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EXECUTIVE SUMMARY

This Prdiminary Engineering Report (PER) sarves the purpose of a reconnaissance or pre-
feaghility dudy. It is a prdiminary dudy of the existing water supply conditions of Cumberland
County and a prdiminary investigation of waer supply dternaives to supplement Cumberland
County’ s existing water supply. The study was requested by Cumberland County.

An assessment of the county water supply needs was followed by data collection and a minimum
levd of fidd work with respect to topographic surveys, and soil and geologic investigations.
Four possble growth scenarios were assumed which provide growth patterns based on (1)
restricted growth, (2) historical growth, (3) a moderate increase to the historical trend, and (4) an
unlimited increase to the higtoricd trend. This estimated range of the future demand was used to
provide a perspective of the feashility of severa different dternatives to supply additiond water
to the county. During a Feashbility Study / EIS process, a detailled Needs Assessment would be
completed to define a dngle target water supply need. Table 1 provides a summary of the
preliminary needs assessment.

Tablel
Results of Preliminary Needs Assessment

Preliminary Predicted Demand Additional Water Supply
Growth Scenario in 2050 (MGD) Required in 2050 (M GD)
Limited 73 No Need
Historical 109 09
Median 131 31
Unlimited 68.3 58.3

. Additional water supply required based on an estimated existing capacity of 10 MGD.

Six water supply adternatives were investigated:

Water Conservation
Groundwater
Fivewdl steslocated in Fentress and Overton Counties
Pipelineto large reservoir
Waitts Bar Lake
Center Hill Lake
Grest Fdls Lake
Storage | mpoundments (New)
Caney Fork
Meadow Creek (above Monterey Lake)
Meadow Creek (below Monterey Lake)
Meadow Park Lake (below existing dam)
Clear Creek
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Storage Impoundments (Improvementsto Existing)

Meadow Park Lake
Mayland Lake
Camp Ozone Lake
Tranquilechee Lake

Water Harvesting
Traditiona Method — Stream to constructed off-gte impoundment
From Caney Fork to Meadow Park Lake

No Action

Each dternative conddered was szed to its maximum capecity for providing water supply. For
those dternatives that require a target yield to be designed, such as a pipdine, 9 million gdlons
per day (MGD) was used as the target yield. This vaue was sdlected based on a previous water
supply study the Tennessee Vdley Authority (TVA) had performed. The sdection of 9 MGD
was made prior to the completion of this sudy’'s preiminary Needs Andyss so tha the
dternative andyses could begin in order to meet the study’s short schedule. While 9 MGD may
or may not be the required yield for the County, using it for al aternatives that required a target
yield provided an equitable comparison of each.

Prdiminay bendfit-cod and financid andyses and environmenta screening of the various
identified solutions were included in this sudy. A summay of the prdiminary dternative
andysis, cost estimate and environmenta screening is provided in Table 2.

It is the regponghility of the Cumberland County community and utility digtricts to refine and
expand on the data contained herein through a detalled feesbility study, if so desred. Figure 1
describes the steps toward condgtruction and find operation of a new water supply source(s).
Possible options for proceeding into the feasibility phase include:

Option 1 - U.S. Army Corpsof Engineers

Work with a Congressond delegation to seek gppropriation and authority for the
US. Army Corps of Engineers (Corps of Engineers) to fully investigate and
provide aviable water supply to the Cumberland County region.

Option 2 - Support from Others

Obtain funding from other “outdde’ sources, such as Rurd Utility Service for
example. Under this option, the Corps of Engineers could provide planning and
design sarvices, as well as congtruction management on a cost reimbursable basis,
if so desired.
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Steps Toward a Water Supply Source

CUMBERLAND COUNTY Current
REGIONAL WATER SUPPLY
PREL IMINARY ENGINEERING REPORT Status
Figure 1 — Stepstoward a Water Supply Sour ce(s)
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Table 2
Alternative Summary Table

Safe Yield| Estimated Cost |Estimated Cost Per MGD Assessment Evaluate in Detail

Alternative (MGD) | (Million Dollars) (Million Dollars) Engineering| Permit Actions in EIS
Water Conservation Positive Positive Yes
Groundwater 10.742 $51.6 $5.7 Neutral Positive Yes
Large Scale Pipeline
to Center Hill Lake 9.0° $38.4 $4.3 Positive Positive Yes
to Dale Hollow Lake N/A® N/A® N/A® Negative Positive No
to Great Falls Lake 9.0° $33.5 $3.7 Positive Positive Yes
to Watts Bar Lake 9.0% $27.6 $3.1 Positive Positive Yes
Improvements to Existing Reservoirs
Meadow Park Lake 4.0 N/A* N/A* Negative Neutral No
Mayland Lake 2.0 N/A* N/A? Negative Neutral No
Camp Ozone Lake 1.0 N/A® N/A* Negative Neutral No
Tanquilichee Lake N/A® N/A® N/A® Negative Neutral No
New Impoundments
Clear Creek 3.0 $28.4 $9.5 Positive Negative No
Meadow Creek (above Meadow Creek Lake) N/A® N/A® N/A® Negative Negative No
Meadow Creek (below Meadow Creek Lake) 7.0’ $55.7 $7.9 Positive Negative No
Meadow Park Lake N/A® N/A® N/A® Negative Negative No
Caney Fork 12.0 $63.5 $5.3 Positive Negative No
Water Harvesting
Traditional Water Harvesting 0.8° $19.1 $23.9 Positive Positive Yes
Caney Fork to Meadow Park Lake 8.0" $42.7 $5.3 Positive Neutral Yes

Positive Assessment - Based on the results of this preliminary study, the alternative appears to be constructable from an engineering basis or poses minor enough impacts to the environment to make permitting likely.

Neutral Assessment - Based on the results of this preliminary study, the design of the alternative contains unvalidated assumptiopns from an engineering basis or poses impacts to the environment that would make permitting difficult.

Negative Assessment - Based on the results of this preliminary study, the design of the alternative is unfeasible from an engineering basis or poses severe impacts to the environment that would make permitting unlikely.

1 - The design of the groundwater alternative contains several assumptions that will need validation during a feasibility-level study.

2 - Safe yield of 9.0MGD was used as the design yield for this alternative. This is not the recommended, maximum or minimum capacity for this alternative. Refer to Section 1.0.

3 - The pipeline to Dale Hollow Lake was determined to be economically unfeasible due to its longer length that the other routes. A preliminary design and cost estimate were not done for this study. Refer to Section 4.5.

4 - No preliminary cost estimates were prepared for the improved reservoir alternatives due to the fact the alternatives would not provide a significant amount of water supply. Refer to Section 4.7.6.

5 - The safe yield from the raising the height of Tranquilichee Lake was not determined due to the relatively small size and narrowness of the valley the raised reservoir would fill. Refer to Section 4.7.5.

6 - Due to an existing water supply dam downstream (Meadow Creek Dam), a preliminary design and cost estimate were not completed for a new impoundment on Meadow Creek above the existing dam. Refer to Section 4.8.2

7 - The safe yield of 7.0MGD for the new Meadow Creek impoundment below the existing Meadow Creek Dam includes the water supply of the existing reservoir, which provides water to the City of Monterey. Refer to Section 4.8.3.

8 - A new dam downstream of and higher than the existing Meadow Park Lake was removed from consideration due to the watershed's drainage area being to small to support a larger reservoir. Refer to Section 4.8.4.

9 - The safe yield of 0.8MGD for the traditional water harvesting alternative is per detention basin as designed. Modifications to the design could increase or decrease the safe yield, but would also affect the cost estimate. Refer to Section 4.9.2.

10 - The safe yield of 8.0MGD for the water harvesting from the Caney Fork to a raised Meadow Park Lake is provided by the alternative as designed. Modifications to the design could increase or decrease the safe yield, but would also affect th
cost estimate. Refer to Section 4.9.3.
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1.0 GENERAL INFORMATION

This regiona water supply study for Cumberland County (see Figure 11) is a pioneer project in
both the regiond methodology and cost share funding. Typicdly, water supply studies are
performed by an individud utility district in search of an adequate water supply source for ther
repective didrict needs.  For this regiona sudy, the water supply needs for dl Cumberland
County resdents were investigated with the intent of identifying the feashility of a variety of

water supply dternatives.

The project is funded jointly through federd and dtate asssance. The U.S. Army Corps of
Engineers (Corps of Engineers) a paticipant in the federa program “Planning Assgance to
States’ matched funds supplied by the State of Tennessee Depatment of Environment and
Conservation (TDEC) to Cumberland County. In addition, the Nationd Parks Service offered to
contribute funds.

Recent water supply needs within Cumberland County have been highlighted in The Nashville
Tennessean and The Crossville Chronicle. Articles focused on the current water supply needs in
portions of middle and east Tennessee and the troubles specific utility didtricts are having with
obtaining new water supply sources and completing water distribution expansion projects within
the respective didtricts.  This regionad water supply project is conceived by the Commissoner of
the Tennessee Department of Environment and Conservation, Milton H. Hamilton, J., to be a

modd for counties trying to balance rapid economic growth while protecting natura resources.

The firg sep in this regiond water supply study was the preiminary Needs Assessment. Fed
vidgts were made to Cumberland County to interview and collect historica water usage data from
each of the sx utility didricts Four possble growth scenarios were assumed which provide
growth patterns based on (1) limited growth, (2) historical growth, (3) a moderate increase to the
higorica trend (median growth), and (4) an unlimited increase to the historicad trend. The intent
of this estimated range of the future demand is to provide a perspective of the feashility of
severd different aternatives to supply additiona water to the County.

The second step was the sdection of a variety of water supply dternaives which included data
collection and aminimum level of field work with respect to topographic surveys, and soil and
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geologic invedtigations.  Six water supply dternaives were investigated including (1) water
conservation; (2) groundwater; (3) large scde pipdines, (4) storage impoundments, (5) water
harvesting; and (6) no action. Each dternative consdered was szed to its maximum capacity for
providing water supply. For those aternatives that require a target yield to be designed, such as
a pipding, 9 million gdlons per day (MGD) was used as the target yidd. This vdue was
sdected based on a previous water supply study the Tennessee Vadley Authority (TVA) had
peformed. The sdection of 9 MGD was made prior to the completion of this sudy’'s
prdiminary Needs Andyss s0 tha the dternative andyses could begin in order to meet the
gudy’s short schedule.  While 9 MGD may or may not be the required yield for the County,
using it for dl aternatives that required atarget yied provided an equitable comparison of each.

On September 29", 1998, meetings were held with (1) environmenta interest groups and (2)
locd utility didricts and ther respective engineers to present the results of the Needs Assessment
and to present the water supply dternatives that were to be investigated in this sudy. Comments
and input from meseting attendees were encouraged in an effort to include the expressed interest
of Cumberland County residents and keep the focus of the study on the gods of the Cumberland
County community.

This Prdiminary Engineering Report (PER) serves the purpose of a reconnaissance or pre-
feeshility study. Included herein is a complete account of the preliminary Needs Assessment
and devdopment of the potentid growth scenarios. Each water supply dternative is described in
detall incuding locations and details of the engineering modeling processes. The feaghility of
each dterndtive is dso discussed.  Additiondly, a preiminary cost and financid andyss and

environmental screening of the various identified water supply sources are presented.

It is the regponghility of the Cumberland County community and utility digtricts to refine and
expand on the data contained herein through a detailed feashility study, if so desred. To do this,
there are two options for the County to choose from: (1) U.S. Army Corps of Engineers (Corps
of Engineers) and (2) Support from Others. Option 1, Corps of Engineers, requires Cumberland
County to work with a Congressond ddegation to seek appropriation and authority for the
Corps of Engineers to fully investigate and provide a vigble water supply to the Cumberland
County region. The Corps of Engineers would hen perform a detailed feasibility study and begin
the Nationd Environmental Policy Act (NEPA) process. The second option, Support from
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Others, involves abtaining funding from other “outsde’ sources, such as the Rurd Utility
Service for example. Under this option, the Corps of Engineers could provide planning and

design sarvices, as wdll as congruction management on a cost reimbursable bas's, if so desired.

The Cumberland County community could aso eéect to choose an dternative based on this
Prdiminary Engineering Report and proceed independently with the design and permit process.
However, the difficulties likedy to be encountered in pursuing this approach, without detaled
feashility planning, to indude the provisons of the Naiond Environmental Policy Act (NEPA),

arewd | documented.

Currently, officids from the gx utility didricts are discussng the formation of a centrd
adminigrative body for the purpose of managing the regiond water supply needs of the
Cumberland County region. In the short term, this group could possibly look to the surrounding
communities, such as the City of Monterey, for potentiad connections with existing water supply
systems.

This Prdiminary Engineering Report is intended to aid the community in planning for the long-
term regiond water supply needs of the Cumberland County region.
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20 BACKGROUND INFORMATION

Water use for municipa purposes is incressing in Cumberland County. Municipa water is the
publidy-supplied water delivered to resdentid, industrid, and commercid users of the County
including conveyance losses in the didribution sysem. Resdentid, indudria, and commercid
water taps have increased gpproximately 5 percent annualy since 1990. Projected residentid,
indugtrid, and commercid developments in the County suggest that water use is likey to
continue to increase. A long term estimate of the water supply needs for the County would help
determine the adequacy of existing water supplies to meet future demands.

Water digtribution for Cumberland County residents is provided by sx utility digricts Catoosa,
Crab Orchard, Crossville, Grandview, South Cumberland, and West Cumberland. Catoosa
Utility Didrict serves the north and northwest portions of the County. Crab Orchard Utility
Didrict serves the eastern portion of the County. Crossville digtributes water to the City of
Crossville as wel as County resdents located just outsde the city limits  Grandview Utility
Didrict, the smdlest utility, serves the southeast portion of the County as wel as the northern
portion of Rhea and Bledsoe Counties. South Cumberland and West Cumberland Utility
Didtricts serve their respective areas of the County (see Figure 2-1).

2.1 EXISTING TREATMENT CAPACITY

Meadow Park Lake and Lake Holiday are the two current water supply reservoirs for the City of
Crossville.  The City operates the two associated treatment plants rated a 1.4 million gdlons per
day (MGD) and 3.5 MGD, respectively. Treated water is supplied from the City to the Catoosa,
Grandview, South Cumberland, and West Cumberland Utility Didtricts. West Cumberland dso
purchases water from the Bon de Croft Utility Didrict of White County. Crab Orchard obtains
dl of its water from Stone Lake, which is fed by Otter Creek. The associated water treatment
plant has a design capacity of 2.0 MGD.

2.2 EXISTING SAFEYIELD
Safe yidd for this project was defined as the maximum continuous rate water could be drawn
from each reservoir during severe drought conditions without lowering the water surface below

the sadiment storage pool. Preferentid drawdown devations for resdentid developments or
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recregtional uses were not acknowledged. The exiging safe yidds of Lake Holiday and Meadow
Park Lake were caculated to be 4 MGD and 3 MGD, respectively. Calculations were made
using the engineering software HEC1-API (see Section 4.6.5 for details). The exiding safe yield
for Stone Lake is 3.0 MGD, as given by the Crab Orchard Utility Didrict. This \dlue was not
confirmed by smilar safe yidd modding. The safe yidd of Stone Lake would be confirmed
during a Feashility Study / EIS Process. Table 21 provides a summary of the current treatment
capacity and safe yield at each of the water supply reservoirs.

Table 2-1
Existing Reservoir Characteristics
Reservoir Existing Safe Yield Existing Treatment Capacity
Lake Holiday 4 3.5
Meadow Park Lake 3 1.4
Stone Lake 3 2.0

The reaults of the safe yidd andyses indicate Cumberland County has exising water supply
sources totaing 10 MGD. However with the current infrastructure and operation techniques, the
County does not have the capabilities to utilize the entire totd. The inadequacies in the
infrastructure and operating techniques that limit the County’s potentid to make use of dl of its
existing water supply are discussed below.

As mentioned in Section 2.1, there is only capacity in the County to treat a tota flow of 6.9
MGD. Expangon of the exiging trestment plants or congdruction of anew trestment plant would
be necessary to provide water supply greater than 6.9 MGD.

Stone Lake provides 3.0 MGD of the tota water supply. The exigting infrastructure only alows
access to that supply by those taps served by the Crab Orchard Utility. Additiond pipelines and
pump sations would be required to make the supply a Stone Lake accessble by the entire
County.

The City of Crossville does not operate Lake Holiday to the same extent as modeled. Lake
Holiday has a large amount of resdential development dong its banks. Operation of the
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reservoir to its maximum water supply capacity would include fluctuation of the pool eevation
up to 30 feet, which would expose unattractive scoured banks. This is aestheticaly unpleasing to
the resdents that live dong the lake. For this reason, the City of Crossville uses a preferentia
drawdown level of gpproximatdy 5 feet for water supply. Operating the reservoir in this manner
reducesits safeyidd.
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3.0 PRELIMINARY NEEDSASSESSMENT

3.1 WATER DEMAND PROJECTIONS

Traditionally, the purpose of a Needs Assessment is to estimate a single projected water demand
that is used to Sze water supply dternatives. In this study, the preliminary Needs Assessment
and prediminary dternative andyss will be more independent of each other than traditiona
water supply sudies.  The purpose of this preliminary Needs Assessment is to provide an
esdimated range of the future municipd water demand for the Cumberland County region.
During a Feashility Study / EIS process, a detailed Needs Assessment would be completed to
define asingle target water supply need.

The estimated range of the future demand, included herein, will be used to provide a perspective
of the feadhility of severd different dternatives to supply additiona water to the County. Each
dternative consdered will be szed to its maximum capacity for providing water supply. For
those dternatives that require a target yield to be desgned, such as a pipdine, 9 MGD was used
as the target yield. This value was sdected based on a previous water supply study the TVA had
performed. The sdection of 9 MGD was made prior to the completion of the Preliminary Needs
Anayss so that the aternative analyses could begin in order to meet the $udy’s short schedule.
While 9 MGD may or may not be the required yield for the County, using it for al dternatives
that required a target yidd provided an equitable comparison of each. The preiminary andyss
of dternatives based on water conservation and/or no future action will provide a pergpective on
growth curves lower than those used in this Needs Assessment (see Section 4.3, Water
Consarvation).  Attempting to predict future growth limits of the County and associated water
demand by sdlecting a population and industry saturation point is beyond the scope of this study.

