, if any, the Agency may take in the future. This may ultimately impact systems using 

certain chemicals such as gaseous chlorine.  

The drinking water community will see published in the Federal Register in 2014 will be focused on two 

must-do regulatory actions from the five-year cycles set in the SDWA for identifying new contaminants for 

potential regulation. As previously discussed, Table 2.9 below shows how these actions, as well as other 

drinking water regulations, have been significantly delayed over the past couple of years. This table shows 

the delays with final regulations by comparing expected proposal and final dates from November 2012 to 

October 2014. 

          Table 2.9 Regulatory Delays 

Regulatory 

Delays/Regulatory 

Action  

Proposal 

(11/12)  

Final 

(11/12)  

Proposal 

(10/14)  

Final 

(10/14)  

Potential 

Delays  

Perchlorate  2/13  8/14  2015 or 2016  2017 or 

2018  

3-4 years  

Third Regulatory 

Determination (RegDet 

3)  

2013  2014 or 

2015  

2014  2015 or 

2016  

1 year  
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Regulatory 

Delays/Regulatory 

Action  

Proposal 

(11/12)  

Final 

(11/12)  

Proposal 

(10/14)  

Final 

(10/14)  

Potential 

Delays  

Long-Term Lead and 

Copper Rule (LT-LCR) 

Revisions  

2013  2015  2016 or 2017  2018 or 

2019  

3-4 years  

Carcinogenic VOCs 

(cVOCs)  

2013  2015  2015 or 2016  2017 or 

2018  

2-3 years  

Third Six-Year Review  2015 2016 

Any Regulations from 

RegDet 3  

2016 or 

2017  

2018 or 

2019  

2017 or 2018  2019 or 

2020  

1 year  

Hexavalent Chromium  2017 or 2018 2019 or 2020 N/A 

Fourth Contaminant 

Candidate List (CCL4)  

2014 2015 or 2016 N/A 

Fourth Unregulated 

Contaminant Monitoring 

Rule (UCMR4)  

2015 2016 N/A 

 

Volatile organic compounds (VOCs) are a group of contaminants for which the USEPA has recently decided 

to increase regulation stringency.  There are currently 8 regulated VOCs, and the USEPA plans to regulate 

8 additional compounds as well as revise the regulations for the currently regulated VOCs.  In particular, the 

currently regulated compounds trichloroethylene (TCE) and tetrachloroethylene (PCE) will receive stricter 

regulations due to scientific advances allowing for a lowered MCL.    

An Environmental Working Group report has sparked renewed interest from the USEPA in chromium VI, 

which is toxic and may cause people exposed at high levels over a long period of time to experience allergic 

dermatitis.  Chromium is a naturally occurring metal in rocks, plants, humans, soil and volcanic dust, and 

animals.  It is mostly present as chromium III, chromium VI, and the metal form of chromium, the latter two 

of which are produced in industrial processes.  Major sources of chromium include steel and pulp mills and 

natural deposit erosion.  Instead of regulating chromium VI as a single contaminant, the USEPA currently 

regulates the total concentration of chromium in drinking water, with an MCL of 0.1 mg/L.  California 

regulates the total chromium concentration at 0.05 mg/L.  Due to emerging research, the USEPA has 
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proposed in the September 2010 draft human health assessment that chronic chromium VI exposure be 

classified as a probable carcinogen.  When the draft human health assessment is finalized, a comprehensive 

review will be completed to determine if a new chromium standard should be set. (USEPA, 2010)  

Another group of contaminants that may be increasingly regulated in the future is emerging contaminants, 

also known as microconstituents, micropollutants, or trace organics.  These contaminants include 

pharmaceutically-active compounds (PhACs), personal care products (PCPs), endocrine-disrupting 

compounds (EDCs), and other organic compounds.  There has been a recent increase in scientific and 

public interest in these compounds as they are being discovered in surface waters, groundwater, wastewater 

treatment plant effluents, and drinking water.  Sources of endocrine-disrupting compounds as well as other 

emerging contaminants include domestic sources such as human excretion and flushing of expired drugs, 

agricultural runoff, industrial sources, and solid waste.  There are currently no set of federal or state 

regulations that specifically address PhACs, PCPs or EDCs, although there are national primary drinking 

water standards for many synthetic organic chemicals.  The USEPA is currently very active in research and 

analysis of these compounds and is developing strategies to protect the health of both the public and the 

environment.  Also, some states and local communities are becoming more involved in helping consumers 

properly dispose of pharmaceuticals and personal care products.   

2.3 State Drinking Water Regulations 

The Tennessee Department of Environment and Conservation (TDEC) is responsible for the protection of 

Tennessee’s natural resources, specifically land, air, water and recreational resources.  Under TDEC, the 

Division of Water Supply is the main administrative manager for drinking water related rules and regulations, 

including the Safe Drinking Water Supply Rules and Water Pollution Control Rules.  Chapter 1200-05-01 of 

the Rules of the Tennessee Department of Health and TDEC provides drinking water quality regulations for 

all public water supply systems that provide drinking water for human consumption through pipes or other 

drinking water conveyance structures.  Community Public Water Systems Design Criteria from the TDEC 

Division of Water Supply provides general design criteria as well as criteria for treatment processes, 

chemical application, pumping facilities, finished water storage, and distribution systems.  Table 2.10 shows 

unit process goals based on TDEC Public Water Systems Design Criteria.  Current State of Tennessee 

regulations require conformance with current Federal regulations. It is anticipated that as new Federal 

regulations are promulgated, Tennessee’s regulations will be revised to correspond to all Federal criteria.   

Rule 0400-45-01-.36 states that if DBP monitoring in a consecutive system demonstrates exceedance of 

the MCL or the operational evaluation level trend, for the parent system to avoid having to perform an 

operational evaluation of their system processes for DBP reduction, the results for DBP concentrations from 

the master meter or nearest compliance monitoring location must be 60% or less of the MCL for the 

constituent in question. To maintain DBP concentrations equal to or less than 60% of the MCLwould 

mandate Clarksville Gas and Water to provide TTHM levels < 48 ug/L and HAA5 < 36 ug/L. 
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2.4 Cyanobacteria and Toxins 

Cyanobacteria, also known as blue-green algae, are a concern for water utilities worldwide as their 
persistence in water supplies causes numerous problems for water treatment plants. They are not true 
algae, but rather gram-negative bacteria which contain chlorophyll and perform photosynthesis. The major 
concern associated with the presence of cyanobacteria is the metabolites they produce, including taste 
and odor (T&O) compounds (particularly 2-methyl isoborneol (MIB) and geosmin) and a range of toxic 
compounds known collectively as algal toxins, or cyanotoxins. Presently, about 30 species of 
cyanobacteria are known; however, not all produce T&O or toxins. Most of the toxic action produced by 
cyanotoxins can be classified as either (1) hepatoxins (taken up by the liver causing weakness and 
anorexia); (2) neurotoxins (effecting the nervous system); and (3) dermatoxins (causing skin and mucous 
irritations upon contact).  

 
Cyanobacteria (Blue-Green Algae) 

 
Algal toxins are not currently regulated by the USEPA.  The World Health Organization (WHO) has a 
chronic exposure guideline value of 1 ug/L for microcystinand a maximum tolerable daily intake of 6 ug/L 
for an adult (WHO 2011). The WHO’s guideline value assumes that the presence and concentration of 
microcystin is an adequate surrogate for any other algal toxins that may also be present.   

Currently, several algal toxins have been included on the third USEPA contaminant candidate list (CCL3), 
but have yet to be included in the unregulated contaminant monitoring rule (UCMR) program. This lack of 
inclusion in UCMR to date was partly due to inconsistencies among analytical methods and partly due to 
inflexibility in the structure of the UCMR. In the original rule, utilities were asked to collect quarterly 
samples over a 2-year period. In the case of algal toxins, their occurrence is typically seasonal, variable 
from year to year, and associated with blooms which may or may not coincide with pre-determined 
sampling dates.  

However, analytical method improvement and current efforts to encourage the USEPA to consider an 
alternative sampling schedule for algal toxins, may mean that algal toxins will be included in the fourth 
iteration, UCMR4. Even if included on UCMR4, challenges will still remain in determining appropriate 
sampling locations and interpreting the monitoring data, given the short-term, seasonal, and inconsistent 
nature of algal blooms. 
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Pro-active utilities are not waiting for legislation to confront the issue of HAB’s in water supplies.  Mitigation 
using conventional water treatment (flocculation, coagulation, sedimentation and filtration) is effective in 
removing algal cells, but not for any extracellular algal toxins or dissolved T&O in the water column. 
Additionally, weak oxidants like permanganate or free chlorine can be used to control algae in-plant, but 
can actually lyse cells causing release of toxins and T&O compounds.  Although regarded as a weak 
oxidant hydrogen peroxide has been shown for hydrogen sulfide and a decent algaecide when used in the 
storage basin, similar to copper sulfate.   

Table 2.10 Unit Process Goals from the TDEC Community Public Water Systems Design Criteria 

Process Goal / Requirement 

New Raw Water Source  Sanitary survey and study required to assess biological, physical, 
chemical, and radiological characteristics of water 

Flash Mix  Detention time ≤ 30 seconds 
 Velocity gradient ≥ 300 s-1  

Flocculation  Detention time ≥ 30 minutes; 45 minutes (recommended) 

Sedimentation  Detention time ≥ 4 hours (conventional); ≥ 1 hour (tube settlers) 
 Tube settler loading rate ≤ 2.5 gpm/ft2 
 Surface overflow rate = 0.25-0.38 gpm/ft2 (conventional) 
 Weir loading rate = 8-10 gpm/ft for low turbidity raw water; 10-15 

gpm/ft for high turbidity raw water
Filtration  Filtration rate ≤ 2.0 gpm/ft2 (nominal), ≤4 gpm/ft2 (dual/mixed 

media and coag/floc/sed requirements met) 
 Influent pipe velocity = 2 ft/s 
 Filter depth ≥ 8.5 ft  

Disinfection  Chlorine preferred. 
 Capacity for free chlorine residual = 2.0 mg/L after 30 minutes 

when maximum flow coincides with maximum chlorine demand.
Waste Streams  Recycle allowed if returned to head of plant following clarification. 

Chemical Storage  30 days of storage required 

TOC Removal  As stated in DBPR. 

Raw and Finished Water 

Pumping 

 N+1 Firm Capacity for Peak Demand 
 Elevated to minimum 1-ft above 100-yr flood elevation. 
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3. Water Quality Goals 

One of the objectives of this study is to develop a set of water quality goals to be utilized as part of the 

analysis of alternatives for reliably meeting capacity requirements.  Water quality goals were developed for 

the City of Clarksville with the primary purpose of meeting or exceeding all primary water quality standards 

enforced by TDEC and the USEPA.  Secondary standards were also utilized to develop additional water 

quality goals to guarantee aesthetically-pleasing characteristics of the water.  Along with regulatory 

requirements, the goals were developed through review of historical plant water quality information and with 

staff input.  These water quality goals can also be used as criteria for long-term treatment targets. 

Raw water stability at the treatment plant was assessed by looking at raw water alkalinity, pH, TOC, and 

turbidity.  The raw water alkalinity generally remained between 60 mg/L and 100 mg/L as CaCO3, while the 

raw water pH remained consistently between 7.3 and 8.3 pH units.  Raw water turbidities are shown in 

Figures 3.1.  For the 2014 data received the turbidities generally stayed below 25 NTU, with sporadic peaks 

up to 100 NTU and a minimum around 2 NTU.   

 

Figure 3.1 Raw Water Turbidity at the Clarksville WTP 
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As TOC has a major impact on DBPs in the effluent drinking water, the raw, settled and finished TOC 

values were analyzed.  Figure 3.2 shows total organic carbon as reported from Clarksville’s in-house 

laboratory.  The system’s treated water averages 1.9 mg/L, with excursions up to 3.0 mg/L. 

 

Figure 3.2 Total Organic Carbon 
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It appears that TOC is being efficiently removed, with average removals of 57% Raw water TOC averages 

approximately 2.8 mg/L (Figure 3.3).  Based on raw water alkalinity averages that remain between 70 and 

100 mg/L as CaCO3, the Stage 1 DBPR requires a TOC removal equal to or greater than 25%.  The plant 

consistently meets this requirement. 
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TTHM and HAA5 sampling data from 2012 and 2013 indicated high levels of DBP’s in the summer 

months, or 3rd quarter.  Clarksville modified its disinfection strategies and discontinued the practice of pre-

chlorination.  One option is a goal of no single reading above the MCL, such that OELs are avoided.  

Figure 3.4 illustrates that since 2013 only the Pinewoods Rd. sampling location exceeds the TTHM MCL 

and that occurs only in the summer months, or 3rd quarter.  Clarksville Gas and Water has expressed 

interest in establishing a DBP water quality goal equal at 60% of the MCLs for TTHM and HAA5.  Since 

the change in disinfection strategies, Pineywoods compliance site LRAA has dropped from 90.1 mg/L in 

September, 2013 to 72.8 mg/L in September, 2014. Some utilities view a water age goal as part of its DBP 

strategy, as DBP formation may be minimized in the distribution system by reducing water age at specific 

average DBP “problem” sites and disinfection optimization.  Clarksville TTHM species are 70-85% 

chloroform. 
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Based on data reviews, regulatory requirements, and a workshop with Clarksville staff, a set of water quality 

goals was developed.  The primary and secondary water quality goals are provided in Tables 3.1 and 3.2. 

    Table 3.1 Primary Water Quality Goals 

Parameter Goal Reference Comment 

Individual 

Sedimentation Basin 

Settled Water Turbidity  

< 1 NTU 95% of the time when 
raw < 10 NTU 

< 2 NTU 85% of the time when 
raw > 10 NTU 

< 5 NTU (max)

• Partnership for Safe Drinking Water Individual 
Sedimentation Basin Performance Goals 

Individual Filtered Water 

Turbidity  

≤ 0.1 NTU 95% of the time • Partnership for Safe Drinking Water Individual 
Filter Performance Goal 

• Goal for filter run termination and return to 
service following backwash  

Combined Filtered 

Water Turbidity 

< 0.1 NTU 95% of the time • Partnership for Safe Drinking Water Combined 
Filter Performance Goal 

UV 254 Absorbance  None • Surrogate for monitoring organic content only.  

pH & Corrosion Control  None • Phosphate added for corrosion control. 

Giardia lamblia 3.0-log removal / inactivation • SWTR Requirement  

Cryptosporidium  4.0-log removal / inactivation • LT2ESWTR Bin = 1 
• 4- log inactivation credit for membrane 

Viruses  4-log inactivation • SWTR Requirement  

Membrane Integrity Test 0.3 psi over 5 minutes on each • Daily test on each membrane rack 
• Verify membrane integrity as a physical barrier

TOC Removal 

Percentage 

25% • DBPR requirement: 25% at current raw water 
TOC and alkalinity levels (re-evaluate if raw 
water TOC increases above 4 mg/L) 

DBP LRAA 

Concentrations for 

consecutive system 

60% of MCL • 48 ug/L TTHM 
• 36 ug/L HAA 

TTHM, Individual 

Samples  

LRAA <80% of MCL 

No individual samples above 

MCL 

• To avoid operational evaluation trigger.  

HAA5, Individual 

Samples 

LRAA <80% of MCL 

No individual samples above 

MCL 

• To avoid operational evaluation trigger.  

Chlorine Residual  < 4.0 mg/L 

0.2 mg/L min 

• DBPR Requirement. 
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Table 3.2 Secondary Water Quality Goals 

Parameter Goal Comment 

Aluminum ≤ 0.20 mg/L • Secondary standard  

Color  < 15 CU • Secondary standard 

Manganese  < 0.05 mg/L • Secondary standard = 0.05 mg/L 

Iron  < 0.1 mg/L • Secondary standard = 0.30 mg/L; lower goal 
minimizes consumer complaints about color  

Fluoride  0.7-1.0 mg/L • Finished water level for optimal dental 
benefits.  Secondary standard = 2.0 mg/L 

Geosmin  5 ppt • To minimize consumer complaints about 
taste and odor. 

MIB  10 ppt • To minimize consumer complaints about 
taste and odor.  

 

As regulations are constantly changing, the City of Clarksville should be prepared for existing as well as 

future regulations.  Additional goals should also be considered for future regulations based on the 

following contaminants: 

 Emerging Contaminants – Annual monitoring of select representative sample of PhACs, PCPs, 
and EDCs in raw water supply. 

 Perchlorate – Monitor on an annual basis - OSG system. 

 Chlorate – Goal of 210 ug/L (USEPA announced HRL)  

 Chromium VI – Monitor on an annual basis. 

In general, the Clarksville WTP has performed well in producing high quality drinking water and remaining 

in compliance with all regulations.  Establishing water quality goals to serve as a baseline for future 

improvements and improving reliability of the existing processes will ensure that a high level of water 

service continues long into the future.   
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December 15, 2015 

To: Clarksville Gas & Water (CGW) 

From: Hazen and Sawyer (Hazen)   

Re:  Water Master Plan Study – Phase 1        
 Hydraulic Analysis of Existing System 

Introduction 

This technical memorandum (TM) provides a summary of the existing distribution system evaluation 
conducted as part of the ongoing comprehensive Water Master Plan Study for CGW. A calibrated 
hydraulic model was developed for CGW to determine areas within each pressure zone of the existing 
water distribution system areas of deficiency in terms of three (3) parameters: pressure, fire flow, and 
water age. The results from these parameter model runs were then mapped and deficiencies in the existing 
system were noted. However, no improvements were included within this TM related to these 3 
parameters because the future model conditions also need to be completed in order to determine the best 
fit for the system improvements. Those recommended improvements will be identified in Phase 2 of this 
Water Master Plan study.  

Also included within this TM is an analysis of existing system reliability and finished water storage. 
Within in the system reliability section of this TM, deficiencies were identified to address known areas of 
vulnerability and also some conceptual solutions were provided. Future alternative evaluation and 
development will be also be included in Phase 2.  

Steady State Simulations 

Model simulations were run as steady state to evaluate pressure and fire flow foe the existing distribution 
system. A steady state run is a snapshot of the model at a single point in time with operating conditions 
specified such as tank levels and number of pumps running. The conditions for the runs used in the 
evaluations were set according to standard guidance from AWWA. For pressure, demand was set equal to 
the peak hour of the maximum day. For fire flow, demand was set equal to maximum day. Both 
evaluations assumed tanks at the bottom of operating ranges, booster pump stations running with a single 
duty pump, and the water plant only producing enough water to meet maximum day demands. 

Demands in the model were originally input from billing records covering the 12-month period from July 
1, 2010 to June 30, 2011. Since that time it is believed minimal changes have occurred to overall system 
demand. However, since the time of the model’s development, CGW’s SCADA system has added 
capabilities for CGW staff to observe total demand in each zone. Based on these observations and 
conversations with the CGW staff, slight adjustments were made in terms of demands in the model to 
proportionately increase the demand seen in Rossview Pressure Zone while decreasing demands in Sango 
and Jackson Road. Table 1 shows the updated demand totals in the existing model.  
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Table 1: Pressure Zones Current System Demands 

Pressure 
Zone 

Avg. Day Demand 
(mgd) 

Max. Day Demand 
(mgd) 

Max. Hour Demand 
(mgd) 

Rossview  3.0  4.2  7.1 

Allen Griffey  2.3  3.1  5.4 

Sango  0.9  1.2  2.1 

Jackson 
Road  3.2  4.4  7.6 

Main  6.2  8.6  14.8 

Total   15.6  21.6  37.1 

 

Through discussion with CGW staff, it was determined the need to include two large developments that 
require large water demands within the existing evaluation of the Rossview Pressure Zone. These two 
developments are called Hankook Tire Facility and Project X. These developments are either currently 
being built are to be constructed in the very near future. For that reason, these demands were modeled as 
part of existing system. Exact water demand has yet to be set for Project X; therefore, a range of different 
demands were evaluated. Table 2 shows Rossview demands with these included. It was assumed that the 
current water treatment plant (WTP) production was increased to match these potential demands. 

