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PRELIMINARY ENGINEERING REPORT 
RAW WATER CAPACITY MASTER PLAN 

CITY OF CROSSVILLE, TENNESSEE 
 
I. EXECUTIVE SUMMARY 

The purpose of this Preliminary Engineering Report (Report) is to present a raw 

water capacity master plan complete with alternatives analysis for the required 

improvements needed to increase the capacity of the raw water storage and water 

treatment facilities to meet the forecast 50-year demands for the City of Crossville 

and surrounding areas.  The master plan described herein is based on current 

usage forecast; however, it should be noted that there are drawbacks to 

developing a rigid plan for a 20-year or 50-year horizon which is why this plan 

provides for the projected needs, but also allows for flexibility to react to 

unforeseen events during the next 20-year period.  The only exception to flexibility 

in the master plan is the raising of the Meadow Park Lake Dam because of the 

time required to obtain a Corps of Engineers Section 404 Permit. 

The future raw and finished water demands are described in the report titled Raw 

Water Study prepared by J.R. Wauford and Company, Consulting Engineers, Inc. 

in November 2017.  The 20-year and 50-year estimated raw water usage forecasts 

are depicted in the following tables. 

TABLE I-1 
YEAR 2037 (20 YEAR) AND YEAR 2067 (50 YEAR) 

RAW WATER USAGE FORECAST 
MODERATE GROWTH FORECAST 

(30% IN 20 YEARS AND 80% IN 50 YEARS) 
CROSSVILLE, TENNESSEE 

Usage Entity Year 2037 Flows Year 2067 Flows 

City of Crossville 3.89 MGD 
 

5.39 MGD 

West Cumberland Utility District 0.46 MGD 0.63 MGD 

Crab Orchard Utility District Growth 0.44 MGD 1.17 MGD 

Industrial Growth Allotment 2.00 MGD 2.00 MGD 

Unaccounted Water Estimate 1.27 MGD 1.71 MGD 

Total Raw Water Demand 8.06 MGD 10.98 MGD 
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TABLE I-2 
YEAR 2037 (20 YEAR) AND YEAR 2067 (50 YEAR) 

RAW WATER USAGE FORECAST 
HIGH GROWTH FORECAST 

(50% IN 20 YEARS AND 100% IN 50 YEARS) 
CROSSVILLE, TENNESSEE 

Usage Entity Year 2037 Flows Year 2067 Flows 

City of Crossville* 4.49 MGD 
 

5.99 MGD 

West Cumberland Utility District 0.53 MGD 0.70 MGD 

Crab Orchard Utility District Growth 0.73 MGD 1.47 MGD 

Industrial Growth Allotment 2.00 MGD 2.00 MGD 

Unaccounted Water Estimate 1.44 MGD 1.89 MGD 

Total Raw Water Demand 9.19 MGD 12.05 MGD 

 * The City of Crossville usage includes water furnished to the Grandview Utility 
District and the South Cumberland Utility District which furnishes water to the 
Fall Creek Falls Utility District 

The proposed improvements include increasing the volume of Meadow Park Lake, 

improvements to the Meadow Park Lake and Holiday Hills Water Treatment Plants 

(WTP), and improvements to the raw and finished water conveyance facilities.  The 

proposed improvements are separated into three phases described hereinafter.  

Phase 1 - Improvements to Meadow Park Lake: 

• Raise Meadow Park Lake Dam; 

• Relocate Meadow Park Lake raw water intake; 

• Construct Improvements to Meadow Park Lake Raw Water Line. 

The estimated total project cost of Phase 1 is $24,400,000 and should be 

implemented immediately after issuance of required permits.  The amount 

of time to obtain permits to raise the Meadow Park Lake Dam may extend 

the time period required for Phase 1 considerably.  It is imperative to move 

forward with the permitting process as the Phase 2 expansion of Meadow 

Park Lake WTP will likely be required in less than 10 years due to water 

demands. 
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Phase 2 - Expansion of Meadow Park Lake WTP: 

• Expand Meadow Park Lake WTP From 3.5 MGD to 7.0 MGD. 

The estimated total project cost of Phase 2 is $13,400,000 and is expected 

to begin after the completion of Phase 1.  The construction period for the 

expansion of Meadow Park Lake WTP is proposed to last approximately 24 

months.  The City must meet the Tennessee Department of Environment 

and Conservation (TDEC) requirement to not exceed 80% of the plant’s 

rated capacity based on average daily usage.  The expected year in which 

Phase 2 will be required is 2028 based on current water usage forecasts.  

According to the moderate growth forecast shown hereinbefore, the Phase 3 

expansion of Meadow Park Lake WTP or Holiday Hills WTP is expected to be 

required by the year 2040.  The Phase 3 improvements are divided into two 

alternatives described as follows: 

Phase 3, Alternative No. 1 - Transfer all raw water to Meadow Park Lake 
and consolidate treatment at one location: 

• Improvements to Meadow Park Lake Raw Water Intake; 

• Expand Meadow Park Lake WTP From 7.0 MGD to 12.25 MGD; 

• Construct facilities to transfer raw water from Holiday Hills Lake to 
Meadow Park Lake; 

• Construct improvements to provide for adequate transfer of treated 
water within the distribution system; 

• Abandon the Holiday Hills WTP. 

The estimated total project cost of Phase 3, Alternative No. 1 is $30,900,000 

and is expected to begin after the completion of Phase 2 and prior to the 

demand for finished water reaching 80% of the total capacity of both WTPs.  

The construction period for the Phase 3, Alternative No. 1 expansion of 
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Meadow Park Lake WTP is proposed to last approximately 24 months if 

construction work occurs concurrently. 

Phase 3, Alternative No. 2 - Treat water at Meadow Park Lake and Holiday 
Hills WTP: 

• New 5.5 MGD Holiday Hills WTP. 

The estimated total project cost of Phase 3, Alternative No. 2 is $26,800,000 

and is expected to begin after the completion of Phase 2 and prior to the 

demand for finished water reaching 80 percent of the total capacity of both 

WTPs.  The construction period for the Phase 3, Alternative No. 2 

construction of a new Holiday Hills WTP is estimated to last approximately 

24 months.  The additional construction time proposed is needed because 

the existing Holiday Hills WTP is not being retrofitted requiring the new plant 

to be built adjacent to the site allowing the existing Holiday Hills WTP to be 

demolished afterward. 

Phase 3, Alternative No. 1 results in consolidation of all water treatment at the 

Meadow Park Lake WTP and Phase 3, Alternative No. 2 results in continued use 

of the Meadow Park Lake WTP and Holiday Hills WTP.  Both alternatives require 

additional raw water storage at Meadow Park Lake which will include raising the 

Meadow Park Lake Dam by approximately 18 feet.  A general schedule for start 

and end dates for each phase is included in the Appendix. 

II. EXISTING FACILITIES 

A. Raw Water Supply 

The City of Crossville’s raw water supply is stored in three existing 

reservoirs located to the south and west of the City - Holiday Hills Lake, 

Meadow Park Lake, and Lake Tansi.  Holiday Hills Lake, the only reservoir 

located within the City limits, was constructed in the early 1960’s and is 

owned by the City.  Holiday Hills Lake lies in the Obed River watershed of 
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the Upper Tennessee-Clinch/Emory River Basin.  Meadow Park Lake, 

which is also owned by the City, was constructed in 1938 and underwent a 

dam renovation in 2012.  Meadow Park Lake lies in the Caney Fork River 

watershed of the Upper Cumberland River Basin.  Lake Tansi, originally 

named Harrison Lake, was constructed in the mid-1950s and is owned by 

the Lake Tansi Village Property Owners Association.  Lake Tansi lies in the 

Daddy’s Creek and Obed Wild and Scenic River watersheds of the Upper 

Tennessee - Clinch/Emory River Basin.  Pertinent information related to the 

three reservoirs is provided in the following table and was compiled by the 

Crossville Engineering Department utilizing GPS equipment for the Army 

Corp of Engineers bathymetric survey and the State of Tennessee GIS 

Mapping Program in 2001. 

TABLE II-1 
WATER SUPPLY RESERVOIRS 

CROSSVILLE, TENNESSEE 

 Meadow Park 
Lake 

Holiday Hills 
Lake 

Lake Tansi 

Year Constructed 1938 1960 1959 

Reservoir Volume 2,610 AC-FT (2) 3,573 AC-FT 9,000 AC-FT 

Safe Yield (1) 3.58 MGD 5.34 MGD 3.50 MGD 

Surface Area 250 Acres (2) 223 Acres 403 Acres 

Normal Pool Elevation 1,818.20 Feet 1,761.25 
Feet 

1,861.71 Feet 

Notes: (1) Safe yield values taken from reports prepared for the Corps of 

Engineers by others. (2) Volume and area calculated using bathymetric 

contours provided by the City of Crossville.  This value is the total reservoir 

volume, not the available storage volume. 

The City entered into a water-harvesting agreement with the Lake Tansi 

Village Property Owners Association in October 2009 to withdraw water 

from the reservoir.  The City is permitted to withdraw water from Lake Tansi 

between October 31 and April 15 with a restriction that the lake must not fall 

four inches below the normal operating pool elevation of 1861.71 feet.  
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Water that is harvested from Lake Tansi can be pumped directly into 

Meadow Park Lake or to the Meadow Park Lake WTP.  The transfer of water 

from Lake Tansi is also regulated by an inter-basin transfer permit issued 

by the TDEC limiting the daily transfer to 5.0 million gallons per day (MGD).  