Four growth scenarios were selected which provide growth patterns based on (1) limited growth,
(2) higoricd growth, (3) a moderate increase to the higtorica trend, and (4) an unlimited
increase to the higtorical trend. Note that actua growth rates may aso be less than the limited or
higorica rates. Edimates of the future municipa water demand were made for a 50 year period
(Year 2050) from higtorical water usage data, socioeconomic characteristics of the resdent and
non-resdent (industry) population, and seasond variaions in economic and climatic conditions
of the aea. Fdd vidts were made to Cumberland County to interview and collect higtorica
water usage data from each of the gx utility didricts The type and quantity of hitorica data
avalable at each digtrict varied. Table 3-1 summarizes the available data
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Demographic characteridics such as population, housing, busness income, industrid mix, ad
the price of water were obtaned from the Upper Cumberland Locad Planning Office, U.S.
Census Bureau, the Tennessee Economic Development Center, the Tennessee Department of
Employment Security, the Tennessee Housing Development Agency, and the aforementioned
utility didricts of Cumberland County. Climatic data for the area was obtaned from the
Nationa Climatic Data Center.

Table3-1
Available Historical Water Usage Data
Utility Year Financial Data Consumption Water Distribution
District Data Customers®
(MGD)

Catoosa 1978 to 1997 Total Water Unit Cost of N/AT Total Number of
Revenue Water Customers

Crab 1974 to0 1995 Total Water Unit Cost of N/A Total Number of
Orchard Revenue Water Customers

1995 to 1997 N/A N/A Monthly Water Total Number of
Consumption Customers

City of 1984 to 1997 N/A N/A Monthly Water Total Number of
Crossville Consumption Customers;

Customer Classes

Grandview 1997 N/A N/A N/A Total Number of
Customers

South 1977 to 1997 Total Water Unit Cost of N/A Total Number of
Cumberland Revenue Water Customers

West 1981 to 1994 N/A N/A Annual Water Total Number of
Cumberland Consumption Customers

1995 to 1997 N/A N/A Monthly Water Total Number of
Consumption Customers

1 N/A refersto datanot available.

2 Theterm customer isused to define atap on the water line, not an individual portion of the population.

3.1.1 Limited Growth Scenario

The firg method of predicting growth to the water supply sysem is a limited growth scenario
which limits growth in the community to 1.5 percent annualy through the Year 2025 and 1.25
percent annudly through the Year 2050. This limited percentage growth was sdected to dlow
the community to grow a a gradua pace, dow in the find 25 years, and ease the demand on the
current water supply system. This growth scenario would take a concerted effort by the County
to curtail the current water consumer growth of approximately 5 percent annualy. Cumberland
County and the surrounding counties have population increases ranging from 5.6 to 21.1 percert
from the Year 1990 to 1996. Those rurd communities with populations smilar to Cumberland
County, between 30,000 and 40,000 residents, and growth rates less than 2 percent include
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Obion and Wesakley counties in western Tennessee.  For comparison, the state of Tennessee has

had a growth rate of 9.1 percent during this same time period.

An average daily “per tapita’ water use was determined from 1978 to 1997 by dividing the total
annua water consumption for the County by 365 days and by the totd number of customers for
each respective year. Note the term customer gpplies to a tgp on the water line and is not
equivaent to population vaue. Applying this average “per tapita’ use to the projected number
of customers, the predicted average annua water demand in the Year 2050 is 7.0 MGD for
36,640 customers (see Table 3-2). This predicted demand is less than the combined existing
yield available from Lake Holiday, Meadow Park Lake, and Stone Lake of 10 MGD. An effort
by Cumberland County residents to redtrict growth in the community would not require the
County to acquire an additiona water supply source(s).

Table 3-2
Limited Growth Scenario
Year Total Avg. Peak Year Total Avg. Peak
MGD MGD MGD MGD
1980 3377 0.67 101 2020 24930 49 744
1990 7575 151 2.26 2030 28577 5.69 853
2000 18510 368 553 2040 32357 6.44 9.66
2010 21481 428 6.41 2050 36637 7.29 10.94

3.1.2 Higorical Growth Scenario

Higoricdly, the utility digricts have grown due to (1) expandons on the digtribution lines to
exiging Cumberland County resdents (wdl users) and (2) additiond tgps to the distribution
lines for new Cumberland County resdents Future water demand for this historicd growth
scenario was estimated as the product of projected customers and a projected vaue of daily “per
tapita’ water use. For this projection, the total number of customers was a combination of
resdentid, indudrid, and commercid usas. The totd number of customers for each utility
digtrict was projected separately usng a linear best fit trend (developed from the hitorical data)
for the next 50 year period (Year 2050). This projection, representing the historica steady
increese in growth, dlowed for the consdstent annual growth of each utility as wdl as the
irregular growth spurt of a new line extenson to an exiging community (exising wel users).
Again, an average “per tapita’ water use, as defined in Section 3.1.1, was gpplied to the
projected number of customers, the predicted average annuad water demand in the Year 2050 is
10.4 MGD for 54,750 customers (see Table 3-3).
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Table3-3
Historical Growth Scenario
Linear Best Fit Trend

Year Number of Customers Total Avg. Peak

Customers| MGD' | MGD
Catoosa Crab W est South Grand-  Crossville
Orchard Cumber. Cumber. view

1970

1980 860 1413 467 637 3377 0.67 101

1990 1668 3330 908 1669 7575 151 2.26

1997 2441 4733 1443 2560 443 6081 17701 3.52 5.28

2000 2727 5119 1513 2850 487 6696 19392 3.86 5.79

2010 3768 6974 2060 3996 665 8312 26274 523 784

2020 4809 8328 2606 5142 910 10927 33222 6.61 9.92

2030 5849 10683 3153 6287 1245 13042 40259 801 12.02

2040 6890 12538 3699 7433 1702 15158 47420 944 14.16

2050 7931 14392 4245 8579 2328 17273 54748 10.89 16.34

1 Note: Average MGD was calculated from an average “ per tapita” usage (see Section 3.1.1).

3.1.3 Median Growth Scenario (M oderate Growth Increaseto Historical Trend)

The previous higoricd method of predicting future water use did not take into account
socioeconomic factors such as income, housng stock, industrid mix, and the price of water.
Reevant variables such as income measure the water user's ability to pay for water and sewer
sarvices, while price influences the amount of water the consumer is willing to pay for.
Additiondly, daly “per tepita’ water use esimates may not accurately represent water use
efficiency, and the types of water-usng busnesses and industries that exis in the County.
Incorporation of these additiond factors into a water demand projection results in a moderate
increase to the higtoricd trend with an esimated average annua demand of 13.1 MGD for the
Year 2050. This edimate was derived usng a water demand andysis software as discussed in

detal asfollows.

The Institute for Water Resources-Municipd and Industriad Needs Sysem (IWR-MAIN) is a
water demand anadyss software which uses econometric water demand modds for trandating
exiging demographic, housing, and busness datisics into edimates of exising water demands
and contributions to sewer flows and uses projections of population, housing, and employment to
derive basdine forecasts of water use. Verson 6.1 of IWR-MAIN usad in this sudy was
prepared by Planning and Management Consultants, LTD., in cooperation with the Corps of
Engineers, Inditute for Water Resources, Metropolitan Water Didtrict of Southern Cdifornia,
Phoenix Water Services Department, and the lllinois Department of Transportation. The user’s
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manua and system description for IWR-MAIN provides a comprehensve description of the

program.

IWR-MAIN forecast predictions are provided for resdentid, nonresdentia, public, and other
(unaccounted) sectors.  The resdentid, nonresidential, and public sectors can be further
disaggregated nto subsectors. Water use is predicted for the winter and summer seasons and can

be further disaggregated into indoor and outdoor dimensions of water use for each season.

Average rates of water use for the resdential subsectors are estimated using causal water demand
models with the following theoretica form:
Q:f(|1 H! L1Ta R1 P1 B)

where:

O
I

predicted average household water use (gpd)
median household income
= average household size (persons)

= average housing dendty (units per acre)
= average maximum dally temperature
rainfdl, total for season

= margind price of water and wastewater

@ v XUV 4 r T
"

= fixed charge or rate premium.

The theoreticd modd of nonresdentid water use for a given group/category, sSeason, and

dimensonis
Q=f(GED, L,P,CCD,0O)* E
where:
Q = water use in gallons per day
GED = per employee water use in gallons per day
L = average labor productivity
P = margina price of water and wastewater
CDD = cooling degree days, tota for season
@] = other (user added) variable effecting non-residentid water use
E = employment.
gté(r:ne?nelr)l ;nggcggunty Regional Water Supply Preliminary Eplgier;jesez r;g;egggtt
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For the purpose of this study, residential sectors were disaggregated into urban and non-urban
subsectors.  Nonrresdentia  sectors were divided into eight employment groups ranging from
condruction and manufacturing to retall and public service.  Public/unaccounted for conveyance
losses were assumed to be 10 percent of the total municipa water use. This coincides with
information from the Cumberland County Utilittes ~ While water usage may vary between
Winter and Summer months, the margind price of water was assumed to reman constant.
Additiondly, IWR-MAIN defaults to a 50/50 percent usage of indoor to outdoor water. This

default value was amended to a conservative 75/25 percent usage of indoor to outdoor water.

A beginning or base year of 1990 was sdected to coincide with available census data, 1997 was
sdected as a cdibration year because existing water usage was known, and sdlected future years
included 2010, 2025, and 2050. Required input for the water demand forecast included tota
occupied housing, total employment, average persons per household, and percent conveyance
loss for the base year and each future year.  For the base year, the total number of occupied
housing was replaced with the totd number of occupied housng on public water. Severd
resdences within the County rely on well water as the sole water supply. Occupied housing for
the future years was made usng a liner bet fit trend from the higoricd daa of utility
cusomers.  This linear projection alowed for the conssent annua growth of utility customers
as wdl as the irregular growth spurt of a new line extendgon to an exiding community (existing
well users). Totd employment for the future years was assumed to remain a constant percentage
of the occupied housing. Average persons per household was aso assumed to remain congtant at
255, as given in the 1990 census. This demographic vaue is smilar to the 1994 and 1996
vaues of 257 and 252, respectively, as provided by the Tennessee Business and Economic
Research Department.

Additiond inputs for the base year included number of employees for each sdected non
resdentid  employment group, the number of occupied housng for each sdected resdentid
subsector, median income, housing dendty, the margind price of water, and climatic data
Housing dendty, as a varidble, is used to smulate irrigation practices in the area.  For a rurd
community, dthough the housng dendty is low, resdents mog likdy ae not irrigeting their
entire rurad edtate.  In order to maintain a typicd outdoor water usage rate, the housing densty

was assumed to be 4 houses per acre.
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Following an initid forecast run, the predictions made with the theoretica equaions were
verified againg the 1997 cdibration year for their accuracy. The IWR-MAIN estimates for the
resdentia-water demand were higher than the observed data, indicating systematic errors for
predicting actua water use. The Winter and Summer mode congtants representing galons of
water per household per day were adjusted to cdibrate the modd. This preiminay Needs
Assessment is within approximately 20 percent of the actud demand values (2.97/3.82). As
previoudy mentioned, this preiminary Needs Assessment would be revisited in detall during a
Feashility Study / EIS process. During the detaled andyds, additiond data collection and
further cdibration of the IWR-MAIN modeling parameters would be conducted to obtain a more
accurate higorica match.

Due to inaufficient data on the exiging and historicad water usage of the nonrresidential sectors
of the County, the modd could not be adequately cdibrated in this manner. Therefore, IWR-
MAIN edimates present a dightly higher non-resdentid water usage vaue. This is acceptable
because conservative assumptions made for predicted future employment were based on the
projected occupied housing. Limited information avalable from the Tennessee Department of
Employment Security predicts an active annud employment growth rate for Cumberland County
through the Year 2005. Assuming this active employment growth rate to continue, the IWR-
MAIN estimates are acceptable.

The IWR-MAIN cdibrated model was then used to smulate water demand for the forecast years
2010, 2025, and 2050. The results from the modd predict an average annual demand of 13.1
MGD for the Year 2050 (see Table 3-4). Note: the IWR-MAIN moded includes conveyance
loses in the totd water usage. The data gathered from the Cumberland County Utility Didricts
did not include a defined conveyance loss vaue. Therefore, in order to compare Smilar water
usage predictions, the conveyance losses have not been included in the totd IWR-MAIN
prediction, but are presented in Table 3-4.
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Table 3-4

Median Growth Scenario
(Moderate Increaseto Historical Trend)
IWR-MAIN Water Demand Analysis Software

Y ear Sector Average Water Use Max Day
SUmmer Winter Annud
(MGD) (MGD) (MGD) (MGD)
1990 Residentid 1.60 0.99 1.29 1.94
Nonresdentid  1.38 1.38 1.38 2.07
Other 0.33 0.26 0.30 0.45
TOTAL 2.98 2.37 2.67 4.01
1997 Residentia 254 1.35 1.94 291
Nonresidentid  1.88 1.88 1.88 2.82
Other 0.49 0.36 0.43 0.64
TOTAL 4.42 3.23 3.82 5.73
2010 Resdentia 4.03 2.14 3.08 4.62
Nonresidentid  2.97 297 297 4.46
Other 0.78 0.57 0.67 101
TOTAL 7.00 511 6.05 9.08
2025 Residentiad 597 3.08 4.43 6.65
Nonresidentid ~ 4.27 4.27 4.27 6.41
Other 1.12 0.82 0.97 1.45
TOTAL 10.24 7.35 8.70 13.06
2050 Residentid 8.73 4.64 6.69 10.03
Nonresdentid  6.45 6.45 6.45 9.67
Other 1.69 1.23 1.46 2.19
TOTAL 15.18 11.09 13.14 19.70
Note: Total does not include conveyance losses (other) in order to
compare IWR-MAIN vaues with available utility district data.

Note: Total does not include conveyance losses (other) in order to compare IWR-MAIN values with available
utility district data.

3.1.4 Unlimited Growth Scenario

An unlimited growth projection was dso estimated as the product of projected customers and a
projected value of daily “per tapita’ water use. For this projection, an average annua percentage
increase in customers, 5.7%, was determined from 1992 to 1997. This particular time period
included higoricd data from dl of the utility digricts. This congtant percentage increase was
then applied to the current customer base and compounded annudly through the Year 2050.
This projection dlowed for the conssent annua growth of each utility as well as incorporating
an annud growth in the exiding digtribution areas.  Again, an average “per tapitd’ water use was
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gpplied. Using this method, the predicted average annua water demand in the Year 2050 is 68.3
MGD for 323,000 customers (see Table 3-5).

Table3-5
Unlimited Growth Scenario
Constant Customer Percent (5.6) Increase

Year Total Avg. Peak
Customers | MGD? MGD
1997 17701 352 5.28
2000 20935 4.16 6.24
2010 36629 7.28 10.93
2020 64087 12.74 19.12
2030 112127 22.30 3345
2040 196180 39.01 58.52
2050 343241 68.26 102.39

'Note Average MGD calculated from an average “ per tapita’ usage (see Section 3.1.1).

3.2 SUMMARY OF GROWTH SCENARIOS

Three methods of predicting the future municipad water demand for Cumberland County predict
an average anua usage grester than the exising capabilities of the water supply system.
Figures 3-1 and 3-2 give a visud comparison of the four growth scenario methods. The limited
growth scenario is the most conservative water demand in the Year 2050. This scenario assumes
the current growth of the exising water supply didribution sysems would drop from
goproximately 5 percent to 15 percent. The historicdl growth scenario dso edtimates a
consarvative water demand in the Year 2050. However, this method assumes residentia and
non-resdentid sectors of the County would continue to grow a the same rae. The median
growth projection usng IWR-MAIN esimates a future municipa water demand for the County
gmilar to the historica usage prediction, but takes into account the socioeconomic factors, as
well as cdimaic conditions, influencing future water use.  Findly, the unlimited growth scenaio
is shown for comparaive purposes, but grosdly over estimates the future water demands in the
County for the 50 year period. The population of the County should not be expected to grow at
this congant rate without reaching a saturation point. However, this unlimited growth scenario
does estimate a ragpid growth trend of the County in the short term future. Perhaps, the actud
growth rate of the County may behave in a manner smilar to a combinaion of dl predicted

growth scenarios.  Again, a detalled Needs Assessment will be performed during a Feasbility
Study / EIS process.
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Figure 3-1 - Comparison of Growth Scenarios and Associated Water Demand (1974 — 2010)
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Figure 3-2 - Comparison of Growth Scenarios and Associated Water Demand (1974-2050)
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4.0 PRELIMINARY ALTERNATIVE ANALYSES

41 GENERAL

4.1.1 Objective and Scope

The objective of this study was to develop a ligt of potentid aternatives for additiond water
supply to Cumberland County. The potentid dternatives addressed herein, are in no way
intended to be dl-inclusive, but rather representative of the broad range of solutions that might
be pursued for Cumberland County. More detalled information and andyss of gspecific
dternatives would be required during a follow-on feasibility phase of investigation.

In addition to identifying potentia adternatives, the andyses dso quantified the amount of water
supply each dternative could provide. The scope of this report was to perform the necessary
andyses to provide a perspective on the water supply capabilities and financid impacts of each

dternative.

4.1.2 Alternatives Considered

Severa water supply studies have been peformed for Cumberland County in the past. During
these dudies, different dternatives for providing additiond water supply were identified. Those
various dternatives have been brought together in this report in order to provide an equitable
comparison. Each dternative was andyzed using the same parameter derivation, modding

techniques, assumptions, etc. to ensure the results are at the same leve of detail.

The dternatives analyzed for this study include:

Weater Conservation

Groundwater

Fipeline to large reservoir

Storage Impoundments
Improvements to Existing Reservoirs
New Storage Impoundments

Water Harvesting

No Action
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42 ENGINEERING METHODS

421 General

The levd of detall for this preiminary engineering report was to be adequate enough to quantify
the water supply potentid and prepare a cost estimate for each dternaive.  The following desgn
criteriaand modeling techniques were used to establish this objective.

4.2.2 Water Supply Yied
The waer supply yied throughout the report is presented in terms of million gdlons per day
(MGD). Theyidd for each dternative is dependent on severe drought type events.

4.2.3 Historical Drought Identification

Use of drought data is the obvious means by which most water supply dternatives are designed.
The idea behind the design of a water supply dternative is to have sufficient water to sustain the
worgt of drought conditions. Some water supply dternaives are sengtive to short droughts with
no ran; while others are sedtive to longer duration droughts with only moderate ran.
Therefore, the development of a good historical database of rainfdl is essentid to the evauation
of water supply aternatives.