Table 2: Rossview Demands with Hancook and Project X Various Demand Scenarios  

Scenario 
ID  Scenario Description 

Avg. Day Demand 
(mgd) 

Max. Day Demand 
(mgd) 

Max. Hour 
Demand (mgd) 

A  Current  3.0  4.2  7.1 

B  Hankook 1.0  4.0  5.2  8.1 

C  Hankook 1.0 & Project X 4.5  8.5  9.7  12.6 

D  Hankook 1.0 & Project X 8.5  12.5  13.7  16.6 

E  Hankook 1.0 & Project X 12.5  16.5  17.7  20.6 

Peak Hour Pressures 

The peak hour simulation represents the highest annual demand in a system by taking the maximum day 
demand and applying the peak hourly factor from the diurnal pattern. Based on the Tennessee Department 
of Environment and Conservation (TDEC) Community Public Water System Design Criteria, pressure 
deficiencies were identified by areas within the existing system having a pressure lower than 20 pounds 
per square inch (psi). Areas within the distribution system that were above 100 psi were also identified, 
but the concern over improvements with these higher pressures are not as of great concern as the lower 
pressure areas. This is due to the fact that the higher pressure areas that were identified can be mitigated 
by installing pressure reducing valves (PRVs) to lower pressures with much less effort than supplying 
higher pressures to low pressure areas.  
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Rossview Pressure Zone – Pressures 

Existing System 

The Rossview Pressure Zone under the current maximum hour condition has low pressure in the Oakland 
Road area if the HSC Tank is too low. This condition occurs even if a large pump is run at Rossview 
Booster Station (RBS), which produces over 10 mgd of flow. Running the smaller pump results in lower 
pressures in the Oakland Road area. Model runs indicate the most significant driver for maintaining 
pressure in this area is keeping the HSC Tank level maintained. Figure 1 shows the areas with low 
pressure if the HSC Tank level drops near 50%. 

Running a single large pump at RBS produces a discharge pressure at the station of 74 psi. However, 
pressures at lower ground elevations near the Red River at the end of Powell Road are over 150 psi with 
the one large pump running (see Figure 1). Running the smaller pump reduces discharge pressure by over 
20 psi at RBS. 

 

Figure 1: Rossview Pressure Zone Pressures 

Hankook Tire and Project X Developments 

As shown in Table 2, Hazen projected future demands for these two locations based on discussion with 
CGW staff. Of the two locations, Project X presents the biggest challenge since it is the larger demand 
and located farther from RBS. When modeling Scenario C, the results of the model indicates that adding 
Hankook demand at 1 mgd and Project X demand at 4.5 mgd (total pressure area demand of 12.6 mgd) 
can be delivered as long as the water level in HSC Tank can be maintained. HSC Tank provides over 60% 
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of the Project X demand of 4.5 mgd with only one large pump running at RBS. Providing demand from 
one pump and 60% of the HSC tank is a more ideal local system operation rather than running both 
pumps at the same time due to higher pressures. The model shows one large pump running produces just 
over 10 mgd while two large pumps can produce 15 mgd of flow. 

When Project X demand is increased to 8.5 mgd, both large pumps will the need to run at the same time 
because if  only a single large pump ran at RBS, the HSC Tank would need to provide 80% of Project X 
demands. This local operation is difficult to maintain and not optimal. However while even running a 
second large pump, it still results in HSC Tank draining at approximately 2 mgd, and the pressures closer 
to RBS being 30 psi higher. 
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Main Pressure Zone – Pressures 

Existing System 

The Main Pressure Zone under the current maximum hour condition has adequate pressure in most areas.  
As shown in Figure 2, the areas with the lowest pressure are at the northern side along 101st Airborne 
Division Parkway and also in the high elevation area along Memorial Boulevard. Higher pressures can be 
found in low-lying areas near Wall Branch, Red River, and the Cumberland River. 

 

Figure 2: Main Pressure Zone Pressures 
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Sango Pressure Zone – Pressures 

Existing System 

The Sango Pressure Zone under the current maximum hour condition has adequate pressure in most areas.  
As shown in Figure 3, the area with the lowest pressure is near the area surrounding Sango Tank. Higher 
pressures can be found in low-lying areas near McAdoo Creek on the south and the Cumberland River to 
the north. 

 

Figure 3: Sango Pressure Zone Pressures 
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Jackson Road Pressure Zone – Pressures 

Existing System 

The Jackson Road Pressure Zone under the current maximum hour condition has adequate pressure in 
most areas. As shown in Figure 4, the areas with the lowest pressure are near High Point Water Tank.  
Higher pressures can be found in low-lying areas near Little West Fork Creek. 

 

Figure	4:	Jackson	Road	Pressure	Zone	Pressures	
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Allen Griffey Pressure Zone – Pressures 

Existing System 

The Allen Griffey Pressure Zone under the current maximum hour condition has good pressure in most 
areas. As shown in Figure 5, higher pressures can be found in low-lying areas near Little West Fork 
Creek and Red River West. 

 

Figure 5: Allen Griffey Pressure Zone Pressures 
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Fire Flow 

The available fire flow simulation represents the maximum day demand in a system and assumes tanks 
are near the bottom of their operating ranges with maximum day demands and only a single duty pump 
running. Nodes were considered to be deficient if they could not deliver 500 gpm at 20 psi ( as 
recommended within the TDEC Community Public Water Systems Design Criteria) while maintaining 10 
feet per second in surrounding pipes. 

Rossview Pressure Zone – Available Fire Flow 

Existing System 

The Rossview Pressure Zone under the current maximum day fire flow condition has available fire flow 
below 500 gpm at 20 psi in some locations in the Oakland Road Area. However, most of these are only 
slightly below 500 gpm. As shown in Figure 6, the limiting constraint is the single 10-inch supply line 
(A). Also, several areas outside the city limits were found to have less than 500 gpm at 20 psi due to long 
runs of 6-inch line or smaller. 

 

Figure 6: Rossview Pressure Zone Fire Flow Availability 

Hankook Tire and Project X Developments 

With the addition of these developments in the near future, fire flows are obviously affected with 
increased demands and pump output for the existing conditions. However, comparing the differences is 
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the smaller 4 mgd pump with no demand at the Project X site. Figure 7 shows the results of the fire flow 
simulation when running a single large pump at RBS with 4.5 mgd of demand at Project X and 1.5 mgd 
of demand at Hankook Tire. Comparison with the results of the model run without the developments 
shows similar areas with deficient fire flows. 

It was assumed the WTP production would be increased to match the inclusion of these demands.  
Although the 8-mg ground storage reservoir at Rossview is shown to drain at a significant flow rate when 
the large pump at RBS runs, model runs show that as long as the WTP can produce enough water RBS 
can operate successfully. In fact, temporarily disconnecting the reservoir from the system does not 
prohibit RBS from running with a single large pump.  

 

Figure 7: Project X and Hankook Tire Fire Flow Availability 
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Main Pressure Zone – Available Fire Flow 

Existing System 

The Main Pressure Zone, under the current maximum day fire flow condition, has available fire flows 
below 500 gpm at 20 psi in some areas. Most of these areas not meeting the fire flow condition are dead 
ends on 6-inch lines or areas of higher ground elevations. All areas with less than 500 gpm in Figure 8 
are inside City limits. 

 

Figure 8: Main Pressure Zone Fire Flow Availability 
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Sango Pressure Zone – Available Fire Flow 

Existing System 

The Sango Pressure Zone under the current maximum day fire flow condition has available fire flows 
below 500 gpm at 20 psi in some areas Most of these areas not meeting the fire flow condition are dead 
ends on 6-inch lines or areas of higher ground elevations. All areas less than 500 gpm in Figure 9 are 
inside City limits. 

 

Figure 9: Sango Pressure Zone Fire Flow Availability 
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Jackson Road Pressure Zone – Available Fire Flow 

Existing System 

The Jackson Road Pressure Zone under the current maximum day fire flow condition has available fire 
flows below 500 gpm at 20 psi in some areas. Most of these areas not meeting the fire flow condition are 
dead ends on 6-inch lines or areas of higher ground elevations. Two areas less than 500 gpm in Figure 10 
are outside City limits. 

 

Figure 10: Jackson Road Pressure Zone Fire Flow Availability 
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Allen Griffey Pressure Zone – Available Fire Flow 

Existing System 

The Allen Griffey Pressure Zone under the current maximum day fire flow condition has available fire 
flows below 500 gpm at 20 psi in some areas. As shown in Figure 11, most of these areas not meeting the 
fire flow condition are dead ends on 6-inch lines or areas of higher ground elevations. All areas in this 
pressure zone are inside City limits. 

 

Figure 11: Allen Griffey Pressure Zone Fire Flow Availability 
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Extended Period Simulations 

Model simulations were run as extended period to evaluate water age. An extended period run occurs 
over a period of time with controls in place that determine pump and valve operation. The conditions for 
the extended period simulation were set to represent average day demands with normal operation as 
described by CGW staff. The model simulation duration was set at 30 days. 

Water Age 

Water age is a key indicator of water quality. Low chlorine residual occurs most often due to 
biodegradation of organic material inside the water line due to the chemical reaction with chlorine. In 
theory, the longer water is allowed to stay in the system, more time is allowed for this chemical reaction 
to occur, which lowers chlorine residual. Generally water under a week old is considered to be optimal.  
However, factors such as temperature and organic composition of raw water must be considered as well.  
Regardless, this simulation gives a relative indicator of where water age is higher in the distribution 
system. 

CGW System – Water Age 

The entire system at the end of the 30-day simulation is shown in Figure 12. Dead end lines and areas on 
the perimeter of the system farthest from the Water Plant resulted in the highest age. 

 

Figure 12: Water Age of CGW’s Distribution System 
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Rossview Pressure Zone – Water Age 

Figure 13 shows the areas with water age in excess of one week. Primarily these areas were either on 
dead end lines or in areas farthest away from RBS. The Oakland Road area has higher water age since it 
only has one supply line. 

 

Figure 13: Water Age in Rossview Pressure Zone 
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Main Pressure Zone – Water Age 

Figure 14 shows the areas with water age in excess of one week. Nodes with water age greater than two 
weeks are primarily located on dead end lines. 

 

Figure 14: Water Age in Main Pressure Zone 
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Sango Pressure Zone – Water Age 

Figure 15 shows the areas with water age in excess of one week. Nodes with water age greater than two 
weeks are primarily located on dead end lines. Several locations in this pressure zone are between one and 
two weeks. 

 

Figure 15: Water Age in Sango Pressure Zone 
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Jackson Road Pressure Zone – Water Age 

Figure 16 shows the areas with water age in excess of one week. Nodes with water age greater than two 
weeks are primarily located on dead end lines. 

 

Figure 16: Water Age in Jackson Road Pressure Zone 
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Allen Griffey Pressure Zone – Water Age 

Figure 17 shows the areas with water age in excess of one week. Nodes with water age greater than two 
weeks are primarily located on dead end lines. 

 

Figure 17: Water Age in Allen Griffey Pressure Zone 

 

	  

MM

^

^
^ I 24

Tiny Town Rd

F

N
ee

dm
or

e 
R

dP
e

ac
h

er
s 

M
ill

 R
d

Tr
en

to
n 

R
d

101st Airborne Division Pkwy

Tylertown Rd

To
ba

cc
o 

R
d

W
hi

tf
ie

ld
 R

d

Hazelwood Rd

Ringgold Rd

Allen Rd

O
ak

la
n

d 
R

d

Meriwether Rd

Ramp

E
va

ns
 R

d

Eva Dr

Arlington Ln

Jo
rd

an
 R

d

Purple Heart Pkwy

Kennedy Rd

a 
R

ud
ol

ph
 B

lv
d

Britton Springs Rd

Kennedy Ln

Elkmont Dr

Shiloh Rd

Jack Miller Blvd

Ishee Dr

Silty Dr

O
utlaw

 F
ield R

d

Buchanon Dr

Mcclardy Rd

Isaac Dr

U
ni

o
n 

H
al

l R
d

C
id

e
r 

D
r

d

Airport R
d

Burch Rd

Exit 1

A
n

n 
D

r

Audrea Ln

A
ut

u
m

n
 D

r

M
an

 O
 W

ar
 B

lv
d

C
indy Jo C

t

N
icole R

d

Cobra Ln

Jen
ny Ln

Gale Dr

A
ur

or
a 

D
r

R
ob

in
 D

r

B
ar

ke
rs

 M
ill

 R
d

Raven Rd

M
is

ty
 W

ay

Mallard Dr

S Senseney Cir

Norris Dr

Collier Rd

Teal D
r

Iris Ln

Archwood Dr

S
tella D

r

S
ho

rt 
S

t

Bruceton Dr

G
ai

ne
 D

r

State Line Rd

Oakmont Dr

M
on

cr
es

t D
r

Sug
ar

ca
ne

 W
ay

N Senseney Cir

P
e

m
br

o
ke

 R
d

S
 J

ot
 D

r

N
o

rthw

Harvest Rdg

Hadley Dr

G
ar

de
nd

al
e 

Ln

Fall
br

oo
k L

n

A
nd

re
w

 D
r

Service Road
Lamont Ct

K
ings D

eer D
r

W
iser D

r
B

re
t D

r

Emerald Ct

A
rt

hu
rs

 C
t

Ta
ra

 B
lv

dBarbee Ln

Challis Dr

C
ore D

r

Egret Dr

C
ra

nk
le

n 
C

ir

Durrett Dr

Stillwood Dr

Viewmont D
r

Crocker Dr

Marla Cir

S
harpie

 D
r

R
hond

a C
t

B
el

l R
d

R
afiki D

r

Cyprus Ct

Patton R
d

Silo Dr

N Edgewood Pl

Quicksilver Ln

Whitehall Dr

tain Rd

Old Mill Rd

Amanda Dr

Calvert Dr

Erie Dr

Connemara Way

Bay Ln

Derby D
r

D
unlo

p L
n

B
andera D

r

Brook Hill Dr

T
hr

u
sh

 D
r

H
eatherw

ood Trc
Hadley Rd

Tolliver W
ay

C
a

m
e

lot D
r

Darlington Dr

Gibbs Ln

Sturdivant Dr

O
utfitters D

r

Gunpoint Dr

Shivas Rd

C
ottin

gham
 C

t

C
otham

 Ln

Sage Meadow Ln
Ban

ist
er

 D
r

Harding Dr

Brittney Ct

I 24

R
am

p

Ramp



December 15, 2015	
Clarksville Gas & Water   Page 22 of 23 
	

System Reliability 

Transmission Redundancy 

CGW relies solely on its Water Plant production and existing storage capacity to meet the demands of its 
customers. Disruption to transmission lines in the Main Pressure Zone outside of the WTP would be the 
most detrimental to the supply of finished water to the entire system. Figure 18 shows how Main 
Pressure Zone is the supply for each of the other pressure zones. 

 

Figure 18: CGW Distribution System 

Rossview Pressure Zone – Reliability 

Existing and potential customers in the Rossview Pressure Zone were identified in discussions with CGW 
as being critical. RBS is the only pump station and HSC Tank is the only available storage tank within 
this zone. In addition to HSC Tank being the only storage tank, it can only be filled with a single, 
dedicated 24-inch line. Various engineering studies have been conducted in this area to determine needed 
improvements for reliability. The primary concepts for improvement that have been identified are: 

 Adding a redundant pump station from the Main Pressure Zone into Rossview Pressure 
Zone 

 Adding a secondary pipeline to feed the HSC Tank and/or adding a second tank to 
Rossview Pressure Zone 
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Allen Griffey Pressure Zone – Reliability 

Allen Griffey Pump Station, which is the only pump station serving the Allen Griffey Pressure Zone, has 
only one supply line. If this line were to break, the area would have to rely on storage in Barker’s Mill 
and Tiny Town Tanks. The primary concepts for improvement that have been identified are: 

 Adding a redundant line to the Allen Griffey Pump Station  
 Adding valves to allow water supply from Jackson Road Pressure Zone and Rossview 

Pressure Zone, which are adjacent at higher service hydraulic grade lines 

Finished Water Storage 

The purpose of system storage is to have sufficient water available to provide adequate flow and pressure 
at peak demand as well as to provide for fire flows when needed. Per TDEC Guidance, a satisfactory rule-
of-thumb is to provide at least the average 24-hour demand in finished water storage. Table 3 shows 
system storage by pressure zone. Main Pressure Zone has the largest surplus. Rossview Pressure Zone has 
a deficit before Project X or Hankook demands are considered. 

Table 3: Demand and Storage by Pressure Zone 

Pressure Zone  Avg. Day Demand (MG)  System Storage (MG)  Variance 

Rossview  3.0  2  (1.0) 

Allen Griffey  2.3  1.5  (0.8) 

Sango  0.9  2.25  1.35 

Jackson Road  3.2  3.5  0.3 

Main  6.2  14.7  8.5 

Total   15.6  23.95  8.35 

Summary 

Hazen has completed an evaluation of the existing system conditions for CGW’s water distribution 
system. The calibrated hydraulic model was used to analyze system pressure, fire flow availability, and 
water age. Moving forward, the data from model runs summarized in this report will be used as a baseline 
to identify specific improvement alternatives and develop cost estimates. 
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Clarksville Water Treatment Plant Jar Test Memo 

 

To:    Clarksville Gas and Water (CGW) 

From:   Hazen and Sawyer – Scott Woodard, Bret Casey and Nichole Sajdak 

Date:   January 21, 2015 

                           

Introduction	

The Clarksville WTP practices conventional flocculation, high‐rate sedimentation using tube 
settlers and membrane filtration. Clarksville Gas and Water (CGW) evaluates their coagulant 
dose daily through jar testing.  The staff use jar tests to confirm the current coagulant dose at 
the plant maximizes TOC removal efficiency for current raw water quality.  The Jar Test 
Standard Operating Procedure dated July, 2010 used by the plant is provided in this memo 
along with results from several treatment scenarios of varying pH and coagulant dose.  

Currently, coagulation at the plant is done with a highly charged polymeric inorganic coagulant 
(PACL).  PACLs are highly charged aluminum‐based species that do not require alkalinity to form 
floc.  Aluminum Chlorohydrate (ACH) is a form of PACL with high basicity (~83%) that has 
minimal effect on the overall pH of the water when treated.  The floc tends to be tight and 
dense for good settlability and is often used upstream of membrane filtration.   Coagulation 
with ACH is performed at the plant’s ambient raw water pH (~7.5) which is at the high end of 
optimum pH for TOC removal using the ACH (pH 6.5‐7.5).  This report compares the full‐scale 
and jar test results provided by CGW staff, investigates baseline conditions and makes 
recommendations for future jar testing including testing hydrogen peroxide as a pre‐oxidant in 
lieu of permanganate and the use of acidified alum.  Results from the following jar tests are also 
included in this memo : 

 One set of ACH optimal dose jars run using Standard Operating Procedure 

 One set of ACH optimal dose jars run at proposed mixing energies and durations  

 One set of jar tests run to compare H2O2 and permanganate as described in this memo. 
 

Full‐Scale	Plant	Flow	Rates	
The Clarksville WTP capacity is 28 MGD with a peak flow rate of 30 MGD. Typical average day 
operations are at 15 MGD.   
 

Chemicals,	Dosages	and	Application	Points	
Raw water is pumped to the plant from the Cumberland River. Sodium permanganate is added 
to oxidize inorganic and some organic materials coating the particles and making them easier to 
coagulate, flocculate and settle.  ACH is added to the water, typically at a dose of 16‐18 mg/L to 
cause the negatively‐charged particles in the raw water to attract and form ionic bonds 
(coagulation). The flocculation process increases the coagulated particles to a size and weight 
that will settle in large sedimentation basins. Settled water is then filtered, removing the 
smallest particles that remain. The microfiltration process filters all particulates greater than 0.1 



 

Sedimentation
Basin

Chlorine  Phosphate PACl Permanganate 

Microfiltration

Figure 1:  Clarksville WTP Chemical Application Points

micron in size and provides a direct barrier against bacteria, protozoa, and some viruses. The 
chlorination process following filtration effectively disinfects all pathogens that may be still 
present. A corrosion inhibitor is added after filtration to help protect water lines in the system. 
In addition, fluoride is added to the water post‐filtration. 

 

Jar	Testing	Calibration	
 
The standard Jar Test operating procedure used by CGW uses a pre‐programmed sequence 
with the mixing energies and durations noted in Table 1 below. 
 

Table 1:  Clarksville Lab Test SOP Mixing Energies and Durations 

Rapid Mix  1st  2nd  Settling 

Jar Speed (rpm)  300  60  10  N/A 

Duration (min)  0.5  15  15  30 

 
The first step of this set of bench scale test procedures is to establish relationships between the 
full‐scale plant and the bench scale testing protocols and confirm that the program reflects the 
best match of mixing and energies.  Examination of jar test TOC data and comparison with full‐
scale plant data collected at the same time indicates that the plant tends to be more efficient at 
TOC removal.    
 
This section relates full‐scale plant dimensions, geometries and retention times to jar testing 
parameters.  Data collected from and about the full‐ scale plant to properly calibrate the jar test 
procedures included: 

 Plant flow rates. 

 Mixing Energy and Durations 

 Basin dimensions and volumes. 

 Settled water samples from the full‐scale plant. 
   

Permanganate  ACH 



 

Mixing	Energy	and	Durations	
Full‐scale plant operation uses diffusion pumps to introduce and mix permanganate and 
coagulant into raw water pipe upstream of the flocculation basins.  Common industry design 
parameters for pumped diffusion is to provide a mixing jet velocity 20‐25fps at the orifice and a 
mixing energy (GT) between 400‐1600.   
 