There are provisions in the Lake Tansi water harvesting agreement that the 

City can exceed the previously mentioned withdrawal rates as well as lower 

the lake level below the levels in the agreement during a drought.  A copy 

of the agreement between the City and the Lake Tansi Village Property 

Owners Association is included in the appendix of this report.  

The Meadow Park Lake Dam was constructed in 1938.  The normal pool 

elevation of Meadow Park Lake is 1,818.20 feet and the top of the Meadow 

Park Lake Dam is 1,821.5 feet.  A spillway is located on each side of the 

dam with measurements of 49 feet by 4 feet and 54 feet by 4 feet 

respectively according to existing plans.  At normal pool elevation the 

storage capacity of the lake is approximately 3,069 acre-feet.  The channel 

below the dam is unshaped and remains in its natural sandstone with some 

gravel and soil present.  Leakage appears to be coming from the 

downstream side through the subgrade interface.  The outlet works for the 

existing dam is reportedly a 20 inch cast iron pipe at elevation 1,789.75 feet. 

The Holiday Hills Lake Dam is considered an earth gravity dam and was 

constructed in 1963.  In 2008 the spillway was widened, and a new 230 foot 

weir and bridge were constructed over the spillway.  The normal pool 

elevation is 1,761.25 feet and the top of the dam elevation is 1781.0 feet.  

At normal pool elevation the storage capacity of the lake is approximately 

3,573 acre-feet.  The channel below the dam is unshaped and remains in 

its natural sandstone with some gravel and soil present.   

Lake Tansi, originally called Lake Harrison until 1964, was formally opened 

to the public in 1961.  The Lake Tansi Dam was constructed in 1959, 

originally to create a lake and serve as a local resort attraction.  The normal 
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pool elevation is 1,861.71.  At normal pool elevation the storage capacity of 

the lake is approximately 9,000 acre-feet.   

B. Holiday Hills Water Treatment Plant 

The Holiday Hills WTP was placed in operation as a 2.0 MGD conventional 

filtration plant in 1968.  A renovation to double the capacity to 4.0 MGD was 

completed in 1976 which included adding additional filters, settling basins, 

flocculators, sludge basin, and clearwell.  In 2013, a powdered activated 

carbon (PAC) building was added and improvements were made to the filter 

building and flocculation basins, but these modifications did not increase 

the plant’s capacity.  In 2018, the sludge collection system in the settling 

basins was replaced and the pipe gallery was painted.  The current plant 

unit processes consist of two raw water pumps located at the Holiday Hills 

Lake raw water intake, a flash mixer, four flocculation basins and settling 

basins with tube settlers, eight conventional rapid sand filters, two-500,000 

gallon clearwells, two high service pumps, a PAC building, and a residual 

solids storage tank.   

C. Meadow Park Lake Water Treatment Plant 

The original Meadow Park Lake WTP was believed to be constructed at the 

same time as the Meadow Park Lake Dam in 1938, and underwent 

expansions in 1952, 1961, and 1990.  In 2001, the City constructed a new 

conventional filtration plant with a rated capacity of 3.5 MGD at a new site 

and demolished the original plant.  According to the original plans, the 

current Meadow Park Lake WTP was designed to be expanded to 21 MGD 

although it may be unlikely to obtain permits to transfer the water needed to 

provide a 21 MGD raw water capacity to Meadow Park Lake.  The plant unit 

processes consist of two raw water pumps located at the Meadow Park 

Lake raw water intake, an inline flash mixer, three flocculation basins and 

two settling basins, four dual media filters, one-1,000,000 gallon clearwell, 
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and four high service pumps.  Currently two high service pumps distribute 

potable water to the high pressure zone and two high service pumps 

distribute potable water to the standard pressure zone. In 2012, a new 

powdered activated carbon building was constructed as well as baffle walls 

in the settling basins.  In 2017, generators were replaced, and in 2018 a 

new chemical building was constructed to house caustic and coagulant. 

D. Water Distribution System 

The City of Crossville operates their water system using two separate 

pressure zones, but currently leave certain valves open allowing water from 

the high pressure zone to discharge to the standard pressure zone.  The 

Meadow Park Lake WTP has the ability to pump to both pressure zones 

using two high service pumps dedicated to each zone while the Holiday Hills 

WTP only has the ability to pump to the standard pressure zone.  The tanks 

and corresponding capacities for each pressure zone are shown in the 

following tables.   

TABLE II-2 
WATER STORAGE TANKS 

STANDARD PRESSURE ZONE 
CROSSVILLE, TENNESSEE 

Name Volume Overflow Elevation 

Cemetery Tank 1.0 MG 1991 ± 

Cotton Patch Tank 1.0 MG 1990 ± 

Woodmere Tank 1.0 MG 1992 ± 

 
 

TABLE II-3 
WATER STORAGE TANKS 
HIGH PRESSURE ZONE 

CROSSVILLE, TENNESSEE 
 

Name Volume Overflow Elevation 

Homestead Tank 1.0 MG 2069 ± 

Lantana Tank 0.5 MG 2069 ± 
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Exhibit No. 1 in the appendix depicts the tank locations and boundaries of 

each pressure zone. 

III. PHASE 1 IMPROVEMENTS 

A. General 

Phase 1 is proposed to increase the raw water storage capacity at the 

Meadow Park Lake and allow for future improvements to be implemented 

in a phased approach.  Phase 1 improvements consist of the following: 

• Raise Meadow Park Lake dam; 

• Relocate Meadow Park Lake raw water intake; 

• Construct improvements to Meadow Park Lake raw water line. 

B. Raise Meadow Park Lake Dam 

In order to consolidate water treatment at Meadow Park Lake, the Meadow 

Park Lake dam will need to be raised to increase the Meadow Park Lake 

water level about 18 feet to provide raw water storage that will meet the 

Year 2067 (50 year) forecast demands.  The increased dam height will 

increase the storage volume of Meadow Park Lake, allowing additional 

transfer of Lake Tansi and Holiday Hills Lake water, although the daily 

maximum rate of transfer from Lake Tansi is not proposed to increase 

except during drought conditions.   
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TABLE III-1 
PROPOSED PHASE 1 CHARACTERISTICS 

AFTER RAISING MEADOW PARK LAKE DAM 
CROSSVILLE, TENNESSEE 

 Meadow Park 
Lake 

Reservoir Volume (1) 8,490 AC-FT 
(1) Safe Yield 4.80 MGD 

Surface Area (1) 510 Acres 

Top Pool Elevation 1,836 Feet 

Notes: (1) Volume calculated using bathymetric contours and shoreline 

contours provided by the City of Crossville.  Area calculated using shoreline 

contours provided by the City of Crossville 

Considering the current size and construction method of the dam, the 

proposed method to raise the height of the Meadow Park Lake Dam is by 

using roller compacted concrete (RCC). 

RCC is a construction method consisting of placing concrete with 

conventional or high-density asphalt paving equipment and then 

compacting with rollers.  RCC has the same basic ingredients as 

conventional concrete: cement, water, and aggregate, such as gravel or 

crushed stone.  Unlike conventional concrete, it is a drier mix, stiff enough 

to be compacted by vibratory rollers.  Typically, RCC is constructed without 

joints.   A protective layer of class A concrete will likely be necessary for the 

exposed faces of the dam.  For Meadow Park Lake Dam, the preliminary 

concept is to install RCC along the downstream face of the existing dam in 

lifts up to the proposed new top elevation of 1,840.20.  With the use of RCC 

it is possible that the entire top of the dam can function as the overflow 

spillway although an intake structure may be constructed to allow multiport 

take off of reservoir water for downstream purposes.  Use of the entire top 

of the dam as the emergency spillway will reduce the head created by the 

flow associated with the regulatory probable maximum storm event thereby 

allowing the dam to be higher and provide more storage.  These 
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characteristics make RCC a simpler and more economical solution than 

traditional gravity dam construction.  The improvements to the Meadow 

Park Lake dam are estimated to cost $19,930,000 as shown on Cost 

Estimate No. 1 and depicted in Exhibit Nos. 4A and 4B in the Appendix. 

Raw water is currently transferred from Lake Tansi to Meadow Park Lake 

via the use of an existing intake and raw water pumping station and 

transported through an existing 30-inch pipe.  No improvements are 

expected to be needed for the Lake Tansi raw water intake, pumping station 

or water line.   

C. Relocate Meadow Park Lake WTP Raw Water Intake 

The existing Meadow Park WTP raw water intake is a conventional type 

intake consisting of a concrete wetwell located on the bank of Meadow Park 

Lake.  Raw water enters the intake through one of two pipes which are 

located at invert elevations 1,802.60 and 1,812.60.  The normal pool 

elevation is elevation 1,818.20.  The raw water is screened by a drum style 

screen attached to the end of the influent pipe.  The screened water enters 

the pump suction wells and is transported to the Meadow Park Lake WTP 

by one of two-60 HP vertical turbine style pumps each with a nominal 

capacity of 2,450 GPM (3.5 MGD) at 75 feet TDH.  In 2018, a new generator 

was installed at this facility. 