For this study, the Crossville Experiment Station (EXP STN) gage was used to identify historica
droughts. Rainfdl records for the Crossville gage were retrieved from CD-ROM’s containing
Nationd Weather Service (NWS) daia  Drought investigations were conducted by firg
identifying continuous periods that were particularly dry for 3, 4, 6, 12 and 24 months. A review
of the higtoricad record was made and dl periods indicating possible drought conditions were
identified. From this review, the driest years on record were identified. They are 1922-1927,
1940-1942, 1952-1954 and 1986-1988. Table 41 provides a comparison of the average annud
ranfal and the totd rainfdl for the drought years identified at the Crossville EXP STN gage. A
tabulation of the monthly rainfal data for these periods is provided in Table 4-2. Note: The
months of May 1925 and December 1927 have missing data at this gage.
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Table4-1
Crossville EXP STN Rainfall Gage
Comparison of Annual Average and Drought Y ear
Rainfall Totals (inches)

Y ear Total Rainfall
(inches)
Annual Average 56.94
1922 69.75
1923 52.95
1924 46.01
1925 40.81
1926 56.50
1927 54.80
1940 45.83
1941 4183
1942 66.35
1952 39.97
1953 49.82
1954 58.30
1986 5173
1987 42.66
1988 54.00
Table4-2

Crossville EXP STN Rainfall Gage
Droughts During a 85 Year Period of Record, 1912-1997
Monthly Rainfall Totals (inches)

Y ear Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1922 532 350 9.69 8.16 551 7.36 7.10 9.28 172 285 142 784

1923 381 4.71 6.16 5.17 477 4.79 6.10 6.29 225 0.77 295 518

1924 523 443 349 5.66 551 237 2.88 249 503 0.06 147 7.39

1925 349 524 174 4.28 201 3.35 135 119 | 1085 | 523 208

1926 2.96 261 387 182 246 6.48 3.64 10.77 225 275 580 | 11.09

1927 433 512 6.69 513 561 6.09 918 412 147 048 6.58

1940 260 5.65 6.73 295 4.30 4.03 349 593 0.91 1.99 340 3.85

1941 242 0.62 361 6.08 091 345 6.97 5.03 148 328 397 401

1942 3.65 4.87 6.39 0.88 2.60 6.67 9.70 10.33 229 241 351 | 1305

1952 744 2.88 737 235 321 2.80 158 1.80 220 0.76 333 425

1953 5.78 6.08 477 5.98 44 4.08 6.29 182 214 0.76 171 587

1954 1195 | 375 512 5.04 4.65 304 178 170 342 444 3.89 952

1986 132 6.43 247 182 6.36 187 3.05 3.10 494 6.57 9.06 474

1987 4.37 516 254 313 3.85 331 3.26 270 481 0.72 4.07 474

1988 562 280 3.05 4.14 242 0.96 7.60 541 6.54 250 8.09 487
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4.2.4 Hydrologic Modeling Techniques

Severa hydrologic computer models were utilized to sze and andyze the capacity of the water
supply aternatives. Section A.1 of Appendix A contains a description of each modd used, as
well as parameter derivations and assumptions used for each model.

4.25 Hydraulic Modeling Techniques

The hydraulic cdculaions in this sudy were computed with the Corps of Engineers Program
“HEC-RAS, River Andyss System, Verson 2.1, October, 1997.” Section A.2 of Appendix A
contains a decription of the HEC-RAS modd used, as well as parameter derivaions and
assumptions used.

43 WATER CONSERVATION ALTERNATIVE

4.3.1 Introduction

Water conservation is the act of protecting water from loss or contamination so it can be used for
desred purposes. Water conservation measures reduce water consumption, reduce water
withdrawd or diverson, reduce water loss or waste, improve water use efficiency, and increase
water recycling or reuse.  Unfortunately, when water utilities introduce conservation policies to a
community, they must depend on thousands of customers to behave in cetan ways. In this
sense, conservation adone may not be a secure dternative to the expanson of treatment and
digtribution systems for meeting water needs in the Year 2050. However, water conservation is
consdered an essentid complement to the traditiond approach of capitd improvements and
should be implemented by current Cumberland County resdents and promoted by the governing
utility digtricts.

4.3.2 Water Conservation Plan Guidelines

As recommended by the U.S. Depatment of Interior, Bureau of Reclamation, there are four
fundamentd water consarvation measures which should be included as pat of any water
conservation plan. These measures include (1) water measurement and accounting, (2) water
pricing, (3) information and education, and (4) the assgnment of respongbility for conservation
activities.
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Water M easurement and Accounting System

A water measurement and accounting system should be designed to measure and account for the
water conveyed through the utility didrict’'s didribution system to water users.  Most of
unaccounted-for weter is lost through lesks in the distribution system. Unaccounted-for water
includes lesked water, water used for municipd purposes and fire-ffighting, and water
unaccounted for by underegistering meters or other unmetered uses. The totd amount of
unaccounted-for water may vary from 10-15 percent in a wel-operated system. This is
consgent with the information obtaned form Cumberdand County utility didricts  Lesk
detection should be a regular activity of every water supply system. Periodic checks should be
made on valves, hydrants, and services to locate obvious underground lesks.

Additiond improvements to the digtribution system include decreasing water pressure in order to
diminish the amount of water flowing through open faucets. High pressure is one cause of pipe
joint lesks and it generdly causes water facilities to wear out more rapidly. High pressure dso
produces grester losses through existing lesks.

Water Pricing Structure

A water pricing dructure should encourage efficiency improvements by water users. A utility
digrict's water pricing dructure can  provide incentives or digncentives to efficiency
improvements by water users. A pricing and billing Srategy is based, at least in part, on the
quantity of water ddivered. It does not imply a utility didrict would dter it's overdl revenue
requirements, increase cos to users, or diminate al present methods of recovering certain fixed
costs.  Quantity-based charges can be incorporated into various exising pricing structures to
provide some degree of economic incentive for efficient users or group of usars.  Often termed
“ConservationOriented Pricing,” price structures can be changed so that customers pay more for
each unit of water after their consumption reaches a certain level. Prices can adso be increased

during the summer, when water demand increases for lawn watering and other activities.

However, for the utility digtricts, reducing water usage could aso lead to less short-term revenue.
Water is marketed like most other products, the more water that utilities sell, the more money
they make. In response, State regulatory commissions can adopt policies that reward regulated

water utilities for promoting conservetion.
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I nformation and Education Program

Educetion is the key to the success of a conservation plan because it can help users understand
why water conservation is needed and how to conserve water. It can dso successfully minimize
oppogtion to water consarvation programs and can improve water supply planning coordination
among community officids.  An information and education program should provide users with
information about efficient water use and the water consarvation sarvices that are available
through the utility district or other organizations. There are numerous suggestions for digtributing
information and promoting water conservation education:

Deveoping citizen involvement through public interest groups,

Edtablishing speaker’s buresus to make presentations to schools, businesses, and service
organizations,

Newspaper articles, public service announcements, TV news stories;

Deveoping and digtributing films or dide shows,

Radio and TV talk shows and interviews,

Promotion conferences, symposaor seminars,

Didtributing pamphlets brochures, lesflets, and posters promoting conservation;

Encouraging board of education involvement;

Bumper stickers, buttons, decals,

Conducting public demondrations, displays, and didribution & mals and shopping centers,
schools, and booths at fairs; and

Enclosng waer hill insarts and digribution newdetter to non-customer water users such as
gpartment dwellers.

Education in schools can begin to build a water conservation ethic and environmental awareness
among children that would carry on to their adult lives.  Additiondly, educaiond materid
should make direct connection between conservation activities and monetary savings, from the
points of view of both consumers and water suppliers. Water conservation education should be

an integrd part of any system’ s water supply management program.
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Water Conservation Coor dinator

An effective water consarvation plan identifies the person or persons responsble for

development and implementation of the water conservation plan.

Additional Water Conservation M easur es

A waer conservation plan should identify measures that are applicable to the water management
and conservaion gods that have been edablished by the utility didrict.  All potentidly
goplicable water consarvation measures are identified, andyzed and evauated to determine
whether it is feedble or practica for the didrict to implement them, ether individudly or in

various combinations. Suggested additiona measures include:

Residentia and governmental audit and incentive programs;,

Commercid and industrid audit and incentive programs,

Landscape programs,
A popular conservation landscaping program is the Xeriscgpe program.  Combining the
Greek word for dry, “xeros’, and the suffix “scape’ from landscape, the Xeriscape
program is the agpplication of sound horticultura practices in the development of qudity
landscapes that conserve water and protect the environment. The seven principas of the
program are (1) planning and design, (2) soil andyss, (3) appropriate plant sdection, (4)
drought and heat tolerant turf aress, (5) efficient irrigation, (6) use of mulches, and (7)
appropriate maintenance.

Didiribution system audit programs,

Drought/water shortage contingency plan;

Pumbing regulations;
Loca governments may adopt ordinances or plumbing codes that require the inddlation
of water conserving devices in dl new condruction. At present, Tennessee codes do not
require low flow fixtures or water conserving devices.

Fixture replacement programs.

Ingalation of water-saving devices can reduce indoor water usage as well as public

deliveries and returns to wastewater trestment plants. Water-saving devices include low-
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flow toilets (retrofit and new inddlation), shower devices, faucet devices, and water-
saving gppliances such as front |oading washer.

4.3.3 Existing Water Conservation Programs

Large and smal scde water conservation programs implemented across the country seek to
reduce water usage both indoors as well as outdoors. The benefits of two such programs are
highlighted here.

Georgia Water Wise Council

The Georgia Water Wise Council is a non-profit educational corporation. The creation of the
Council was a dtate wide green indudry initiative resulting from the 1988 drought throughout the
Southeast. The Council is a partnership of government, education, business and citizen entities
with the purpose of promoting conservation educetion programs for weter qudity as wel as
quantity in Georgia.

One of the firg gods of the Water Wise Council was to show water utilities and nurseries and
landscape contractors how consarvation was advantageous. Since that time the Council has
become involved in numerous programs some of which include educationd programs a public
schools, publication of a Xeriscgpe book, a Xeriscape video, digribution and promotion of the
EPA’s Wae Source Book Series for eementary through high school sudents, and
edablishment of an active speskers bureau. The consarvation benefit that the Council has
produced is the establishment of an educationd dructure and implementation of programs to
help address tomorrow’ s water supply problems today.

Houston, Texas

The City of Houston was required to devdop and implement of a conservation program
following a 1993 ruling by the Texas Naturd Resource Consarvation Commisson. The
consarvation program includes an education program, in-house programs for departments whose
budgets are derived through the genera fund, a program to require dl large contractors to

prepare a conservation plan, and conservation planning.
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The education program includes a retrofit program, a school education program, a t-shirt design
contest and speskers for civic associations, environmenta groups, efc. The in-house programs
for Generd Funds departments include irrigation audits a City golf courses, leak detection and
repar of City pools and fountains, and tracking and reporting water use by generd funds
departments. A recommended conservation plan was developed for the city by an independent
firm.  The recommended plan included such programs as resdentid water audits, indoor audits
on Commercia indudtries, cooling tower audits, pool/fountain audits, pool/fountain standards,
and public education.

Benfits from the recommended plan include capitd deferrds such as ddaying water purification
plant expansgons and a reduction in the production of water thus lowering operation and
maintenance cods. The recommended plan is expected to reduce water demand in the City of
Houston by 21.8 MGD or 7.3 percent of retail water production by the Y ear 2006.

4.3.4 Benefitsof Water Conservation

The monetary benefits of water conservation are clearly noted. With less water usage, fewer
chemicds are needed for purification, operating costs are lower for both water and sewage
treetment plants, and expanson of these plants to provide adequate capecities is needed less
frequently. In addition to lowering costs and improving the rdiability of water and wastewater
gysems, water consarvaion plans adso hdp meet a community’s environmenta godls.
Environmentad  benefits indude maintaining riparian habitat and restoring fisheries, protecting
groundwater supplies from excessve depletion and contamination, improving the qudity of
wadewater discharges, reducing excessive runoff of urban contaminants, and restoring the
naturad values and function of wetlands and eduaries.  With the list of benefits growing, water

conservaion plays an invauable role in the search for and development of new water supplies.

The Cumberland County Utilities edtimate public/unaccounted for conveyance losses within the
water digtribution system to be 10 percent of the totd municipa water use. A water conservation
program designed solely to repair lesks within the system, could reduce the water demand by this
edimated 10 percent and thus lower the projected water need in the Year 2050. Figures 41 and
4-2 display the adjusted four predicted growth curves due to awater conservation contribution.
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Figure4-2 Water Conservation Impact on Preliminary Needs Assessment (1974 - 2050)
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4.4 GROUNDWATER SUPPLY ALTERNATIVES

4.4.1 Introduction to Groundwater

Groundwater storage is consdered to be more abundant then dl atificid and naturd surface
gorage in the United States. However, sources of groundwater storage are much more widely
distributed than surface supplies.  Strong local concentrations of groundwater are found as a
result of the variety of soils, rocks, and geologic structures located beneath the earth surface.
The rdationship between groundwater and surface storage is one of mutuad interdependence.
Groundwater reserves sudain the continuing outflow of sreams and lakes during prolonged

periods, typicaly following the rdaively few runoff- producing rains each year.

4.4.2 PreviousUSGS Groundwater Study

In 1996, the United States Geologic Service (USGS) conducted a preliminary study to evauate
groundwater as an dternaive source for municipd water supply to Cumberland County. The
following groundweter dternatives were investigated:

Groundwater from random household wells

Groundwater from wells beside a perennid stream

Groundwater from cod, oil or gas holes

Groundwater from carbonate rocks at the foot of the Cumberland Plateau

According to the USGS findings, of the dternatives listed above, the mogt likely one to provide
sufficient water supply is groundwater from the toe of the Cumberland Plateau. The results of

the USGS investigations can be found in aletter to Mr. Dodd Galbreath dated February 29, 1996
and another letter to the same party dated March 5, 1996 which includes a proposal for further
investigation of the western toe of the Cumberland Plateau as an dternative for water supply.

Much of the USGS' assumptions about groundwater at the western toe of the Cumberland
Pateau are based on a USGS study on the Elkton Aquifer.

Beginning in 1988, the USGS conducted a Sx year groundwater investigation of resources from
New York date to centrd Alabama entitted the Appaachian Valeys — Piedmont Regiond
Aquifer-System Andyss (AP/RASA) project (see Figure 4-3). The study focused on the
regiond andyss of the hydrogeology of carbonate and slicidagtic rocks in the Vdley and Ridge
Physographic Province.
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Figure4-3 USGS Study Area AP/RASA

One of the hydrogeologic terrains identified for its water-yielding properties was the western toe
of the Blue Ridge Mountains within Rockingham and Augudta Counties, Virginia The wesern
toe is an area characterized by an gpron of colluvium and dluvium a the toe of the northwestern
dope of the Blue Ridge Mountains. The colluvium congds of thin, sony materid shed from
outcrops of resgtant dliciclagtic rock. The gony colluvium commonly grades down the dope
into dissented dluvid terraces that contain cobble-Sze gravel, sand and sandy loam. In many
discontinuous places, this colluvid-dluvid aoron ovelies fine-grained resduum and cavernous
dolomite bedrock within the southeestern margin of the Vdley and Ridge Physographic
Province. In pats of the western toe, the combined thickness of colluvium, dluvium and
resduum exceeds severd hundred feet. The name “Elkton Aquifer” was given to the cavernous
dolomite bedrock that is overlan by the thick resduum, dluvium, and colluvium a the
southeastern edge of the Vadley and Ridge Physographic Province (see Figure 44). The Elkton
Aquifer extends beyond Virginia and West Virginia and exig in pats of 36 counties in the
Vadley and Ridge Physiographic Province,
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Additiondly, a ddtidica andyss was peaformed to determine if subdantia differences in the
water-yidding properties between the Elkton Aquifer and other areas of dolomite could be
detected. The average yidd for Elkton aguifer wells, 26 gdlons per minute (gpm), was more
than three times the average yidld for other dolomite wells, 7 gpm.

443  Selection of Potential Groundwater Sites

According to the USGS, geomorphic and lithologic controls amilar to those a the toe of the
northwestern dope of the Blue Ridge Mountains exist a the foot of the Cumberland Plateau.
Carefully located and properly condgructed groundweter wells within the western toe of the
Cumberland Plateau escarpment is conddered to be a viable dternative for supplying
Cumberland County with supplemental water. Based on topographic and geologic maps, high-
dtitude photogrephy, and gte vigts the USGS identified five potentid Stes for groundwater
supply adong the Cumberland Plateau (see Figure 4-5).

1. Along the canyon of Hurricane Creek from the confluence with Little Hurricane Creek to the
confluence with East Fork Obey River;

2. Along East Fork Obey River upsream of the confluence with Hurricane Cresk and within
Fentress County;
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3. Along East Fork Obey River and the lower reaches of Little Indian Creek just upstream of
the Fentress-Overton County line;

4. The southeast terminus of East Fork Road out of Hanging Limb off of Route 164 northeast of
Monterey; and

5. Along Route 85 and Big Laurel Creek west of the East Fork Obey River bridge.

No detailed groundwater analyses a these dtes have been conducted. Testing and verification of
the potentia of the dternative would require fidd work, further dte sdection, test drilling and
aquifer tegting. This work is beyond the scope of this preliminary engineering study. In order to
provide perspective on the groundwater dternative in reationship to the other dterndives,
assumptions concerning number of wells that can be supported a each Ste, groundwater well
production and depth to the aquifer(s) were made (refer to Section 4.3.5).

4.4.4 Modeling Process

This desgn dternative assumes that groundwater is pumped from three wells a each of the five
dtes a a rate of 500 gpm. Groundwater would be pumped from an assumed drilling depth of
500 feet to the earth surface. From the surface, booster pumps would carry the tota flow from
each dte (1500 gpm) to the Lake Holiday Trestment Plant. The totd combined flow from al
five dtes is 7500 gpm (10.8 MGD). Achieving this amount of flow from groundwater wells
could prove to be a difficult task. Another concern is that three wells at each Ste could cause an
overlap in the cones of depresson. More cetanty in the desgn would be obtained if the
dternative is carried forward to afeasbility-level sudy.

The route from each of the five identified well Stes to the Lake Holiday Trestment Plant was
sdected based on minimizing the tota distance and optimizing the use of exising roadway right-
of-ways (see Figure 4-6).

Site #5 is the northern most dte and must cross the East Fork Obey River before following aong
State Route 85 to U.S. Route 127. Site #1 is the centrdly located site and follows aong County
roadways before joining with U.S. Route 127 and combining with the flow from Ste #5 for a
total flow of 3000 gpm. Sites #2, #3, and #4 are located to the west and combine a the township
of Muddy Pond (4500 gpm) and follow County roadways to State Route 62 to U.S. Route 127.
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Totd flow is combined (7500 gpm) from dl five sStes at the junction of State Route 62 and U.S.
Route 127. The pipdine then follows U.S. Route 127 into the City of Crossville and U.S. Route
70 to the Treatment Plant a Lake Holiday.