Calculations were performed to compare the available jar testing mechanical rapid mix to the 
full scale rapid mix at maximum flow rate as shown in Table 2. The maximum rapid mix speed 
possible by the Phipps and Bird jar testing machine is 300 rpm which would require the rapid 
mix to be two minutes long to provide a Gt value similar to full scale plant conditions.  
However, in order to prevent floc shearing, turning the mixers on to maximum speed for a 
shorter duration is recommended to provide the best possible replication of the mixing energy 
provided by diffusion pumps.   An initial rapid mix of 45 seconds was used with the first stage of 
flocculation serving the remainder of the rapid mix.  
  

Table 2:  Rapid Mix Calibration 

Raw Water  
Pipe Diameter 

36” 

Full Scale 
Flow Rate  (MGD)

28 

Side Stream Diameter 14” 
Diffusion Jet Velocity (fps) 20.5 
Rapid Mix Time   (min) 0.75 
Full Scale  
G Value   

830 

Gt 610 
Jar Speed required (rpm) 420 
Jar Speed Available (rpm) 300 
Jar Test Rapid Mix Time (min) 2.0  
Actual Jar Test Rapid Mix Time 
(min) 

0.75 

 
Once particle destabilization occurs, collisions between the particles are promoted through 

slow, gentle mixing, or flocculation.  Smaller charged particles combine into larger, heavier 

particles which helps in the settling process. The full scale plant has four tapered steps of “slow 

mixing”. The flocculators are rated for 15 rpm and provide a G value of 20‐70 s‐1.   The plant’s 

flow rate and calculated volume through each flocculation stage determined the duration of 

each stage. Each stage of flocculation lasts for 7.5 minutes. 

In order to determine the proper mixing speed and time for jar testing, the dimensions of the 

plant design and type of mechanical mixing are used and correlated to the geometry and 

volume of the jars.  A jar test was run on December 11, 2014 using manually adjusted speed 



 

settings rather than the pre‐programmed settings to test the optimal coagulant dose.  The first 

attempt at modifying the mixing speeds from the pre‐programmed SOP used information from 

the Clarksville PER (2008) to predict the jar mixing speeds.  Visual inspection of the jars noted 

that floc formation occurred earlier using the modified procedure but that the larger floc 

tended to shear during the later flocculation stages and not settle well.  The settled water 

turbidities and TOCs were higher than the SOP which suggested the speeds were too high. 

On December 10, 2014 plant SCADA indicated the full scale mixer speeds were set as shown in 

Table 3 below.  The jar tests G values and speeds corresponding to these full scale mixing 

speeds were recalculated.  Results from an additional jar test to determine optimal dose using 

these modified jar mixing speeds are described in the Jar Test Data Review section below.  

Table 3:  Flocculation Calibration 

Stage  1st  2nd  3rd  4th 

Flow Rate (MGD)  28 

Floc Time (min)  30 

Full Scale (% Speed)  68%  49%  26%  17% 

Full Scale  
G Value (sec‐1) 

48  29  11  6 

Full Scale Speed (rpm)  10.2  7.5  3.9  3.0 

Jar Speed  56  40  22  14 

 

Basin	surface	areas	and	volumes	
After flocculation, the mixing units were raised and removed from each jar to allow for settling.  
Simulation of plant conditions requires calculation of the plant’s sedimentation basin settling 
time based on surface area loading rate and tube settler geometry in each of the six 
sedimentation basins.  The plant flow rate divided by the sedimentation basin surface area, 
including the projected tube settler area, is the full scale basin loading rate.  To establish 
similitude between the plant and jars, the full scale loading rate is converted into a settling rate 
for the 2000 mL jars as shown in Table 4.  Calculations are based on 10 cm sample depth in jars. 

Table 4:  Sedimentation Calibration 

Conventional Basin  with Tube Settlers 

Tube or Plate Opening (inch) 2 

Tube or Plate Angle (degrees) 60 

Tube Depth (inch) 36 

Flow Rate per basin(MGD) 4.7 

Surface Area (ft2) 1,291 

Settling Velocity (cm/min) 1.1 

Sample Time (min) 9.8 
	



 

Coagulant	Demand	Jar	Test	Procedure	(Microliter	Method)	

Equipment: 
Phipps & Bird Six Paddle Stirrer with jars 
10-100 microliter pipet in 0.2 microliter increments and tips 
Coagulant (full strength) from day tank 

Procedure: 

1. Using 2000 mL graduated cylinder, fill each beaker to 2 liter mark with raw water from 
lab spigot. 

2. Select a range of concentrations that will bracket the actual concentration of coagulant 
being added to raw water e.g. If coagulant is being fed at 18ppm then use range of 
14ppm — 24ppm in 2ppm increments. 

3. Determine specific gravity of full strength coagulant by measuring it with a 
hydrometer. 

4. By using coagulant chart on the wall, determine the amount of coagulant needed to dose 
individual jars e.g. 

 Specific gravity-- 1.35 
 Dose in ppm --18ppm 
 Amount in microliter-- 26.6 microliter 

5. Dose each jar by placing a septum at the corner of each jar. Adjust pipeter to desired 
setting and use a new tip each time. Fully depress pipeter plunger then slowly release 
with thumb. To dose each septum partially press plunger back in until the stop in 
reached. 

6. Once all septas have been dosed select #2 for "run sequential" on soft key pad, press 
START. Immediately flip all dosed septas into jar simultaneously. 

7. Alarm will sound when process is complete. 

8. Pipet sample two inches below water level in each beaker and measure turbidity on 
2100N. 

9. The ideal feed rate should coincide with the lowest turbidity measurement 
however, some operator judgment is still necessary. 

  



 

Jar	Test	Data	Review:			
	
Turbidity particles such as clay, microbial biomass and organic colloids found in natural water 
systems tend to adsorb NOM molecules.  The attachment of NOM to these particles increases 
their negative charge, rendering them more stable and more resistant to aggregation.  To 
destabilize the particles the plant currently uses a polyaluminum chloride polymer, namely 
ACH, at a dose of 16 mg/L.  PACl has a polymeric structure and is totally soluble in water. On 
hydrolysis, various mono‐ and polymeric species are formed that neutralize negatively charged 
particles and reduce the inherent repulsion between them.  Once the chemical coagulant 
destabilizes flow enters tapered flocculation where the opportunity for particle collisions and 
aggregation increases and floc formation occurs.   
 
Determination of the optimal dose is critical to producing floc of adequate size and toughness 
to resist shearing and be amenable to settling in the sedimentation basins.  Under‐dosing of 
chemical leads to poor floc formation. However, in addition to increased chemical costs 
overdosing coagulant can also lead to premature settling in the flocculation basins.  This can be 
especially true of the high density floc typically formed using ACH. 
 
The Cumberland River serves as a raw water source for the plant and its water is characterized 
by low TOC concentrations, average 2.7 mg/L, and mid‐range alkalinity, averaging 83.4 mg/L as 
CaCO3.  As defined by the Stage 1 D/DBP Rule the Enhanced Coagulation goal is 25% TOC 
removal prior to applying chlorine.  This removal efficiency is attained in full scale plant 
operations and during jar testing.  
 
 
   



 

 

Optimal	Coagulant	Dose	and	pH		
	
Jar testing results indicate a modest TOC removal improvement when decreasing coagulation 
pH.  Examining results from a representative jar test conducted by CGW on May 27 in Figure 2 
below shows a 2% increase in removal efficiency between jars dosed at 16 ppm at pH 7.0 
instead of ambient pH of 7.7.  When the coagulant dose was increased to 26 ppm in addition to 
lowering the pH 7.0 then the removal efficiency increased 7% to 48%.  Plant staff have 
indicated that due to the modest gains in TOC removal that further testing of decreased 
coagulation pH are not desired at this time. 
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Modified	Mixing	Energies		
	
The modified mixing procedure previously described in Table 3 was tested on December 12, 
2014.  TOC results from this jar test are shown in Figure 3 below.  From this graph we note that 
providing four stages of tapered flocculation in lieu of the two stages provided by the pre‐
programmed unit provides greater TOC removal efficiencies at the lower coagulant doses (16 
and 18 mg/L) suggesting better mixing in the jars.  The plant typically uses 16‐18 mg/L as the 
target dose.  During the modified mixing #2 test on December 12, the settled water TOC of the 
full scale plant was 1.77 mg/L. 
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Benefits	of	NaMnO4	as	a	Pre‐Oxidant	
 

Clarksville uses permanganate to oxidize iron and manganese in the raw water.  Permanganate 

can also oxidize the NOM in the water making it more amenable to removable by coagulation 

and sedimentation.  Two sets of jar tests, on September 3 and September 5, 2014 illustrate the 

effects of permanganate usage on settled water TOC.  Figure 4 shows jar test results from 

September 3.  The green bars are represent data from the full‐scale plant and the blue bars 

represent data from the jar tests.  The full‐scale plant data exceeded the jar test’s predicted 

TOC removal, even when a higher dose of coagulant (26 ppm) was used.  
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Jar test results in Figure 5 also uses green bars to represent full scale plant TOC data.  The blue 
bars indicate jar test results when 0.3 mg/L of permanganate was added.  TOC concentrations 
for all jars are approximately equal, regardless of pH and coagulant dose.  The jar tests showed 
greater TOC removal as compared to the full scale settled water TOC concentration.   
 
Although modest, each of the jars from the test on 9/5/14 using 26 ppm of coagulant with 
permanganate exhibited lower TOC than the 26 ppm jars on 9/3/14.   
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Protocol	for	Testing	H2O2	as	a	Pre‐Oxidant	
 

Permanganate can be an effective pre‐oxidant for organics.  Some utilities, including 
Murfeesboro, TN and Cookeville, TN are using hydrogen peroxide instead of or in addition to 
permanganate.  Cookeville feeds 2.0 mg/L of peroxide at the raw water intake (similar to Jar 2) 
Murfeesboro feeds0.3 mg/L NaMnO4 and 0.5‐0.65 mg/L of peroxide (similar to Jar 5).  Plant 
personnel in both locations report a drop in distribution system THM formation. Clarksville 
would like to investigate using hydrogen peroxide to oxidize organics.   The following protocol 
suggests a method for comparison.  
 

Dilute 3% store bought hydrogen peroxide to 3 mg/L hydrogen peroxide by taking a 10% 
dilution of H2O2 in a separate container (i.e. 10 mL of 3% peroxide into 100 mL solution) and 
then pipetting the appropriate dose based on the table below. (ie. 2 mL of this working solution 
into a 2 L jar test to achieve 3 mg/L of 100% H2O2).  

All jars are dosed with 16 mg/L ACH coagulant and run on the SOP protocol.  

Table 5:  Pre‐Oxidant Jar Test H202 Doses 

 

The jars with increasing concentrations of hydrogen peroxide (Jars 1, 2 and 3) show decreasing 
settled water TOC.   A reduction in TOC occurs with increasing peroxide dose.   

There is a small increase in TOC concentration between Jar 4 with only permanganate and the 
jar with both permanganate and hydrogen peroxide.   Jar 4 which included only permanganate 
had a slightly pink color during coagulation.  In Jar 5 the hydrogen peroxide reduced the 
permanganate to a colorless product perhaps reducing its effectiveness.  

5 H2O2 + 2MnO4‐ + 6H+ = 5O2 + 2Mn2+ + 8H2O 

It should be noted that using hydrogen peroxide prior to disinfecting with chlorine can increase the 
chlorine consumption. Hydrogen peroxide and free chlorine are both strong oxidants. Hydrogen 
peroxide is a stronger oxidant and oxidizes free chlorine to a chloride ion while the hydrogen 
peroxide reduces to water and oxygen. Since the hydrogen peroxide oxidizes the free chlorine and 

Jar  Vol 10% H2O2  Settled Water  
TOC (mg/L) 

 Raw  2.97 

1 H2O2 @ 1.0 mg/L  0.7 mL 1.87 

2 H2O2 @ 1.5 mg/L  1 mL 1.58 

3 H2O2 @ 3.0 mg/L  2 mL 1.48 

4 NaMnO4 @ 0.3 mg/L None 1.56 

5 NaMnO4 @ 0.3mg/L with H2O2 @ 1.0 mg/L  0.7 mL 1.62 

6 No preoxidant – raw water  None 1.61 



 

the chemical reaction yields the chloride ion, useless in disinfection, additional chlorine use should 
be accounted for during economic analysis of the hydrogen peroxide option. The half‐life of 
hydrogen peroxide ranges from 8 hours to 20 days depending on the microbiological activity and 
metal contamination of the water [FMC Corporation, 2008]. Theoretically 2.1mg Cl2 is required to 
quench 1 mg H2O2 
 

Three separate portions of the settled and filtered water from each jar were dosed with 
chlorine at 3 mg/L, 5 mg/L and 7 mg/L of.   The handheld HACH chlorine meter was checked to 
ensure the reading of free chlorine.  Chlorine residual readings are shown in Table 6 below: 

 

Jar 6 indicates the settled water’s chlorine demand to be approximately 2 mg/L (7.0‐4.9 mg/).  
The greater the hydrogen peroxide concentration, the lower the chlorine residual levels in jars 
with hydrogen peroxide only.   

 

   

Jar  1  2  3  4  5  6 

H2O2 (mg/L)  1.0  1.5  3.0  0  1.0  0 

MnO4(mg/L)  0  0  0  0.3  0.3  0 
 Chlorine Residual 

Cl Dose       

3 mg/L 0.2 0.2 0.3 0.2 0.2 0.1 

5mg/L 0.4 0.1 0.2 0.1 0.6 0.1 

7 mg/L 2.7 2.0 0.4 4.9 4.6 4.9 



 

H2O2	as	a	Pre‐Oxidant	
 

Jar tests using hydrogen peroxide did not yield a substantial decrease in TOC concentration.  
Subsequent conversations with the City of Murfeesboro, TN indicate that they did not witness 
drops in TOC concentration.  They performed a plant trial with the hydrogen peroxide as 
follows: 

 Permanganate is fed at the raw water intake based on the inorganic demand in the raw 
water.  The utility will turn it off during summer months and then will monitor 
membrane TMP.  Too rapid of an increase in pressure requires the permanganate to be 
turned back on.  Daily demand tests must be performed to determine dose. 

 Hydrogen Peroxide is fed April – October at the effluent end of the sedimentation 
basin.  Doses range 0.5‐0.65 ppm. Peristaltic hose pumps from Watson Marlowe are 
used to dose.  (H2O2 is fed 6 days a week and NaOCl is fed the 7th day to control algal 
growth in the basins) 

Although Murfeesboro did not see a drop in TOC concentrations at the plant, a drop of more 
than 50% in THM formation (from 110 ppb to 65 ppb) occurred at their worst compliance site in 
the distribution system.  

For a pilot study similar to Murfeesboro, the following feed rates and chemical storage would 
be assumed: 

  Plant

  Flow
Max Rated Flow, mgd  28.0
Avg Flow, mgd   15.0

  

Product Feed Method 

Peristaltic 
Metering 
Pumps

Specific Gravity   1.1
Chemical Strength, % 25%
Effective Density, lb/gal 2.29
 
 
Chemical Feed  
Max Feed Rate (Max Q x Max C x 8.34 / Pr Dens / 24), gph 2.8
Avg Feed Rate (Avg Q x Avg C x 8.34 / Pr. Dens. / 24), gph 1.2

 

Metering pumps capable of 1‐3 gph are also appropriately sized for the permanganate feed 
following the pilot if the hydrogen peroxide feed is not adopted.  
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Introduction 

This technical memorandum (TM) provides a summary of the data, research, and projections conducted 

as part of the ongoing comprehensive water system master plan for CGW. To determine the short-term 

and long-term needs of CGW’s water supply, population and flow estimates were developed for the 2015 

baseline water demand and projected for the years 2020 to 2040 in 5 year increments. Future delineation 

of the service area was also evaluated. The objectives of this TM are to describe the population and flow 

projection methodology and to define the future demands and service area that will be used going forward 

for the planning tasks within this project.  
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1. Service Area Delineation  
CGW currently provides water service within Clarksville city limits as well as adjacent areas within 

Montgomery County. CGW’s water system is separated into five pressure zones (PZ): the main or high 

service, Sango, Rossview, Allen Griffey, and Jackson Road.  

Figure 1: Clarksville Water Distribution System  

 

 

In order to determine the potential future service area of CGW’s water distribution system, Hazen 

reviewed GIS data and planning documents from several sources, including the Clarksville-Montgomery 

County Regional Planning Commission (CMC-RPC) and the Clarksville Urbanized Area Metropolitan 

Planning Organization (CUAMPO). The CMC-RPC Growth Plan document, amended in 2012, outlined 

five specific growth areas that were further explored. These planned growth areas (PGA), shown in 

Figure 2, were presented and discussed in a workshop with CGW. In addition to these planned growth 

areas, the city limits and urban growth boundary (UGB) were updated in the model to reflect minor 

changes made over the past few years. The possibility of any annexation or planned expansion beyond the 

current service area and into surrounding utility districts was also discussed in the workshop and is 

described in the following section. 
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Figure 2: Clarksville Planned Growth Areas 

 

1.1 Future Service Area   

Based on research and feedback from CGW, there is no anticipation that the current water service area 

boundary will expand into any adjacent utility districts. Although there were five PGAs highlighted in the 

CMC-RPC Growth Plan, PGAs 1, 2, 3, and 5 are currently served by adjacent utility districts as shown in 

Figure 3, and they are unlikely to join the current water service area. PGA 4 is already being served by 

CGW and is contained in the Rossview PZ of CGW’s service area. Fort Campbell, to the west, has its 

own water treatment plant (WTP) and therefore is not viewed as a possible future expansion of service 

area. Woodlawn Utility District (UD), to the southwest, has about 3500 customers and currently pays 

sewer fees to CGW for the portion of the district that has sewer available. A planned 600 – 900 more 

residential units are planned for the district but with the construction of a new WTP within the next 5 

years, this area will also be excluded from any CGW water service area expansion. Cumberland Heights, 

Cunningham, and East Montgomery UD’s, located to the south and east of CGW’s service area, share a 

small WTP and are also not forecasted to be annexed within the 24 year planning period. CGW’s 

Rossview PZ shares a border with the eastern edge of the Montgomery County border. Across the county 

border east into neighboring Robertson County, water service is provided by Adams-Cedar Hill which has 

its own WTP as well as future plans to tie into the Logan-Todd Regional Water Commission (RWC) 

water service that currently feeds Springfield, TN. Logan-Todd RWC also serves all of the Kentucky 

portion bordering CGW’s water service area including the cities of Guthrie, Trenton, and Oak Grove. 

Because of this and the Kentucky-Tennessee border, no expansion of CGW’s water service area is 

expected here, either. 
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Figure 3: Northern Montgomery County Utilities 

 

Therefore, the boundary of the water service area is not projected to have any major changes in the 

planning period. It will continue to be bounded by the KY-TN state border to the north, Fort Campbell 

and Woodlawn UD to the west, the Cumberland River to the south, and East Montgomery UD and the 

Robertson-Montgomery county border to the east and southeast.  

1.2 Future Growth Areas   

For planning purposes, Hazen reviewed a number of sources previously mentioned as well as traffic 

analysis zone (TAZ) data and CUAMPO’s 2040 Metropolitan Transportation Plan (MTP) in order to 

identify future growth areas within the expected service area. According to the MTP, the majority of the 

region’s new population is projected to locate either within the UGB or in PGA-4, within the city/county 

industrial park, both of which are already served by CGW. Considerable new residential growth is 

expected to occur on the east side of Interstate 24 in areas accessible to the interchanges at Trenton Road 

(SR-48) and Guthrie Highway (US-79/SR-13). Additional growth is anticipated south and east of the 

downtown Clarksville area, along the Rossview Road (SR-237) corridor and along Madison Street (US-

41A). Growth is also poised to occur within the city limits in the area bounded by Tiny Town Road (SR-

236), downtown Clarksville, Fort Campbell Boulevard (US-41A) and Trenton Road (SR-48). This area, 

highlighted in Figure 4, is expected to gain more than 25,000 additional people over the next 25 years. 

With the relocation of Gateway Medical Center and early success of the Clarksville/Montgomery County 

Industrial Park, it is anticipated that many new jobs will be located on either side of the I-24 corridor 

between Guthrie Highway (US-79/SR-13) and Rossview Road (SR-237). Another projected area of high 

job growth is focused around the Trenton Road (SR-48) interchange, shown in Figure 5.  



August 18, 2016 
 

Population and Demand Projections TM  Page 6 of 14 

Water System Master Plan – Phase 2 

 

Figure 4: Projected Change in Population (2010 - 2040) 

 

 

Figure 5: Projected Change in Employment (2010 - 2040) 
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2. Population Projections  
In order to identify local population and socioeconomic trends, Hazen was able to obtain population data 

and projections from several state and federal sources including the US Census, the University of 

Tennessee Boyd Center for Business and Economic Research (CBER), the Tennessee Department of 

Transportation’s (TDOT) Traffic Analysis Zones (TAZ), as well as, other regional planning agencies. 

Population projections were prepared in five-year increments between 2015 and 2040, for the system as a 

whole and for each pressure zone, and were used to develop water demands. 