Since the Meadow Park Lake Dam is proposed to be raised, the existing 

Meadow Park Lake WTP raw water intake will flood if left in its current 

location. As a result, it is recommended that the existing Meadow Park Lake 

WTP raw water intake be left in place as a flooded junction box and a new 

raw water intake be constructed at a higher elevation.  Construction of a 

new raw water intake will include a new wetwell, concrete building, 

electrical, mechanical, monorail system, painting, site grading and new 

pumps with variable frequency drives (VFDs) for increased flow at an 
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estimated cost of $4,470,000 as shown on Cost Estimate No. 2 and 

depicted in Exhibit No. 5 in the Appendix. 

The existing raw water pumps have a rated capacity of 2,450 GPM (3.5 

MGD) at 75 feet TDH each.  Although these pumps have provided good 

service, the improvements included in the alternatives require the Meadow 

Park Lake WTP to produce 4,850 GPM (7.0 MGD) in Phase 2 and 8,500 

GPM (12.25 MGD) in Phase 3.  The existing pumps will need to be replaced 

with three new 4,250 GPM (6.125 MGD) pumps with variable frequency 

drives operating at reduced speed to produce 2,450 GPM (3.5 MGD) each 

in the Phase 1 expansion and capable of producing 8,500 GPM (12.25 

MGD) when two pumps are operated together at full speed. 

D. Improvements to Meadow Park Lake Raw Water Line 

The raw water line consists of approximately 1,200 L.F. of 20-inch pipe 

installed in 1999.  The future expansion of the Meadow Park Lake WTP will 

require larger pumps to be installed at the intake for a Phase 2 design point 

of 4,850 GPM (7.0 MGD) and a Phase 3 design point of 8,500 GPM (12.25 

MGD).  The existing 20-inch pipe will have a velocity of approximately 5.0 

fps at 4,850 GPM (7.0 MGD) and 8.7 fps at 8,500 GPM (12.25 MGD).  

Changes in the location of the Meadow Park Lake WTP raw water intake 

will require a portion of the raw water line to be replaced.  Although a velocity 

of approximately eight feet per second will not likely cause damage, the 

construction of a new parallel raw water line should be evaluated when the 

plant is expanded to 12.25 MGD for redundancy and energy consumption. 
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IV. PHASE 2 IMPROVEMENTS 

A. General 

Phase 2 is proposed to increase the treatment capacity at the Meadow Park 

Lake WTP to meet projected needs from about year 2028 until about year 

2040 and consists of the following improvements: 

• Expand Meadow Park Lake WTP from 3.5 MGD to 7.0 MGD. 

B. Expand Meadow Park Lake WTP From 3.5 MGD to 7.0 MGD  

1. General 

The expansion of the Meadow Park Lake WTP is proposed to 

increase the capacity of the existing WTP from 3.5 MGD to 7.0 MGD.  

The previous design of the Meadow Park Lake WTP included space 

for such expansion, and will require new flocculation and settling 

basins, new filters and pipe gallery, new transfer pumps, new air 

scour blowers, and new high service pumps at an estimated cost of 

$13,400,000 in year 2019 dollars as shown on Cost Estimate No. 3 

and Exhibit No. 6. 

2. Flash Mixing 

The 20-inch raw water line enters the Meadow Park Lake WTP site 

and passes through a venturi tube as well as a 20-inch butterfly valve 

prior to entering a flanged static mixer located at the side of the filter 

building.  At the existing flash mix, permanganate, caustic and 

coagulant are added and mixed with the raw water.  The water is 

then discharged through a 20-inch water line into the flocculation 

basins.  The existing static mixer is a Koch Static Mixing Unit with 

two elements.  The pressure drop with the increase in flow is less 

than 1.0 psi per element which is still within the capabilities of the 
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existing mixer.  A new flow splitter box with equal length weirs should 

be installed to promote equal split of the flow to each flocculation 

basin. 

3. Flocculation and Settling Basins 

The mixed raw water flows into a series of flocculation basins with 

the mixing energy decreasing as flow passes downstream.  Each 

basin utilizes two identical three-compartment flocculators before 

entering the settling basins.  The flocculators agitate the particles in 

the mixed water to encourage inter-particle contact but are gentle 

enough to prevent disintegration of existing flocculated particles.  

The condition of the existing flocculators should be evaluated for 

replacement during the design phase. 

Each flocculation basin is 20 feet by 20 feet 8 inches and the depth 

is approximately 12 feet for a volume of 111,000 gallons total for all 

three basins.  The detention times are shown in the following table. 

TABLE IV-1 
MEADOW PARK LAKE WTP 

FLOCCULATION BASIN DETENTION TIMES 

Flow Detention Time 

1.0 MGD 159 min 

2.0 MGD 79 min 

3.0 MGD 53 min 

3.5 MGD 45 min 

7.0 MGD 23 min 

10.5 MGD 15 min 

12.25 MGD 13 min 

According to TDEC’s Division of Water Resources the design criteria 

for Community Public Water Systems “the recommended detention 

time for flocculation basins is 45 minutes”.   
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After passing through the flocculation basins, the flocculated water 

passes through a baffle wall into one of two rectangular settling 

basins.  The basins are each approximately 106 feet long by 30 feet 

wide and approximately 12 feet deep yielding a volume of 286,000 

gallons in each basin or 572,000 gallons total.  The detention time of 

the settling basin at varying plant flows is shown in the following table 

with all basins in operation.  

TABLE IV-2 
MEADOW PARK LAKE WTP 

SETTLING BASIN DETENTION TIMES 

Flow Detention Time 

1.0 MGD 14.2 hrs 

2.0 MGD 7.1 hrs 

3.0 MGD 4.7 hrs 
 3.5 MGD 4.0 hrs 

7.0 MGD 2.0 hrs 

10.5 MGD 1.3 hrs 

12.25 MGD 1.2 hrs 

According to TDEC’s Division of Water Resources the design criteria 

for Community Public Water Systems “requires a minimum detention 

time of 4.0 hours although this may be reduced to 1.0 hours if tube 

settlers are implemented”.  The maximum loading rate for tube 

settlers is 2.5 gpm/sf which yields a minimum tube settler area of 490 

square feet per basin at a flow of 3.5 MGD, and 980 square feet per 

basin at a flow of 7.0 MGD. 

Both existing basins are in good condition.  The overflow weirs and 

support structure were installed during the construction of the 

Meadow Park Lake WTP in 2001 and both are in decent condition. 

The settled water flows through two 24-inch pipelines into the filters 

at a velocity of 0.87 feet per second at 3.5 MGD.  These velocities 

are adequate to limit the potential for floc to shear after the settling 

basins which can shorten the filter run times.   



4637 
October 2019 

16 

New flocculation and settling basins identical in size and 

configuration to the existing basins and proposed to be located 

adjacent to the existing flocculation and settling basins.   

4. Conventional Dual Media Filters 

There are currently four conventional dual media filters in the 

Meadow Park Lake WTP with a capacity of 0.875 MGD each with 

dimensions of 13 feet 3 inches by 11 feet 6 inches yielding a surface 

area of 152 square feet.  The overall plant flows, individual filter 

flows, and filtration rates are shown in the following table. 

TABLE IV-3 
MEADOW PARK LAKE WTP 

FILTRATION RATES 

Plant Flow Individual Filter Flow Filtration Rate 

1.0 MGD 175 gpm 1.15 gpm/sf 

2.0 MGD 350 gpm 2.30 gpm/sf 

3.0 MGD 525 gpm 3.45 gpm/sf  

3.5 MGD 613 gpm 4.03 gpm/sf 

7.0 MGD 1,225 gpm 8.06 gpm/sf 

10.5 MGD 1,825 gpm 12.01 gpm/sf 

12.25 MGD 2,125 gpm 13.98 gpm/sf 

With one filter out of service due to backwashing, the individual 

filtration rate in the remaining three filters is 5.38 gpm/sf at the current 

capacity of 3.5 MGD.  The filtered water discharges through rate of 

flow controllers to the 18-inch combined filtered water line which 

discharges to the transfer pumping station and then through a 24-

inch water line to the 1,000,000 gallon clearwell. 

All filters are reported to utilize a perforated stainless steel 

underdrain in addition to 18-inches of anthracite, and 12-inches of 

sand.  Two air scour blowers with 4-inch air piping were installed to 

aid in cleaning the filter bed. 
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Backwash water for each filter is supplied by gravity from the existing 

clearwell.  This flow rate is within the typical backwash flow rate 

required for adequate cleaning which is between 15 and 20 gpm/sf. 

Transfer pumps are connected to the same backwash line in order 

to pump finished water to the clearwell.  These pumps appear to be 

in good condition.  Two new transfer pumps are proposed to be 

installed for the new filters.  These pumps serve to pump filtered 

water to the clearwell and should be capable of pumping 2,450 GPM 

(3.5 MGD) at 50 feet TDH. 

Additionally, two new blowers are proposed to be installed to provide 

air scour during backwash for the new filters.  The blowers are 

proposed to be placed to the side of the filters.  Each blower should 

be capable of being valved for use on either of the new filters. 

5. Clearwells 

On-site generated sodium hypochlorite (Miox) is used as a 

disinfectant and is injected into the filtered water and then discharges 

to a 1,000,000 gallon circular concrete clearwell.  The contact time 

for the clearwell is shown in the following table using an average 

baffling condition. 

TABLE IV-4 
MEADOW PARK LAKE WTP 

CLEARWELL CT TIMES 

Plant Flow CT Times 
(1,000,000 gal.) 