The gtatic head, or verticd distance from the booster pump centerline (earth surface) to the point
of free discharge, varies a each Ste with an average head of over 600 feet. Minimum diameter
pipelines were selected based on the associated friction head. All pipelines sdlected were ductile
iron pipes. Table 4-3 givesasummary of dl pump and pipe szes.

Table4-3
Groundwater Alternative
Pump and Pipeline Design Data

L ocation Deep Well Pump Booster Pump Pipe Pipe Length
Diameter
Flow Total Flow Total
Head Head
(gpm) (ft.) (gpm) (ft) (in) (ft)
Site#1 3 @ 500 500 1 @ 1500 630 12 3500
N/A N/A 1@ 1500 250 14 17500
Site #2 3 @ 500 500 1 @ 1500 750 12 7510
Site #3 3@ 500 500 1@ 1500 590 12 5180
Site#4 3@ 500 500 1@ 1500 615 12 8340
Site#5 3@ 500 500 1 @ 1500 485 12 2840
N/A N/A 1 @ 1500 580 14 31250
Combination # s1 N/A N/A N/A N/A 14 9900
and 5
Combination #s2 N/A N/A N/A N/A 16 7200
and 3
Combination #'s N/A N/A 1 @ 4500 80 24 29820
2,3,and4
Combination #'s N/A N/A 1@ 7500 0 30 29100
1234,5
Along U.S. 127 N/A N/A 1@ 7500 110 30 23400
Along U.S. 127 N/A N/A 1 @ 7500 50 30 44600

The average distance from each of the five groundwater Stesto the Lake Holiday Treatment
Plant is gpproximately 26 miles. Because the flow from each of the sitesis combined, the tota
pipeline digtance is gpproximately 40 miles.
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It should be reiterated that the feashility of this groundwater dternaive has not been fully
explored. No test drilling and aquifer testing have been peformed a the potentid gtes
Additiondly, the effect of loca cod mines on water qudity a each of the five groundwater stes
is unknown. This questionable data would be researched during an extengve feashility study of
the dternative. Water supply negotiations between Cumberland County and any county where a
groundwater well is located would aso be required.

45 LARGE SCALE PIPELINE

45.1 Introduction to Groundwater

This dternative explores the option of transporting raw water from exising reservoirs in the
adjacent geographic area to Cumberland County and the Lake Holiday Trestment Plant. The
slected dtes are Watts Bar Lake in Roane County, Center Hill Lake in Dekab County, and
Great Fdls Lake in White County. Water intake from Watts Bar Lake could potentidly be
trested at the existing Rockwood Trestment Plant before transportation to Storage tanks within
Cumberland County (see Figure 4.7).

The Tennessee Vdley Authority (TVA) initidly developed the pipeine dternatives during the
previous review of dternatives for the Catoosa Utility Didrict (“Water Supply Development
Proposal, Catoosa Utility Digtrict and Upper Cumberland Plateau Region, Prdiminary Findings
Report’). Three pipdine routes were evauated to supply both Cumberland and southern
Fentress County region. As illusrated in Figure 4.7, the pipeine routes followed highway and
county roads for the most part wth the exception of the last portion to the water source. Existing
waterlines follow these same roads for most of the route.  Design estimates were determined for
two pipe sizes (24" and 30”) for each route. Only the 24" pipdine was included in the cost
edimate due to the 30" desgn having a higher estimated cost. Three large water sources
conddered were Dde Hollow and Center Hill Lakes in the Cumberland River basn and Waits
Bar Lake on the Tennesee River. For this Prliminary Engineering Report, the Dae Hollow
Lake pipeine was dropped after an initid review since it was obvioudy more cosly than the
other two sources and since southern Fentress County was not included in this study. A variation
of the Center Hill Lake pipeine was later considered, using Great Falls Lake as the water source.
Thislakeisimmediatdy upstream of Center Hill Lake.

Cumberland County Regional Water Supply Preliminary Engineering Report
December 1998 Alternative Analyses
Page 4-19



It should be noted that the Corps of Engineers would charge Cumberland County for storage at
Center Hill Lake if a water supply intake were condructed there. There is aso a strong
possibility TVA may charge for lost hydropower at Watts Bar Lake or Great Fdls Lake should
ether of those reservoirs be used for water supply by Cumberland County. Because these
charges are an unknown until a more detalled design is completed, they were not included in the

cost estimate.

45.2 Modeling Process

A taget yidd was required to sze the pumps and pipdines necessary to transport water from
each of the raw water intakes to the Lake Holiday Treatment Plant. As discussed in Section 1.0,
a target yidd of 9 MGD was assumed for the pipdine dternative.  Smadler pumps and pipelines
would be required if the desred additiond water supply for Cumberland County is identified to
be less than 9 MGD, conversdly larger pumps and pipelines would be needed if a larger yidd is
desred. Thislarge scde pipeline design was performed by TVA.

The datic head varies a each dte.  Minimum diameter pipdines were sdected based on the
asociated friction head and pipeline cost.  Totd friction head for each dternative dte is
aoproximately 2000 feet, requiring 6 booster pumps dong each of the pipdines. All pipdines
selected were ductile iron pipes. Table 4-4 givesasummary of dl pump and pipe Szes.

Table4-4
Pipeline Alternative
Pumps and Pipeline Design Data

L ocation Booster Pumps Pipe Pipe Length
Diameter
Total Total Head
Flow (ft.)
(MGD) (in.) (ft.)
Watts Bar Lake 9 1810 24 132,000
Center Hill Lake 9 2405 24 188,000
Great FallsLake 9 2000 24 165,000
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45.3 Pipdine Route

Smilar to the Groundwater Alternative, the route from each of the three raw water intake sources
to the Lake Holiday Treatment Plant was sdected based on minimizing the total distance and
optimizing the use of existing roadway right- of-ways.

The Waitts Bar Lake pipeline has an intake located near the existing Rockwood water plant. This
pipdine has a length of 25 miles and the 24-inch pipe requires six booster pumps. The pool
elevation of Watts Bar Lake varies between 733 and 746 feet. Water is pumped up Waldens
Ridge (gpproximaidy 1440 feet) and follows U.S. Highway 70 through the Cumberland
Mountains (1680 feet near Ozone) to the more level plateau lands west of Crab Orchard.

The Great Fdls Lake pipdine route would follow U.S. Highway 70 from the base of the
Cumberland Plateau east of Sparta, a which point it would follow county roads to an intake on
Great Falls Lake near River Hill. Great Falls Lake levels vary between 780 and 805 feet. The
pipeline route would follow up Hickory Valey Branch crossng a gap (1280 feet) near Baker
Mountain, then climbing up the Cumberland plateau (1800 feet) eventudly following U.S.
Highway 70 into Crossville  This route was recommended over the Center Hill Lake verson
because of the higher eevatiion of Great Fdls Lake and the expected improved water quality
conditions in Great Fals Lake for water supply purposes. The intake location initidly proposed
by TVA is in the Fdling Water River embayment of Center Hill Lake and this embayment has
relatively high levels of dgae. No funding was made available from the Corps of Engineers for
TVA to provide an equaly detailed evauation of the Great Fals Lake pipeline, compared to the
ealier pipdine desgns. Based on a cursory review, the route would be shorter and have lower
cogts than the 36-mile Center Hill Lake route. The Center Hill Lake intake would have to be
below the winter pool eevation of 635 feet and the last portion of the pipeline to reach the lake
would be much more difficult to congruct due to the steep terrain.  Water supply negotiations
between Cumberland County and TVA or the Corps of Engineers would be required before an
intake could be condructed. If Center Hill Lake were the sdected reservoir, the Corps of
Engineers would charge for the storage being utilized. TVA may require financid offset for lost
hydropower at Watts Bar Lake or Great Falls Lake. These additiona charges are not included in
the cost edtimates. The environmenta impacts of the pipeine crossings are discussed in Section
6.0.
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46 STORAGE IMPOUNDMENTS

4.6.1 General

The bads of storage impoundments as water supply dterndives is to cgpture and store enough
water within a reservoir during flood events to sustain the worst of drought conditions. Severd
depletion processes in addition to the water supply withdrawas would exhaust the volume of
water within a water supply reservoir.  These include sedimentation, evaporation, leskage and
water qudity discharges, and must be consdered in the design process to accurately quantify the
yidd a water supply reservoir can provide. Each of these processes and the way they are
accounted for in the modeling process is discussed later in this section.

While obtaning the maximum yidd is the man objective in desgning a water supply reservoir,
careful consderation must be given to dam safety. The State of Tennessee passed “The Safe
Dams Act of 1973" in May 1973. The Safe Dams Act contains standards to be used in szing a
new dam. Those standards were followed during this study to ensure the dams being designed
would meet State standards.

4.6.2 Sediment Allowances

Soil eroson in the watersheds upsiream of dams is a constant source of sediment depogtion in
reservoirs.  The Corps has set up monitoring programs to measure the amount of sediment
buildup in reservoirs within the Cumberland River Basn. Center Hill Reservoir is one of the
Corps resarvoirs that has an established sedimentation monitoring program.  The results from the
Center Hill progran have shown the rate a which sediments are deposited in the reservoir is
gpproximately 0.5 acre-feet per square mile per year. The 05 rate is an average inflow of
sediment over severd decades, however, most of the sediment enters a reservoir during magor
flood events. Since severd extreme flood events have occurred within the Center Hill basin over
the past two decades, this inflow rate should be consdered on the conservative sde. Due to the
close proximity, amilar ground cover, land use and soil type, the sediment depostion rate for the
modeled water supply reservoirs in Cumberland County should be equivdent to tha of the
Center Hill reservair.

An edimate of the sediment depostion rate is important for two reasons. Fird, the sediment that
enters a water supply reservoir occupies storage area that can no longer be used for water supply.

Cumberland County Regional Water Supply Preliminary Engineering Report
December 1998 Alternative Analyses
Page 4-23



This may not be important early in the reservoir life. However, as the reservoir gets older, this
can become critica, especialy after several mgor floods have occurred. A second reason is that
low level outlets such as duice gates or pump intakes may become covered with sSit if located
too low in the resarvoir.

The depletion in water supply due to anticipated sediment depodtion is a smal percentage of the
tota reservoir Sorage. In contrast, the streambed devation within the reservoir can change
dragticdly with only moderate rates of sediment inflow. This is due to the smdl incrementd
change in storage per foot of depth a the lower devations of the reservoir. This condition is
typicd of floodplains with very narrow and steep topographic features. The design sediment
depogition rate assumed for this study is 0.5 acre-feet per square mile per year. The dedgn life
for the water supply dternatives is 50 years. For the raised impoundment aternatives,
sedimentation volumes were caculated from the date each dam was congtructed to present, as
wel as for the fifty-year desgn life of the raised configuration. Past accumulation of sediment
was not determined for the raisng of Mayland Lake because its volume was determined by a
hydrographic survey that cdculated the actuad present-day volume. Table 4-5 contains the
sediment dlowance of each modded impoundment as well as the portion of each reservoir the
alowance would occupy (assuming the sediment would accumulate in the lowest portion of the
reservoir). The sediment storage was accounted for in the modeling process by ensuring the
reservoir water surface elevation does not drop below the top eevation of the sediment pool

(storage area) during the design droughts.

Table4-5
Sediment Allowances and Sediment Pool Elevations
of Impoundment Alter natives

Site Typeof Sediment Sediment Pool
Alter native Allowance (ac-ft) (feet, NGV D29)
Clear Creek New impoundment 1458 1748.0t0 1763.0
Meadow Creek New impoundment 3604 1710.0t0 1727.0
Caney Fork New impoundment 1458.0 1542.0t0 1593.0
Camp Ozone Lake Raised impoundment 1751 1665.0to 1679.0
Mayland Lake Raised impoundment 64.0 1897.0t0 1898.0
Meadow Park Lake Raised impoundment 286.0 1784.0t0 1796.0

In redity, the mgority of reservoir sedimentation would not deposit a a dam. Mog of the
inflowing sediment would deposit a the head of a eservoir and form a dedta that extends further
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and further into the reservoir over time. Modeling this type of depostion is difficult and would
require subjective manipulation of the reservoir storage capacity curve.  The additiona volume
ganed in the modding process by dlowing the water surface level to drop below the top of the
sediment pool is minima, and would not result in a subdantid increase in reservoir yied.
Therefore, assuming sediment deposition would occur completey within the lowest part of the

reservoir provided a conservative estimate of the reservoir yield.

4.6.3 Evaporation

Evaporation is a substantia factor to be consdered in the design of water supply reservoirs. The
evaporation referred to here is the evaporation of water from within the reservoir itsdf. The
evaporation from the rest of the watershed is accounted for in the transformation of rainfal to
ranfdl excess. Evapordion data in generd is very limited. It is usudly in the form of pan
evaporation values at sedlect Nationd Weather Service gages. The closest such gage to the
modeled reservoirs is located in Crossville, Tennessee. The vaues at this gage were compared
with other gages in the region to determine if they were accurate. Per this review, it was
determined that Crossvilleé's annua pan evaporation rate of 34.55 inches was gpplicable to the
sudy aea In a feashility-levd sudy, ingead of usng the annud eveporation rate, the actud
evaporation data for each drought year would be used in the yield anayss.

Widdy-published research into pan eveporation rates has concluded that seventy percent of the
pan vaue is equivaent to the evaporation that can be expected in a shalow reservoir. The rae
on a deep reservoir would be less. Again, to be conservaive, an dlowance of seventy percent of
the pan evaporation rate, or 24.19 inches per year, was used for the yield analyses. In the rainfal
runoff analyss, rainfal on the reservoir itsdf was dso consdered. Any ranfdl that fals on the
reservoir would be transformed directly to storage with no losses. In a typicad year, the annud
ranfdl for this region is greater than the annud eveporation rate, therefore, the rainfal on the
reservoir pool would typicaly offset the storage losses due to evaporation on an annudized type
bass (refer to Section 4.24, Subbasn Ddinedtion for discusson on accounting for rainfal on
the pool.). Evaporation was accounted for in the rainfdl runoff modeling process by usng a
darting reservoir water surface eevaion equd to the Spillway crest devation minus the

anticipated evaporaion from the reservoir over the amount of run time the modd reflects, which

istypicaly oneyear.
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4.6.4 Leakageand Water Quality Allowances

A congant outflow of three to seven cubic feet per second (cfs) was provided in dl the reservoir
routing models except the rased Mayland Lake impoundment dternative. For the raised
impoundment dternatives, the outflow was based on the sze of the exising outlet works. The
exiging Mayland Lake dam does not have a low-levd outlet. All flow that passes downstream
from the dam does s0 by exiting through the spillway. The raised dam dternative used the same
configuration as the exigting dam.

The condant outflow was st asde to mantain environmental and water quality aspects. A flow
of this magnitude is typicdly achieved through normd leskage a the dam in addition to direct
methods. It is anticipated that a release schedule for water qudity flows would be developed in
the future for any impoundment dternative caried forward to a feashility-level study. Once a
water qudity release schedule is established, the assumptions used to estimate the reservoir yield
can be adjusted and a new yield determined. It is dso anticipated the water quaity releases
would require sdective withdrawa from the proposed reservoirs.  Sdective withdrawd is
discussed in more detail in Section 4.8.1, Intake Structure and Outlet Works.

The water qudity flow was accomplished, from a modeing standpoint, by assuming that an open
pipe is located through the dam with an inlet set above the streambed devation. The pipe was
modeled above the streambed eevation to alow for sediment buildup without magor impact on
water quaity releases. For the new impoundment dternatives, the diameter of the pipe was
arbitrarily szed to provide a five to seven cfs flow over a normd range of pool devations. For
the raised impoundment dternatives, the diameter of the pipe was Szed to provide the same area
asthe exiging low-leve outlet of each dam.

4.6.5 Yidd Analyss

HEC1-APl models are used to smulate rainfdl-runoff over a continuous period of time. For
this, daly ranfdl is gpplied to the modd for the higoric drought years (1922-1927, 1942-1944,
1952-1954 and 1986-1988). Prior to running the mode for the drought years, a continuous
amulaion of the reservoir inflow during the year prior to the drought period was made to
identify the beginning of the drought. For this the ranfal-runoff modd was darted with a

reservoir water surface eéevation equa to the streambed devation, thus smulating an empty
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reservoir.  The lagt dae the reservoir eevation was above the spillway eevation (the last time
the reservoir was spilling) was idertified. That is the date the depletion of the water supply
volume begins due to the drought, and was used as the sart date for the yidd andyss of each
drought.

For the drought years, a starting reservoir water surface devation equad to the spillway crest
elevation minus the anticipated evgporation from the reservoir for the amount of time the modd
would reflect was used to start the modd. The computed pool eevation was checked a each
daily computation interva for the smulation periods. If the pumping, leakage and eveaporation
caused the reservoir water surface to drop to the top of the sediment pool éevation, the daily
water supply demand was considered too great and reduced. This process was continued until

the maximum yield (water supply volume that can be pumped) was determined.

4.7 RAISING HEIGHT OF EXISTING RESERVOIRS

As previoudy mentioned, one dternative conddered for providing additiond water supply to
Cumberland County was raisng the height of exising dams in the County and using those raised
reservoirs for water supply. Radng an exiging dam should have less environmentad impacts

than congtruction of a new impoundment on a free-flowing stream.

4.7.1 Selection of Existing Reservoirs

A lig of reservoirs within Cumberland County was obtained from a database maintained by the
State of Tennessee's Divison of Water Supply. The lig contained 53 reservoirs.  The mgority
of these reservoirs were smdl in surface area and contributing drainage area. A raio of expected
runoff per square mile of drainage area for Cumberland County was needed to define a minimum
drainage area that would be consdered for this dternative. The following procedures were used
to develop theratio.

Stream gages on or near the Cumberland Plateau were identified. Precipitation gages in close
proximity to the stream gages were a0 identified. Two sets of precipitation and stream gages in
close proximity were found: Coallins River stream gage and the Monterey precipitation gage,
East Fork of the Obey River sream gage and Jamestown precipitation gage. The close proximity
of the dream and precipitation gages was critical to ensure the precipitation records being used
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represented the rainfal that fell on the watershed upstream of the stream gage.  The use of stream
gages on or near the Cumberland Plateau was required to ensure the runoff conditions upsiream
of the selected gages are smilar to those in Cumberland County.

Monthly rainfal data for 1970 to 1996 and 1970 to 1991 were obtained from CD-ROMs
containing NWS records for the Monterey and Jamestown gages, respectively. Monthly runoff
data were obtained from the USGS publications Water Resources Data for Tennessee for water
Years 1970 to 1996 for the Collins River and East Fork of the Obey River gages. The percent of
runoff from rainfdl for eech month of each year was cdculaied by dividing the monthly runoff
totd by the totd rainfdl for the same month. An average of the percent of runoff from rainfall
for each month was determined. Any ouliers were removed prior to determining the average
percent of runoff for each month.