2.1 Data Sources 

A review of available population forecast data produced two highly reliable sources in the CBER and the 

TAZ. The CBER serves as the lead agency of the U.S. Census Bureau’s State Data Center program for 

Tennessee and acts as a federal-state cooperative program for population estimates. It produces single 

year projections from the latest 2015 projections to year 2064 based on the 2010 census. While CBER 

only produces Tennessee resident population data at a county-wide level, the TAZ provide a more 

detailed look with more than 250 zones within Montgomery County containing population data. This 

resolution is vital in identifying specific growth areas of future demand to the water service area. With the 

CBER population projections being much more aggressive than the TAZ, the most distant population 

projections for the year 2040 showed a difference in population of more than 50,000 (shown below in 

Table 1 and Figure 6).  

Table 1: Montgomery County Population Data 

Year 
Data Source 

US Census CBER TAZ 

1940 33,346  -  - 

1950 44,186  -  - 

1960 55,645  -  - 

1970 62,721  -  - 

1980 83,342  -  - 

1990 100,498  -  - 

2000 134,768  -  - 

2005 157,955  -  - 

2010 172,331 166,719* 166,719* 

2015  - 190,993* 181,716* 

2020  - 216,008* 196,713* 

2025  - 237,758* 209,136* 

2030  - 259,068* 221,558* 

2035  - 281,493* 234,845* 

2040  - 305,627* 248,132* 

*population projection does not include Fort Campbell 
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Figure 6: Montgomery County Population  

  

2.2 Growth Scenarios 

Following coordination with CGW regarding the differences in population projections between TAZ and 

CBER, it was agreed to provide projections for both growth rates that acted as a representation of the high 

and low ends of population projections, as well as, a combined projection that fell between the two. In 

order to match the resolution that the TAZ data provided, the CBER data was distributed proportionally to 

calculate an adjusted TAZ that represented the higher CBER rate. The outcome of these adjusted 

projections mirrored the more aggressive growth rate of the CBER projections but allowed them to be 

spatially represented across Montgomery County in the same manner as the TAZ projections. In the same 

way, a combined scenario was also produced to represent a more moderate growth rate between the TAZ 

and CBER projections. Therefore, an average growth scenario (TAZ), an aggressive growth scenario 

(CBER), and a moderate growth scenario (COMBINED) were presented with the same resolution and 

adapted for CGW’s water service area.  

All 3 projections excluded Fort Campbell, and the TAZ data does not include spatial coverage or statistics 

for any of the Fort Campbell area. Furthermore, Fort Campbell is not expected to grow in the future, and 

CGW does not currently serve or expect to serve Fort Campbell in the future.  
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3. Demand Projections  
Current baseline demand conditions were determined and used as the basis for future demand projections. 

These baseline demands, shown below in Table 2, were established from a combination of current water 

billing data, treatment plant flow records, and through discussions with CGW.  

Table 2: Baseline System Demand (2015) 

 

Beyond population projections, overall system water demand was assumed to be a function of per capita 

consumption, industrial and commercial usage, irrigation usage, wholesale customers, and peaking 

factors. Future site and subdivision plans, and other available development plans not included in the TAZ 

data were reviewed and updated based on coordination with CGW. Evaluation of critical service areas 

and proposed industrial regions were also evaluated.  

3.1 Residential Based Projections 

In order to obtain demand projections for each pressure zone, the TAZ shapefile, containing population 

projection data, was utilized. Each water demand node, with its average day demands, was linked with the 

respective TAZ polygon (see Figure 7 below). The average day demands were scaled accordingly to the 

respective growth rate scenario for each projection year in order to produce demand projections for each 

node, which were then totaled for each pressure zone as shown in Table 3 and graphically summarized 

for the whole system in Figure 8. 

Pressure Zone Avg. Day Demand (MGD) Max. Day Demand (MGD) Max. Hour Demand (MGD) 

Rossview 3.0 4.2 7.1 

Allen Griffey 2.3 3.1 5.4 

Sango 0.9 1.2 2.1 

Jackson Road 3.2 4.4 7.6 

Main 6.2 8.6 14.8 

Total  15.6 21.5 37.0 



August 18, 2016 
 

Population and Demand Projections TM  Page 10 of 14 

Water System Master Plan – Phase 2 

 

Figure 7: Merging of TAZ Polygons and Demand Nodes  

 

 

Table 3: Average Day Demand Projections (mgd) 

Pressure Zone 
2020 2025 2030 2035 2040 

TAZ CBER TAZ CBER TAZ CBER TAZ CBER TAZ CBER 

Rossview 8.8 9.3 10.1 10.8 11.4 12.4 12.9 14.2 14.3 16.1 

Allen Griffey 2.5 2.8 2.6 3.0 2.7 3.2 3.1 3.8 3.5 4.5 

Sango 1.0 1.1 1.0 1.2 1.1 1.3 1.2 1.4 1.2 1.5 

Jackson Road 3.2 3.2 3.3 3.4 3.5 3.6 3.5 3.7 3.6 3.8 

Main 
6.1 6.2 6.6 7.1 7.2 8.0 7.5 8.6 7.8 9.2 

Total 21.6 22.6 23.6 25.5 25.9 28.5 28.2 31.7 30.4 35.1 

Combined  22.1 24.6 27.2 30.0 32.8 
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Figure 8: Average Day Demand Projections (mgd) 

  

3.2 Non-Residential Based Projections 

For certain TAZ polygons with a majority of area zoned for commercial or industrial, employee data was 

used to calculate growth rates instead of residential. This employee data was used for the majority of the 

business park demand projections, with the exception of Google and Hankook Tire industries that were 

manually entered given their known projected demands. The projections show significant population and 

demand growth in the Rossview PZ where a large portion of industrial growth is possible. Hankook Tire 

and Google amount for a significant increase alone by 2020. Furthermore, 1200-1400 new residential lots 

are to be developed along Powell Road just west of interstate-24, which also lie within Rossview PZ. 

However, it should be noted that the 1167 acres of available land labeled as the Montgomery County 

Corporate Business Park North (shown below in Figure 9) was only applied a moderate growth rate to 

the demands as no major industry development is known at this time.  
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Figure 9: Clarksville-Montgomery County Corporate Business Park 

 

 

According to the Clarksville-Montgomery County Industrial Development Board (IDB), more than 1500 

acres are available for industrial development. These areas that are zoned for heavy industrial are 

advertised with railroad service, as well as water, gas, sewer, and electric, have a potential for significant 

water demand increase. In the future if a large industry is to build or relocate within CGW’s service area, 

the projections should be updated to show an increase in the established demands and projections similar 

to the way that Google and Hankook Tire demands were integrated into the current demand projects.  
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Figure 10: Projected Change in Demand (2015 – 2040) 

 

3.3 Peaking Factors 

Water production records were previously analyzed for a 12-month period to determine average and 

maximum day production. The results were average day production at 15.6 mgd while maximum day 

production was 21.5 mgd, or 1.38 times that of the average. For hourly peaking factors, system-wide 

diurnal patterns were developed from SCADA values for finished water and tank flows during field tests 

conducted as part of model calibration. The maximum hourly peaking factor was calculated as 1.72 times 

daily demand which was applied to the maximum day demand multiplier of 1.38, resulting in a total 

peaking factor of 2.37 times average day demand. 

4. Conclusion  
Following consultation with CGW, there is no anticipation that the current water service area boundary 

will expand due to the TN-KY state border to the north, Fort Campbell to the west, and several other 

surrounding utility districts. Population growth within the service area is projected to be the greatest in the 

northern portions of the service area within Main, Allen Griffey, and Rossview pressure zones while 

employment growth will be the greatest around interstate-24 in those same pressure zones.  
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The future water demand projections will be based on the combined growth scenario that falls between 

the average (TAZ) and aggressive (CBER) growth scenarios. As a result of using the combined growth 

scenario, the projected system wide average day demand are shown in Table 4.  

Table 4: Projected Average Day Demand 

Future model simulations will utilize the projections at each 5-year planning horizon in order to create 

overviews of the entire system and how it is affected at each new demand projection. These future model 

simulations will help identify areas where predicted pressures do not meet design criteria as well as 

evaluate water age, pump capacity, and tank capacity needed to supply future projected demands within 

the system. If additional storage is required, the model will also be used to explore possible sites for more 

locations of storage. These evaluations will be included within the Capital Improvement Plan (CIP) that 

will establish the future needs for the addition of new water lines, upsizing existing water lines, sizing of 

transmission mains, distribution pump station capacity needs, and the addition of a new WTP.  

Year 2020 2025 2030 2035 2040 

Combined (mgd) 22.1 24.6 27.2 30.0 32.8 
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October 24, 2017 

To: Clarksville Gas & Water 

From: Hazen and Sawyer 

 

Re:  Barge Road Water Treatment Plant Conceptual Planning Technical Memorandum (TM) 

 Water System Master Plan – Phase 2 

   

Introduction 

This TM summarizes the criteria used to develop a conceptual design for a new water treatment plant 

(WTP) to be located at a previously-identified site off of Barge Point Road. The overarching design 

philosophy was to develop a process train that is similar to the existing WTP, while incorporating the 

technological preferences and expansion increments identified in previous phases of this project. The 

objective of this memorandum is to develop a conceptual site layout for the new Barge Point WTP. To do 

this, pertinent results of the population and demand projections and technology evaluation conducted 

previously were reviewed, factors influencing siting of structures within the plant site were evaluated, 

major unit processes were sized, and a preliminary site layout was developed. The proposed facility 

provides multiple treatment barriers against both regulated contaminants and other microconstituents. 
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1. Summary of Previous Work  

1.1 Population and Demand Projections 

To determine the short-term and long-term needs of CGW’s water supply, population and flow estimates 

were developed for the 2015 baseline water demand and projected for the years 2020 to 2040 in 5 year 

increments during a previous task of the Phase 2 Master Plan effort. Future delineation of the service area 

was also evaluated. The results of these activities were documented in the “Population and Demand 

Projections Technical Memorandum,” dated August 18, 2016.  

Population projections were developed in 5-year increments from 2015 to 2040 based on data from the 

University of Tennessee Center for Business and Economic Research (CBER) and the Tennessee 

Department of Transportation’s (TDOT) Traffic Analysis Zone projections. An analysis of each pressure 

zone was carried out to identify future residential and industrial growth areas that could impact water 

demand. Based on this effort, population growth within the service area is projected to be the greatest in 

the northern portions of the service area within Main, Allen Griffey, and Rossview pressure zones while 

employment growth will be the greatest around Interstate-24 in those same pressure zones. The future 

water demand projections was based on the combined growth scenario that falls between the average 

(TAZ) and aggressive (CBER) growth scenarios. 

Existing water demands were characterized based on baseline water demands for each pressure zone. 

These demands were established from a combination of current water billing data, treatment plant flow 

records, and other information provided by CGW. Beyond population projections, overall system water 

demand was assumed to be a function of per capita consumption, industrial and commercial usage, 

irrigation usage, wholesale customers, and peaking factors. Future site and subdivision plans, and other 

available development plans not included in the TAZ data were reviewed and updated based on 

coordination with CGW. Evaluation of critical service areas and proposed industrial regions were also 

conducted. Water demand characteristics were also used to develop maximum-day (1.38) and peak hour 

(2.37) peaking factors. Table 1-1 summarizes projected average day, maximum day, and peak hour 

projected demands from 2015-2040. 

Table 1-1: Projected Water System Demands, 2015-2040 

Year 2020 2025 2030 2035 2040 

Average Day Flow (ADF), MGD  22.1 24.6 27.2 30.0 32.8 

Maximum Day Flow (MDF), MGD 1 30.5 33.9 37.5 41.4 45.3 

Peak Hour Flow (PHF), MGD 2 52.4 58.3 64.5 71.1 77.7 

1: MDF = ADF * Peaking Factor of 1.38 

2: PHF = ADF * Peaking Factor of 2.37 
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Industrial development within the CGW service area is expected to be a major driver of future water 

system growth. Since the requirements of larger users are often in the millions of gallons per day range, 

plant expansion will likely be triggered by discrete requirements of major new users, rather than organic 

population and small industrial and commercial user growth over time. 

1.2 Raw Water Pump Station 

Raw water pump station locations, configurations and pump technologies were evaluated as part of the 

“Raw Water Pump Station, Facilities Conceptual Planning Workshop” held on February 16, 2016. Two 

potential locations were considered: the one originally proposed in the previous Barge Point WTP design 

on a site owned by others, and an alternate location on CGW property, but at a higher elevation and 

farther from the river. The original site is lower elevation and closer to the river, which reduces the 

required wetwell depth and length of intake tunnel structures, but CGW would need to enter into a lease 

agreement with the Army Corps of Engineers (USACE) to be able to site the station at that location if 

USACE is not willing to sell it outright. The disadvantage of this is that CGW would not ultimately own 

the site on which the pump station is built. The alternate location may be more costly to develop, but is 

already owned by CGW. 

For the wetwell, rectangular and circular caisson configurations were considered. A circular caisson 

wetwell was selected since it is a proven technology, has inherent structural strength, and is expected to 

be less expensive than a rectangular wetwell, as well as faster to construct. Vertical turbine and 

submersible pump technologies were evaluated, and vertical turbines were selected since they are 

consistent with what is at the current plant, are typically more energy-efficient, and are more 

customizable. Three potential operating floor levels were discussed: the 100-year floodplain (390.4 ft.), 

the flood crest elevation of the 2010 Cumberland River flood (393.5 ft.) and the 500-year flood elevation 

(397.2 ft.). The 500-year flood elevation was selected as the preferred basis of setting the operating floor 

elevation. 

1.3 Technology Evaluation 

The need to implement advanced treatment technologies is driven by a variety of factors. New analytical 

technologies have allowed for detection of pharmaceutically active compounds and other constituents 

down to the nanogram per liter level. Recent algal toxin outbreaks have had serious impacts on several 

communities. As water demand increases, utilities are forced to consider “less pristine” sources of water, 

while at the same time public awareness of, and concern over, emerging contaminants in their water 

supply increases. Due to the vast amount of chemicals present in the environment and the limited 

knowledge available of their effects at very low levels, there is a considerable amount of uncertainty 

regarding what may be regulated and at what level. This has driven a desire to select a suite of treatment 

technologies for the new water treatment plant that are effective against a wide range of known and 

unknown contaminants. 
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A series of advanced water treatment technologies that could allow CGW to meet current regulations 

while providing flexibility to remove emerging contaminants now and in the future were evaluated. 

Technologies considered included ozone, membrane filtration, reverse osmosis, activated carbon, and 

hydroxyl radical-based advanced oxidation processes (AOPs). Membrane filtration was selected to 

provide enhanced removal of particulates, including Cryptosporidium and Giardia. It was also decided to 

leave space at the beginning and end of the water plant hydraulic profile to accommodate future advanced 

treatment processes.  

On the raw water side, ozone could be applied to treat a wide variety of currently-regulated and emerging 

contaminants. Prior to implementing ozone, it is recommended that a pilot study be conducted to confirm 

that biologically stable water would be produced without having a dedicated biologically active filtration 

(BAF) step. Use of ozone without BAF has been successfully implemented at a limited number of 

membrane plants, including Emmons County WTP and North Burleigh WTP, both in North Dakota. 

Three large water treatment facilities in North America – Boston’s (MWRA) Carroll WTP (405 MGD), 

Seattle’s Cedar River WTP (180 MGD), and Vancouver’s Coquitlam Water Supply (317 MGD) – all 

successfully apply ozone without a downstream BAF process.  

As an alternative to ozone, a flexible pretreatment basin could be constructed that could be used for 

preoxidation or adsorption processes on an as-needed basis. For example, permanganate and PAC feed 

capabilities could be provided and used intermittently to address specific challenges that arise. PAC could 

be used to address a taste and odor event, chemical spill, or other contaminant issue, and permanganate 

could be applied to address dissolved metal issues or potentially to help control disinfection byproduct 

formation (DBP) during the summer months. Sufficient head will be provided within the plant hydraulic 

profile to incorporate this strategy, ozone, or an alternative advanced treatment process. 

A UV-based Advanced Oxidation Process (UV-AOP) could also be considered for a future advanced 

treatment process at the new WTP. The key advantage of a UV-AOP system are that it can be run at a low 

dose year-round to provide a redundant pathogen barrier and can be put into AOP mode (high UV dose 

with peroxide addition) as-needed to address intermittent issues such as taste and odor, contaminant 

releases into the Cumberland River, hazardous algal blooms, or others. UV-AOP systems can be brought 

online within minutes to address rapidly changing water quality. Sufficient head will be left in the 

hydraulic profile to allow for this technology to be integrated in the future.  

2. Site Constraints  

Development of the site layout for the new WTP requires taking into account overall site surface and 

subsurface conditions, grading, flooding potential, local environmental and cultural resources, 

transportation access, and other factors. This section summarizes key site constraints taken into account 

when developing the Barge Point WTP layout. 

2.1 Flood Protection 

Flood protection requirements for the plant site were evaluated using the Federal Emergency 

Management Agency (FEMA) Flood Insurance Rate Maps (FIRM). Map Number 47125C0217D covers 
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the proposed plant and raw water pump station sites; Figure 2-1 shows the portion of this map panel that 

covers the intake pump station and plant sites. According to this map, the proposed plant site is in Zone X 

(unshaded), which means it above the 100-year and 500-year floodplains. The proposed location on 

USACE property for the raw water pump station is within the 100-year flood zone (Zone AE), with an 

established base flood elevation of 390.4 feet. In 2010, water levels in the Cumberland River reached 

393.5 feet, and 500-year flood levels are projected to be 397.2 feet. Therefore, it was recommended that 

the pump station floor operating level be located between 395-400 feet, with all electrical equipment to be 

placed above the 500-year flood elevation. 

2.2 Environmental and Cultural Sensitivity  

Environmental factors taken into account include identifying the potential presence of wetlands on the site 

and minimizing the impact to existing woodlands on the site. The majority of the proposed layout is 

located on areas that had been previously cleared. In order to determine if wetlands exist on the site, the 

National Wetlands Inventory Wetlands Mapper tool was used. It appears that there is a freshwater pond 

located just to the west of the northern portion of the cleared area. The proposed plant layout avoids this 

area. Figure 2-2 shows the wetlands mapper output for the WTP site. 

An archaeological survey of the proposed water treatment plant site was conducted in 2005 by TRC, Inc. 

as part of a previous design effort. This report is attached as Appendix A. This survey identified two new 

archaeological sites, one covering the area on which the water plant will be sited (40MT979), and one 

located where the raw water pump station will be located (40MT978).  Based on the results of a Phase I 

study, the 40MT979 site was determined not to be eligible for registration in the National Register of 

Historic Places (NRHP), and the 40MT978 site was carried forward for a Phase II study. Based on the 

results of the study, the 40MT978 site was determined to be also ineligible for NRHP listing. Both sites 

generally had low density of prehistoric and historic artifacts that generally consisted of stone tool 

fragments and debitage (debris from the stone tool making process), white refined earthenware (i.e. 

ceramic shards), bottle glass, and cut nails. There was evidence of a potential brick manufacturing 

enterprise at the 40MT978 site that, while interesting, was not deemed to be eligible for NRHP listing. 

The archaeologist concluded that no further archaeological work is needed at either site prior to 

construction of the WTP. 

  



Figure 2-1
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2.3 Subsurface Conditions 

Geotechnical reports were prepared by PSI, Inc. as part of the previous facility design at the Barge Point 

site. Reports dated January 18, 2005 and August 2, 2005 were used as the basis of the conceptual 

subsurface condition evaluation; additional geotechnical work may be required as part of the new water 

treatment plant design. 37 total boring were drilled to depths ranging from 15 to 80 feet, and select 

laboratory testing was done to determine soil characteristics. It does not appear that borings were done at 

the intake pump station site; therefore, this could be done as part of the new WTP design. 

 In general, the PSI report indicated that the site is susceptible to solution weathering and sinkhole 

development, and that some remedial measures will be necessary due to the presence of plastic (i.e. 

clays), wet, and soft soils on the site. In general, certain areas of the site were suitable for conventional 

shallow spread footing foundations, while other areas will require deep foundation systems. Micropiles 

were recommended for the deep foundations due to the nature of the underlying bedrock. 

2.4 Transportation Access 

The planned entrance to the new WTP site will be off of Barge Road. This road already accommodates 

traffic from a nearby rock quarry and logging operation; therefore, it appears that it will likely be 

adequate for construction equipment and chemical delivery trucks to access the site. Barge Point Road 

connects to US Route 71 (Dover Road), which is a multilane divided highway. It does not appear that 

there is any significant access limitation for the types of vehicles that will be required to service the new 

WTP. However, the roadway should be evaluated in detail as part of the design process to identify if any 

potential improvements or upgrades are warranted. 