1.0 MGD 7.15 hrs 

2.0 MGD 3.57 hrs 

3.0 MGD 2.38 hrs 

3.5 MGD 2.03 hrs 

7.0 MGD 1.02 hrs 

10.5 MGD 0.68 hrs 

12.25 MGD 0.58 hrs 
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The inactivation ratios for this clearwell are shown in the following 

table using pH = 8.0, chlorine residual = 1.98 mg/l, and a temperature 

of 0.5 degrees Celsius. 

TABLE IV-5 
MEADOW PARK LAKE WTP 

CLEARWELL INACTIVATION RATIOS 

Plant Flow Inactivation Ratio 
(1,000,000 gal.) 

1.0 MGD 16.12 

2.0 MGD 7.31 

3.0 MGD 4.88 

3.5 MGD 4.17 

7.0 MGD 2.09 

10.5 MGD 1.40 

12.25 MGD 1.18 

The minimum required inactivation ratio is 1.0 according to the rules 

of the Tennessee Department of Environment and Conservation.  As 

a result, the existing clearwell approximately half full will meet the 

inactivation ratio requirement at flows up to 7.0 MGD and no 

additional clearwell volume is required at 7.0 MGD to meet only the 

disinfection criteria.  However, it is recommended that a new 

1,000,000 gallon clearwell be installed during Phase 2 improvements 

to provide additional distribution system storage and to allow the 

operators additional flexibility when operating the expanded plant.   

6. High Service Pumping 

The Meadow Park Lake WTP is equipped with a high service 

pumping facility containing two horizontal split case pumps each 

capable of transporting 1,050 GPM at 283 feet TDH to the high 

pressure zone and two horizontal split case pumps each capable of 

transporting 1,400 GPM at 260 feet TDH to the standard pressure 

zone.   
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Currently the system is operated using two pressure zones, but the 

City chooses to allow water to be transported through throttled valves 

from the high pressure zone to the standard pressure zone.  With 

three of the four pumps running together to the both pressure zones, 

they should be capable of producing 2,450 GPM.  However, the 

Meadow Park Lake WTP would not meet the duality requirements of 

TDEC for high service pumping if the pressure zones are separated.  

It is recommended that the existing high service building and pumps 

remain in place and a new high service building be constructed 

housing space for four new pumps.  One 1,050 GPM pump and one 

1,400 GPM pump are proposed to be installed during Phase 2 

leaving additional space for proposed Phase 3 improvements.  

Appropriate distribution system improvements will be required to 

transport finished water as usage increases. 

7. Process Waste Handling 

The process waste handling facilities were constructed in 2001 and 

consist of two large in-ground sludge lagoons measuring 96 feet 

square with the sides sloped at 3:1 and containing approximately 

250,000 gallons each for a total of 500,000 gallons.  The theory of 

operation is solids are discharged to the basins from a 20-inch pipe 

and settle to the bottom and clear liquid flow through one of two pipes 

to Meadow Park Lake.   

The design of a Waste Sludge Pumping Station was completed in 

2019 to enable the City to pump waste from filter backwash and 

settling basin sludge through a force main to the wastewater 

treatment plant.  During a backwash cycle of the filters only a small 

portion of the backwash flow is captured while most of flow continues 

through the overflow pipe and into the sludge lagoons.  The 

backwash flow is allowed to discharge to the lagoons due to the 
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dilute solids content.  Conversely, all of the settling basin blowdown 

waste is concentrated at a lower flow rate and is pumped to the 

wastewater treatment plant. 

8. Chemical Storage and Feed Facilities 

The chemical feed equipment consists of the following: 

Sodium Permanganate 
 

Fed at the intake in liquid form.  
Currently use Stenner feed 
pump, one 600 gallon vertical 
storage tank. 

Sodium Bicarbonate Fed at the intake in liquid form.  
Currently use Stenner feed 
pump, on 250 gallon feed tank. 

Polymer 
(Coagulant) 

Fed at the flash mix in liquid 
form.  Currently use Verderflex 
feed pump, one 250 gallon day 
tank, and one interior 6,000 
gallon vertical storage tank. 

Caustic Soda Fed at the flash mix in 50 
percent liquid form.  Currently 
use Verderflex feed pumps, 
one 100 gallon day tank, and 
one interior 6,000 gallon 
horizontal storage tank. 

Powder Activated Carbon Fed at the settling basins using 
saturator and potable make up 
water.   

Phosphoric acid Fed at the filter effluent in liquid 
form using a 600 gallon tank 
using a Stenner pump. 

On-site generated Sodium 
Hypochlorite (MIOX) 

Fed pre-filter and post-filter 
using two-1,000 gallon tanks 
and Baldor feed pumps. 

Sodium Thiosulfate Fed at the filter effluent in 30 
percent liquid form.  Currently 
use Stenner feed pump, one 
600 gallon vertical storage 
tank. 

Hydrofluosilicic Acid Fed at the filter effluent in liquid 
form using a 600 gallon tank 
using a Stenner pump. 
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The chemical feed rates will be increased when the plant is 

expanded to 7.0 MGD.  Replacement of tanks and pumps should 

take into consideration the frequency and size of chemical deliveries 

for plant expansions as well as the mandatory minimum storage 

requirements of TDEC. 

V. PHASE 3, ALTERNATIVE NO. 1 IMPROVEMENTS 

A. General 

Phase 3, Alternative No. 1 is proposed to consolidate water treatment at the 

Meadow Park Lake WTP and eliminate the Holiday Hills WTP.  In order the 

do so the following will need to occur: 

• Improvements to Meadow Park Lake Raw Water Intake; 

• Expand Meadow Park Lake WTP from 7.0 MGD to 12.25 MGD; 

• Construct facilities to transfer raw water from Holiday Hills Lake to 
Meadow Park Lake; 

• Construct improvements to provide for adequate transfer of treated 
water within the distribution system; 

• Abandon the Holiday Hills WTP. 

B. Improvements to Meadow Park Lake Raw Water Intake 

The pumps proposed in the Phase 1 improvements to the Meadow Park 

Lake raw water intake consist of three new 4,250 GPM (6.125 MGD) pumps 

operated by variable frequency drives at reduced speed to produce 2,450 

GPM (3.5 MGD) each.  Phase 3 will require two pumps to run 

simultaneously, each producing 4,250 GPM (6.125 MGD) by increasing the 

operating speed. 
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C. Expand Meadow Park Lake WTP From 7.0 MGD to 12.25 MGD  

1. General 

The Phase 3, Alternative No. 1 expansion of the Meadow Park Lake 

WTP includes increasing the capacity of the existing WTP from 7.0 

MGD to 12.25 MGD.  The previous design of the Meadow Park Lake 

WTP included space for such expansion.  The required 

improvements will include new flocculation and settling basins, new 

filters and pipe gallery, new transfer pumps, new blowers, and new 

high service pumps at an estimated cost of $21,300,000 in year 2019 

dollars for Phase 3, Alternative No. 1 as shown on Cost Estimate No. 

4 and depicted in Exhibit No. 7 in the Appendix.  Each existing 

process is described in depth in the Phase 2 section.  Only the 

modifications required in Phase 3 are listed hereinafter. 

2. Flash Mixing 

The pressure drop with the increase in flow to 12.25 MGD is less 

than 1.0 psi per element which is still within the capabilities of the 

existing mixer; therefore, no changes are expected to be made to the 

flash mixing process during Phase 3, Alternative No. 1. 

3. Flocculation and Settling Basins 

New flocculation and settling basins, one being identical in size and 

configuration to the existing basins, and one being half of the size of 

the existing basins are proposed in Phase 3, Alternative No. 1 

located adjacent to the proposed Phase 2 flocculation and settling 

basins.  The expansion will increase the capacity of the Meadow 

Park Lake WTP from 7.0 MGD to 12.25 MGD in Phase 3. 
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4. Conventional Dual Media Filters 

Four new conventional dual media filters will be required at the 

Meadow Park Lake WTP in Phase 3, Alternative No. 1 with a 

capacity of 0.875 MGD each and a surface area of 152 square feet.  

The filtered water will discharge through rate of flow controllers to the 

18-inch combined filtered water line which discharges to the transfer 

pumping station and then through a 24-inch water line to one of the 

1,000,000 gallon clearwells. 

All filters should utilize a perforated stainless steel underdrain in 

addition to 18-inches of anthracite, and 12-inches of sand.  Two air 

scour blowers with 4-inch air piping should be installed to aid in 

cleaning the filter bed. 

Backwash water for each filter is proposed to be supplied by gravity 

from one of the existing clearwells.  The flow rate should be verified 

to be within the typical backwash flow rate required for adequate 

cleaning which is between 15 and 20 gpm/sf. 

Two new transfer pumps are proposed to be installed for the new 

filters in Phase 3, Alternative No. 1.  These pumps transfer filtered 

water to the clearwell and should be capable of pumping 3,675 GPM 

at 50 feet TDH. 

Additionally, two new blowers are proposed to be installed to provide 

air scour during backwash for the new filters in Phase 3, Alternative 

No. 1.  The blowers are proposed to be placed to the side of the 

filters.  Each blower should be capable of being valved for use on 

either of the new filters. 
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5. Clearwells 

For a flow of 12.25 MGD the existing and proposed clearwell added 

in Phase 2 would still have sufficient storage based on inactivation 

ratios outlined hereinbefore.  However, it is recommended that the 

existing 1,000,000 gallon clearwell be replaced during the Phase 3, 

Alternative No. 1 improvements due to the useful life of the existing 

tank being limited and to yield flexibility in operation. 