Monthly precipitation records for 1912 to 1997 were obtained from CD-ROMs containing NWS
data for the Crossville EXT STN gage. Because of its centrd postion in Cumberland County
and its extensive period of record, it was decided the Crossville data would provide an accurate
representation of the rainfdl data for the County. The Crossville gage data were used to
determine average monthly rainfal for each month. The average percent of runoff from rainfdl
for eech month was multiplied by the average ranfdl for each month a the Crossville gage to
give the edimated monthly runoff in Cumberland County for each month. The monthly
edimated runoff vaues for each morth were summed to provide an annud runoff totd. The
esimated annuad runoff was divided by the drainage area of the corresponding stream gage and
the results were converted to units of million gdlons per day per square mile of drainage area
(MGD/mi?).

These cdculations were peformed with the runoff data from both sream gages. The
cdculations for the Coallins River dream gage and Monterey precipitation gage resulted in a réio
of 134 MGD/mi>. The cdculaions for the East Fork of the Obey River stream gage and
Jamestown precipitation gage resulted in a ratio of 1.33 MGD/mi?. It needs to be redized that
this ratio does not edtimate the yied that can be obtained from an impoundment based upon its
drainage area.  The ratio smply estimates the maximum amount of runoff that can be obtained in

a year from a watershed based upon its dranage area. This yearly amount of runoff is the
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maximum yield an impoundment could provide assuming no losses and dl runoff could be
captured and stored for water supply. Based on the determination that the yearly runoff from a
watershed in Cumberland County is 1.34 MGD per square mile of drainage area, dl exiding
reservoirs with drainage aress less than 1.0 mi? were not considered for raising since the yield
they could provide would be less than 1.34 MGD.

In addition to insufficient drainage area, exiding reservoirs were diminated from consderation
if their shoreline was too heavily developed since the houses would have to be purchased. A
review of the USGS quadrangle mapping was made to identify reservoirs with heavy shordine
devdopment.  After the dimination of reservoirs from condderation for rasng based on

drainage areaand loca development, fourteen reservoirs ill remained for consideration.

A dgte vidt was conducted to each of the remaning reservoirs. During the dte vist nine more
reservoirs were eiminated from consderaion due to the fact that the dam had been congtructed
as high as the surrounding geography would permit or due to loca development that did not
show up on the mapping. The four remaining reservoirs for condderation were: Meadow Park
Lake, Mayland Lake, Camp Ozone Lake and Tranquilechee Lake. The following sections
discuss the results of the yield anadlysis for the raised configuration of each of these reservairs.

4.7.2 Raising Meadow Park Lake

Meadow Pak Lake is an exiging water supply reservoir located approximately five miles
southwest of Crossville, Tennessee.  The existing reservoir has approximatdly 255 acres of
arface area a normal pool (devation 1817.5 feet NGVD29) and a drainage area of 5.19 mi°.
Refer to Figure 4-8.

Daa on the current dam configuration were obtained from the State of Tennessee's Safe Dam
Ingpection reports and a set of plans on proposed modifications to the reservoir. Photo 41 isa
picture of the existing Meadow Park Lake Dam. Because Meadow Park Lake is one of two
reservoirs currently used to provide water for the City of Crossville, a yidd anadysis on the
exiging dam configuration was performed to verify the reservoir's current capecity. An HEC1-
APl modd was created to represent the Meadow Park Lake watershed and existing dam
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configuration. A yidd andyss was peformed with the exiging condition HEC1-API model and
the results indicated the existing dam could provide 3 MGD.

To identify the maximum yield that could be obtained from rasing Meadow Park Lake, the dam
configuration was raised as high as the surrounding terrain would permit.  The top of the
Meadow Park Lake dam can be raised from eevation 1821.5 to 1840.0 feet NGVD29. An
HMR52 modd was created to determine the Probable Maximum Storm (PMYS) for the Meadow
Park Lake watershed. An HEC-1 mode was then crested to utilize the PMS to produce the
Probable Maximum Hood (PMF). According to the State of Tennessee's Safe Dam
requirements, the raised Meadow Park Lake dam would need to pass the “‘PMF event (refer to
Table A3 in Appendix A) without overtopping. The HEC-1 modd was used to sze the spillway
of the raised dam in order to meet the Safe Dam requirements. A 125-foot wide spillway with an
invert at elevation 1834.0 feet NGV D29 was required.

The HEC1-API modd was modified to represent the rased dam and a yidd andyss was
peformed (refer to Section 4.65). The yidd analyss indicated the raised dam configuration
could provide 4 MGD. The reason for the smdl increase in yidd despite the large increase in
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dam height is the small drainage area of the watershed (5.19 mi%). The amount of runoff from

the watershed is the controlling factor as opposed to the amount of Storage provided by the
reservoir.

4.7.3 Raising Mayland Lake

Mayland Lake is a recreationa lake located just south of Interstate 40 and approximately two
and a haf miles northwest of Plateau Road. The existing reservoir has gpproximately 95 acres of
surface area a normal pool (dlevation 1922.6 feet NGVD29) and a drainage area of 2.76 mi°.
Refer to Figure 4-8.

Data on the current dam configuration was obtained from the State of Tennessee's Safe Dam
Ingpection reports. Refer to Photo 4-2 for a photograph of the exising Mayland Lake Dam.
Because Mayland Lake is a rdatively large lake in comparison to others in the county, a yied
andyss on the exiging dam configuration was peformed to define the reservoir's current
capacity.  An HECI1-API model was created to represent the Mayland Lake watershed and
exiging dam configuration. A yidd andyss was performed with the exiging condition HEC1-
API model and the results indicated the existing dam could provide 2 MGD.

Photo 4-2 — Existing Mayland L ake Dam

To identify the maximum vyield that could be obtaned from rasng Mayland Lake, the dam
configuration was raised as high as the surrounding terrain would permit.  The top of the
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Mayland Lake Dam can be raised from devation 1926.4 to 1940.0 feet NGVD29. An HMR52
modd was created to determine the PMS for the Mayland Lake watershed. An HEC-1 modd
was then aeated to utilize the PMS to produce the PMF. According to the State of Tennessee's
Safe Dam Requirements, the raised Mayland Lake Dam would need to pass the PMF event

(refer to Table A3 in Appendix A) without overtopping. The HEC-1 mode was used to sze the
gillway of the raised dam in order to meet the Safe Dam requirements. A 150-foot wide
spillway with an invert a eevation 1934.5 feet NGV D29 was required.

The HEC1-API mode was modified to represent the raised dam, and a yidd anadyss was
performed (refer to Section 4.6.5). The yidd andyss indicated the raised dam configuration
could provide 2 MGD. The reason there was no increase in yield despite the increase in dam
height is the small drainage area of the watershed (2.76 mi%). The amount of runoff from the
watershed is the controlling factor as opposed to the amount of storage provided by the reservoir.

4.7.4 Raisng Camp OzonelL ake

Camp Ozone Lake is a recreationa lake located just north of Interstate 40 and approximately
3000 feet northwest from the post office in Ozone, Tennessee. The exiding reservoir has
gpproximately 13 acres of surface area a norma pool (elevation 1660.0 feet NGVD29) and a
drainage area of 3.98 mi>. Refer to Figure 4-8. Daa on the current dam configuration was
obtained from the State of Tennessee's Safe Dam Ingpection reports.  Due to its relaively small
sze, theyidd of the existing dam was not caculated.

To identify the maximum yield that could be obtained from raisng Camp Ozone Lake, the dam
configuration was raised as high as the surrounding terrain would permit.  The top of the Camp
Ozone Lake dam can be raised from eevation 1680.0 to 1739.5 feet NGVD29. An HMR52
mode was created to determine the PMS for the Camp Ozone Lake watershed. An HEC-1
mode was then created to utilize the PMS to produce the PMF. According to the State of
Tennessee's Safe Dam requirements, the raised Camp Ozone Lake dam would need to pass the
PMF event (refer to Table A-3 in Appendix A) without overtopping. The HEC-1 modd was
used to size the spillway of the raised dam in order to meet the Safe Dam requirements. A 200-
foot wide spillway with an invert a devation 1734.0 feet NGV D29 was required.
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An HEC1-API mode was creasted to represent the raised dam, and a yidd andysis was
performed (refer to Section 4.6.5). The yidd analyss indicated the raised dam configuration
could provide 1 MGD. The reason for the smdl yidd is the smdl amount of storage provided by
the reservoir.  The valey that the proposed reservoir would fill is narrow and does not provide
adequate storage.

4.75 Raisng Tranquilechee Lake

Tranquilechee Lake is a undeveloped residentid lake located approximately 4000 feet north of
the Cumberland and Bledsoe County line and four and a haf miles southwest of Grassy Cove,
Tennessee. The exigting reservoir has approximately 30 acres of surface area a normd pool
(dlevation 14525 feet NGVD29) and a drainage area of 4.30 mi%. Refer to Figure 48. Due to
itsrdaively andl sze, the yidd of the existing dam was not calculated.

Tranquilechee Lake was diminaed from condderation for raisng the dam height to provide
water supply after a review of the USGS Grassy Cove Quadrangle Map indicated the vdley the
rased reservoir would fill is quite narow. The results of a yidd andyss on the raised dam
configuration would be smilar to the results from the raised Camp Ozone Lake dam discussed
above.

4.7.6 Raising Height of Existing Reservoirs- Summary

As the results discussed above indicate, raisng the heght of exiding reservoirs in Cumberland
County does not provide a large amount of water supply. The mgority of the larger reservoirs in
the County that have higher potentid for providing a subgtantid amount of water supply are too
heavily developed aong their shordlines to raise the dam heights. The dams that can be raised
have been congructed too near the headwaters of the streams to have drainage areas large
enough to provide sufficient runoff. Due to these facts, no cost estimates were prepared for the
raised impoundment dternatives.

48 NEW IMPOUNDMENTS

As previoudy mentioned, condruction of new impoundments is an dternative consdered for
providing additiond water supply to Cumberland County. Congtruction of a new water supply
impoundment alows the sdection of a Ste that does not have the same problems the reservoirs
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andyzed in the rased impoundment dternaive did (insufficient drainage area and/or Storage
aed). The following sections discuss each Ste consdered, the Szing of each dam and results
from the yidd andysis performed on each ste.

4.8.1 Clear Creek

As pat of ther water supply study for the Catoosa Utility Didrict (provides water to the
northwestern portion of Cumberland County), the Tennessee Vadley Authority (TVA) desgned a
water supply dam on Clear Creek. The proposed dam location and spillway orientation are
illugrated on Figure 4-9. Clear Creek is a tributary of the Obed River, a portion of which is
protected by the Wild and Scenic Rivers Act. Congruction of an impoundment on a tributary to
the Obed River would pose serious environmental concerns.  However, because it had been listed
as apotentia adternative in a previous study, the Clear Creek dam wasincluded in this study.

To identify the maximum yield that could be obtained from a new impoundment on Clear Creek
at the proposed ste, the top of dam was set as high as the surrounding terrain would permit. The
proposed dam is approximately 72 feet in height, with the top of dam a elevation 1819.5 feet
NGVD29. An HMR52 mode was created to determine the PMS for the Clear Creek watershed
upstream of the proposed site. An HEC-1 mode was then created to utilize the PMS to produce
the PMF. According to the State of Tennessee's Safe Dam requirements, the Clear Creek Dam
would need to pass the YPMF event (refer to Table A -3 in Appendix A) without overtopping.
The HEC-1 modd was used to sze the spillway of the dam in order to meet the Safe Dam
requirements. A 250-foot wide spillway with an invert a eevation 1814.0 feet NGVD29 was
required. The proposed dam design is contained in Table 4-6 below. The reservoir area at
normal pool (spillway eevation) would be 155 acres.

Table 4-6
Proposed Clear Creek Dam Configuration
Top of Dam Length of Dam Spillway Invert Spillway Width
(Elev., feet NGVD29) (feet) (Elev., feet NGVD29) (feet)
1819.5 500 1814.0 250
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An HECI1-APl modd was created to peform a yidd analyss (refer to Section 4.6.5) on the
proposed Clear Creek reservoir. The proposed Clear Creek reservoir design would provide a
water supply yield of 3 MGD.

Clear Creek Intake Structure and Outlet Works

In order to caculate a cost estimate for the Clear Creek impoundment that are representative of a
cost for the congruction of the entire dternative (as opposed to just the dam), reconnaissance-

level designs of an intake structure and outlet works were required.

The proposed intake structure for the Clear Creek Dam consdts of a 6-feet x 6-feet concrete
gandpipe on the upstream sde of the dam that connects to a 4-feet x 4-feet box culvert that
extends through the dam. The top of the intake structure would be a Elevation 1814.0 feet
NGVD29 (spillway crest eevatiion). Three duice gates would be provided for sdective
withdrawd. Sedective withdrawa is provided based on the assumption the reservoir would
gratify during portions of the year, and sdective withdrawd would be required to obtain the
higher qudity water from the reservoir. A water qudity study would be performed on any of the
impoundment dternatives caried forward to a feashility-level study. The water-qudity study
would determine if selective withdrawa is required, and, if so, the number of intakes that would
be required. A sed wakway would provide access to the intake structure from the dam. The
intake tower would connect to the box culvert near the upstream toe of the embankment.

The box culvert serves two purposes. The culvert would serve as a means of diverson of flow
during congruction.  Typicdly, a seasond frequency andyss is performed to develop discharges
which can be used to Sze a diverson dternative.  Such an andyss is beyond the scope of this
sudy. The size of the diverson culvert for the proposed Clear Creek Dam was computed based
on a amilar water supply dam being desgned for the city of Cullman, Aldbama In the Cullman
Water Supply Study, a diverson tunne was sized based on providing protection up to a 10-year
frequency event. The required flow area for the Clear Creek diverson culvert was determined
by multiplying the Cullman flow area by the ratio of the Clear Creek to Cullman drainage aress.

The 4-feat x 4-feet box culvert was set as the minimum sze culvert that would be used; the
required flow area from the above mentioned caculation is less than the 16 ft*> provided. It
should be noted these are merely cursory computations, only intended to provide an estimate of
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the sze of the diverson culvert. A detalled andlyss of condruction diverson schemes would be

andyzed for any of the impoundment aternatives carried forward to afeagbility-level sudy.

The culvert would aso serve as a conduit through the dam for the water qudity and water supply
releases. As designed, water would be released from the reservoir from one of the three duice
gaes and flow from the intake dructure through the culvert to the downgream channd. A
portion of the flow would continue downstream for weater qudity while the rest would be
pumped to the treatment plant.

Pump Station and Pipdine

For this sudy it was assumed water supply flows from each reservoir would be pumped to the
current water treatment plant located near Lake Holiday (Crossville, Tennessee). To provide for
pesk demand, which is typicdly esimated as 150% of the daly yidd, the pump dation
downstream of the proposed Clear Creek Dam and the pipdine to the treatment plant were
required to supply 4.5 MGD of raw water.

The proposed pipdine route, illustrated in Figure 4-10, was sdected based on minimizing the
total disance and optimizing the use of exiging roadway right-of-ways. Additiond information
on the design of the pump gtation and pipdine can be found in Section 4.8.6.

4.8.2 Meadow Creek (above Meadow Creek Dam)

Based on a review of the USGS quadrangle maps that cover Cumberland County, a dam built on
Meadow Creek a the Cumberland County and Putnam County line appeared to have the
potentid to provide a substantid amount of water supply. The proposed dam location is
illugrated on Fgure 4-11. The exising Meadow Creek Dam is not shown on Figure 4-11
because it is not included on the USGS Campbell Junction Quadrangle Map.

Two problems were identified with this proposed dam ste. The first problem identified is the
Interstate 40 (1-40) crossng over Meadow Creek. The crossng consists of two 10 feet x 10 feet
box culverts (according to Tennessee Depatment of Trangportation (TDOT) files). A
preliminary dam was desgned to provide the maximum yied possble, thus requiring the top of
dam to be located as high as the topography of the ste would permit. However, based on TDOT
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information on the Interstate 40 crossing, the dam would back water approximately 10.8 feet
over the top of the culverts a the norma pool devation. The dam would aso impound water
over F40 during the design event (1/2 PMF). A new design would be required with a lower top
of dam and lower spillway invert, which would substantialy reduce the yield provided.

The second and more criticd problem identified is the exigence of a dam downstream of the
proposed ste that was built by the City of Monterey for water supply. As previoudy mentioned,
this reservoir is not shown on the current USGS Campbel Junction Quadrangle Map. Building a
dam upsream would capture the mgority of the flow tha is currently flowing into the existing
dam, thus substantialy depleting the water supply at the Meadow Creek Dam.

Due to these problems, the condruction of a new impoundment on Meadow Creek at the
Cumberland County and Putnam County line was not carried forward as an dternative in the
study process.

4.8.3 Meadow Creek (below Meadow Creek Dam)

As discussed in Section 4.8.2 above, the City of Monterey has constructed a water supply dam
on Meadow Creek. The dam is located immediately south of Highway 62 and gpproximatdy a
mile north of the Cumberland and Putnam County line (refer to Figure 4-12). The actua dam
and reservoir are not shown on Figure 4-12 because they are not included on the USGS
Campbell Junction Quadrangle Map. Photo 4-3 provides a photograph of the existing Meadow
Creek Dam. During the dte vidt to the exiging structure it gppeared a new dam could be built
downgream of the current dam a a higher height. Review of the USGS Campbel Junction
Quadrangle Map confirmed a new dam built approximately 200 feet downstream of the existing
sructure could be congtructed with a top of dam at devation 1799.5 feet NGVD29, which is
estimated to be 30 feet higher than the existing top of dam.
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Photo 4-3 — Existing Meadow Creek Dam
The proposed new dam is gpproximately 90 feet in height. An HMR52 nodel was crested to
determine the PMS for the Meadow Creek watershed upstream of the proposed ste. An HEC-1
mode was then created to utilize the PMS to produce the PMF. According to the State of

Tennesee's Safe Dam Requirements, the new Meadow Creek DCam would need to pass the full
PMF event (refer to Table A-3 in Appendix A) without overtopping. The HEC-1 modd was
used to Sze the spillway of the dam in order to meet the Safe Dam requirements. A 300-foot
wide spillway with an invert a eevation 1787.0 feet NGVD29 was required. The proposed dam
desgn is contained in Table 4-7 below. The ponding area a norma pool (spillway eevation)
would be 273 acres.