3. Major Process and Facility Sizing 

This section of the TM describes the selected major unit process layout, expansion scheme, and basis for 

sizing of the major unit processes. This information was used to develop an overall process flow diagram, 

site layout, and hydraulic profile that can accommodate expansion from 10 MGD to an ultimate buildout 

capacity of 30 MGD.  These expansion increments can be adjusted as required based on the particular 

requirements of major industrial projects and population growth over time.  

3.1 Overall Plant Configuration 

The treatment train will be similar to the existing WTP and will incorporate technology preferences for 

emerging contaminant removal identified in the Water Treatment Technologies Workshop held on June 9, 

2016. The conceptual process layout was arranged to allow for modular expansion from the initial 10 

MGD capacity to the ultimate planned buildout capacity of 30 MGD. The following unit processes will be 

included: 

• Space for future advanced treatment process (raw water) 

• Preoxidation (chlorine or permanganate) 

• Pumped diffusion rapid mix 
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• Flocculation 

• Sedimentation (high-rate plate settlers) 

• Membrane Microfiltration (MF) 

• Space for future advanced treatment process (filtered water) 

• Disinfection (OSG hypochlorite and chlorine contact tanks) 

• Residuals storage and pumping 

Other major facilities to be included at the plant include: 

• Raw water pumping with two wedge-wire screened intakes 

• Clearwells 

• High service pumping 

• Chemical storage tanks, metering pumps, and other conveyance, storage, and handling 

equipment 

• Administration and laboratory space 

The process layout will be further developed as part of the preliminary design phase. Options to reduce or 

eliminate unit processes are available that could reduce the overall cost of the facility; these include 

aggressively sizing the lamella clarifier units, using a direct filtration MF process (i.e. eliminate 

flocculation and sedimentation), selection of chlorine disinfection system (OSG vs. bulk sodium 

hypochlorite) based on lifecycle cost, combining the finished water clearwells and disinfection CT contact 

chamber into one structure, and others. These options can be further explored during detailed design of 

the plant. 

3.2 Process Expansion Intervals 

Basins (flocculation, sedimentation, and disinfection) will be built in 10 MGD increments to limit the 

amount of independent structures and associated piping, valves, and other appurtenances located onsite; 

process equipment can either be added all at once as the basins are built, or added in 5 MGD increments. 

For example, the physical flocculation and sedimentation basin structures would be expanded in 10 MGD 

increments, but the process equipment (flocculator drive motors and turbines, plate settler units, collection 

weirs/troughs, etc.) can be added in 5 MGD increments to spread out costs, if desired. The rapid mix 

system will be sized to treat flow at buildout; mixing intensity can be adjusted as needed to match 

incoming flows by adjusting the speed on the sidestream water pump. The membrane filtration building, 

piping, and appurtenant systems will be built to accommodate flows at buildout, and microfiltration 

membrane skids will be added as required for each expansion interval.  Chemical containment, storage, 

and metering pump structures will be sized to accommodate all equipment anticipated at buildout, with 

tanks and pumps being added as needed as the plant is expanded. 

3.3 Raw Water Pump Station 

The raw water pump station structure and piping will be built to full capacity at the initial expansion 

increment. Initially, three 6 MGD pumps will be installed to give a firm capacity of 12 MGD and a total 

capacity of 18 MGD. As the plant is expanded, three additional pumps will be added up to a firm raw 
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water production capacity of 30 MGD and a total production capacity of 36 MGD. As was discussed in 

Section 1.2, the operating floor elevation will be set above the 500-year floodplain, and the station will be 

constructed with a circular caisson wetwell and vertical turbine pumps. A detailed hydraulic analysis 

should be conducted during the plant’s design to select and size the raw water pumps. A summary of raw 

water pump station design criteria is presented in Table 3-1. 

Table 3-1: Raw Water Pump Station Design Criteria 

Type Vertical Turbine Raw Water Pump Station 

Initial Capacity, MGD (Total/Firm) Structure: 36/30 Pumps :16/12 

Expansion Increment, MGD N/A 

Buildout Capacity, MGD (Total/Firm) 36/30 

Minimum Operating Floor Elevation Above 500-year Floodplain 

Process Configuration Vertical turbine pumps in a circular caisson wetwell 

Major Equipment Building, pumps, VFDs 

3.4 Rapid Mix 

The coagulation process begins when coagulant is dispersed into the raw water supply. Fast and efficient 

mixing is required to properly mix the coagulant, which ultimately helps to build a readily-settleable floc 

that can be removed in the downstream sedimentation and filtration processes. A preoxidant (such as 

potassium permanganate) or Powdered Activated Carbon (PAC) can also be added in the rapid mix. A 

pumped-injection type rapid mix similar to the one at the existing WTP will be used at the Barge Point 

WTP. This type of mixer uses a water jet to disperse coagulant chemical(s) into the raw water. A 

sidestream booster pump is used to pump approximately 2-5 percent of the total raw water flow through 

the jet nozzle, which points upstream into the raw water pipe. Coagulant chemicals are added into the 

sidestream just upstream of the nozzle. The turbulence generated by the jet rapidly mixes chemical into 

the raw water stream. 

One rapid mix structure will be built to handle flows through buildout. One duty and one standby 

sidestream pump will be included in the design to provide for redundant operation. The pumps will be 

VFD-controlled to allow for optimization of the rapid mix process under varying conditions. The nozzle 

will be inserted into the pipe through a box structure to allow for maintenance access. The box structure 

can be designed to accommodate a future mechanical mixer unit that could be used as another layer of 

redundancy to the pumped injection system or as a second-stage rapid mix. Table 3-3 summarizes the 

design criteria for the rapid mix system. 
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Table 3-3: Rapid Mix Process Design Criteria 

Type Pumped Diffusion Mixer 

Initial Capacity, MGD (Total/Firm) 30/30 

Expansion Increment, MGD N/A 

Buildout Capacity, MGD (Total/Firm) 30/30 

Sizing Criteria 
G*t=1,000 

Sidestream flow: 2-5% of raw water flow at buildout 

Process Configuration 

Single unit, variable-speed sidestream pump, 1,000 gpm 

Nozzle inserted into raw water pipe via access box 

Box sized to accommodate future mechanical mixer 

Major Equipment Sidestream piping, pump, nozzle, coagulant feed system 

3.5 Flocculation 

The flocculation process builds floc formed in the coagulation process into larger, more readily settleable 

particles. A three-stage tapered flocculation process using hydrofoil (“fan blade”) type mixers was 

selected for the new WTP. Tapered flocculation allows for mixing energy to be gradually reduced in each 

stage, which can help form larger floc that settle better. Hydrofoil-type units were selected over horizontal 

paddle wheel-type units because they keep all motors, gearboxes, and bearings above the water surface 

and accessible for maintenance. The flocculation tanks will be in the same basin structure as the 

sedimentation process, which helps to reduce the number of independent structures onsite and may also 

help to limit the amount of site space occupied. 

The flocculation tanks will be sized to provide a minimum retention time of 30 minutes, consistent with 

Tennessee Department of Environment and Conservation (TDEC) standards which recommend 30-45 

minutes. Mixers in the basin will be adjustable-speed and capable of providing G values (a measure of 

mixing energy applied) of 70 to 10 s-1. Baffles will be provided between each flocculation stage to limit 

short-circuiting through the process. The first expansion increment will include two 5 MGD 

flocculation/sedimentation basins in one structure. This will provide a rated capacity of 10 MGD, since all 

basins are counted in the flocculation process firm capacity calculations. The second expansion interval 

will include two 5 MGD flocculation/sedimentation basins (20 MGD total capacity), and the third 

expansion will add a third set of two additional 5 MGD basins, for a total buildout capacity of 30 MGD. 

If desired, mixers, electrical equipment, and instrumentation can be added in 5 MGD expansion 

increments with the not-yet-needed basins remaining idle to save coat, if desired. A summary of 

conceptual flocculation design criteria are presented in Table 3-4. 
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Table 3-4: Flocculation Process Design Criteria 

Type Vertical Hydrofoil Mixers in Baffled Compartments 

Initial Capacity, MGD (Total/Firm) 10/10 

Expansion Increment, MGD 2 x 5 MGD basins per expansion  

Buildout Capacity, MGD (Total/Firm) 30/301 

Sizing Criteria 
30 minute total detention time per three-stage basin 

Mixer G values: 70 S-1 to 10-1 

Process Configuration 
Three-stage tapered flocculation, variable speed hydrofoil 

mixers, baffle wall separation between stages 

Major Equipment Mixers 

1: If required, the retention times in the basins can be further reduced on a temporary basis if conditions require 

one basin to be taken out of service temporarily. 

3.6 Sedimentation 

The sedimentation process removes floc formed during the upstream coagulation and filtration process. 

Typical process configurations include conventional open basins, tube settler units, and lamella plate 

settler units. Tube and plate settler units increase the surface area available for settling, thereby allowing 

for similar performance to a conventional basin in a significantly reduced footprint. Tube settler units 

typically use plastic tube bundles, while lamella plate settlers typically use stainless steel plates inclined at 

an angle of approximately 55 degrees. Based on a conceptual-level lifecycle cost evaluation, the lamella 

plate settlers are expected to be either similarly or more cost-effective over time assuming a useful life of 

10-15 years for the tube settlers, 35-50 years for the plate settlers, and discount rates of  approximately 0-

5 percent. Lamella plate settlers were selected for the conceptual design due to their small footprint 

compared to conventional basins, longer service life compared to tube settlers, and favorable economics.  

TDEC’s community public water systems design criteria indicate that plate settlers shall be designed 

based on manufacturers’ recommendations. The sedimentation basin were initially sized based on a basin 

overflow rate of approximately 1.5 gpm/sq. ft., which is conservative for high-rate settling processes. This 

design was further refined by a vendor based on a surface loading rate for each plate of 0.3 gpm/sq. ft.; 

with their plate configuration, this equates to a basin surface loading rate of approximately 2.1 gpm/sq. ft. 

This reduced the basin size with respect to the initial conceptual design. The basin area may be able to be 

further reduced by more aggressively sizing the basins. The initial capacity and the expansion increments 

will be the same as the flocculation process. Like with flocculation equipment, the sedimentation basin 

internals (plate packs, sludge collection mechanisms, electrical equipment, and instrumentation) can be 

installed in 5 MGD increments, if desired, and the basins built in 10 MGD increments. Sedimentation 

process conceptual design criteria are summarized in Table 3-5.   

As another alternative to fully eliminating the flocculation/sedimentation process, ballasted flocculation 

(Actiflo or similar) was considered. The primary advantage of using such a process would be further 

reduction in the footprint required for flocculation/sedimentation; however, the polymers typically used 

for these types of processes can irreversibly foul MF membranes and they are significantly more 
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operationally complex than high-rate lamella clarifiers. Use of a ballasted sedimentation process can be 

further evaluated as part of the WTP design, if desired, along with other strategies that may be used to 

reduce the footprint required for pretreatment. 

Table 3-5: Sedimentation Process Design Criteria 

Type Lamella Plate Settlers 

Initial Capacity, MGD (Total/Firm) 10/10 

Expansion Increment, MGD 2 x 5 MGD basins per expansion 

Buildout Capacity, MGD (Total/Firm) 30/301 

Sizing Criteria 
Vendor’s recommendations (0.3 gpm/ft2 of projected plate 

area) 

Process Configuration 
Inclined plate settlers with stainless steel plates, baffled 

inlet, mechanical sludge collection mechanism 

Major Equipment Plates, collection troughs/weirs, sludge removal equipment 

1: Sufficient conservatism can be built in to the design of the basins to allow them to run above their nominal 

capacities, should one need to be taken out of service for an extended period of time. 

3.7 Filtration 

Membrane filtration was selected as the filtration technology for the new Barge Point WTP. This is 

consistent with the process currently used at the existing water treatment plant. Microfiltration (MF) and 

ultrafiltration (UF) are the two types of membrane filtration used in drinking water treatment, with MF 

having larger pore sizes and UF having smaller ones. MF and UF are low-pressure size-exclusion 

processes that remove particles, including protozoa and bacteria, but are generally not effective against 

dissolved constituents. In other words, MF and UF can be thought of as sheets of material with small 

holes, where the size of the holes controls the size of particles that can pass. Compared to conventional 

granular media filters, MF and UF provide more of an absolute barrier against pathogens larger than the 

membrane’s pore size.  

Since the overall treatment train for the Barge Point WTP will be similar to the existing WTP, is treating 

the same source water, and has similar capacity (28 MGD vs 30 MGD), the footprint of the existing 

membrane building was used as the basis for the new building, less space for some of the bulk chemical 

storage that will be stored outside the building at the new plant. The design flux rate will be 85 gfd, 

consistent with the existing facility. The building, piping, and other shared equipment will be built to 

accommodate all trains needed at buildout, with 2.5 MGD membrane skids being added to increase 

capacity as the WTP is expanded. Five 2.5 MGD skids, 4 duty and 1 standby, will be initially installed at 

the WTP, and four new skids will be added at each 10 MGD expansion increment. In lieu of adding 

capacity in 10 MGD chunks, individual skids can be added if the full 10 MGD of expansion capacity is 

not needed all at once. This would allow expansion costs to be spread out over a longer period of time. 

Design criteria for the membrane filtration system are provided in Table 3-6.  
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If ozone is used upstream of the membrane filtration system, it will change the nature of the organic 

matter in the water that will be treated by the membrane filtration system. This could potentially either 

reduce or increase the fouling rate of the membranes, which could affect the overall system size and 

operation. It is recommended that piloting of the membrane system downstream of ozone be conducted to 

better characterize the impacts of upstream ozone treatment on membrane filtration if ozone is selected 

for future use at the WTP.  

Table 3-6: Filtration Process Design Criteria 

Type Membrane Filtration 

Initial Capacity, MGD (Total/Firm) 
12.5/10 (Building will be constructed to accommodate all 

skids needed at buildout) 

Expansion Increment, MGD 4 x 2.5 MGD trains per 10 MGD increment 

Buildout Capacity, MGD (Total/Firm) 32.5/30 

Sizing Criteria 85 gfd flux rate (same as existing plant) 

Process Configuration Parallel 2.5 MGD Pall MF skids 

Major Equipment 
MF trains, compressed air system, backwash pumps, 

CEB/CIP chemical systems 

3.8 Disinfection 

The new WTP will be required to remove or inactivate 4-logs (99.99%) of viruses, three logs (99.9%) of 

Giardia, and two logs (99%) of Cryptosporidium. Cryptosporidium and Giardia log removal 

requirements will be met via the filtration process, since they are larger than the pore size of the 

membrane that will be used. On the other hand, membrane filtration is relatively ineffective at removing 

viruses. Of the three microorganism categories, viruses are readily inactivated by free chlorine, Giardia is 

an order of magnitude more resistant to chlorine than viruses, and Cryptosporidium is relatively inert to 

chlorine. Chemical disinfection via free chlorine will be used to achieve virus inactivation. Although it is 

anticipated that the full 3.0 log requirement for Giardia removal will be met via membrane filtration, the 

free chlorine disinfection process will be sized to achieve 0.5 log of Giardia inactivation to provide a 

redundant treatment barrier.  

Free chlorine in the form of onsite-generated 0.8% sodium hypochlorite will be used for disinfection at 

the new water treatment plant. Sodium hypochlorite was selected because it is inherently safer than gas 

chlorine. The design of the onsite generation (OSG) system will be similar to the one at the existing water 

treatment facility, with one 1,200 lb./day generator unit and associated DC rectifier, hydrogen offgas 

blowers, and water softener systems being installed initially, and the second at the expansion interval 

from 10 to 20 MGD. 

As an alternative to OSG, a commercial-strength bulk sodium hypochlorite system could be used. 

Compared to onsite-generated hypochlorite, it is less maintenance-intensive, as well as cost-competitive 

(and often cheaper). The primary disadvantages of commercial-strength hypochlorite is that it is more 

hazardous than the lower-strength OSG solution and there is a greater potential for metering pumps to 
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vapor lock due to offgassing. An ion-exchange softened dilution water system would be provided to 

reduce commercial-strength 12% hypochlorite solution to around 6% strength, if desired. 6% sodium 

hypochlorite has a lower degradation rate, and tends to form chlorate (a byproduct of the decomposition 

process) more slowly. Chlorate is not currently regulated, but may be in the future. 

The amount of disinfection achieved is a function of the disinfectant residual present, the amount of 

disinfection contact time, water pH, temperature, and the hydraulic characteristics of the basin or pipe in 

which disinfection is occurring. With free chlorine, disinfection tends to be less efficient at lower 

temperatures and higher pH levels. The amount of disinfection required is defined as a CT value, which is 

calculated as follows: 

CT = disinfectant concentration * contact time * baffle factor 

To calculate CT, disinfectant residual is measured at the end of a contact segment, contact time is the 

hydraulic residence time of water in the segment, and the baffle factor is used to account for short-

circuiting that may occur in the contact basin. The closer the flow is to perfect plug flow, the higher the 

baffle factor. 

The TDEC Design Criteria for Community Water Systems recommends two hours of free chlorine 

contact time for surface water systems, but Rule 0400-45-01-17(28) only requires that sufficient CT be 

provided to meet CT requirements. Meeting the CT criterion would result in a significantly smaller basin 

than would meeting the 2-hour recommendation, which would save space on site. The TDEC Design 

Criteria are written around a conventional filtration process, and it is expected that the membrane 

filtration units will provide a more effective barrier against Giardia than a conventional process would. 

Because of this, it is reasonable to reduce the amount of contact time below the 2-hour recommendation. 

Since the 4-log virus reduction requirement would result in a very short contact time (on the order of 9 

minutes or less), 0.5 log reduction of Giardia was selected as the basis for sizing the chlorine contact 

basins. Sizing criteria, shown in Table 3-7, were selected to be conservative based on expected operating 

conditions.  
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Table 3-7: Disinfection Process Sizing Criteria 

Type Free Chlorine Contact 

Minimum Water Temperature 0.5 °C 

Maximum pH 8.0 

Minimum Residual 2.0 mg/L as Cl2 

Baffle Factor 0.7, assumes serpentine baffle tank with multiple passes 

CT Required, 4-Log Virus1 12 mg*min/L 

CT Required, 0.5 Log Giardia1 58 mg*min/L 

1: CT values taken from USEPA’s “Guidance Manual for Compliance with the Filtration and Disinfection 

Requirements for Public Water Systems using Surface Water Sources,” 1991. 

Under the selected design conditions, this criteria results in a contact time of approximately 45 minutes.  

This provides a significant size reduction when compared to the 2-hour design recommendation, while 

still providing adequate contact time to meet all required virus inactivation targets, provide a secondary 

barrier against giardia and other microorganisms, and help to provide a biologically stable water for the 

distribution system. Initially, one structure with two serpentine-baffled contact basins will be provided, 

each designed to accommodate 5 MGD maximum-day flow (10 MGD total). The basins will be 

connected such that they can either be operated as two parallel 5 MGD basins or as one single basin able 

to treat up to 10 MGD. Similar to other process basins, a redundant basin is desirable, but not required. 

Therefore, the overall conceptual design allows for isolation of individual 5 MGD basin segments, and 

will ultimately allow for one of those segments to be taken out of service without impacting the plant’s 

ability to produce to its rated capacity. 

Basins will be expanded in 10 MGD increments (2 x 5 MGD parallel basins as one structure), to an 

ultimate buildout capacity of 30 MGD total.  Appurtenant equipment (chemical storage tanks, metering 

pumps, etc.) may be expanded in 5 MGD increments to save cost, if desired. Overall design criteria for 

the disinfection system are provided in Table 3-8. 
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Table 3-8: Disinfection Process Design Criteria 

Type Free Chlorine Contact 

Initial Capacity, MGD (Total/Firm) 10/10 

Expansion Increment, MGD 10 

Buildout Capacity, MGD (Total/Firm) 30/301 

Sizing Criteria 

45 minute contact time based on 0.5-log Giardia inactivation 

at 0.5°C, pH 8.0 or less, free chlorine residual of 2.0 mg/L, 

baffle factor of 0.7. 

Process Configuration 
10 MGD basins with 2 independent chambers that can be 

operated in parallel or in series 

Major Equipment 

Basins, OSG equipment, chemical storage tanks, ion 

exchange dilution water system, metering pumps, online 

residual monitors 

1: Since the design basis is well in excess of what is required to meet regulatory requirements for virus 

inactivation, taking one basin out of service would not affect the plant’s ability to meet its virus 

removal/inactivation requirements. 

3.9 Storage and Pumping 

Onsite clearwell storage will be provided downstream of the disinfection contact chambers to provide a 

buffer for demands during peak hour flows. The amount of storage provided in the initial expansion was 

based on supplying the difference between projected peak hour flows and maximum daily WTP capacity 

for a four-hour period. The actual amount of storage required can be refined based on systemwide 

hydraulic modeling that takes into account utility-specific demand patterns, available distribution storage, 

and balancing flows with the existing plant. Initially, two 750,000 gallon circular clearwells constructed 

of prestressed concrete will be provided. Future storage expansions will be identified based on system 

demand growth and hydraulics. A summary of the amount of storage that will be provided at the WTP is 

presented in Table 3-9.  