6. High Service Pumping 

Phase 2 includes recommendations that the existing high service 

building and pumps remain in place and a new high service building 

be constructed housing space for four new pumps.  One 1,050 GPM 

pump and one 1,400 GPM pump were proposed to be installed 

during Phase 2, and two 3,650 GPM pumps are proposed to be 

installed during Phase 3, Alternative No. 1.  Appropriate distribution 

system improvements will be required to transport finished water as 

usage increases.   

7. Process Waste Handling 

Additional storage space will be required for the process waste 

handling facilities during the Phase 2 and Phase 3 design phases to 

accommodate the additional load.  A third waste sludge lagoon will 

need to be added.  The Waste Sludge Pumping Station will be 

adequate to handle the increase in plant capacity as long as only one 

filter is backwashed at a time. 

8. Chemical Storage and Feed Facilities 

The chemical feed rates will be increased when the plant is 

expanded to 12.25 MGD.  Replacement of tanks and pumps should 

take into consideration the frequency and size of chemical deliveries 



4637 
October 2019 

25 

for plant expansions as well as the mandatory minimum storage 

requirements of TDEC.  A new chemical building, either as an 

expansion of the existing chemical building or completely new 

construction, will be needed for the additional chemical storage 

space required.  

D. Holiday Hills Lake Raw Water Intake 

The existing Holiday Hills Lake raw water intake will need modifications to 

allow it to transport sufficient raw water to Meadow Park Lake.  The existing 

2,400 GPM (3.5 MGD) vertical turbine style pumps are proposed to be 

replaced by two 7,000 GPM (10.0 MGD) vertical turbine style pumps with 

VFDs.  Additionally, a new raw water intake and electrical building are 

proposed to be constructed to house the new pumps, VFDs and upgraded 

electrical equipment.  Approximately 26,000 linear feet of 24-inch raw water 

line is proposed to be routed from the modified Holiday Hills Lake raw water 

intake to Meadow Park Lake.  The modifications to the Holiday Hills Lake 

raw water intake including the new 24-inch raw water line are estimated to 

cost $5,500,000 as shown on Cost Estimate No. 5 and depicted in Exhibit 

Nos. 2 and 8 in the Appendix. 

E. Treated Water Distribution Line 

Improvements included in Phase 3, Alternative No. 1 will require the 

Meadow Park Lake WTP to pump water to both pressure zones without the 

use of the Holiday Hills WTP.  Currently there are 10-inch to 14-inch water 

lines that run between the existing Meadow Park Lake WTP and the Holiday 

Hills WTP.  These particular lines will need to be replaced with 

approximately 30,000 linear feet of 16-inch water line, along with upsizing 

of a few other sections of pipe within the standard pressure zone to allow 

for ample service.  The improvements to the distribution system included in 
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Phase 3, Alternative No. 1 are estimated to cost $3,800,000 as shown on 

Cost Estimate No. 6 and depicted in Exhibit No. 2 in the Appendix. 

F. Abandon Holiday Hills WTP 

Improvement included in Phase 3, Alternative No. 1 no longer require the 

use of the Holiday Hills WTP.  The plant was constructed in 1968 and 

doubled in capacity in 1976.  Significant improvements would be required 

to increase the capacity of the plant and then the existing facilities would 

also need major renovations.  Considering that the Holiday Hills WTP will 

likely be in excess of 75 years old when Phase 3 is implemented it is 

proposed to be demolished in Phase 3, Alternative No. 1.  The 

improvements to the Holiday Hills Lake raw water intake and raw water line 

will still need to be undertaken as outlined hereinbefore.  The demolition of 

the Holiday Hills WTP is estimated to cost $300,000 as shown on Cost 

Estimate No. 7 and depicted in Exhibit No. 9 in the Appendix. 

VI. PHASE 3, ALTERNATIVE NO. 2 IMPROVEMENTS 

A. General 

Phase 3, Alternative No. 2 is proposed to continue the use of both the 

Meadow Park and Holiday Hills water treatment plants.  In order the do so 

the following will need to take place after the completion of Phase 2: 

• Construct a new 5.5 MGD Holiday Hills WTP. 

It should be noted that the existing Holiday Hills WTP is being proposed to 

be replaced and not expanded in Phase 3, Alternative No. 2 due to the age 

of the facility when this phase is expected to be implemented.  The 

estimates given for the construction of the new Holiday Hills WTP are based 

on known technologies for water treatment facilities although the design will 

most likely be modified to consider technological advances and regulatory 

requirements.  A proposed schematic plan is shown in the following figure: 
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FIGURE VI-1. PROPOSED HOLIDAY HILLS 5.5 MGD 
WTP SCHEMATIC PLAN 
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B. Construct New 5.5 MGD Holiday Hills WTP  

1. General  

The construction of a new Holiday Hills WTP is proposed to increase 

the capacity from 4.0 MGD to 5.5 MGD.  The City of Crossville owns 

three lots to the north of the existing WTP site which are proposed to 

serve as the location for the proposed new WTP as part of the Phase 

3, Alternative No. 2 improvements.  The required improvements will 

include a new raw water intake electrical building, new raw water 

pumps, new flocculation and settling basins, new laboratory and filter 

building, new chemical storage, new high service building and new 

high service pumps at an estimated cost of $26,800,000 in year 2019 

dollars as shown on Cost Estimate No. 8 and depicted in Exhibit Nos. 

3, 10 and 11 in the Appendix.   

2. Raw Water Intake 

The existing Holiday Hills WTP raw water intake is a conventional 

type intake consisting of a concrete wetwell located adjacent to 

Holiday Hills Lake.  Raw water is currently at sufficient depth in the 

lake at the intake location due to the downstream Holiday Hills Lake 

Dam.  Raw water enters the intake through one of four sluice gates 

which vary from invert elevation 1,744.20 to 1,750.95.  The normal 

pool elevation is elevation 1,761.25 feet.  The raw water is screened 

by a trash rack the condition of which needs to be evaluated.  The 

screened water enters the pump suction wells and is transported to 

the Holiday Hills WTP by one of two 50 HP vertical turbine style 

pumps each with a nominal capacity of 2,400 GPM (3.5 MGD) at 63 

feet TDH.  In 2012, a building was constructed on top of the existing 

intake pad at which time new electrical and HVAC were added. 
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The structure of the intake appears to be in good condition.  

However, the pumps, motors and valves are in need of replacement 

due to their years of continuous service.  The electrical, lighting, 

heating and ventilating systems were added in 2013 and appear to 

be in good condition. 

The proposed improvements include the installation of two new 

3,800 GPM (5.5 MGD) vertical turbine style pumps with VFDs which 

will replace the existing pumps.  All new electrical and mechanical 

equipment is proposed to be installed in a new building constructed 

adjacent to the intake.   

3. Raw Water Line 

The raw water line consists of approximately 576 L.F. of 18-inch pipe 

installed in 1976 to replace an existing 12-inch raw water pipeline.  

The future expansion of the Holiday Hills WTP would require larger 

pumps to be installed at the intake for a design point of 5.5 MGD or 

3,800 GPM.  The 18-inch pipe will have a velocity of approximately 

4.85 fps when flowing at 3,800 GPM which is acceptable and should 

not exceed the pipes original pressure rating.  However, as proposed 

hereinbefore, the location of the new water treatment plant will 

require an extension of the existing raw water line.  Likewise, the 

useful life of the raw water line will be nearing it’s end and should be 

considered for replacement. 

4. Flash Mixing 

The 18-inch raw water line is proposed to enter the WTP site and 

pass through a venturi tube as well as an 18-inch butterfly valve prior 

to entering a mechanical flash mix located at the rear of the filter 

building.  At the flash mix, chemicals are proposed to be added into 

a solution trough and mixed with the raw water.  The water will then 
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enter into a splitter box and discharge equally into the flocculation 

basins with the use of weirs.   

5. Flocculation and Settling Basins 

The mixed raw water is proposed to flow into a series of flocculation 

basins with the mixing energy decreasing as flow passes 

downstream.  Each basin utilizes two identical three-compartment 

flocculators before entering the settling basins.  The flocculators 

agitate the particles in the mixed water to encourage inter-particle 

contact but are gentle enough to prevent disintegration of existing 

flocculated particles.  Particles grow by colliding with other particles 

and sticking together.  Detention time is necessary for the formation 

of floc.  Temperature and pH also affect the flocculation process.   

Each flocculation basin is sized based on the required detention time 

given by TDEC.  The proposed size of each flocculation basin is 20 

feet by 20 feet yielding a surface area for each basin of 400 SF.  The 

depth is proposed to be approximately 10 feet for a volume of 

180,000 gallons total for all six basins.  The flow detention times up 

to the maximum of 5.5 MGD are shown in the following table. 

TABLE VI-1 
HOLIDAY HILLS WTP 

FLOCCULATION BASIN DETENTION TIMES 

Flow Detention Time 

1.0 MGD 257 min 

2.0 MGD 129 min 

3.0 MGD 86 min 

4.0 MGD 64 min 

5.0 MGD 51 min 

5.5 MGD 47 min 

The recommended detention time for flocculation basins is 45 

minutes given by the TDEC design criteria for Community Public 
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Water Systems.  After passing through the flocculation basin, the 

flocculated water is required to pass through a baffle wall into one of 

six rectangular settling basins.  The basins are proposed to each be 

approximately 96 feet long by 24 feet wide and approximately 10 feet 

deep yielding a volume of 172,340 gallons in each basin or 1,034,040 

gallons total.  The detention time of the settling basin at varying plant 

flows is shown in the following table with all basins in operation. 