Table4-7
Proposed Meadow Creek Dam Configuration

Top of Dam Length of Dam Spillway Invert Spillway Width
(Elev., feet NGV D29) (feet) (Elev., feet NGV D29) (feet)
1799.5 1500 1787.0 300

An HEC1-APl modd was created to peform a yied analyss (refer to Section 4.6.5) on the
proposed new Meadow Creek Dam. The proposed Meadow Creek dam design would provide a
water supply yield of 7 MGD. The yidd of 7 MGD includes the yield that is aready provided by
the exiging Meadow Creek Dam, which was not determined during this study. It should be
noted that the congruction of this dam would require water supply negotiations between the City
of Monterey and Cumberland County.
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| ntake Structure and Outlet Works
In order to caculate a cost estimate for the new Meadow Creek impoundment that represented a

cost for the congruction of the entire dternative (as opposed to just the dam), reconnaissance-

level designs of an intake structure and outlet works were required.

The proposed intake structure and diverson culvert for the new Meadow Creek dam are he
same as those designed for the proposed Clear Creek Dam (refer to Section 4.8.1, Intake
Structure and Outlet Works). The top of the 6-feet x 6-feet intake structure would be at
Elevation 1787.0 feet NGVD29 (spillway crest eevetion). The same assumptions regarding
seective withdrawa were aso made for the new Meadow Creek dam as those made for the
Clear Creek dam. A sted wakway would provide access to the intake structure from the dam.

The intake tower would connect to the box culvert near the upstream toe of the embankment.

The 4-feet x 4-feet box culvert would serve two purposes, diverson of flow during construction
and a conduit through the dam for the water qudity and water supply withdrawas. The sze of
the diverson culvert for the proposed new Meadow Creek Dam was computed based on the
same assumptions and techniques used to size the Clear Creek diverson culvert (refer to Section
481, Intake Structure and Outlet Works). As previoudy mentioned, these are merely cursory
computations, only intended to provide an edimate of the dze of the diverson culvert. A
detailled andyss of condruction diverson schemes would be andyzed for any of the
impoundment aternatives carried forward to a feasibility-level studly.

As mentioned, the culvert would dso serve as a conduit through the dam for the water qudity
and water supply releases. As designed, water would be released from the reservoir from one of
the three duice gates and flow from the intake structure through the culvert to the downstream
channd. A portion of the flow would continue downstream for water quaity while the rest
would be pumped to the trestment plant.

Pump Station and Pipdine

For this study it was assumed water supply flows from each reservoir would be pumped to the
current water trestment plant located near Lake Holiday (Crossville, Tennessee). To provide for
pesk demand, which is typicdly edimated as 150% of the daly yiedd, the pump dation
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downstream of the proposed new Meadow Creek Dam and the pipeline to the treatment plant
were required to supply 10.5 MGD of raw water.

The proposed pipeline route, illustrated in Figure 4-10, was sdected based on minimizing the
totd disance and optimizing the use of exiding roadway right-of-ways. Additiond informetion
on the design of the pump gtation and pipdine can be found in Section 4.8.6.

484 Meadow Park Lake

During the dte vidt to determine the feashility of rasng Meadow Park Lake Dam, it appeared a
new dam could be built downgream of the exiing dructure a a higher height. Review of the
USGS Crossville Quadrangle Map confirmed that a new dam built approximately 300 feet
downstream of the existing Meadow Park Lake Dam could be congtructed with a top of dam at
elevation 1859.5 feet NGVD29, which is goproximady 20 feet higher than the exising dam
could beraised.

Prior to the yidd anadlysis on the raisng of Meadow Park Lake Dam, it gppeared congruction of
a new impoundment downstream of the existing dam would be a viable water supply dternative.
However, as previoudy mentioned, the results of the yidd analyss on the raisng of Meadow
Park Lake Dam reveded that the reservoir's watershed is too smal to contribute sufficient runoff
to support alarger reservoir.

4.85 Caney Fork

As pat of a water supply study for the City of Crossville, Lamar Dunn & Associates Inc.
(LD&A) of Knoxville, Tennessee proposed a water supply dam on the Caney Fork. The
proposed gte is located a mile and a hdf east of Clifty, Tennessee and 4000 feet west of Bruce
Knob (refer to Figure 4-13). Photo 4-4 provides a photograph of the Caney Fork near the

proposed site.
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Photo 4-4 — Caney Fork Near Site of the Proposed Caney Fork Impoundment

The proposed dam design is smdler than that contained in the LD&A report because of the U.S.
Highway 70 crossngs upsiream of the proposed site. The dam had to be szed to avoid
impounding water over U.S. Highway 70 a the Caney Fork, Beam Creek and Tantrough Creek
crossngs. Drawings of each of these crossngs were obtained from TDOT, and the proposed top
of dam was st a an eevation that would not exceed the roadway eevation a these crossngs.
Photo 4-5 provides a photograph of the U.S. Highway 70 crossing over the Caney Fork.

Photo 4-5 — U.S. Highway 70 Crossing Over the Caney Fork
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The proposed dam is gpproximately 123 feet in height, with the top of dam at Elevation 1665.0
feet NGVD29. An HMR52 modd was created to determine the PMS for the Caney Fork
watershed upstream of the proposed site. An HEC-1 modd was then created to utilize the PMS
to produce the PMF. According to the State of Tennessee's Safe Dam requirements, the Caney
Fork dam would need to pass the full PMF event (refer to Table A3 in Appendix A) without
overtopping. The HEC-1 modd was used to sze the spillway of the dam in order to meet the
Safe Dam requirements. A 300-foot wide spillway with an invert a Elevation 1635.0 feet
NGVD29 was required. The proposed dam design is contained in Table 48. The reservoir area
a normd pooal (spillway devation) would be 272 acres.

Table4-8
Proposed Caney Fork Dam Configuration

Top of Dam Length of Spillway Invert Spillway Width
(Elev., feet NGVD29) Dam (feet) (Elev., feet NGV D29) (feet)
1665.0 700 1635.0 300

An HEC1-APl mode was created to perform a yied andyss (refer to Section 4.6.5) on the
proposed Caney Fork Dam. The proposed Caney Fork Dam design would provide a water
supply yied of 12 MGD.

| ntake Structure and Outlet Works
In order to calculate a cost estimate for the Caney Fork impoundment that represented a cost for

congtruction of the entire dternative (as opposed to just the dam), reconnaissance-leve designs

of an intake structure and outlet works were required.

The proposed intake structure for the Caney Fork Dam conssts d a 10-feet x 10-feet concrete
gtandpipe on the upstream side of the dam that connects to an 18-feet x 18-feet box culvert that
extends through the dam. The top of the intake structure would be at eevation 1635.0 feet
NGVD29 (spillway crest eevation). Based on the water quality assumptions stated in Section
481, Intake Structure and Outlet Works, three duice gates would be provided for selective
withdrawal. A sed walkway would provide access to the inteke sructure from the dam. The
intake tower would connect to the box culvert near the upstream toe of the embankment.
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The 18-feet x 18-fest box culvet would serve as a means of diverson of flow during
condruction. The sze of the diverson culvert for he proposed Caney Fork Dam was computed
based on the same assumptions and techniques used to size the Clear Creek diversion culvert
(refer to Section 4.8.1, Intake Structure and Outlet Works). As previoudy mentioned, these are
merdy cursory computations, only intended to provide an edimae of the sze of the diverson
culvert. A detalled andyss of congruction diverson schemes would be andyzed for any of the
impoundment adternatives carried forward to a feasibility-level study.

The culvert would dso serve as a conduit through the dam for the water qudity and water supply
rdleases. As designed, water would be released from the reservoir from one of the three duice
gates and flow from the intake dructure through the culvert to the downstream channd. A
portion of the flow would continue downdream for water qudity while the rest would be
pumped to the treatment plant.

Pump Station and Pipdine

For this study it was assumed water supply flows from each reservoir would be pumped to the
current water trestment plant located near Lake Holiday (Crossville, Tennessee). To provide for
pesk demand, which is typicdly edimated as 150% of the daly yied, the pump dation
downstream of the proposed Caney Fork Dam and the pipdine to the treatment plant were
required to supply 18 MGD of raw weter.

The proposed pipdine route, illusrated in Figure 4-10, was sdected based on minimizing the
totd disgance and optimizing the use of exiding roadway right-of-ways. Additiond information
on the design of the pump station and pipeline can be found in Section 4.8.6.

4.8.6 Electrical/Mechanical Designs

General

The raw water pipdines were engineered conservatively to reduce friction loss and ultimatey
save energy throughout the life of the project. The dignment was chosen to minimize
condruction cods by utilizing exising routes, i.e, right of way (ROW) dong highways to the
filtration plant.
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Static Conditions

The datic head was cdculated using low water devations a the source or flow line of the stream
and the nearest high ground aong the pipeline or ground profilee. The maximum datic head
would be encountered during Start-up or priming of the sysem. By usng sphonic recovery
throughout the system, part of the priming head can be negated since the filtration plant is a
Elevation 1800.0. These refinements should be considered in subsequent designs.

Dynamic Conditions
The dynamic flow involves velocity head loss and friction loss. The veocity head was minute in
most cases and dropped from further congderation. The friction loss was taken from published

data usng dandard schedule 40 sed pipe. By conservetively szing the pipeines, the water
velocity was kept low, which resulted in low friction losses and less power required.  Again,
future refinements may decrease overdl ingtalation and life cycle cogts.

Pumping Units

The pumping units would be capable of priming the sysem and pumping consgtently through al
changes of the intake and/or discharge conditions. The pumping capacity would be divided
between two or three amilar pumping units, providing partid capacity in case of unit falure
Sufficent stages would dlow the pumping units to prime the piping sysems and achieve rated
capacity.

Electrical Service
An dectric service would be required @ each pumping dation.  The necessay sarvice

requirements and possible dectric line modifications or extensons would be coordinated with
the eectricd utility company.

Electric Motors

The pumping units would be driven by dectric motors of sufficient horsepower to perform a dl
conditions. One (1) dectric motor a each location should be variable speed, which would

provide tota capacities between minimum and maximum flows. A power source would be

required for the pumping units.
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Control Systems

The automatic control system would activate the pumping units in predetermined sequence to
deliver the water as needed.

Pipelines

The pipdines would be congructed of schedule 40 sted pipe coated and cathodically-protected
dong the entire length. Bury of each pipe would be three (3) foot to prevent freezing of the
product. Refinements of the dedgn should include gphon asss when avalable to take
advantage of energy recovery. The pipdine dignment generdly follows existing ROW aong
highways, except for gpproximately two (2) miles a the intake facilities, which is overland
requiring new congtruction. Thrust backing would be provided & al directional changes.

4.8.7 Geology

All of the dtes are located on the Cumberland Plateau on Lower Pennsylvanian rocks of the Crab
Orchard Mountains (Pco) and Gizzard (Pg) Groups. Listed in order of prevdence, the Crab
Orchard Mountains Group conssts of conglomerate, sandstone, sltstone, shde and cod. The
Gizzard Group conggts of shde, sltstone, sandstone and conglomerate.

"The Cumberland Plateau is the name given to the southern portion of the structura province
known as the Appaachian Plateaus. It is marked on the east Sde by a prominent escarpment, but
its wettern margin is more irregular. The average height of these escarpments is 900 feet.
Although essentidly flat throughout most of its extent, it has some rolling terrain in places an
mountains that rise above the generd plaeau leved from easstern Cumberland County
northeestward to Claiborne County. The generd plateau eevation is approximately 1700 to
1900 feet.”

“The same mountain building forces that built the Southern Appdachians and deformed the
rocks of the Vdley and Ridge formed the dructures of the Cumberland Plateau. Rocks dong the
eadern escapment of the plateau and for many miles westward dong some zones were
extensvely faulted and folded." (Excerpts from The Geologic History of Tennessee by Robert
A. Miller)

"Northwest and north of the Crab Orchard Mountains is a long continuous bet of intense
dructurd deformation.  This belt consgts chiefly of a series of enrecheon southeastward dipping
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thrugt faults connected by cross faults and associated anticlines.  This belt has been mapped from
the Lantana area on the southwest to the edge of the Vdley and Ridge province a Elverton and
Hariman. The thrust faults in the bet drike northeest and their planes dip southeest.
Southeastward dip of the fault planes ranges from less than 10 degrees to about 50 degrees.
Thrugt faults occur generdly in zones of redricted width within which there are severd faults.
Thrust zones are generaly marked by prominent ridges due to dip of resstant sandstone beds."

(Excerpts from The Cumberland Plateau Overthrust and Geology of the Crab Orchard Mountains
Area, Tennessee by Richard G. Stearns)

These fault rdaed zones include the Crossville fault, Potts Creek fault, Lantana faults, and the
Erasmus anticline.  They are located near the town of Crossville, Tennessee and the stes of the
Meadow Park Dam and the proposed Caney Fork Dam. Relative locations are shown on Figure
4-14.

Figure4-14 Structural Featuresand Dam Sites
(Drawing M odified from The Cumberland Plateau Overthrust and Geology of the Crab
Orchard Mountains Area.)
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Clear Creek Dam

The dte of the proposed Clear Creek Dam was not visted. However, it is near other Sites that
were visted. Based upon geologic maps of the area and observetions a other Stes it is assumed
that bedrock at the Clear Creek Dam site would be sandstone and associated rocks of the Crab
Orchard Mountains Group. Foundation trestment requirements should be about the same as for

the other stes sudied. There are no known fault zones in the immediate area.

M eadow Park Dam

The foundation of the exising Meadow Park Dam is sandstone of the Crab Orchard Mountains
Group. Overburden covering bedrock appears to be thin layer of slty-sandy soil. The sandstone
is very hard, medium- to thick-bedded, and cross-bedded. The dip of the bedding is highly

vaiable in the area.  The Crossville Fault and Lantana Faults occur nearby. Meadow Creek

flows adong the approximate dignment of one of the Lantana Fault lines and the exising
Meadow Park Dam was constructed across this line. There are no gpparent foundation problems
with the existing dam. Seepage through the foundation and abutments appears to be dmost non

existent.

M eadow Creek (bdow Meadow Creek Dam)

Bedrock in the area is sandstone and associated rocks of the Crab Orchard Mountains Group.
The foundation of the existing Monterey Dam is sandstone at the lower levels. Shde and cod
adso occur in the area and there is some higory of cod mining in the vicinity of the dam. A
subgtantid amount of seepage flows from a point on the left bank approximately 800 feet
downstream of the dam. Flow estimated to be 50 gdlons per minute comes from a point near the
contact between overburden and top of rock. This appears to be in about the same area as cod
tipple, now removed, which is shown on USGS topographic maps. The reason for the seepage is
unknown. It could be related to cod mining activity in the area and should be investigated to
determine the implications for new dam condruction. There are no known fault zones in the

immediate area.

Caney Fork Dam
Bedrock at the site of the proposed Caney Fork Dam is sandstone and related rocks of the Crab

Orchard Mountains and Gizzard Groups. The creek bottom is covered with sandstone grave-
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boulders. The dam foundation would probably be sandstone, with shde possbly occurring at the
lowest levels dong the creek. The dam Ste is near the Erasmus Anticline and Potts Creek Fault.
The effect of these features on dam congruction, if any, is unknown.

4.8.8 Geotechnical Design

The dtes for the new dams (except for Meadow Creek, which is located adjacent to the
Cumberland County line) are located in Cumberland County. Because of budget condraints, no
explorations could be peformed. Published literature and dte vists were the only information

available to determine the conceptual designs for the dams and foundations.

As described in the geology section (Section 4.8.7), Cumberland County is located in the
Cumberland Pateau and is generdly flat through most of its extent with some ralling terrain in
places and mountains that rise above the generd plateau leve in the eastern pat. A soil survey
(Series 1938, No. 25, issued April 1950) shows that the Hartsdll soils cover much of the County.
This soil formation is described as a fine sandy loam to a fine sandy clay and generadly three feet
thick. Sandstone underlies this thin overburden.

Assumptions
All the sites sdlected for new dams require a spillway to pass the sdlected design flood. The

materid excavated for the spillway would be used to construct the dam.

Given the above information the following assumptions were made in determining the type of
structure to be congtructed in generating atypica design.

=

. Excavated materia from the spillway would be 80% rock and 20% overburden.
2. Because the excavated materid would be predominately rock, arockfill dam would
be constructed.
3. Overburden materid from the spillway would be clay and can be used as the
impervious core materid.
4. Additiond clay materid (if needed) can be obtained from borrow areaslessthan a
mile away.
. Additiona rock materid (if needed) can be obtained by widening the spillway.
The overburden under the dam footprint is five feet thick and would be excavated and
removed.
6. A concrete culvert would be used to divert the river during construction and maintain
low flow after condtruction is complete.

o1 o
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Typical Design

Given the above assumptions a typicd section (see Figure 4-15) for a rockfill dam was
developed and can be used a any of the Stes investigated. As shown on this section, the width
of the clay core a the base (in the deepest section) would be about one haf of the height. It
would be flanked on both sdes by a filter sysem 10 feet wide. The filter sysem will congst of a
sand filter adjacent to the core and trangdtion filter composed of a sandy gravel between the sand
filter and the rock fill. The width of each filter will be five (5) feet. The filters will come from a
commercid source, probably in the City of Cookeville. Rockfill from the excavation would be
used in the outer shells. Side dopes on both the upstream and downstream sides would be 1V to
2H, and the dam would have a 20-foot top width. A core trench five (5) feet deep (into rock) and
20 feet wide would also be congtructed. It should be noted that no explorations or borings have
been made to date and that this section could be dtered substantidly or even make a rockfill dam
not feesible.

4.8.9 Foundation

It is assumed that the impervious core tench of each dam would be founded on sandstone. The
core trench would extend five feet below top of rock. The foundation would be grouted to a
depth below the surface of the rock approximately equa to the reservoir head above the surface
of the rock. Initidly, a gngle line grout curtain would be inddled benesth the core trench.
Primary holes would be 1.5-inches in diameter and drilled on ten foot spacing. Additiona grout
holes would be added as needed, depending on grout takes in the primary holes. Grout take is
estimated to be 0.5 cubic feet of grout per foot of drill hole.

The core trench would be excavated by blasting. The 1H:1V sde dopes would be pre-gplit.
Denta excavation, grout and concrete would be used to shape and seal fina rock surfaces and
make them suitable for the placement of impervious fill and filter materid. Spillway rock dopes
would be vertica, and would be pre-plit prior to production blasting.

Rock reinforcement and protection would be needed primarily in the spillways. One-inch
diameter, 10-12 foot long, resin anchored, post-tensoned rock bolts would be used. Shotcrete
protection would be used in areas within 50 feet either Sde of the spillway sll, plus an estimated
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10% of the remainder of spillway dopes.  Shotcreted dopes would be drained with drain holes
lined with dotted PV C pipe and strip drains.