Table 3-9: Clearwell Storage Design Criteria 

Type Prestressed Concrete tanks 

Initial Capacity 2 x 750,000 gal tanks (1.5 MG total) 

Expansion Increment, MG TBD based on system demand growth 

Buildout Capacity, MG (Total/Firm) TBD 

Sizing Criteria 
Provide a quantity equal to the difference between plant firm 

capacity and peak hour flows on a peak day. 

Process Configuration Two parallel tanks  

Major Equipment Tanks, Level Indicators 
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To reduce overall facility costs, volume required for CT could be integrated into the finished water 

clearwells in lieu of providing a separate storage structure. If this was done, a minimum clearwell level 

would be set such that the required CT would be achieved at all flows, with the remainder of the tank 

volume allowed to float based on system demands. This concept can be further explored during the design 

process. 

High service pumps will be designed to meet peak hour demands, with any difference between peak hour 

and instantaneous demands being met by distribution system storage. The high service pump station 

building and piping will be designed to accommodate all pumps required at buildout. Pumps will be 

installed and upgraded with each expansion interval to meet projected demands. The pump station will 

initially be built with four pumps and three expansion slots. A conceptual layout and expansion plan was 

developed based on required flows; specific pump selection will be done as part of the detailed design 

effort. The initial setup will include 6 duty and 1 redundant high service pump, with each pump rated at 

3.4 MGD. Two of the three pumps will be constant speed, and one will be driven by a VFD. The constant 

speed pumps can be used to meet baseline demand, and the VFD can be used to trim flows and pressures 

based on demands. As the plant is expanded, pumps will be added and replaced to meet projected peak-

hour demands. Conceptually, the high service pump station will be built out as shown in Table 3-10, and 

the overall design criteria for the high service pump station is shown in Table 3-11. 
 

 Table 3-10: High Service Pump Station Buildout Increments 

Expansion 

Increment 

Plant Max Day 

Capacity (MGD) 

Peak Hour 

Flow (MGD) 

Constant Speed Pumps VFD Pumps 

1 10.0 20.1 
• 5 x 3.4 MGD (duty) 

• 1 x 3.4 MGD (standby) 

• 1 x 3.4 MGD (duty) 

21 20.0 40.2 

• 2 x 10.3 MGD (duty) 

• 3 x 3.4 MGD (duty) 

• 1 x 10.3 MGD (standby) 

• 1 x 10.3 MGD (duty) 

42 30.0 60.3 

• 3 x 10.3 MGD (duty) 

• 2 x 5.2 MGD (duty) 

• 1 x 10.3 MGD (standby) 

• 1 x 10.3 MGD (duty) 

1: Remove 4 x 3.4 MGD pumps and replace with 3 x 10.3 MGD pumps 

2: Remove 3 x 3.4 MGD pumps and replace with 1 x 10.3 MGD and 2 x 5.2 MGD pumps 
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Table 3-11: High Service Pump Station Design Criteria 

Type Prestressed Concrete tanks 

Initial Capacity, MGD (Total/Firm) 

14/10.3 w/ 3 duty, 1 standby 

(Station layout and piping will be designed to accommodate 

upsized pumps for future demand) 

Expansion Increment, MGD See Table 3-10 

Buildout Capacity, MGD (Total/Firm) 60.2/51.6 w/ 6 duty, 1 standby 

Sizing Criteria Projected peak hour flows 

Process Configuration Parallel pumps, constant speed and VFD-driven  

Major Equipment Pumps, motors 

3.10 Residuals Management 

Residuals handling at the new WTP will be similar to the existing facility. Sludge from the sedimentation 

basins, membrane backwash waste, and membrane clean-in-place waste will be collected in a solids 

holding tank with a floating decanter. Decant from the tank with be discharged to the Cumberland River 

(as previously permitted by TDEC), and solids remaining in the tank will be disposed of via the sanitary 

sewer system, similar to the current facility. Alternately, solids could be trucked offsite for disposal.  

3.11 Chemical Storage and Handling 

Storage tanks will be provided for the following chemicals: 

• Potassium permanganate or alternate preoxidant 

• Coagulant (alum) 

• Onsite generated sodium hypochlorite (note – these tanks will be built to allow for delivery and 

storage of 12-15% commercial strength sodium hypochlorite to allow for its use in the future or 

for a situation where the OSG system is offline for an extended time) 

• Hydrofluorosilicic acid (fluoride) 

• Corrosion inhibitor 

• Membrane clean-in-place (CIP) and neutralization chemicals (subject to change based on 

manufacturer’s recommendations) 

• Citric acid 

• Sulfuric acid 

• Sodium hydroxide 

• Sodium bisulfite 

• Neutralization tank will also be provided for clean-in-place waste 

Chemical bulk storage tanks, as well as the CIP neutralization tank, will be located in an outdoor tank 

farm. Sodium hypochlorite tanks will be shaded, since heating of the tanks will increase its decomposition 
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rate. Other storage tanks will be insulated and/or heat traced as required. Day tanks and metering pumps 

will be located inside the MF building. 

3.12 Administration and Treatment Building 

The unit process and major equipment sizing were used to develop a conceptual plant layout and 

hydraulic profile for the new WTP. In addition to the major unit process structures, space was allocated 

for various support functions. It was assumed that the membrane filtration and chemical feed areas would 

be built as a 1-story structure with ceiling clearance as needed to facilitate future addition of treatment 

equipment, maintenance, etc. A two-story area will be used for the support areas. The membrane filtration 

building and other functions will be designed as a single structure to economize on space. Approximate 

square footage allocated for various functions is summarized in Table 3-12. 

 

Table 3-12: WTP Building Space Allotments 

Area 
Allocated 

Space (ft2) 

Membrane Filtration1 12,000 

Chemical Feed Room2 2,500 

Subtotal, Treatment Areas 14,500 

Control Room2 300 

Laboratory2 1,500 

Machine Shop2 750 

Offices (5) 2 
1,000 

 

Lobby, conference room, lunch room, locker room/restroom2 1,300 

Building mechanicals2 250 

Subtotal, Support Areas 5,100 

Total Footprint, Treatment Areas (1 Story) 14,500 

Total Footprint, Support Areas (2 Story) 2,500 

1: Estimated based on Clarksville WTP Expansion to 28 MGD drawings, revised 

March 2014 

2: Estimated based on Kawamura, S. “Integrated Design of Water Treatment 

Facilities.” 2000, pg. 419 

A preliminary evaluation of building materials suggests that metal building structures and steel-framed 

masonry structures are cost-competitive, with low-end metal structures having the lower life cycle cost 

compared to both steel-framed masonry and higher-end metal buildings. Key assumptions included a 25 

year service life for metal buildings, 50-year service life for masonry buildings, and 3 percent discount 

rate. Under these conditions, the life cycle cost for steel-framed masonry as about 14 percent higher, and 
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the higher-end (concealed fastener) metal building about 17 percent more expensive.  Results were 

sensitive to discount rate, with discount rates below about 1.4% favoring masonry buildings and above 

that favoring low-end metal buildings. When looking at higher-end metal buildings and masonry, the 

break-even discount rate was about 3.6 percent, with lower rates favoring masonry and higher favoring 

metal. 

4. Site Layout and Hydraulic Profile 

The overall site layout for the new WTP is presented in Figure 4-1. The plant will be built out from east to 

west and will use the natural grade onsite to move water by gravity through the process. An area of 

relatively level land to the northwest of the plant has been preserved as open space and can be used for 

future development on the WTP site, if needed. A conceptual hydraulic profile is provided in Figure 4-2. 



FIGURE 4-1
BARGE POINT WTP SITE LAYOUT
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5. Permitting 

Both state and federal permits are required for constructing a new WTP. This process was previously 

completed during the design of the North Clarksville WTP in 2005, 2006, and 2007. For the most part, 

the same permits obtained then will need to be obtained now throughout the design and construction 

process. To permit this project in a timely fashion, it is recommended that CGW communicate and gain 

feedback from the regulatory bodies early in the process (e.g. PER phase) for a smoother and possibly 

faster reviewing period than the typical ones noted below for each permit or process. At a minimum, the 

timeframes below can be anticipated for when submitting and gaining permitted approval.   

From the state regulatory level, TDEC, there are two permits that will need to be obtained, and the final 

design submittal will need to be reviewed and approved. Recent changes to TDEC’s design review 

process require more coordination to occur in the early stages of the design process. Specific 

permits/reviews include: 

• Aquatic Resources Alternations Permit (ARAP) – application should be submitted with 

construction plans during design phase that normally takes 90 days to approve: 

• Withdraw water from the Cumberland River; and 

• Construction of intake (401 Water Quality Certification) 

• National Pollutant Discharge Elimination System (NPDES) Permit – application should be 

submitted during design phase for discharging of filter backwash back in to the Cumberland 

River. Review period of application is 180 days before discharging.  

• TDEC Preliminary Engineering Report (PER) Coordination Meetings – TDEC has requested 

meetings with the designer and utility during the preliminary design phase. Meetings will be 

required after completion of the PER and potentially earlier in the design development process 

as well.  

• Plans Review and Approval for Public Water Systems – application should be submitted 

during design phase for approval of constructing the new WTP. It is anticipated that 30 days 

will be required for completing the review and approval of the construction plans of the WTP. 

At the federal level, a United States Army Corps of Engineers (USACE) Individual Section 404 Permit 

was previously obtained to build the new WTP in 2005 (File No. LRN 2005-00099). This permit has 

expired and a new ENG Form 4345 would need to be submitted along with the updated WTP design 

plans. Although the pump station will not be located on USACE property, an easement will be needed to 

access the river through the floodway. This would need to be completed during design phase as well. 

Since an individual permit is anticipated to be acquired, the review and comment period would mostly 

likely be in the range of 75 to 90 days or longer for final approval. Also, the TDEC ARAP would first 

need to be approved prior to this permit being approved. 

Permitting efforts for this facility should be initiated soon. In particular, application for the USACE 

permit should be prioritized because it impacts the raw water pump station siting. 
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1

Today’s Discussion

• Barge Point WTP Site Constraints
• Applicable Raw Water Pump Technologies 
• Phasing of WTP
• Next Steps
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Barge Point WTP 
Site
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Current Site

2006 Proposed Site LayoutMontgomery County 
Property Map
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Site Layout and Constraints

Operation Floor EL 390 and 
Pump Centerline EL 395



FEMA Mapping
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Updated Levels: 2010 Flood

 “Official” 100-yr and 500-yr flood levels being updated
 Recommended operations floor EL 395 – 400
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Assumed River and Pump Station Elevations

• Projected 100-Year = 
395’+
• All electrical equipment will 

need to be above this 
elevation

• Normal Pool = 359’
• Minimum Water Level 

= 355’
• Intake = 340’

55 ft
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Moving RWPS to CGW Property

• New Ground           
Elevation = 445’ 

• Intake Elevation = 340’
• Moving location 

doubles depth of intake 
from ground surface
• Previous Depth = 

55’-60’
• Depth at CGW 

Location = 110’-115’
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Applicable Pump 
Technologies
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Design Constraints

• Deep Drawdown
• High Static Head
• High Flow Rate
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Applicable Pumps for Site

• Vertical Turbine 
• Wet Well
• Can

• Submersible
• Wet Well 
• Dry Pit
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Vertical Turbine Pumps

Can ConfigurationWet Well Configuration
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Submersible Pumps
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Vertical Turbines            vs            Submersibles

• Typically Higher 
Efficiency

• More Customizable 
Pump Selection

• Same Type as 
Existing WTP Raw 
Water PS

• Solids Handling
• High Head and 

Horsepower 
Limitations

• Typically easier to 
access and perform 
maintenance on 
pumps
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Phasing of WTP
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Project Phasing & Other Factors Affecting 
Pump Lineup

 High static head, low friction losses =
flat system curve (TDH)
 Will limit pump turndown on VFD
 Points to more pumps for

operational flexibility
Raw Water Transmission Feet %
Static Head/Vertical Lift: 156.5 94%
Pipeline Friction Losses 10.0 6%

TDH: 166.5 100%
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Project Phasing & Other Factors Affecting 
Pump Lineup

16.0

10.7

8.0

32.0

21.3

16.0

32.0

24.0

32.0

0

5

10

15

20

25

30

35

2-duty 3-duty 4-duty

Co
ns

ta
nt

 S
pe

ed
 P

um
p 

Ca
pa

ci
ty

 (m
gd

)

Number of Pumps in Operation

Alternative Pump Lineups 

1 1

1

12

2

2 23 3 4



18

RWPS Wet Well 
 Square/rectangular wet well
 Pump layout  

 Circular caisson
 Lower construction cost and time 
 Inherent structural strength 
 Proven technology 

 HI approved designs
 Dry/wet well alternatives

Hydraulic Institute © 
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Questions?
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Technical Memorandum
	

October 30, 2017 

To: Clarksville Gas & Water (CGW) 

From: Hazen and Sawyer (Hazen) 

Re: Modeling of Future Conditions & Capital Improvements Plan Technical Memorandum (TM)  
Water System Master Plan – Phase 2 

Modeling of Future Conditions & Capital 
Improvements Plan 
This TM addresses CGW’s water distribution system for future demand conditions and associated capital 
improvement requirements. Projected demands, which were previously developed by Hazen, were used to 
model system performance in terms of having adequate pressure, fire flows, and storage volume. Where 
potential issues were identified, proposed improvements were identified and evaluated to determine a 
comprehensive list of solutions for CGW’s system. Figure 1 shows CGW’s system and current pressure 
zone delineation. 

 

Figure 1: CGW Water Distribution System Overview 
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The Clarksville Water Treatment Plant (CWTP), which is currently CGW’s only water treatment facility, 
is a state-of-the-art microfiltration membrane facility that is rated at 28 million gallons/day (mgd) and can 
peak at 30 mgd for a short period of time. 

A summary of the latest demand projections for CGW’s system are shown in Table 1. The demands in the 
Rossview Pressure Zone are expected to grow significantly starting in Year 2020 in large part due to the 
addition of a large industrial customer at the old Hemlock Semiconductor (HSC) site. 
	

Table 1: CGW Demand Projections 

Pressure Zone 

Demand Projections (mgd) 
2020 Avg Day 

Demand 
2025 Avg Day 

Demand 
2030 Avg Day 

Demand 
2035 Avg Day 

Demand 
2040 Avg Day 

Demand 

Rossview 10.0 10.7 11.7 12.6 13.5 

Allen Griffey 2.7 2.8 3.0 3.5 4.0 

Sango 1.0 1.1 1.2 1.3 1.4 

Jackson Road 3.2 3.4 3.5 3.6 3.7 

Clarksville Main 6.2 6.9 7.6 8.1 8.5 
Total Avg Day 

(mgd) 23.0 24.9 26.9 29.0 31.1 

Max Day (mgd) 29.1 31.4 33.9 36.6 39.3 

Max Hour (mgd) 45.3 49.1 53.1 57.5 61.9 

Maximum day and maximum hour demands were previously developed for CGW’s model based on 
review of historical data at CWTP and development of diurnal patterns from reported tank levels. These 
factors were carried forward into the demand projections. 

Although the balance between water production and demand in CGW’s system is currently sufficient (i.e. 
CWTP capacity is greater than maximum day demands), future growth will eventually require increasing 
the system production capacity. This TM provides the results of an evaluation of CGW’s system with 
future growth in the Year 2040. 
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1. Future Conditions Analysis 

1.1 Assumptions for Future Conditions 

1.1.1 Existing Clarksville WTP 

The existing CWTP, which was recently expanded to a capacity of 28 mgd, is responsible for meeting 
current demands for the entire CGW system. However, more capacity is projected to be required as future 
growth occurs. In order to meet future production requirements, CGW will either need to continue to 
expand water production capacity at the existing CWTP or construct a new WTP. However, due to 
discussion with CGW staff in various workshops throughout the master planning process, it is now 
assumed the existing CWTP will not be expanded any further and that additional water production 
capacity needed will come from the construction of a second WTP. This is in large part due to a desire to 
increase system reliability and to reduce dependence on a single WTP. 

1.1.2 Barge Point WTP 

The Barge Point Road location has been identified as the most likely site for a new WTP because the land 
has already been purchased by CGW as part of prior planning efforts (see the Barge Point Road WTP 
Conceptual Design Technical Memorandum). Also, as referenced in the previous section, additional 
capacity is projected to be needed at this location based on future demand projections. Therefore, this 
evaluation assumes that the future Barge Point WTP (BPWTP) will be brought online incrementally to 
increase water production capacity as required by future system demands. 

Although the operation of the system with two WTPs will be adjusted in the future, it was assumed for 
future conditions that both plants would produce water simultaneously and ultimately be similar in terms 
of water production capacity. Table 2 shows the water production schedules assumed for this evaluation. 
As discussed with CGW, a likely scenario is that BPWTP would be brought online at 12 mgd instead of 
10 based on standard membrane equipment configurations.  Although this scenario would be possible and 
would decrease the needed output from CWTP, the capital improvements outlined in this report would 
still be the same. 

Table 2: Assumed Water Production Schedule for Barge Point and Clarksville Water Plants 

 Maximum Day Production (mgd) 

  2020 2025 2030 2035 2040 

Clarksville WTP 29.11 21.4 23.9 26.6 19.3 

Barge Point WTP 0.0 10.0 10.0 10.0 20.0 

Total 29.1 31.4 33.9 36.6 39.3 

																																																								
1	It	should	be	noted	that	although	production	at	CWTP	exceeds	the	rated	capacity	of	28	mgd	in	Year	2020,	

CWTP	is	capable	of	30	mgd	for	short	periods	and	this	would	be	a	maximum	day	scenario.	Bringing	BPWTP	
online	by	Year	2020	was	not	assumed	to	be	realistic	due	to	required	time	for	permitting,	design,	and	
construction.	
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1.1.3 Identification of Improvements 

An essential part of any water master planning effort is to identify the overall goals of what is to be 
achieved by the proposed improvements. For CGW, the planning goals were identified as the following: 

 Ensuring adequate production capacity is available to meet future demands
 Providing redundancy to customers where cost/benefit makes sense
 Ensuring headloss is kept to a minimum for transmission mains (i.e. pipes 16 inches or greater

in diameter by keeping peak velocities under 5 feet per second (fps)).
 Ensuring water age does not exceed ten days under normal operating conditions

1.2 Evaluation 

The primary focus of the future conditions evaluation section in this report was to determine the necessary 
infrastructure improvements required to achieve the goals outlined in Section 1.1.3 with the demand 
projections developed for Year 2040.  The list of needed capital improvements and associated cost 
estimates are included in Section 2 of this report. 

The modeling evaluation for pressure, headloss, and fire flow availability was performed for each 
pressure zone individually while extended period simulations were run to look at tank turnover, pump 
operation, and water age. 

For all evaluations of pressure and headloss, maximum-hour demand conditions were assumed with tanks 
near the bottom of the normal operating range. Fire flow availability was assumed to have maximum-day 
demand conditions with tanks at the bottom of the normal operating range. Finally, all extended period 
runs were assumed to have average-day demands with normal operation and start with tanks full. 

1.2.1 Rossview Pressure Zone Improvements 

Since Rossview Pressure Zone (Rossview) is projected to have the most water demand growth of any area 
within CGW’s system, special consideration was given to implementing improvements that would 
provide sufficient reliability and capacity to satisfy future demands. Several workshops with CGW 
resulted in proposed changes to the system, which are described in the following subsections, and 
included in the model setup used in the evaluation of future conditions. 
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Figure 2: Rossview Existing and Proposed Facilities 

1.2.1.1 Secondary Rossview Booster Station 

Although Rossview Pump Station (RVPS1) currently has a backup generator, an interruption of service at 
this facility could result in rapid depletion of storage in Rossview and ultimately a water outage. 
Therefore, a second pump station (RVPS2) was identified as a critical need for water supply. RVPS2 was 
conceptualized in the vicinity of the RJ Cormin railroad near Dunlop Lane (See Figure 2). A booster 
station here would allow a second supply point from Main into Rossview. 

As a result of workshops with CGW, it was determined that RVPS2 should be capable of supplying the 
entire Rossview demand in case RVPS1 should be taken out of service. For this reason, line sizes were 
evaluated under both operational scenarios to verify either station could meet demand and storage 
requirements for future conditions. 

1.2.1.2 New Elevated Rossview Tank 

Based on future demand projections in Rossview and the need for redundancy, more storage was 
determined to be necessary in Rossview. From discussion with CGW staff, a preliminary review of the 
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topography in Rossview was evaluated to narrow down potential tank sites. The conclusion was that a 
new tank (RVT2) must either be located very near the HSC Tank or south of Guthrie Highway near 
Hampton Station and Kirkwood Roads. It was ultimately determined that storage at Hampton Station and 
Kirkwood would be preferable based on available land and proximity to industrial customers in the 
southern part of Rossview (See Figure 2). 