TABLE VI-2 
HOLIDAY HILLS WTP 

SETTLING BASIN DETENTION TIMES 

Flow Detention Time 

1.0 MGD 24.8 hrs 

2.0 MGD 12.4 hrs 

3.0 MGD 8.3 hrs 
 4.0 MGD 6.2 hrs 

5.0 MGD 5.0 hrs 

5.5 MGD 4.5 hrs 

The TDEC design criteria for Community Public Water Systems 

requires a minimum detention time of 4.0 hours although this may be 

reduced to 1.0 hour if tube settlers are implemented.  The maximum 

loading rate for tube settlers is 2.5 gpm/sf which yields a minimum 

tube settler area of 253 square feet per basin at a flow of 5.5 MGD. 

The settled water is proposed to flow through three separate 18-inch 

pipelines into the filters at a velocity of 1.6 feet per second at 5.5 

MGD.  This velocity is lower than the 2.0 feet per second maximum 

and decrease the potential for floc to shear after the settling basins.  

6. Filtration 

The latest proven technology in water supply is the use of membrane 

filters in lieu of the conventional sand-anthracite filters.  Membranes 

remove very fine particles and are rated for 4 log removal of giardia 
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and cryptosporidium and 3.5 log removal of viruses.  Over the past 

several years, the price of membranes has decreased and the 

components to be used in this technology have been developed and 

improved.  Although it is not known whether a new technology will be 

available when Phase 3 improvements are considered, the basis for 

construction estimates for the new Holiday Hill WTP is membrane 

technology being implemented for filtration at this time. 

Membrane filtration technology uses skids or trains as the basis for 

sizing and future expansion.  It is proposed to construct four 1.83 

MGD trains in or adjacent to the proposed lab building and settling 

and flocculation basins.  Since one skid must be out of service part 

of the time for cleaning the membranes, the rated capacity would be 

5.5 MGD with three trains in operation.  Space should be left for 

additional expansion as proposed during the design phase of the 

new Holiday Hills WTP. 

7. Clearwells 

On-site generated sodium hypochlorite (Miox) is proposed to be 

used as a disinfectant and is proposed to be injected into the filtered 

water which then will discharge to the two 500,000 gallon clearwells.  

Calculations are based on the continued use of sodium hypochlorite 

as a disinfectant, however new clearwells will need to be constructed 

due to age of the existing structures.  One clearwell was constructed 

in 1968 and the second was added in 1976.  Two new 500,000 gallon 

circular clearwells are used for calculations.  The contact times for 

one clearwell operating alone and with both clearwells in operation 

are shown in the following table using an average baffling condition. 
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TABLE VI-3 
HOLIDAY HILLS WTP 

CLEARWELL CT TIMES 

Plant Flow CT Times 
(500,000 gal.) 

CT Times 
(1,000,000 gal.) 

1.0 MGD 3.57 hrs 7.15 hrs 

2.0 MGD 1.78 hrs 3.57 hrs 

3.0 MGD 1.18 hrs 2.38 hrs 

4.0 MGD 0.90 hrs 1.78 hrs 

5.0 MGD 
 

0.72 hrs 1.43 hrs 

5.5 MGD 0.67 hrs 1.32 hrs 

The inactivation ratios for this clearwell are shown in the following 

table using pH = 7.5, chlorine residual = 1.83 mg/l, and a temperature 

of 0.5 degrees Celsius. 

TABLE VI-4 
HOLIDAY HILLS WTP 

CLEARWELL INACTIVATION RATIOS 

Plant Flow Inactivation Ratio 
(500,000 gal.) 

Inactivation Ratio 
(1,000,000 gal.) 

1.0 MGD 8.2 16.4 

2.0 MGD 4.1 8.2 

3.0 MGD 2.7 5.5 

4.0 MGD 2.1 4.1 

5.0 MGD 1.6 3.3 

5.5 MGD 1.5 3.0 

The minimum required inactivation ratio is 1.0 according to the rules 

of the Tennessee Department of Environment and Conservation.  As 

a result, two existing clearwells nearly full will meet the inactivation 

ratio requirement at flows up to 5.5 MGD, and no additional clearwell 

volume will be required.   

8. High Service Pumping 

The Holiday Hills WTP is proposed to be equipped with a high 

service pumping facility containing three vertical turbine pumps with 
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two pumps capable of transporting 3,850 GPM when operating 

together.  A building large enough to contain these pumps and 

electrical equipment is proposed as well.   

9. Process Waste Handling 

The existing process waste handling facilities were constructed in 

1976 and consists of a large basin 39 feet 3 inches wide by 79 feet 

9 inches long with a side water depth that varies from 10 feet to 10 

feet 6 inches containing approximately 250,000 gallons.  A sump 

pump pit is located adjacent to the process waste handling facility.  

The theory of operation is that the basin receives flow from a 16-inch 

pipe, the solids settle to the bottom and clear liquid flow through one 

of two pipes to the sump pump pit.  The clear liquid is then pumped 

to the City of Crossville’s Wastewater Treatment Plant.  Solids are 

occasionally removed and deposited on-site.  A new process waste 

handling facility is proposed to be constructed at the new Holiday 

Hills WTP site due to the age of the concrete when Phase 3 

improvements are considered.   

10. Chemical Storage and Feed Facilities 

New chemical storage and feed facilities will be required for the 

increase in production at the new Holiday Hills WTP.  It is speculated 

that the City will continue with the use of the existing chemicals, 

however, generic tank sizing and building footprint required for the 

typical plant size of 5.5 MGD were used for determining a cost 

estimate.  These items will need to be investigated more closely 

when Phase 3 is under design. 
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VII. CAPITAL COST SUMMARY AND ALTERNATIVE COMPARISON 

A. Phase 1 Improvements 

• Raise Meadow Park Lake Dam; 

• Relocate Meadow Park Lake WTP Raw Water Intake; 

• Improvements to Meadow Park Lake Raw Water Line. 

The estimated total project cost of Phase 1 is $24,400,000 in 2019 dollars 

as shown on Cost Estimate No. 9. 

B. Phase 2 Improvements 

• Expand Meadow Park Lake WTP from 3.5 MGD to 7.0 MGD. 

The estimated total project cost of Phase 2 is $13,400,000 in 2019 dollars 

as shown on Cost Estimate No. 9. 

C. Phase 3, Alternative No. 1 Improvements - Transfer all raw water to 
Meadow Park Lake and consolidate treatment at one location: 

• Expand Meadow Park Lake WTP from 7.0 MGD to 12.25 MGD; 

• Construct facilities to transfer raw water from Holiday Hills Lake to 

Meadow Park Lake; 

• Construct improvements to provide for adequate transfer of treated 

water within the distribution system; 

• Abandon the Holiday Hills WTP. 

The estimated total project cost of Phase 3, Alternative No. 1 is $30,900,000 

in 2019 dollars as shown on Cost Estimate No. 9. 

D. Phase 3, Alternative No. 2 Improvements - Treat water at Meadow Park 
Lake and Holiday Hills WTP: 

• Expand Holiday Hills WTP to 5.5 MGD. 
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The estimated total project cost for Phase 3, Alternative No. 2 is 

$26,800,000 in 2019 dollars as shown on Cost Estimate No. 9. 

E. Alternative Comparison 

An alternative comparison between both Phase 3 alternatives takes into 

consideration the initial cost of building facilities, staffing needs, chemical 

demands and energy costs and maintenance costs.  Due to the nature of 

the proposed Phase 3 improvements and variability of construction costs, 

new cost estimates for each alternative should be completed based on 

available technologies at the time these projects are implemented.  A 

present worth analysis of each alternative should be prepared based on 

current labor and operation and maintenance costs prior to selecting and 

implementing an alternative.  It is premature at this time to prepare a present 

worth analysis of each alternative due to the extended time prior to 

implementation and unknown factors that will likely change prior to 

implementation. 

1. Alternative No. 1 - Consolidate Treatment at One Location 

The major benefits for the transfer of all raw water to Meadow Park 

Lake and consolidating treatment at one location as outlined in 

Phase 3, Alternative No. 1 include less overall power consumption.  

Likewise, staffing requirements would decrease due to consolidating 

operations at one location.  It is understood that two operator 

positions could be eliminated which would save the City of Crossville 

the costs of salaries and benefits paid to these two employees.  

Elimination of the need to maintain more than one facility would be 

another benefit to consolidating treatment at one location.  Having all 

chemicals delivered to one location would also benefit the City.  Full 

truck loads of chemicals delivered at one location would save money 

versus half loads or splitting delivery locations.  The decreased cost 
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of operation should be considered when comparing capital costs of 

each alternative. 

2. Alternative No. 2 - Continue Treatment at Two Locations 

The major benefits for continuing to treat water at both the Holiday 

Hills WTP and the Meadow Park Lake WTP are flexibility in 

distribution within the system.  Likewise, one plant may be able to be 

shut down for temporary maintenance while the other plant 

temporarily increases production.  The initial costs of building a new 

5.5 MGD Holiday Hills WTP are currently estimated to be less than 

expanding the Meadow Park Lake WTP from 7.0 MGD to 12.25 MGD 

and constructing distribution system improvements. 