References
Information for Section 4.8.7 and 4.8.9 New Impoundments Foundation was obtained from the

following sources:
1 The Cumberland Plateau Overthrust and Geology of the Crab Orchard Mountains Area,
Tennessee by Richard G. Stearns; Tennessee Divison of Geology Bulletin #60;

2. The Geologic History of Tennessee; Tennessee Division of Geology
Bulletin #74;

Geologic Map of Tennessee, East-Centrd Sheet; Tennessee Division of Geology; and
Geologic Map of the Crossville Quadrangle, Tennessee.
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Figure4-15 Typical Dam Section
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49 WATER HARVESTING ALTERNATIVE

The basis of water harvesting is to pump water from a stream during high-flow events and store
that water in an off-dte detention area for future use. While amilar in concept to a water supply
reservoir, water harvesting poses less of an environmenta impact on the sream because it

remains free-flowing.

Two methods of water harvesting were investigated in this sudy. The firg is the “traditiona”
definition of pumping waer from a dream during high flows and doring it in a newly
congructed detention area.  The second method condsted of pumping water during high-flow
events on the Caney Fork and storing it in araised Meadow Park Lake reservaoir.

49.1 “Traditional” Water Harvesting

Water harvesting as a water supply dterndive is a new concept for Tennessee. The “traditiona”
water harvesting that has been referred to has for the most part been used for agricultura uses.
To achieve a better understanding of the water harvesting concept, a prototype water harvesting
system in Huntsville, Alabamawas visited.

The sysem conssted of an 800 gdlons per minute (gpm) pump a an intake dructure that
pumped water to a detention area constructed from a 15 foot tall ring levee. Refer to Photo 46
for a photograph of the intake structure and to Photo 47 for a photograph of the detention area.
The detention area had gpproximately 13 acres of surface area and a volume of 140 acre-feet
(45.6 million gdlons) at the top of the pool (4 feet below the top of the levee). The detention
area had been lined with a polyethylene liner to ensure no infiltration losses. Permitting for the
sysem dlowed pumping from the creek during the “wet” months of November through May.
Pumping was aso limited to those times when the water surface eevetion of the creek was above
a cetan devation tha had been established during the permitting process. The system was built
as pat of an Auburn Universty experiment and is used to irrigate cotton fidds. Using its current
permitting guidelines, this system could provide a maximum of 0.3 MGD of water supply during
non-pumping months of June through October (152 days of no inflow).
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i '§" :
Photo 4-6 — Example of intake structure for a traditional water harvesting system

Photo 4-7 — Example of detention area for atraditional water harvesting system

4.9.2 Water Harvesting asa Water Supply Alternative
A lager verson of the waer harvesing sysem in Huntsville was designed to determine the
yield that could be obtained as well as the cost associated with the sysem. A detention area
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congructed from a 35-feet tdl ring levee was desgned. The designed detention area had
approximately 15 acres of surface area and a volume of approximately 375 acre-feat (123 million
gdlons) a the top of the pool (4 feet below the top of the levee). The detention area would
require an area of land approximately 1000 feet x 1000 feet (23 acres) in Sze. Because the area
typicaly has a thin overburden and composed of sandy materids, a liner is included in the design
to ensure no loses. It was dso assumed the same pumping limitations would be imposed on this
sysem as those discussed for the Huntsville prototype.  This water harvesting design (volume)
could provide a maximum of 0.8 MGD of water supply during the non-pumping months of June
through October (152 days of no inflow).

There are severa dreams in Cumberland County that could support the aforementioned water
harvesting system. These include the Caney Fork, Clear Creek, Meadow Creek, Daddys Creek,
efc. Due to scope limitations, no specific pump Stes were identified for this sudy. For this
reason, afew assumptions had to be made during the sizing of the pump station and pipeline.

The required capacity of the intake pump was determined based on historicd modding of flow
in the Caney Fork that is discussed in Section 4.10.3, Modeling Process. The historicd modeling
of the Caney Fork showed that during the criticad drought year there were 20 days the water
surface devaion in the Caney Fork was above the minimum devation for pumping of 1545.3
feet NGVD29 (see Section 4.10.3). Based on the results of that modding, it was assumed there
would be 20 days during the “wet” months of November through May that the water surface
eevetion in the cresk would be high enough to permit pumping. The required capacity of the
intake pump was caculated by dividing the volume of water pumped from the sysem each year
(0.8 MGD x 365 days = 292 MG) by 20 days of pumping. The required capacity of the intake
pump and pipelineis 14.6 MGD (10,150 gpm).

As was done in the storage impoundment dternatives, it was assumed water supply flows from
the water harvesting system would be pumped to the current water trestment plant located near
Lake Holiday (Crossville, Tennessee). To provide for pesk demand, which is typicaly estimated
as 150% of the daly yidd, the pump sation and pipeline that would transport water from the
detention area to the trestment plant were designed to supply 1.2 MGD of raw water.
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Because no specific dtes were identified the following assumptions were made in designing the

pipelines both to and from the detention area:

Pipeline from the creek to the detention area would:
Have 200 feet of head
Be 500 feet in length

Pipdine from the detention area to the treatment plant would:
Have 200 feet of head
Be 10 milesinlength

These assumptions were made based upon a review of the topography dong the creeks
previoudy mentioned as potentid Stes and of the topography between those creeks and the
trestment plant. Additiond information on the design of the pump dation and pipeline can be
found in Section 4.8.6.

Levee Design for Water Harvesting

The ring levee system described in Section 4.10.2 would be approximately 1,000 feet by 1,000
feet. A typicd section of the levee would have downstream Sdedopes of 1V to 25H and
upstream dopes of 1V to 2H and a top crest width of 10 feet. A cutoff trench 10 feet wide, five
feet would dso be congructed. If clay can be found within the levee storage area or close by, it
would be used to condruct the levee. If insufficient impervious materid is avalable, then the
overburden materia (which is assumed to be a slty sand) can be used to congtruct the levee, but
an impervious liner would have to be inddled. Cogt edtimates were made assuming impervious
materia can be found. See Figure 4-16 for typica section.
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Figure4-16 Typical Water Harvesting Ring L evee Section
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4.9.3 Water Harvesting from the Caney Fork to Meadow Park Lake

The second method of water harvesting investigated as a source for additional water supply for
Cumberland County was pumping water during high-flow events on the Caney Fork and storing
it in a raised Meadow Park Lake reservoir. As discussed in Section 4.7.2, the watershed
upstream of Meadow Park Lake does not have sufficient drainage area to support a larger dam.
However, the topography would dlow a larger dam. It was due to these facts that this aternative
was identified.

If the existing Meadow Park Lake Dam were raised, a substantial additiona storage aea could
be utilized for water supply. The existing area of the pool is 255 acres a norma pool (spillway
elevation). The area of the proposed raised pool area is 610 acres at normal pool. Figure 417
provides a comparison of the exising Meadow Park Lake reservoir and the proposed raised
Meadow Park Lake reservoir. Pumping water from the Caney Fork into that storage area would
offset the fact the Meadow Park Lake watershed is too smdl to generate enough runoff to fill the
reservoir behind the raised dam. This dternative would combine the bendfits of both Stes  the
large drainage area upstream of the Caney Fork site could be utilized without impounding the
river and the large storage area upstream of the existing Meadow Park Lake Dam could be
utilized for water supply. The proposed sSte for the intake structure on the Caney Fork is the
same as the proposed ste for the new impoundment on the Caney Fork (refer to Figure 4-13).

Modeling Process
To modd this water harvesting adternative, a target yeld had to be assumed. The same yidd as
that used in the pipdine dternative (refer to Section 4.5.1) was used, 9 MGD.

To determine the totd volume of storage required within the Meadow Park Lake, five months of
zero inflow from the Caney Fork pump was assumed. Fve months of continuous drought
conditions is much worse than any of the higtorica droughts the region has experienced, so this
assumption was conddered conservative. The storage lost to date from sedimentation as well as
the storage that would be lost to sedimentation during the structure's design life of 50 years was

aso consdered in the required volume computations.
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Based upon these assumptions and considerations, the required totd volume of dorage is
approximately 8575 acre-feet, which corresponds to an eevation of 1829.0 feet NGVD29 within
the reservoir.  Thus, the raised Meadow Park Lake Dam would need to have a norma pool
elevation of 1829.0 feet NGV D29 or greater to provide the additional 9 MGD of weter supply.

As previoudy discussed, the exising Meadow Park Lake Dam could be raised to Elevation
1840.0 feet NGVD29. Previous modding of a rased Meadow Park Lake dam assumed the dam
would be rased with earthen materid, thus requiring a spillway to pass the freeboard design
gorm as defined by the “Safe Dams Act of 1973 However, during the work for this water
harvesting dternative a second dte vist was conducted, during which it was confirmed the
exiding dam could be raised usng roller compacted concrete.  This would permit overtopping of
the dam during flood events, and diminate the need for a sillway. Therefore, there is ample
room to raise the existing Meadow Park Lake dam to accommodate the storage requirements for
this dternative as designed.

The next step in the modding process was to determine the Caney Fork eevation above which
pump withdrawvas can be made. Based upon engineering judgment it was decided the devation
corresponding to the 20% duration flow would be used for that devation. The 20% duration
flow is the flow rate in the river that is exceeded only 20% of the time in a year. Hidoricd
dreamflow data is required to cadculate duration discharges, which is not avalable a the
proposed Caney Fork ste. However, such data is available further downstream at the Caney
Fork stream gage located near Clifty, Tennessee.

The discharge data from the Clifty gage for the Years 1929 to 1949 were retrieved from CD-
ROMs containing NWS records. One st of datigticd data avalable on the CD-ROMs for
dream gages is duration flows. The 20% duration flow for the Caney Fork a the gage dte is 292
cfs. The 20% duraion flow at the proposed ste of the intake was cdculated by multiplying the
292 cfs by the ratio of the drainage aress at the intake and at the gage, 58.3 mi? and 111.0 mi®
respectively. The calculated 20% duration flow for the Caney Fork at the proposed site of the
inteke is 153 cfs. From the HEC-RAS generated rating curve developed for the ste (refer to
Section A.2 in Appendix A for a discusson on the development of rating curves usng HEC-
RAYS); the devation that corresponds to a discharge of 153 cfs is 15453 fest NGVD29.
Therefore, it was assumed pumping would begin when the water surface eevation in the river
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exceeded 1545.3 feet NGVD29, and would cease when the water surface eevation dropped
below this devation. Figure 4-18 illustrates the cross-section at the proposed Caney Fork intake
gte and the 20% duration elevation of 1545.3 feet NGV D29.

Figure 4-18 — Caney Fork cross-section at proposed intake site and 20% duration elevation
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The next step was to determine the size of the pump required at the Caney Fork intake. The
minimum volume to be pumped in a year was assumed to be equd to the volume pumped from a
demand of 9 MGD during the assumed five months of zero inflow. The minimum flow was
determined by multiplying 9 MGD by 152 days (five months of zero inflow), which resulted in
1368 MG (4200 acre-feet). The HEC1-API modd used for the yied andyss on the proposed
new impoundment on the Caney Fork was modified to represent the Caney Fork watershed
above the proposed water harvesting aternative intake. The proposed reservoir was replaced
with an atificad reservoir that represented the Caney Fork channel upstream of the intake
dructure.  The rating curve developed in HEC-RAS was input using SQ/SE cards.  This results
in a stage hydrograph a the intake ste. A pump that would shut off whenever the water surface
elevation fell below 1545.3 feet NGV D29 was also smulated in the HEC1-API modd.
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The HEC1-APl modd was used to make continuous smulations of the higorica drought years
previoudy mentioned. The volume of water pumped from the river eech year was checked at the
end of each year's run to ensure it was greater than the minimum 4200 acre-feet. If the volume
was less than 4200 acre-feet, the Sze of the pump was increased. This iterative process was
repested until a pump sze was found that could pump the minimum 4200 acre-feet of water
during each of the drought periods. The pump Size meeting this criterion was 48,000 gpm.
During the critica year (1985), there were only 20 days the water surface elevation was above
1545.3, thus only permitting pumping for 20 days. Once the pump Sze was determined, each of
the drought years were run again with the HEC1-APl modd, and the outflow hydrograph from
the pump was written to a DSS database for retrievd in the yield andysis.

The find sep was to determine the totd yield the raised Meadow Park Lake Reservoir could
provide with the additional inflow from the Caney Fork water harvesting.  The HECI-API
modd used for the raised Meadow Park dternative was modified to represent a raised Meadow
Park Lake dam with no spillway (top of dam a devation 1839.5 feet NGVD29). The mode was
adso modified to include the retrievd of the outflow hydrograph from the Caney Fork pump as
inflow to the reservoir. A yidd analyss was peformed (refer to Section 4.6.5). The proposed
water harvesting from the Caney Fork to a raised Meadow Park Lake reservoir would provide a
water supply yied of 11 MGD.

Recdl the current Meadow Park Lake configuration can provide a yidd of 3 MGD, so the water
harvesting dterndive would provide an additiond 8 MGD. The additiond yield of 8 MGD s
dightly less than the target increase of 9 MGD. Smaler pumps and pipelines would be required
if the desred additiond water supply for Cumberland County is identified to be less than 8
MGD. Conversdy, larger pumps and pipelines would be needed if alarger yield is desired.

The pump gation and pipeline a the Caney Fork intake were sized based on a required pumping
capacity of 48,000 gopm. As was done in the storage impoundment dternatives, it was assumed
water supply flows from the raised Meadow Peark Lake would be pumped to the current water
treetment plant located near Lake Holiday (Crossville, Tennessee). The pump dation and
pipdine that would pump the water from the reservoir to the treatment plant were required to
supply 150% of the daily yidd (3 MGD exigting plus 9 MGD additiond), or 18 MGD, to provide
for peak demand.
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The proposed pipdine route illustrated in Figure 419 was sdlected based on minimizing the total
distance and optimizing the use of exiging roadway right-of-ways. Additiond information on the
design of the pump stations and pipelines can be found in Section 4.8.6.

Raising M eadow Park Dam — Structural Design
In order to raise Meadow Park Lake by 20 feet, the best dternative is to use a roller compacted
concrete dam. This would require that an ingpection trench be cut downstream of the existing

dam and roller compacted concrete placed to widen the base and build the new dam. The
exiging dam would be used as the form for the upstream face of the dam with the top 20 feet
being formed. A separate spillway would be cut through the hillsde. A new vave would be
indaled in the exiging 20 inch diameter pipe a the downdream toe of the dam. The exiging
vave semsfor the water intake would have to be lengthened and moved to the top of the dam.
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4.10 NO ACTION ALTERNATIVE

The “No Action” dternative accounts for the possbility that the Cumberland County community
may decide not to pursue an additiona water supply source(s). As discussed in Section 2.2, the
current safe yield available from Lake Holiday, Meadow Park Lake, and Stone Lake is 10 MGD.
Table 4-9 tracks the status of Cumberland County’s drinking water supply if no action is taken.
The vadues liged in Table 411 for “Average Annud Water Usg’ and “Peak Water Use” follow
the median growth scenario for the community which predicts a need of 13 MGD in the Year
2050 (refer to Section 3.1.3).

Table4-9
No Action Alternative
Status of Drinking Water Supply

Year Number of Average Peak Water Use Status of
Customers Annual Drinking Water
Water Use Supply
(MGD) (MGD)
1990 7575 303 454 Available Supply
1997 17701 433 6.50 Available Supply
2010 26274 6.86 10.30 Available Supply
2025 36727 9.87 131 Available Supply
2050 54748 14.89 2233 Inadequate

In this ingance, it is the respongbility of the County reddents to ether curtal the current
resdentid and commercid growth of the community or acknowledge the need for an additiona
water supply source.  The importance of water to the wel being of adl membes of the
community is obvious from mesting drinking, cooking, and sanitary needs to lawvn watering,

swvimming pool maintenance, and fire fighting.

It is important to note that tracking of the current water supply againg average annua water use
from a different growth scenario could result in an inadequate Satus either earlier or later than
that illudrated in Table 4-9, depending on the growth scenario used. Should the actua growth
rate of the community be less than the projected moderate growth rate discussed above, no action
could be a vidble dternative. In the short term, Cumberland County resdents and utility digtricts
could look to the surrounding communities for potentiadd connections with neighboring water
supply systems. Possble connections include Spring City to serve the Grandview utility didtrict,
the City of Monterey to serve the West Cumberland utility digtrict, Fentress County to serve the
Catoosa utility digtrict, and the City of Rockwood to serve the Crab Orchard utility digtrict in
addition to the current support provided to the Grandview utility didrict.  This information
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regarding potentid interconnections with neighboring utility digtricts was provided by the Rurd
Development Branch of the Tennessee State Office of the U.S. Department of Agriculture.
Reportedly, these interconnections could be easily made with the exising Cumberland County

digribution lines and expanson projects in neighboring utility digtricts that are planned for the
near future.
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5.0 PRELIMINARY COST ANALYSIS

51 INTRODUCTION
The preliminary cost estimates were prepared in accordance with the requirements of EIO1DO10,

“Engineering Ingructions” The cost account numbers are in accordance with the Civil Works
Breskdown Structure (CWBS). The price level is October 1998. The Cumberland County
Regiond Water Supply Study provides preiminary estimates for three new impoundments, three
pipeines, groundwater wells and associated pipdines, and three water harvesting aterndtives.
The preiminary cost edimates generaled for this study received primary input from Nashville
Didrict's Engineering-Planning Divison, OGDEN, and TVA. Unit cods were based on
historical cost data and adjusted to meet the needs of current Site conditions.

52 COST ITEM DESCRIPTION

Each prdiminary cost esimate condsts of Sx cost items associated with desgn and congtruction
of each dternative. A description of each cogt item: lands and damages, reocations, culturd
resources, planning, engineering, and desgn; condruction management; and contingencies is
provided. Tables 5-1 through 5-4 present the prdiminary cost totas for the groundwater,
pipdine, impoundment(s), and water harvesting dternatives. No cost is associated with the no
action and water conservation dternatives. These dternatives do not require any cost items
associsted with desgn and condruction and comparisons would not be gpplicable. A water
conservaion program can be as smple as pamphlets included in a water bill or complex as
upgrading plumbing equipment. Sedlection of water consarvation as a water supply dternative
would require the Cumberland County community to determine the extent of the conservation

program.

5.2.1 Landsand Damages

Due to time and money condraints, there was no input from the Nashville Didrict's Red Edate
Divison. Land and damages codts for this preiminary engineering report are thus not included
& a lump sum. The cost for the purchase of right-of-way may include some or dl of the
following: (1) cost of the private property; (2) damages incurred because of condruction within
the right-of-way; (3) additiond cost for doping condruction within the urban ares;, and (4)
damages to improvements dong the right-of-way. Improvements adong the right-of-way in an

urban areainclude 9gns, housing, or fencing, as an example.
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5.2.2 Relocations

Relocation cogs are those costs associated with the relocation, abandonment, vacation, or
dterdtion of exiding highways, roads ralroads utilities, cemeteries, municipd facilities and
gructures which involve the acquigtion of an interest in red edate. The relocation of facilities is
afunction involving procurement, legd, red estate, and engineering principles.