Since RVT2 will need to be elevated due to existing ground elevation, the size will be constrained by 
constructability issues to a maximum of 4 million gallons (MG) based on experience with other tank 
design projects. However, for the purposes of this evaluation, RVT2 was assumed to be just 2 MG, which 
is the same size as the existing HSC Tank. 

1.2.1.3 Transmission Line Improvements 

The concept of a secondary booster station and new elevated tank will also require transmission line 
improvements. A transmission loop was determined to be the best way to deliver reliable and redundant 
water supply. The proposed loop, conceptualized in a workshop with CGW, will include upsizing some of 
the existing mains and construction of new segments to create a “backbone” for the pressure zone. 

 

Figure 3: Proposed Transmission Loop Improvements 
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A loop of this configuration will allow versatility in operations and provide the capability to take a single 
tank or a single booster station offline temporarily for maintenance.  It would also increase the 
transmission capability from the booster stations to the tanks in Rossview since each station could share 
the role of water production thereby lowering flow at each booster station’s discharge and overall 
headloss throughout the loop. 

As shown in Figure 3, the proposed loop would consist of the existing 24-inch main to HSC Tank, a new 
24-inch main segment alongside Interstate 24 to connect RVPS1 and RVPS2, an upsized segment 
between RVPS2 and Tylertown Road, and a new main between the existing 10-inch dead-end on 
Tylertown Road and the site of HSC and RVT2 Tanks. 

For the Interstate crossings at both Exit 8, and for RVPS2, a 24-inch main already exists.  However, these 
mains will be a capacity bottleneck based on the goal of staying under 5 fps (see Section 1.1.3) and the 
rationale that each station shall by itself have the ability to meet maximum-day demands in Year 2040 for 
Rossview demands, which are projected to be 15 mgd (i.e. peak velocity for a 24-inch main is limited to 
10 mgd at 5 fps instead of the required 15 mgd). 

However, the cost of upsizing the existing crossings or running parallel mains at each location would be 
significant. Further analysis of the headloss incurred at the crossings under the extreme condition of a 
single station providing maximum-day demands in Year 2040 show that peak velocity in the 24-inch 
crossings would be pushed to approximately 7.4 fps.  However, model runs indicate that even with the 
higher headloss, both HSC and RVT2 tanks could still be sustained with acceptable pressures at the 
discharge of the stations.  Therefore, the 24-inch crossings were not upsized in the future conditions 
evaluation. 

1.2.1.4 Large Water Users 

Demand in Rossview is projected to increase in large part due to the addition of known industrial 
customers in the next five years. For these customers, assumptions were made on the daily pattern of 
water usage based on the type of industry. For example, Hankook Tire Facility was assumed to operate on 
a 16-hour pattern, which increases its steady-state demand by a factor of 1.5 compared to the entire day 
consumption (i.e. 24 hours of demand in 16 hours = 24/16 or 1.5). 

1.2.1.5 Required Pump Capacity 

As established in the master plan goals for redundancy, either RVPS1 or RVPS2 should have the 
capability to supply Rossview demands independently. Pump stations are typically sized to deliver no less 
than maximum-day demands for the projected design life cycle. Therefore, each station would need to be 
sized to deliver at least 15 mgd based on demand projections for Year 2040.  

1.2.1.6 Pressures and Fire Flows 

Rossview will experience some variation in pressures and available fire flow due to the operation of 
RVPS1 and RVPS2. Model results for Year 2040 are shown below with facility and line improvements as 
outlined in previous sections. 
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In general, pressure is sufficient throughout Rossview with improvements as modeled. Excessively high 
pressures occur near some locations with lower ground elevation and may require that customers install 
pressure reducing valves. 

Available fire flow at 20 pounds per square inch (psi) residual pressure is shown to be below 500 gallons 
per minute (gpm) on the eastern side of Rossview in the vicinity of Webb and Port Royal Roads. The 
other area shown to have available flow less than 500 gpm is Powell Road. However, fire flows were not 
far under the 500 gpm threshold in this area. Taking RVPS1 offline was shown to make the deficit more 
pronounced.  Figure 8 shows a close-up of this area. 

1.2.1.6.1 RVPS1 Only 

Pressures under this condition are shown in Figure 4, and available fire flows are shown in Figure 5. 

 

Figure 4: Peak-Hour Pressures in Rossview with RVPS1 Only 
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. 

 

Figure 5: Available Fire Flows in Rossview with RVPS1 Only 
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1.2.1.6.2 RVPS2 Only 

Pressures under this condition are shown in Figure 6, and available fire flows are shown in Figure 7. 

 

Figure 6: Peak-Hour Pressures in Rossview with RVPS2 Only 
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Figure 7: Available Fire Flows in Rossview with RVPS2 Only 

 

Under this scenario, certain areas of Powell Road had less than 500 gpm for available fire flow.  As 
shown in Figure 8, the 6-inch dead-end down Powell Rd resulted in flows just under the 500 gpm 
threshold. 
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Figure 8: Powell Road Available Fire Flows with RVPS2 Only 

1.2.1.6.3 Both RVPS1 and RVPS2 

Pressures under this condition are shown in Figure 9, and available fire flows are shown in Figure 10. 
Flows from both RVPS1 and RVPS2 were set to be the same. 
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Figure 9: Peak-Hour Pressures in Rossview with Both RVPS1 & 2 
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Figure 10: Available Fire Flows in Rossview with Both RVPS 1 & 2 

1.2.2 Main Pressure Zone 

Main Pressure Zone (Main) will experience a significant change with the addition of BPWTP and 
increased demands from Rossview.  Main is of critical importance to overall distribution since all 
remaining pressure zones are supplied from it. One of the challenges in the current system operation is 
forcing the Main water storage tanks near the CWTP to turn over (e.g. College and Hilldale) while 
maintaining the level in Rossview Ground Tank (RGT), which is not only farther away, but has a higher 
overflow elevation than all other water storage tanks in Main. As demands in Rossview increase, turning 
over tanks in Main will become an even greater challenge as the amount of time for RGT to be isolated 
from Main will shorten, and consequently the amount of time CWTP can run at a reduced rate to produce 
turnover.  Figure 11 illustrates this issue. 
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Figure 11: Location of Projected Tank Turnover Issues in Main Pressure Zone 

Several workshops with CGW resulted in proposed changes to the current system, which are described in 
the following subsections, and included in the model setup used in the evaluation of future conditions. 

1.2.2.1 Proposed Pressure Zone Delineation within Main 

Modeling shows that dividing Main into two pressure zones along the boundary of the Red River can 
alleviate the tank turnover issue in Main by keeping the areas close to the WTPs protected from high 
pressures with pressure reducing valves while separating the interconnections with the transmission main 
loop to Rossview already in place.  This transmission loop will provide greater operational flexibility to 
operate both WTPs and provide some redundancy in case a single WTP goes offline temporarily. 

Additionally, the original part of the Main pressure zone south of the Red River (South Main) will still 
have several interconnections with the newly-created higher pressure zone in Main (North Main), which 
will provide redundancy to the downtown area and the Acme tanks, which provide water to the Sango 
Pressure Zone.  Creation of South Main will allow greater control of tank turnover (e.g. College, Hilldale, 
Acme #1 and #2) since pressure reducing valves will now control the flow supplied. 
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As shown in Figure 12, splitting Main will create two separate zones on either side of the Red River.  The 
South Main zone will still be at the original Main overflow elevation of 665 ft.  The North Main Zone 
will be on the higher RGT overflow elevation of 676 ft. 

 

Figure 12: Proposed Division of Main Pressure Zone 

This configuration will require installation of pressure reducing valves and to valve off several 
interconnections between the transmission loop and the distribution grid in South Main as shown in 
Figure 13. 
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Figure 13: Proposed Requirements for Future Division of Main Pressure Zone 

Location A from Figure 13 will have a pressure-reducing valve (PRV) to supply the South Main zone and 
an electronic butterfly valve (EBV) to control flow to the existing Jackson Tanks as shown in Figure 14. 
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Figure 14: Proposed Controls at Location A (from Figure 13) 

Locations B and C are simply located at crossings of the Red River.  Location D at the CWTP will have a 
configuration as shown in Figure 15. 
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Figure 15: Proposed Controls at Location D (from Figure 13) 
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1.2.2.2 Storage Tanks in Main Pressure Zone 

 

Figure 16: Existing and Proposed Water Storage Tanks in Main Pressure Zone 

By splitting Main into two pressure zones, it is possible to leave the overflow elevations of all existing 
tanks unchanged.  However, two additional tanks were determined necessary after several workshops 
with CGW (see Figure 16).  These tanks will provide additional storage for increased demands and 
provide redundancy to the Rossview and Sango Pressure Zones. 

Currently, Main has 14.7 MG of storage as shown in Table 3. While the storage in Main is significantly 
higher than its current average 24-hour demand, the excess storage provides a necessary buffer for 
neighboring pressure zones with a deficit, including Rossview and Allen Griffey. Because both Rossview 
and Allen Griffey are served by booster stations (with backup generator power) that convey water from 
Main, it was assumed that excess storage in Main could be sufficiently conveyed to these zones under an 
emergency condition.  
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Table 3: Water Storage Tank Volume Currently Active in CGW 

Pressure Zone 
Water Storage Tank 

Name 
Capacity 

(MG) 
Type 

Year 
Erected 

Overflow 
Elevation (ft) 

Clarksville Main  ACME #1 0.5 Elevated 1965 665 

Clarksville Main  ACME #2 0.5 Elevated 1974 665 

Clarksville Main  College 0.5 Elevated 1950 662.2 

Clarksville Main  Hilldale 1.5 Standpipe 1959 665 

Clarksville Main  Jackson Rd. #1 1.5 Standpipe 1965 659.6 

Clarksville Main  Jackson Rd. #2 2.0 Standpipe 1986 665.7 

Clarksville Main  Rossview Ground (RGT) 8.0 Reservoir 1996 676 

Clarksville Main  Trane 0.2 Elevated 1958 656.8 

Clarksville Main Total 14.7       

Allen Griffey  Barker's Mill 1  Elevated 2007 690 

Allen Griffey  Tiny Town 0.5 Elevated 1974 686.3 

Allen Griffey Total 1.5       

Jackson Rd.  High Point 1.5 Standpipe 1987 765 

Jackson Rd.  Northwest 1.5  Elevated 2007 765 

Jackson Rd. Total 3.0       

Rossview  HSC 2.0 Elevated 1997 740 

Rossview Total 2.0       

Sango  Excell Rd 0.75 Elevated 2007 743 

Sango  Sango 1.5 Standpipe 1992 738 

Sango Total 2.25       

Grand Total 23.45  

After discussion with CGW and further evaluation of storage needs, the following modifications were 
assumed in the evaluation of future conditions: 

1. All tanks remain in service except for Trane Tank.  Although the new pressure zone 
configuration will make turnover easier, tanks can easily be disconnected from the system if 
water quality becomes an issue.  In the case of Hilldale, a smaller tank could be constructed as 
was suggested by CGW. 

2. Construct a secondary 0.5 MG tank beside Acme #2 to provide redundancy to the Sango 
Pressure Zone. 

3. Construct a new 2 MG elevated tank (TR2) to replace the existing Trane Tank and match 
overflow elevation of RGT.  

 
Total storage volume in Main would be increased by 2.3 MG to a total of 17.0 MG with the changes 
described above. 
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1.2.2.2.1 New Trane Tank 

The construction of TR2 will require improvements to strengthen connection with adjacent distribution 
mains as shown in Figure 17.  The proximity of TR2 to RVPS2 should allow water to be conveyed into 
Rossview with minimal headloss.  Also, TR2 will be able to be filled from either direction, which will 
provided operational flexibility to CGW. 

 

Figure 17: Required Improvements for New Trane Tank Connectivity 

1.2.2.2.2 New Acme #3 Tank 

One of the main concerns of CGW was the criticality of providing water to the Sango Pressure Zone.  
Construction of Acme #3 Tank will help address this issue by providing additional storage that can be 
pumped into Sango.  Additionally, it was determined that Acme #3 would provide an easier way to 
perform maintenance on the existing Acme #2 Tank. 
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1.2.2.3 Transmission Line Improvements 

Evaluation of the system with both WTPs running revealed that a few sections of the transmission loop 
exceeded the established peak velocity threshold of 5 fps. Figure 18 shows the locations where 
distribution line segments were either upsized in the model or parallel mains were added to increase 
capacity and lower headloss.  Additionally, a redundant supply line to the Acme Tanks was identified as 
an improvement after discussion with CGW. 

 

Figure 18: Proposed Line Improvements in Main 

Location A is an 8,300 LF section of 24-inch main along Pollard Road, which runs between BPWTP and 
the supply line to Allen Griffey Pump Station. A 30-inch parallel line was added in model runs for future 
conditions. 

Location B is a 7,200 LF section of 24-inch main along Pollard Road, which runs between the supply to 
Allen Griffey Pump Station and Whitfield Road. A 24-inch parallel line was added in model runs for 
future conditions. 
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Location C, consists of a new 3,400-ft section of 24-inch main running from Weatherly Drive along Ted 
Crozier Blvd and a new 3,800-ft section of parallel line running east along Dunlop Lane to the Interstate 
crossing. 

Location D is a new 4,500-ft 12-inch line between the transmission loop near the intersection of 
Memorial Blvd and Richview Road and the existing Acme #2 Tank. As shown in Figure 19, this line will 
be connected with an electronic butterfly valve to assist with filling the Acme Tanks and provide 
redundant supply to the Sango Pump Station. An optional electronic butterfly valve was requested in a 
workshop with CGW between Acme #1 and Acme #2 Tanks.  This valve would allow Acme #2 and #3 to 
be dedicated to the Sango Pressure Zone and give greater operator flexibility in turning over Acme #1, 
Hilldale and College Tanks. 

 

Figure 19: Redundant Supply Line to Sango Pump Station 

Location E is a 4,700 LF section of 24-inch main along Ashland City Highway, which runs between the 
CWTP and Glendale Drive. A 24-inch parallel line was added in model runs for future conditions. 
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1.2.2.4 Pressures and Fire Flows 

Model results for Year 2040 are shown in Figures 20 and 21  with line improvements as detailed in 
previous section and both RVPS1 and RVPS2 in operation as well as both WTPs in operation. 

 

Figure 20: Peak-Hour Pressures in Main 

As shown in Figure 20, pressure is sufficient throughout Main with improvements as modeled. High 
pressures occur near some locations with lower ground elevation (e.g. along the banks of the Cumberland 
River) and may require that customers install pressure reducing valves. 

By splitting the Main pressure zone and implementing the transmission main improvements, the 
discharge pressures at the WTPs are not expected to be excessive. For example, in the model run above 
with both CWTP and BPWTP producing 20 mgd, corresponding pressures in the distribution system near 
the plants are 115 and 110 psi, respectively. 

Available fire flow at 20 psi residual pressure is shown in Figure 21. 
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Figure 21: Available Fire Flows in Main 

1.2.3 Allen Griffey Pressure Zone 

Evaluation of Allen Griffey Pressure Zone (AG) did not result in the identification of any undersized lines 
with high peak velocities. Therefore, no changes to line size were made in the future evaluation model 
runs. The existing pump station in AG was sufficient to deliver projected maximum-day demands. 

Model results for peak-hour pressures in Year 2040 are shown in Figure 22 and available fire flow at 20 
psi residual pressure is shown in Figure 23. Generally speaking, pressure is sufficient throughout AG as 
modeled. Excessively high pressures occur near some locations with lower ground elevation and may 
require that customers install pressure reducing valves. 
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Figure 22: Peak-Hour Pressures in Allen Griffey 
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Figure 23: Available Fire Flow in Allen Griffey 

1.2.4 Jackson Road Pressure Zone 

Evaluation of Jackson Road Pressure Zone (JR) resulted in the identification of undersized lines near the 
station. These 6-inch lines were upsized as shown in Figure 24 to be within the peak velocity threshold 
for the future evaluation model runs. The existing pump station in JR was sufficient to deliver projected 
maximum-day demands. 
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Figure 24: Lines Identified for Upsize near JR Booster Station 
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Model results for peak-hour pressures in Year 2040 are shown in Figure 25 and available fire flow at 20 
psi residual pressure is shown in Figure 26. Pressure is sufficient throughout JR as modeled. Excessively 
high pressures occur near some locations with lower ground elevation and may require that customers 
install pressure reducing valves. 

 

Figure 25: Peak-Hour Pressures in Jackson Road 



October 30, 2017 
	

Clarksville Gas & Water  Page 33 of 62 
Modeling of Future Conditions & Capital Improvements Plan 

 

Figure 26: Available Fire Flows in Jackson Road 

1.2.5 Sango Pressure Zone 

Sango PS has long been observed to require both of its pumps to fill the tanks in Sango Pressure Zone 
(Sango) during peak demand periods and run for several hours each day to keep tanks full. However, 
because of investigative work performed by CGW, it was determined that the flow being pumped during 
the peak demand period measured more than demands in Sango as previously calibrated in model.  It is 
not clear if the measured discharge from Sango PS simply indicates higher demand in Sango or if leakage 
is occurring either in Sango or if a valve is allowing flow from Sango back into Main. 

Therefore, additional investigation is recommended to verify if demand in Sango matches flow pumped 
by Sango PS with typical water loss.  If demands are indeed higher than those previously loaded in 
model, the model should be updated.  Since total demand in model matches measured Clarksville WTP 
production, it is likely that any increase in Sango demand would be balanced with a decrease in demand 
for another pressure zone – likely Main. 

From a design perspective, it is recommended to have one pump sized to deliver all of Sango’s 
maximum-day flow with a second standby pump for redundancy and better flexibility to take pumps 
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offline for maintenance. It is therefore recommended to replace the existing pumps (or the station 
entirely) with a traditional duty/standby configuration.  Based on the growth in maximum-day demand 
projections for Sango and current maximum-day demands as measured with the Sango PS flow meter, an 
ideal target capacity for a single pump would be delivery of something more than 2,500 gpm for tanks to 
be filled rapidly with shorter pump runtimes.  The basis for this recommendation is the fact that current 
flow with both pumps at Sango PS is 2,500 gpm and is not sufficient to fill tanks rapidly during the peak 
demand period. 

Assuming Sango PS could deliver maximum-day demands, evaluation of Sango did not result in the 
identification of any undersized lines with high peak velocities. Therefore, no changes to line size were 
made in the future evaluation model runs. 

Model results for peak-hour pressures in Year 2040 are shown in Figure 27 and available fire flow at 20 
psi residual pressure is shown in Figure 28. Pressure is sufficient throughout Sango as modeled. 
Excessively high pressures occur near some locations with lower ground elevation and may require that 
customers install pressure reducing valves. 

 

Figure 27: Peak-Hour Pressures in Sango 
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Figure 28: Available Fire Flows in Sango 
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1.2.6 System-Wide Extended Period Simulation 

A system-wide extended period simulation (EPS) was conducted with all improvements in place to 
determine if issues would exist with tank turnover and/or water age. RVPS1 and RVPS2 were both set to 
run together for this model run. 

Figure 29 shows a summary of how the CGW system was controlled in the future conditions model 
simulation.  With these controls, all tanks were sustained and adequate turnover was achieved. 

 

Figure 29: Summary of Controls for Future Conditions 

Average water age at the end of 30 days is shown in Figure 30. Water age appears to be the highest in 
Sango and JR. Although Rossview, Allen Griffey and Main have isolated water age issues associated with 
small dead-end lines, water age is generally not a problem for these zones. 

Water age in JR will be largely controlled by the settings on the EBV that will control turnover in the 
Jackson Tanks.  Although higher water age in JR is less than 10 days in most cases, it looks to be more 
related to localized dead ends and/or insufficient looping. 

The addition of the redundant 12-inch supply line and EBV from the North Main transmission loop to the 
Acme Tanks will give CGW more control to turn the tanks over as needed.  Although higher water age in 
Sango is less than 10 days in most cases, it looks to be more related to localized dead ends and/or 
insufficient looping. 
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Figure 30: System-Wide Water Age 
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1.2.7 Observations and Conclusions 

After evaluation of the future conditions for CGW’s distribution system, the following general 
observations and conclusions were made: 

 Additional water production will be needed based on future demand projections. Although the 
ultimate operation of the WTPs will be determined by CGW staff based on real-world factors, 
balanced contribution between the two WTPs will allow CGW to utilize its existing transmission 
mains in most places without upsize. The discharge pressure from each WTP while running 
together will not need to be as high as compared to that at each individually if it were to run by 
itself. 

 Splitting Main into two separate pressure zones along the Red River will allow CGW to have 
greater control over tank turnover within Main and avoid costly tank replacements that were 
previously discussed.  This configuration will also avoid over-pressurizing parts of Main with 
already high pressures (e.g. Riverside Drive). 