The drawbacks for continuing to treat water at both locations is 

increased maintenance.  Although it is likely that the construction of 

a new 5.5 MGD Holiday Hills WTP would be more efficient than the 

existing facilities, maintenance would still be required at both 

locations.  There would also be greater staffing requirements for the 

use of two facilities.  Two extra employees would likely be required 

versus consolidating treatment at one location.  The additional 

operation and maintenance costs should be considered when 

comparing updated estimated capital costs of each alternative prior 

to implementation. 

VIII. PERMITTING REQUIREMENTS 

Permitting of the proposed alternatives described herein will be a factor in the time 

it takes to begin construction.  J.R. Wauford and Company, along with the City of 

Crossville has already been in discussion with several of the entities involved to 

expedite the process.  The significant permits required for each alternative are as 

follows: 
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A. Phase 1 Improvements 

Raise Meadow Park Lake Dam 

• TDEC Section 401 Water Quality Certification - Aquatic Resource 
Alteration Permit (ARAP) 

• Corps of Engineers (COE) Section 404 Permit 

Relocate Meadow Park Lake WTP Raw Water Intake 

• Corps of Engineers (COE) Section 404 Permit 

B. Phase 2 Improvements 

Expand Meadow Park Lake WTP from 3.5 MGD to 7.0 MGD 

• TDEC Section 401 Water Quality Certification - ARAP for increased 
raw water withdrawal (potential) 

• TDEC Inter-basin transfer permit for additional Lake Tansi water 
transfer (potential) 

C. Phase 3, Alternative No. 1 Improvements - Transfer All Raw Water to 
Meadow Park Lake and Consolidate Treatment at One Location  

Expand Meadow Park Lake WTP from 7.0 MGD to 12.25 MGD 

• TDEC Section 401 Water Quality Certification - ARAP for increased 
raw water withdrawal (potential) 

Expand Holiday Hills Raw Water Intake 

• TDEC Section 401 Water Quality Certification - ARAP for increased 
raw water withdrawal (potential) 

• TDEC Inter-basin transfer permit to transfer Holiday Hills Lake raw 
water 

• TVA Section 26a Permit (potential) 
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Treated Water Distribution Line 

• TDEC Inter-basin transfer permit (potential) 

Abandon Holiday Hills WTP 

• None Required 

D. Phase 3, Alternative No. 2 Improvements - Treat Water at Meadow Park 
Lake and Holiday Hills WTP 

Expand Holiday Hills WTP to 5.5 MGD 

• TDEC Section 401 Water Quality Certification - ARAP for increased 
raw water withdrawal (potential) 

• TVA Section 26a Permit (potential) 

IX. RECOMMENDATION 

In order to construct any of the improvements described hereinbefore, it is 

imperative that the permitting phase for the raising of the Meadow Park Lake Dam 

begin immediately.  Additional storage for water is required before the City will be 

able to meet the demands for increased customer demand.  The permitting 

process can take a significant amount of time but has fortunately already been 

discussed with several of the entities involved to speed up the process.  

Regardless, the timeline for meeting the future demand for water hinges on 

receiving permission to raise the Meadow Park Lake Dam. 

Once the permit for raising the Meadow Park Lake Dam is secure, design for the 

Phase 1 improvements should commence immediately.  Phase 1 improvements 

include raising the Meadow Park Lake Dam about 18 feet and relocating the 

Meadow Park Lake WTP raw water intake.  These two construction projects can 

be undertaken at the same time and would last approximately 24 months at a 

combined estimated cost of $24,400,000.  Phase 1 improvements must be 

completed prior to Phase 2 improvements. 
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Phase 2 improvements which include expanding the Meadow Park Lake WTP to 

7.0 MGD is expected to be required by 2028 based on current water usage 

forecasts.  It is recommended to have Phase 1 improvements completed prior to 

2028 because according to TDEC’s 80% rule and based on future expected 

demand, the design for the expansion of the Meadow Park Lake WTP to 7.0 MGD 

will be required near this timeframe.  The estimated time of construction and costs 

for the Phase 2 Improvements is 24 months and $13,400,000.  Phase 2 

improvements are required prior to moving into either of the Phase 3 alternatives. 

The two Phase 3 alternatives will each be capable of effectively supplying the 

same amount of water to the distribution system.  However, the first alternative 

consolidates treatment at one location while the second alternative continues the 

use of two water treatment plants.  It is recommended that when the Phase 3 

improvements are required that the City of Crossville re-examine the feasibility of 

each alternative based on the most current regulations and treatment alternatives 

available.  Each alternative will have benefits and considerations that may be 

better understood at the time of needed expansion.   
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COST ESTIMATE NO. 1 
PHASE 1 IMPROVEMENTS 

MEADOW PARK LAKE DAM IMPROVEMENTS 
CROSSVILLE, TENNESSEE 

WAUFORD PROJECT NO. 4637 
 

Item Description      Cost 

1. Tree Clearing (300 Acres @ $2,000/Acre) $600,000 

2. Dam Site Preparation $250,000 

3. Foundation Preparation (800 C.Y. @ $1,300/C.Y.)  $1,040,000 

4. Intake and Outlet Structure (100 C.Y. @ $1,300/C.Y.) $130,000 

5. Roller Compacted Concrete (20,000 C.Y. @ $600/C.Y.) $12,000,000 

6. Class “A” Concrete Protection (1,200 C.Y. @ @1,000/C.Y. $1,200,000 

7. Finished Grading and Rip-rap          $100,000 

 ESTIMATED CONSTRUCTION COST $15,320,000 

 CONSTRUCTION CONTINGENCIES (20%)       $3,010,000 

 1.  Budgeted for Construction $18,330,000 

 2.  Engineering:  Planning 
                            Design 
                            Bidding & Award 
                            During Construction (24 Months) 

$185,000 
$920,000 
$15,000 

         $480,000 

 TOTAL ESTIMATED PROJECT COST $19,930,000 

 

 
ENR CONSTRUCTION COST INDEX – 11311 (AUGUST 2019) 
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COST ESTIMATE NO. 2 
PHASE 1 IMPROVEMENTS 

MEADOW PARK LAKE WTP RAW WATER INTAKE IMPROVEMENTS 
CROSSVILLE, TENNESSEE 

WAUFORD PROJECT NO. 4637 
 

Item Description      Cost 

1. Site Development, Excavation and Grading $975,000 

2. Structural Concrete (400 C.Y.@ $1,500/C.Y.) $600,000 

3. Interior Piping $150,000 

4. Miscellaneous Metals $50,000 

5. Building Construction (600 S.F. @ $300/S.F.) $180,000 

6. Equipment Installation $120,000 

7. Electrical (Including Generator Relocation) $350,000 

8. Process Painting and Coating $75,000 

9. Miscellaneous Concrete and Paving $75,000 

10. Process Equipment $660,000 

 Raw Water Pumps and VFDs (3) $450,000 
Instrumentation and Controls $150,000 
Gates $60,000 

 
 

____________ 
 

 ESTIMATED CONSTRUCTION COST $3,325,000 

 CONSTRUCTION CONTINGENCIES (20%)          $665,000 

 1.  Budgeted for Construction $3,900,000 

 2.  Engineering: Design 
 Bidding & Award 
 During Construction (15 months) 
 O & M and Start-Up 

$240,000 
$15,000 

$300,000 
           $15,000 

 TOTAL ESTIMATED PROJECT COST $4,470,000 

 

 
ENR CONSTRUCTION COST INDEX – 11311 (AUGUST 2019) 
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COST ESTIMATE NO. 3 
PHASE 2 IMPROVEMENTS 

EXPANSION OF MEADOW PARK  
LAKE WTP FROM 3.5 MGD TO 7.0 MGD 

CROSSVILLE, TENNESSEE 
WAUFORD PROJECT NO. 4637 

 

Item Description      Cost 

1. Site Development and Grading $100,000 

2. Structural Concrete (3,500 C.Y. @ $1,300/C.Y.) $4,550,000 

3. Interior Piping $500,000 

4. Site Piping $250,000 

5. Miscellaneous Metals $50,000 

6. Building Construction and Renovation (3,450 S.F. @ $250/S.F.) $862,500 

7. Equipment Installation $350,000 

8. Electrical $1,000,000 

9. Process Painting and Coating $75,000 

10. Miscellaneous Concrete and Paving $75,000 

11. Process Equipment $2,300,000 

 Settling Basin Sludge Rakes (2) $500,000 
Flocculators (2) $100,000 
Filter Troughs, Underdrains and Media $400,000 
Transfer Pumps (2) $100,000 
Blowers (2) $200,000 
High Service Pumps (2) $200,000 
Pipe Gallery Valves $250,000 
Instrumentation and Controls $550,000 

 
 
 
 
 
 

___________ 

 ESTIMATED CONSTRUCTION COST $10,112,500 

 CONSTRUCTION CONTINGENCIES (20%)       $2,037,500 

 1.  Budgeted for Construction $12,150,000 

 2.  Engineering: Design 
 Bidding & Award 
 During Construction (24 months) 
 O & M and Start-Up 

$725,000 
$15,000 

$480,000 
           $30,000 

 TOTAL ESTIMATED PROJECT COST $13,400,000 

 

 
ENR CONSTRUCTION COST INDEX – 11311 (AUGUST 2019) 
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COST ESTIMATE NO. 4 
PHASE 3, ALTERNATIVE NO. 1 IMPROVEMENTS 

EXPANSION OF MEADOW PARK 
LAKE WTP FROM 7.0 MGD TO 12.25 MGD 

CROSSVILLE, TENNESSEE 
WAUFORD PROJECT NO. 4637 

 

Item Description      Cost 

1. Site Development and Grading $200,000 

2. Structural Concrete (6,150 C.Y. @ $1,300/C.Y.) $7,995,000 

3. Interior Piping $600,000 

4. Site Piping $600,000 

5. Miscellaneous Metals $100,000 

6. Building Construction and Renovation (4,900 S.F. @ $250/S.F.) $1,225,000 

7. Equipment Installation $500,000 

8. Electrical $1,400,000 

9. Process Painting and Coating $200,000 

10. Miscellaneous Concrete and Paving $100,000 

11. Process Equipment $3,700,000 

 Settling Basin Sludge Rakes (3) $750,000 
Flocculators (3) $150,000 
Filter Troughs, Underdrains and Media $600,000 
Transfer Pumps (4) $200,000 
Blowers (4) $400,000 
High Service Pumps (2) $200,000 
Pipe Gallery Valves $400,000 
Instrumentation and Controls $1,000,000 

 
 
 
 
 
 
___________ 

 ESTIMATED CONSTRUCTION COST $16,620,000 

 CONSTRUCTION CONTINGENCIES (20%)       $3,155,000 

 1.  Budgeted for Construction $19,775,000 

 2.  Engineering: Design 
 Bidding & Award 
 During Construction (24 months) 
 O & M and Start-Up 

$1,000,000 
$15,000 

$480,000 
           $30,000 

 TOTAL ESTIMATED PROJECT COST $21,300,000 

 

 
ENR CONSTRUCTION COST INDEX – 11311 (AUGUST 2019) 
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COST ESTIMATE NO. 5 
PHASE 3, ALTERNATIVE NO. 1 IMPROVEMENTS 

HOLIDAY HILLS LAKE RAW WATER INTAKE MODIFICATIONS 
CROSSVILLE, TENNESSEE 

WAUFORD PROJECT NO. 4637 
 

Item Description      Cost 

1. 24-Inch Raw Water Line (26,000 L.F. @ $100/L.F.) $2,600,000 

2. Structural Concrete (100 C.Y. @ $1,300/C.Y.) $130,000 

3. Site Development and Grading $25,000 

4. Interior Piping $75,000 

5. Miscellaneous Metals $25,000 

6. Building Construction (550 S.F. @ $300/S.F.) $165,000 

7. Equipment Installation $100,000 

8. Electrical $350,000 

9. Process Painting and Coating $25,000 

10. Miscellaneous Concrete and Paving $25,000 

11. Process Equipment $575,000 

 Control Valves $75,000 
Raw Water Pumps and VFDs (2) $300,000 
Instrumentation and Controls $200,000 

 
 
___________ 

 ESTIMATED CONSTRUCTION COST $4,095,000 

 CONSTRUCTION CONTINGENCIES (20%)          $860,000 

 1.  Budgeted for Construction $4,955,000 

 2.  Engineering: Design 
 Bidding & Award 
 During Construction (12 months) 
 O & M and Start-Up 

$270,000 
$15,000 

$240,000 
           $20,000 

 TOTAL ESTIMATED PROJECT COST $5,500,000 

 

 
ENR CONSTRUCTION COST INDEX – 11311 (AUGUST 2019) 
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COST ESTIMATE NO. 6 
PHASE 3, ALTERNATIVE NO. 1 IMPROVEMENTS 

TREATED WATER DISTRIBUTION LINE 
CROSSVILLE, TENNESSEE 

WAUFORD PROJECT NO. 4637 
 

Item Quantity Description Unit Price      Cost 

1. 4 E.A. Connection to Existing Water Lines $ 10,000/E.A. $40,000 

2. 30,000 L.F. Install 16-inch PVC Water Line, Open Cut $        80/L.F. $2,400,000 

3. 3 E.A. New Air Release Valve Assembly $   8,000/E.A. $24,000 

4. 3 E.A. New Blow-Off Assembly $   5,000/E.A. $15,000 

5. 30,000 L.F. Roadway and Easement Repair $         10/L.F.          $300,000 

  ESTIMATED CONSTRUCTION COST  $2,779,000 

  CONSTRUCTION CONTINGENCIES (20%)           $571,000 

  1.  Budgeted for Construction  $3,350,000 

  2.  Engineering: Design 
 Bidding & Award 
 During Construction  

 
 

(12 months) 

$200,000 
$10,000 

         $240,000 
 

  TOTAL ESTIMATED PROJECT COST  $3,800,000 

 

 
ENR CONSTRUCTION COST INDEX – 11311 (AUGUST 2019) 
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COST ESTIMATE NO. 7 
PHASE 3, ALTERNATIVE NO. 1 IMPROVEMENTS 

DEMOLITION OF HOLIDAY HILLS WTP 
CROSSVILLE, TENNESSEE 

WAUFORD PROJECT NO. 4637 
 

Item Description      Cost 

1. Building Demolition $75,000 

2. Structural Concrete Demolition $100,000 

3. Environmental Remediation  $50,000 

4. Salvage Structural Iron/Steel         ($50,000) 

 ESTIMATED CONSTRUCTION COST $175,000 

 CONSTRUCTION CONTINGENCIES (20%)            $35,000 

 1.  Budgeted for Construction $210,000 

 2.  Engineering: Design 
 Bidding & Award 
 During Construction (3 months) 

$30,000 
$10,000 

           $50,000       

 TOTAL ESTIMATED PROJECT COST $300,000 

 

 
ENR CONSTRUCTION COST INDEX – 11311 (AUGUST 2019) 

 



4637 
October 2019 

CE – 8 

COST ESTIMATE NO. 8 
PHASE 3 ALTERNATIVE NO. 2 IMPROVEMENTS 

NEW 5.5 MGD HOLIDAY HILLS WTP 
CROSSVILLE, TENNESSEE 

WAUFORD PROJECT NO. 4637 
 

Item Description      Cost 

1. Site Development, Excavation and Grading $500,000 

2. Structural Concrete (4,500 C.Y. @ $1,500/C.Y.) $6,750,000 

3. Interior Piping $750,000 

4. Site Piping $750,000 

5. Miscellaneous Metals $400,000 

6. Metal Building Construction and Renovation (12,000 S.F. @ 
$200/S.F.) 

$2,400,000 

7. Equipment Installation $1,000,000 

8. Electrical $2,000,000 

9. Process Painting and Coating $300,000 

10. Miscellaneous Concrete and Paving $250,000 

11. Process Equipment $5,750,000 

 Raw Water Pumps & VFDs (2) $300,000 
Settling Basin Sludge Rakes (6) $1,200,000 
Flocculators (6) $300,000 
Membrane Skids $3,000,000 
High Service Pumps (3) $300,000 
Instrumentation and Controls $650,000 

 
 
 
 
 

___________ 

 ESTIMATED CONSTRUCTION COST $20,850,000 

 CONSTRUCTION CONTINGENCIES (20%)       $4,150,000 

 1.  Budgeted for Construction $25,000,000 

 2.  Engineering: Design 
 Bidding & Award 
 During Construction (24 months) 
 O & M and Start-Up 

$1,275,000 
$15,000 

$480,000 
           $30,000 

 TOTAL ESTIMATED PROJECT COST $26,800,000 

 

 
ENR CONSTRUCTION COST INDEX – 11311 (AUGUST 2019) 

 



4637 
October 2019 
 

CE - 9 

  COST ESTIMATE NO. 9 
COST ESTIMATE SUMMARY 

RAW WATER STUDY 
CITY OF CROSSVILLE, TENNESSEE 

WAUFORD PROJECT NO. 4637 
 

  

Proposed Improvements - Phase 1 

Description Cost Estimate No. Estimated Cost 

Meadow Park Lake Dam 
Improvements 

CE-1 $19,930,000 

Meadow Park Lake WTP Raw 
Water Intake Improvements 

CE-2 $4,470,000 

TOTAL ESTIMATED PROJECT COST $24,400,000 

 

Proposed Improvements - Phase 2 

Description Cost Estimate No. Estimated Cost 

Expand Meadow Park Lake WTP 
From 3.5 MGD to 7.0 MGD 

CE-3 $13,400,000 

TOTAL ESTIMATED PROJECT COST $13,400,000 

 

Proposed Improvements - Phase 3, Alternative No. 1 

Description Cost Estimate No. Estimated Cost 

Expand Meadow Park Lake WTP 
From 7.0 MGD to 12.25 MGD 

CE-4 $21,300,000 

Holiday Hills Lake Raw Water 
Intake Improvements 

CE-5 $5,500,000 

New Treated Water Distribution 
Line 

CE-6 $3,800,000 

Demolition of Holiday Hills WTP 
CE-7 $300,000 

TOTAL ESTIMATED PROJECT COST $30,900,000 

 
 

Proposed Improvements - Phase 3, Alternative No. 2 

Description Cost Estimate No. Estimated Cost 

Construct New 5.5 MGD Holiday 
Hills WTP  

CE-8 $26,800,000 

TOTAL ESTIMATED PROJECT COST $26,800,000 
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