 Tank turnover may continue to be an issue at College and Hilldale Tanks even with the proposed 
pressure zone modifications in Main due to the tanks having close proximity to the WTPs.  
However, these tanks can be easily disconnected from the system in the future if the lack of 
turnover causes water quality problems.  

 Addition of RVPS2 to Rossview will increase reliability to Rossview. However, transmission 
improvements within Rossview will need to occur to handle the projected peak flows. These 
improvements will ultimately result in a transmission loop that can supply the storage tanks from 
different directions, which will increase redundancy in the pressure zone.  No new Interstate 
crossings will be required.  The existing 24-inch crossing near Dunlop Lane and the 24-inch 
crossing recently installed for the HSC project will be adequate. 

 Pressures and fire flows will generally be sufficient in most areas of the system. Localized areas 
with high pressure may need pressure reducing valves. Localized areas with low available fire 
flow due to insufficient looping or dead-ends may need to be addressed on a case-by-case basis. 

 Demand in Sango seems to be higher than previously modeled based on new flow measurement 
results from Sango PS.  Additional investigation into billing records should be conducted to 
determine if water loss in Sango is suspected or if demand is simply higher than originally 
thought. 

 Water age has the potential to be relatively higher in JR and Sango. However, with the proposed 
EBVs in front of the Jackson Tanks and the redundant supply line to the Acme Tanks, CGW will 
have greater control over the turnover in these tanks, which should keep water age in JR and 
Sango at acceptable levels. Model runs indicated the majority of the nodes in JR and Sango were 
within the acceptable threshold of 10 days or less. 
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2. Capital Improvement Plan with Cost Estimates 

Recommended improvements from the evaluation for future conditions were incorporated into a capital 
improvement plan (CIP) that includes planning level cost estimates for each project.  Figure 31 shows an 
overview of the projects grouped geographically. 

 

Figure 31: Overview of CIP Projects 
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Table 4 lists the basis for the project cost estimates.  All prices are in 2017 dollars. 

Table 4: Unit Prices for CIP Cost Estimation 

 

On the following pages, the CIP projects are described in greater detail. Each CIP project is shown on an 
individual sheet and its Project ID references its map location as labeled in Figure 31. Each sheet also 
includes a localized map, brief description of the recommended improvements, and planning level cost 
estimate. 
	  

Pressure Reducing 

Valves
Unit Cost

12‐in $16,000 EA

18‐in $35,000 EA

24‐in $47,000 EA

DI Piping Unit Cost

10‐in $75 / LF

12‐in $80 / LF

14‐in $90 / LF

16‐in $110 / LF

18‐in $115 / LF

20‐in $122 / LF

24‐in $143 / LF

30‐in $184 / LF

36‐in $200 / LF

Butterfly Valves with 

Electric Motor Operation
Unit Cost

12‐in $8,000 EA

36‐in $21,000 EA

PS and Tank Unit Cost

Pump Station
$0.30 / Gal to 

$0.75 / Gal

Tank $2.50 / Gal
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2.1 Project Sheets 

CIP Project A-1 – Barge Point WTP Phase 1 

 

Brief Project Description 

1. Construction of Water Treatment Facility and Raw Water PS with 10 mgd firm capacity 
	  

Construction WTP Only 42,884,264 

Construction Raw Water PS 15,151,200 

TOTAL 58,035,000  ($5.80 / gallon)

Planning Level Cost Estimate
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CIP Project A-2 – Barge Point WTP Phase 2 

 

Brief Project Description 

1. Upsize Water Treatment Facility and Raw Water PS to 20 mgd firm capacity 

Phase 1 5.80             5.80            

Phase 2 3.18             3.18            

Phase 3 3.18            

Average 4.49             4.05            

$ / gallon

Note 2:  Average Cost Per Gallon
Note 1: A potential Phase 3 

Expansion to 30 mgd would occur 

beyond Year 2040 at a cost 

comparable to Phase 2.   

Construction WTP Only 29,634,245 

Construction Raw Water PS 2,124,000    

TOTAL 31,760,000 

Planning Level Cost Estimate

($3.18 / gallon)



October 30, 2017 
	

Clarksville Gas & Water  Page 43 of 62 
Modeling of Future Conditions & Capital Improvements Plan 

CIP Project B-1 - Jackson Road PS – Line improvements to Kenwood Elementary School Area  

 

Brief Project Description  

1. Upsize of approximately 400 feet of 6 
to 10-inch main 

2. Upsize of approximately 25 feet of 6 to 
12-inch main 

	  

Mobilization 1,103          

Piping 31,500       

Restoration/Erosion Control 1,701          

Subtotal 34,304       

Contractors General Conditions 30% 10,291       

Construction Total 44,595       

Design @ 15% 6,689          

Limited Construction Admin @ 5% 2,230          

Engineering Total 8,919          

TOTAL 54,000       

Planning Level Cost Estimate
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CIP Project B-2 –Installation of Butterfly Valve to separate Barge Point WTP and Jackson Tanks 
and Pressure Reducing Valve and Flow Meter to South Main 

 

Brief Project Description 

1. Installation of a 36-in butterfly valve 
with electric motor operator and 
SCADA integration in front of Jackson 
Tanks to allow CGW to turn them over 
independently of BPWTP or CWTP 
operation. 

2. Installation of a 24-in pressure-reducing 
valve with flow meter and SCADA 
integration to drop pressure and 
measure flow into the proposed South 
Main Zone. 

	  

Mobilization 2,380          

Valves 68,000       

Vaults 30,000       

Power 25,000       

SCADA Integration 25,000       

Flow Meter 30,000       

Subtotal 180,380     

Contractors General Conditions 30% 54,114       

Construction Total 234,494     

Design @ 15% 35,174       

Limited Construction Admin @ 5% 11,725       

Engineering Total 46,899       

TOTAL 280,000     

Planning Level Cost Estimate
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CIP Project C-1 – Installation of Parallel Mains to Existing 24-inch Transmission Main 

 

Brief Project Description 

1. Installation of approximately 8,400 
linear feet of parallel 30-inch water 
main from connection of existing 36-
inch and 24-inch near Peacher’s Mill 
Road to the 24-inch supply line to Allen 
Griffey PS. 

2. Installation of approximately 7,300 
linear feet of parallel 24-inch water 
main from the 24-inch supply line going 
to Allen Griffey PS to Whitfield Road.  

	  

Mobilization 89,950       

Piping 2,570,000 

Tie‐ins 25,000       

Restoration/Erosion Control 138,780     

Subtotal 2,823,730 

Contractors General Conditions 30% 847,119     

Construction Total 3,670,849 

Design @ 15% 550,627     

Limited Construction Admin @ 5% 183,542     

Engineering Total 734,170     

TOTAL 4,405,000 

Planning Level Cost Estimate
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CIP Project D-1 – Installation of Pressure Reducing Valve and Flow Meter to South Main 

 

Brief Project Description 

1. Installation of a 12-inch pressure 
reducing valve with a 12-inch magnetic 
flow meter. 

	  

Mobilization 560             

Valves 16,000       

Vault 15,000       

Power 25,000       

SCADA Integration 25,000       

Flow Meter 30,000       

Subtotal 111,560     

Contractors General Conditions 30% 33,468       

Construction Total 145,028     

Design @ 15% 21,754       

Limited Construction Admin @ 5% 7,251          

Engineering Total 29,006       

TOTAL 175,000     

Planning Level Cost Estimate
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CIP Project E-1 – Installation of Pressure Reducing Valve and Flow Meter to South Main 

 

Brief Project Description 

1. Installation of a 12-inch pressure 
reducing valve with a 12-inch magnetic 
flow meter. 
	  

Mobilization 560             

Valves 16,000       

Vault 15,000       

Power 25,000       

SCADA Integration 25,000       

Flow Meter 30,000       

Subtotal 111,560     

Contractors General Conditions 30% 33,468       

Construction Total 145,028     

Design @ 15% 21,754       

Limited Construction Admin @ 5% 7,251          

Engineering Total 29,006       

TOTAL 175,000     

Planning Level Cost Estimate
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CIP Project F-1 – Installation of Parallel Main to Existing 24-inch Transmission Main 

 

Brief Project Description 

1. Installation of approximately 4,750 
linear feet of parallel 24-inch water 
main from CWTP High Service PS to 
the connection point between the 
existing 24 and 30-inch transmission 
main near Glendale Drive.  

	  

Mobilization 23,625       

Piping 675,000     

Tie‐ins 40,000       

Restoration/Erosion Control 36,450       

Subtotal 775,075     

Contractors General Conditions 30% 232,523     

Construction Total 1,007,598 

Design @ 15% 151,140     

Limited Construction Admin @ 5% 50,380       

Engineering Total 201,520     

TOTAL 1,210,000 

Planning Level Cost Estimate
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CIP Project F-2 – Installation of Pressure Reducing Valve with Flow Control and Flow Meter 

 

Brief Project Description  

1. Installation of a 24-inch pressure 
reducing valve with flow control 
	  

Mobilization 1,645          

Valves 47,000       

Piping Reconfiguration 50,000       

Vault 15,000       

Power 25,000       

SCADA Integration 25,000       

Flow Meter 30,000       

Subtotal 193,645     

Contractors General Conditions 30% 58,094       

Construction Total 251,739     

Design @ 15% 37,761       

Limited Construction Admin @ 5% 12,587       

Engineering Total 50,348       

TOTAL 300,000     

Planning Level Cost Estimate
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CIP Project G-1 – Sango PS Butterfly Valve and Redundant Supply Line Improvements 

 

Brief Project Description 

1. Installation of approximately 4,500 
linear feet of 12-inch water main 
between the transmission main for the 
North Main Pressure Zone (near the 
intersection of Memorial Blvd and 
Richview Road) and Sango PS. 

2. Installation of a 14-in butterfly valve 
with electric motor operator and 
SCADA integration in between Acme 
#1 Tank and Sango PS to allow greater 
operational flexibility. 

	  

Mobilization 12,600       

Piping 360,000     

Tie‐ins 20,000       

Restoration/Erosion Control 19,440       

Valves 18,000       

Vaults 30,000       

Power 25,000       

SCADA Integration 25,000       

Subtotal 510,040     

Contractors General Conditions 30% 153,012     

Construction Total 663,052     

Design @ 15% 99,458       

Limited Construction Admin @ 5% 33,153       

Engineering Total 132,610     

TOTAL 795,000     

Planning Level Cost Estimate
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CIP Project G-2 – Construction of 0.5-MG Elevated Acme #3 Tank 

 

Brief Project Description 

1. Construction of a 0.5-MG elevated, 
cross-braced, multi-column tank to 
match existing Acme #2 Tank. 

2. Installation of approximately 100 linear 
feet of 16-inch connector main to 
connect tank with existing system. 

	  

Mobilization 385                

Piping 11,000          

Tie‐ins 10,000          

Restoration/Erosion Control 594                

Elevated Storage Tank 1,250,000    

Property Acquisition 100,000       

Subtotal 1,371,979    

Contractors General Conditions 30% 411,594       

Construction Total 1,783,573    

Design @ 15% 267,536       

Limited Construction Admin @ 5% 89,179          

Engineering Total 356,715       

TOTAL 2,140,000    

Planning Level Cost Estimate
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CIP Project G-3 – Upgrade Sango PS Capacity 

 

Brief Project Description 

1) Upsize existing Sango Pump Station to 4 MGD firm capacity (2,777 gpm). 
	  

Replacement of equipment only Total Station Replacement 

Mobilization 20,000          

Upgrade pumps / motors / electrical 400,000       

Subtotal 420,000       

Contractors General Conditions 30% 126,000       

Construction Total 546,000       

Design @ 15% 81,900          

Limited Construction Admin @ 5% 27,300          

Engineering Total 109,200       

TOTAL 655,000       

Planning Level Cost Estimate

Mobilization 20,000          

4 MGD Pump Station 2,400,000    

Subtotal 2,420,000    

Contractors General Conditions 30% 726,000       

Construction Total 3,146,000    

Design @ 15% 471,900       

Limited Construction Admin @ 5% 157,300       

Engineering Total 629,200       

TOTAL 3,775,000    

Planning Level Cost Estimate
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CIP Project H-1 – 24-inch Transmission Main Improvements for New Trane Tank 

 

Brief Project Description 

1. Installation of approximately 3,400 
linear feet of 24-inch water main 
between the transmission main dead end 
at Weatherly Drive and Ted Crozier 
Blvd up to the new 2-MG tank in the 
North Main Pressure Zone. 

2. Installation of approximately 3,800 
linear feet of parallel 24-inch water 
main from to the new 2-MG tank in the 
North Main Pressure Zone to the 
existing 24-inch Interstate crossing. 

	  

Mobilization 35,700       

Piping 1,020,000 

Tie‐ins 50,000       

Restoration/Erosion Control 55,080       

Subtotal 1,160,780 

Contractors General Conditions 30% 348,234     

Construction Total 1,509,014 

Design @ 15% 226,352     

Limited Construction Admin @ 5% 75,451       

Engineering Total 301,803     

TOTAL 1,810,000 

Planning Level Cost Estimate
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CIP Project H-2 - Construction of 2-MG New Trane Tank in North Main Pressure Zone 

 

Brief Project Description 

1. Construction of a 2-MG elevated, 
composite tank similar to existing HSC 
Tank. 

2. Installation of 30-inch connector main 
to connect tank with existing system. 

	  

Mobilization 20,000          

Piping 26,500          

Tie‐ins 10,000          

Restoration/Erosion Control 1,431            

Elevated Storage Tank 5,000,000    

Property Acquisition 100,000       

Subtotal 5,157,931    

Contractors General Conditions 30% 1,547,379    

Construction Total 6,705,310    

Design @ 15% 1,005,797    

Limited Construction Admin @ 5% 335,266       

Engineering Total 1,341,062    

TOTAL 8,045,000    

Planning Level Cost Estimate
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CIP Project I-1 – Construction of 15 MGD Rossview Booster Station near Existing 24-inch 
Interstate Crossing 

 

Brief Project Description 

1) Construction of a new pump station 
with 15 MGD firm capacity using the 
existing 24-inch Interstate crossing as 
the supply connection. 

2) Installation of approximately 1,400 
linear feet of 30-inch water main to 
connect station to existing system 
supply. 

3) Installation of approximately 250 linear 
feet of 30-inch water main to connect 
station to Rossview’s upsized 
transmission main. 

Mobilization 135,000       

15 MGD Pump Station 4,500,000    

Property Acquisition 200,000       

Piping 300,000       

Tie‐ins 20,000          

Restoration/Erosion Control 16,200          

SCADA Integration 50,000          

Subtotal 5,221,200    

Contractors General Conditions 30% 1,566,360    

Construction Total 6,787,560    

Design @ 15% 1,018,134    

Limited Construction Admin @ 5% 339,378       

Engineering Total 1,357,512    

TOTAL 8,145,000    

Planning Level Cost Estimate
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CIP Project I-2 –Install Upsized Water Mains in Rossview Pressure Zone for Transmission and 
Distribution Improvements 

 

Brief Project Description 

1. Upsize of approximately 8,850 linear 
feet of asbestos-cement pipe to 24-inch 
water main from the connection with 
existing 12-inch Interstate crossing at 
Exit 4 to Dunlop Lane. 

2. Upsize of approximately 2,400 linear 
feet of asbestos-cement pipe to 18-inch 
water main from Wilma Rudolph Blvd 
to the connection with the upsized 24-
inch Rossview transmission main. 

	  

Mobilization 53,550       

Piping 1,530,000 

Tie‐ins 150,000     

Easements 50,000       

Restoration/Erosion Control 82,620       

Subtotal 1,866,170 

Contractors General Conditions 30% 559,851     

Construction Total 2,426,021 

Design @ 15% 363,903     

Limited Construction Admin @ 5% 121,301     

Engineering Total 485,204     

TOTAL 2,910,000 

Planning Level Cost Estimate
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CIP Project J-1 - Installation of Parallel 24-inch Main along Oakland and Tylertown Road to HSC 
Tank 

 

Brief Project Description 

1. Installation of approximately 30,500 
linear feet of parallel 24-inch water 
main connecting the Rossview 
transmission main at the tie-in of the 
existing Interstate crossing at Exit 4 to 
the existing HSC Tank. 

	  

Mobilization 152,250     

Piping 4,350,000 

Tie‐ins 20,000       

Easements 300,000     

Restoration/Erosion Control 234,900     

Subtotal 5,057,150 

Contractors General Conditions 30% 1,517,145 

Construction Total 6,574,295 

Design @ 15% 986,144     

Limited Construction Admin @ 5% 328,715     

Engineering Total 1,314,859 

TOTAL 7,890,000 

Planning Level Cost Estimate
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CIP Project K-1 - Construction of 2-MG Elevated Rossview #2 Tank 

 

Brief Project Description 

1. Construction of a 2-MG elevated, 
composite tank to match existing HSC 
Tank. 

2. Installation of 30-inch connector main 
to connect tank with existing system. 

	  

Mobilization 20,000          

Piping 45,000          

Tie‐ins 10,000          

Restoration/Erosion Control 2,430            

Elevated Storage Tank 5,000,000    

Property Acquisition 100,000       

Subtotal 5,177,430    

Contractors General Conditions 30% 1,553,229    

Construction Total 6,730,659    

Design @ 15% 1,009,599    

Limited Construction Admin @ 5% 336,533       

Engineering Total 1,346,132    

TOTAL 8,075,000    

Planning Level Cost Estimate
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CIP Project L-1 - Installation of 24-inch Main to Complete Rossview Transmission Main Loop 

 

Brief Project Description 

1. Installation of approximately 8,300 
linear feet of 24-inch water main to 
complete Rossview Transmission Loop. 

	  

Mobilization 42,000       

Piping 1,200,000 

Tie‐ins 100,000     

Easements / Permits 500,000     

Restoration/Erosion Control 64,800       

Subtotal 1,906,800 

Contractors General Conditions 50% 953,400     

Construction Total 2,860,200 

Design @ 15% 429,030     

Limited Construction Admin @ 5% 143,010     

Engineering Total 572,040     

TOTAL 3,430,000 

Planning Level Cost Estimate
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2.2 Project Implementation 

The projects identified in the previous section should be prioritized based on demand projections and the 
need for additional capacity to meet those demands.  Reliability and redundancy should also be 
considered to address known vulnerabilities. Table 5 lists all projects with recommended implementation 
triggers.  Cost estimates are provided in 2017 dollars. 
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Table 5: List of Projects with Costs and Recommended Phasing 

Project Group / ID  Project Description  Recommended Trigger 
Planning 
Cost 

Estimate 

Barge Point WTP Phase 1 and 2 

A‐1  Barge Point WTP Phase 1  As soon as possible  $58,035,000

A‐2  Barge Point WTP Phase 2 
Completion of Project A‐1 and Max Day 
Demand > 80% of Total Capacity at both WTPs  $31,760,000

         $89,795,000

North Main Transmission and Storage Improvements 

H‐1  Increase Transmission Capacity to New Trane Tank As soon as possible  $1,810,000

H‐2  Construct New Trane Tank  Completion of Project H‐1  $8,045,000

C‐1  Increase Transmission Capacity  Finish at same time as Project H‐2  $4,405,000

F‐1  Increase Transmission Capacity  Finish at same time as Project H‐2  $1,210,000

   $15,470,000

Splitting Main Pressure Zone 

B‐2  Valving Improvements  Finish at same time as Project H‐2  $280,000

D‐1  Delineation of North/South Main  Finish at same time as Project H‐2  $175,000

E‐1  Delineation of North/South Main  Finish at same time as Project H‐2  $175,000

F‐2  Create South Main Pressure Zone  Finish at same time as Project H‐2  $300,000

   $930,000

South Main Transmission and Storage Improvements 

G‐1  Sango PS Redundant Supply Line Improvements  As soon as possible  $795,000

G‐2  Construct Acme #3 Tank  Completion of Project G‐1  $2,140,000

G‐3  Replace Sango PS  Completion of Project G‐2  $3,775,000

     $6,710,000
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Table 5 (Cont.): List of Projects with Costs and Recommended Phasing 
 

Project Group / ID  Project Description  Recommended Trigger 
Planning 
Cost 

Estimate 

Rossview 2nd Tank 

K‐1  Construct Rossview #2 Tank  As soon as possible  8,075,000

   $8,075,000

Rossview 2nd Booster PS 

I‐1  Construct RVPS2  Completion of Project H‐2  8,145,000

   $8,145,000

Rossview Transmission Loop 

I‐2  Increase Transmission Capacity to Dunlop Lane  Finish at same time as Project I‐1  2,910,000

L‐1  Increase Transmission Capacity to Rossview Road  Finish at same time as Project I‐1  3,430,000

J‐1 
Increase Transmission Capacity to Oakland Rd / 
HSC Tank  Completion of Projects I‐1 and K‐1  7,890,000

   $14,230,000

Jackson Road Line Improvements 

B‐1  Upsize lines to Kenwood Elementary  If pressure complaints occur  54,000

         $54,000

   Grand Total $143,409,000
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