The procedure for acquistion of red edate interests through relocation condsts of determination
of wha facliies would be affected, determination of legd obligation for relocation,
determination of compenssble interests, and the proposd of a subditute facility, with the
determination of its adequacy and reasonableness of cost. The relocation costs herein are
cursory and were determined in an effort to give the cost of al dternatives an equal comparison
base. Note extensve fidd review of the project festures may reved additiona detaled
relocation cogts.

Groundwater Alternative

Relocations costs associated with the groundwater pipeline route were assumed to be three
percent of the pipdine cost for the placement of the pipeline.

L arge Scale Pipeline Alter native

Relocations cogts associated with the Watts Bar pipeline route were assumed to be three percent
of the pipeine cos, due to the placement of the pipeline through an urban area. Relocations
costs associated with the Center Hill and Great Fals pipeline routes were assumed to be 1.5
percent of the pipeine cost, due to the placement of the pipelines through arura area.

Clear Creek Dam and Reservoir

Two transmission lines cross the proposed lake dte. The lines are a 500 kilovalt (kv) line from
Roane County to Hartsville and a 161 kv line from West Cookeville to Crossville.  According to
TVA tranamisson line engineering, there are adequate wire clerances. The tranamission lines
are located 100 feet above the proposed water surface elevation of 1820 feet.
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M eadow Park L ake Dam and Reservoir (Water Harvesting)
A smdl roadway (boat ramp) located on the right bank of the existing dam site provides access
to a marina.  Should the marina be impacted by the proposed dam site, the roadway would no

longer provide adequate loading area for the boat ramp. However, relocation of the roadway is a
real estate cost not a relocation cost.

Caney Fork Dam and Reservoir
The Caney Fork Dam dite would require te relocation of a county road with the congtruction of

a 600 linear foot bridge. The bridge would require 1500 linear feet of approach roadway. An
estimated cost for the bridge and approach roadway construction is $2,670,000.

5.2.3 Cultural Resources

The cogs for this fegture includes al cods associated with identifying and preserving culturd
resources. Example of codts included in this feature would be recovery and remova of artifacts,
relocation sStructures, congtruction of fences to protect cultural resources, etc. The codts in this

feature are estimated at one percent of congtruction costs.

5.2.4 Planning, Engineering and Design

The cogs for this feature includes dl planning, engineering and desgn cost to produce a
feaghility report and find plans ad specs. Also included in this festure are engineering costs
edimated to be incurred during congruction. The codts in this feature are estimated a eighteen
percent of construction costs.

5.25 Consruction Management
The cods for this feature include al costs associated with the congtruction management of this
project. These costs are estimated to be seven percent of construction costs.

5.2.6 Contingencies
Contingencies were developed and gpplied where areas of uncertainty exist. A contingency of
35% was used for al dternatives.
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527 Cog Summary

Cogt edimating caculations were made using the cost edtimating software MCACES, Micro-
Computer Aided Cost Engineering System. This is the cost edimating software used for dl
Corps of Engineers projects. The output and cost summary isincluded in Appendix B.

5.2.8 Project Specific Cost Items

Each dternative requires cost items specific to that project. The groundwater and large scae
pipeine dternatives include cods for pumping dations, numerous booster pumps of varying
gze, pipeine excavaion, and pipeine ingdlation. Stream and/or roadway crossings require
additiona congruction costs.  Details regarding specific pump and pipdine sizes for the
groundwater and large scde pipeine dternatives are included in Sections 4.35 and 4.5.1,

respectively.

The impoundment dternaives require condruction costs for diverson of dreams, excavation
from borrow pits and the dam footprint, foundation preparation, and dam and spillway materid
costs. Pumping plants and pipelines are dso required at each reservoir to transport water from
the new impoundment to the exiding filtration plant a Lake Holiday. Detals regarding specific
pump and pipdine design data are included in Section 4.8.6.
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Table 5-1

Groundwater Alternative

Western Toe Phenomenon

WBS Description Contract Contingency Total Cost

01 Lands & Damages N/A N/A N/A
02 Relocations $884,000.00 $309,400.00 $1,193,400.00
13 Pumping Station $29,469,200.00 $10,314,200.00 $39,783,400.00
18 Cultural Resources Preservation @1% $300,000.00 $105,000.00 $405,000.00
30 Planning, Engineering & Design (E&D) $5,464,000.00 $1,912,400.00 $7,376,400.00
31 Construction Management (S&I) @7% $2,124,000.00 $743,400.00 $2,867,400.00

Total Estimated Preliminary Cost

$51,625,600.00
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Watts Bar (24" Pipe)

Table 5-2 Pipeline Alternative

WBS Description Contract Contingency Total Cost
01 Lands & Damages N/A N/A N/A
02 Relocations $475,000.00 $166,300.00 $641,300.00
13 Pumping Plant $15,760,800.00 $5,516,300.00 $21,277,100.00
18 Cultural Resources Preservation @1% $162,000.00 $56,700.00 $218,700.00
30 Planning, Engineering & Design (E&D) 18% $2,922,000.00 $1,022,700.00 $3,944,700.00
31 Construction Management (S&I) @7% $1,137,000.00 $398,000.00 $1,535,000.00
Total Estimated Preliminary Cost $27,616,700.00
Great Falls (24" Pipe)
WBS Description Contract Contingency Total Cost
01 Lands & Damages N/A N/A N/A
02 Relocations $291,000.00 $101,900.00 $392,900.00
13 Pumping Plant $19,404,700.00 $6,791,600.00 $26,196,300.00
18 Cultural Resources Preservation @1% $197,000.00 $69,000.00 $266,000.00
30 Planning, Engineering & Design (E&D) 18% $3,545,000.00 $1,240,800.00 $4,785,800.00
31 Construction Management (S&I) @7% $1,378,000.00 $482,300.00 $1,860,300.00
*Note — Cost for withdrawal of water from a Corps of Engineers lake has not been determined at this time.
Total Estimated Preliminary Cost $33,50,100.00
Center Hill (24" Pipe)
WBS Description Contract Contingency Total Cost
01 Lands & Damages N/A N/A N/A
02 Relocations $334,000.00 $116,900.00 $450,900.00
13 Pumping Plant $22,267,300.00 $7,793,600.00 $30,060,900.00
18 Cultural Resources Preservation @1% $226,000.00 $79,100.00 $305,100.00
30 Planning, Engineering & Design (E&D) 18% $4,068,000.00 $1,423,800.00 $5,491,800.00
31 Construction Management (S&I) @7% $1,582,000.00 $553,700.00 $2,135,700.00

*Note — Cost for withdrawal of water from a Corps of Engineers lake has not been determined at this time.
Total Estimated Preliminary Cost

$38,444,400.00
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Table 5-3 Impoundments

Clear Creek
WBS Description Contract Contingency Total Cost
01 Lands & Damages N/A N/A N/A
02 Relocations $0.00 $0.00 $0.00
03 Reservoirs $368,300.00 $128,900.00 $497,200.00
04 Dams $5,601,000.00 $1,960,400.00 $7,561,400.00
13 Pumping Station $10,728,900.00 $3,755,100.00 $14,484,000.00
18 Cultural Resources Preservation @1% $167,000.00 $58,500.00 $225,400.00
30 Planning, Engineering & Design (E&D) 18% $3,005,000.00 $1,051,800.00 $4,056,800.00
31 Construction Management (S&I) @7% $1,169,000.00 $409,200.00 $1,578,200.00
Total Estimated Preliminary Cost $28,403,000.00
Caney Fork
WBS Description Contract Contingency Total Cost
01 Lands & Damages N/A N/A N/A
02 Relocations $2,670,000.00 $934,500.00 $3,604,500.00
03 Reservoirs $646,300.00 $226,200.00 $872,600.00
04 Dams $21,717,600.00 $7,601,200.00 $29,318,700.00
13 Pumping Station $12,284,100.00 $4,299,400.00 $16,583,600.00
18 Cultural Resources Preservation @1% $373,000.00 $130,600.00 $503,600.00
30 Planning, Engineering & Design (E&D) 18% $6,717,000.00 $2,351,000.00 $9,068,000.00
31 Construction Management (S&I) @7% $2,612,000.00 $914,200.00 $3,526,200.00
Total Estimated Preliminary Cost $63,477,100.00
Meadow Creek (below Monterey Dam)
WBS Description Contract Contingency Total Cost
01 Lands & Damages N/A N/A N/A
02 Relocations $500,000.00 $175,000.00 $675,000.00
03 Reservoirs $475,300.00 $166,300.00 $641,600.00
04 Dams $15,363,400.00 $5,377,200.00 $20,740,600.00
13 Pumping Station $16,424,000.00 $5,748,400.00 $22,172,400.00
18 Cultural Resources Preservation @1% $328,000.00 $114,800.00 $442,800.00
30 Planning, Engineering & Design (E&D) 18% $5,899,000.00 $2,064,700.00 $7,963,700.00
31 Construction Management (S&l) @7% $2,293,000.00 $802,600.00 $3,095,600.00

Total Estimated

Preliminary Cost

$55,731,500.00
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Table5-4 Water Harvesting Alternative

New Meadow Park Dam / Caney Fork Intake

WBS Description Contract Contingency Total Cost
01 Lands & Damages N/A N/A N/A
02 Relocations $423,000.00 $148,100.00 $571,100.00
03 Reservoirs $696,200.00 $243,700.00 $939,900.00
04 Dams $5,857,300.00 $2,050,100.00 $7,907,400.00
13 Pumping Station $21,649,000.00 $7,577,200.00 $29,226,200.00
18 Cultural Resources Preservation @1% $286,000.00 $100,100.00 $386,100.00
30 Planning, Engineering & Design (E&D) 18% $5,152,000.00 $1,803,200.00 $6,955,200.00
31 Construction Management (S&I) @7% $2,004,000.00 $701,400.00 $2,705,400.00
Total Estimated Preliminary Cost $48,691,300.00
Raise Meadow Park Dam/ Caney Fork Intake
WBS Description Contract Contingency Total Cost
01 Lands & Damages N/A N/A N/A
02 Relocations $730,000.00 $255,500.00 $985,500.00
04 Dams $2,700,500.00 $945,200.00 $3,645,700.00
13 Pumping Station $21,649,000.00 $7,577,200.00 $29,226,200.00
18 Cultural Resources Preservation @1% $250,000.00 $87,500.00 $337,500.00
30 Planning, Engineering & Design (E&D) 18% $4,515,000.00 $1,580,300.00 $6,095,300.00
31 Construction Management (S&I) @7% $1,755,000.00 $614,300.00 $2,369,300.00
Total Estimated Preliminary Cost $42,659,500.00
Small Off-site Detentions (price per “typical” system)
WBS Description Contract Contingency Total Cost
01 Lands & Damages N/A N/A N/A
02 Relocations $320,000.00 $112,000.00 $432,000.00
03 Reservoirs $5,661,900.00 $1,981,600.00 $7,643,500.00
13 Pumping Station $5,245,800.00 $1,836,000.00 $7,081,800.00
18 Cultural Resources Preservation @1% $112,000.00 $39,200.00 $151,200.00
30 Planning, Engineering & Design (E&D) 18% $2,020,000.00 $707,000.00 $2,727,000.00
31 Construction Management (S&I) @7% $786,000.00 $275,100.00 $1,061,100.00

Total Estimated

Preliminary Cost

$19,096,600.00
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6.0 ENVIRONMENTAL SCREENING

6.1 INTRODUCTION

The purpose of this Prdiminary Enginesring Report is to evauate the Technicd Feeshility of
various water supply dternatives avalable for the County; not to sdect or recommend an
dternative.  To support this effort, an environmental screening was performed for each
dterndtive to discuss potentid environmental issues that would likely need to be addressed for a
paticular dternative. 1ssues identified in this section may not be al encompassng of issues that
might come up a a laer date through the Nationa Environmenta Policy Act (NEPA) process
and corresponding public scoping. A generd discusson of regulatory drivers is outlined aong
with how the gpplicable regulatory program would likely gpply to each dternative.

The Tennessee Valey Authority (TVA) produced a report for the Catoosa Utility Didrict that
provided a discusson of “Permitting Viability” for a water supply impoundment on Clear Creek.
This impoundment dternative is included in this Prdiminay Engineering Report. The TVA
discusson is dill goplicable for the dternatives included in this report and is repeasted where
appropriate.

6.2 REGULATORY DRIVERS

Discharges of dredged or fill materid into al waters of the U.S. requires a Department of the
Army (DA) permit pursuant to Section 404 of the Clean Water Act (CWA) from the Corps of
Engineers. A DA permit pursuant to Section 10 of the Rivers and Harbors Act permit is required
from Corps of Engineers for obstructions or dteration of Streams designated as “navigable
waters of the U.S” The Tennessee Department of Environment and Consarvation (TDEC) must
issue water quality certification under Section 401 of the CWA before the Corps of Engineers
can approve a permit action. Under the Corps of Engineers regulatory program, permits can be
issued dther individually or under a Nationwide Permit (NWP). Individud Permits require
NEPA documentation which can be ether an Environmentd Assessment and Finding of No
Significant Impact (EA/FONSI) or an Environmenta Impact Statement and Record of Decison
(EISYROD). Depending on the scope of the project and its impacts, an EIS is required if impacts
of the proposd are significant. One maor component of the NEPA process is a Public and
Agency Scoping step that is required to develop a list of mgor issues to be evauated in the EA
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or EIS. NEPA review has dready been peformed for activities eigible to be covered under a
NWP.

As pat of the Section 404 permit issuance, the Section 404(b)(1) Guidelines require an
evaduatiion of a project tha would result in placement of fill into waters of the U.S. Pat of this
evdudion is a deemindgion of whether less environmentdly damaging dternatives exis that
would avoid or minimize the impact. For example, condruction of a new impoundment would
be permitted only if other practicable dternatives did not exist. An dterndive is practicable if it
is cgpable of being done after taking into condderation cod, existing technology, and logigtics in
light of overall project purposes.

If a project is proposed by the Corps of Engineers, a DA permit would not be issued, however,
the Corps must provide an equivaent 404 permit evauaion. This evauation must be included
in the NEPA document for the project. If another Federal agency proposes (or funds) the project,
that agency would be respongble for compliance with NEPA. Assuming a DA pemit is
required, it is likdy the Corps of Engineers would become a cooperating agency on the NEPA
documentation. If no Federal agency is a proponent or funds the action, NEPA applies aly to
the proposed action that requires a DA Permit.

Approva under Section 26a of the TVA Act is required for any structures congructed in waters
within the Tennessee River Basin.  All dternatives would dso require an NPDES permit from
TDEC for discherges of stormwater during condgtruction, since it is probable that more than 5
acres would be disurbed. Any DA pemit action or NEPA Document would require
consultation with the U.S. Fish and Wildlife Service under Section 7 of the Endangered Species
Act if the project may affect federally listed threatened or endangered species.

6.3 ENVIRONMENTAL ISSUES
6.3.1 Pipdine From Exiging Impoundment
Three pipdine options were initidly consdered to supply 9 MGD from an existing water source
to the Crossville Lake Holiday Water Trestment Plant (WTP). Pipelines to Waits Bar Lake on
the Tennessee River and two dtes in the Cumberland River Basin; Great Fals Lake (or Center
Hill Lake) and Dde Hollow Lake were initidly consdered. Dae Hollow Lake was removed
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from further congderation, as it obvioudy would be less feashble than the other two pipeine

options due to the length of pipdine required.

The route of the pipeline would determine specific impacts that would be encountered. The
pipeline route sdected generdly follows highway routes that have exising waterline easements
folowing mogs of the route. By following the highway routes, environmenta impacts should be
minimized. Locdized impacts tha are encountered during subsequent phases might be avoided
by varying the pipdine routing. For example, a mussd bed or culturd resource dte could be
avoided by routing the pipeline aignment around such aste.

A DA permit would be required for any stream crossngs and any intake sructure for a pipeline.
If the project has federa involvement, impacts to dl resources will have to be evduaed. This
would require a Culturd Resources Survey as well as some leve of inventory of various

environmenta resources.

Watts Bar L ake Pipeline
An gpproximatey 25-mile long pipdine to Waits Bar Lake was evduaed with an intake in the
vicinity of the Rockwood WTP. The route would generdly follow Highway 70 from Crossville,

except for the portion descending Waldens Ridge into Rockwood. Exiding waterlines are
present for dl but the last portion of this route from Piney Creek a the Cumberland-Roane
County line to the base of Wadens Ridge. Magor stream crossngs would include the Obed
River, Daddys, Renfroe, Fal, Mammys, and Piney Creeks. There would likely ke some specid
aquatic habitat consderations for crossing Daddys Creek since it is desgnated as criticd habitat
for gootfin chub, a federdly lised endangered species The exising waterline crossng of
Daddys Creek is an aerid crossng. There gppears to be public sentiment agangt usng Watts
Bar Lake as a raw water source due to perceived contamination problems. This concern does not
appear to be warranted since the problems are more related to contaminated sediment than water
qudity and many other water systems currently use the lake as a water source.

Great Falls L ake Pipeline (Center Hill L ake)

A pipdine from ether Grest Fdls Lake or Center Hill Lake would have smilar environmentd
concerns as those discussed for the Watts Bar pipdine.  The Great Fdls Lake pipeine route
would follow Highway 70 from the base of the Cumberland Patesu east of Sparta, a which
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point it would follow county roads to an intake on Great Fdls Lake near River Hill. This route
would have fewer mgor siream crossings than the Waits Bar route and would have a somewhat
higher potentia for terrestrid impacts due to the longer length. Streams to be crossed are the
Caney Fork and severd smadler tributariess. Most of the route would be over pasture or
resdentid lands. The stream crossings gppear to qudify for coverage under the NWP for Utility

Line Crossings. A cultura resources survey would likely be required.

6.3.2 Groundwater

Environmental issues associated with a groundwater sysem would include congruction of
well(s) and trangmisson line. Impacts from the trangmisson line would be similar in scope to the
pipdine options.  Ancther issue is potentiad impacts on flow in adjacent Sreams due to
groundwater withdrawas. The latter cannot be determined with current information and would
depend on the location of the wells and how much groundwater withdrawas would impact

recharge to surface streams.

6.3.3 New Impoundments

Environmentd impacts from new impoundments would be much more substantid than those of
pipdines. The condruction of an impoundment would convert pool and riffle habitat to
lacudtrine (lake) habitat. Pool and riffle areas are conddered Specia Aquatic Sites under the
404(b)(1) Guiddines. How modifications bedow a dam would be another substantia issue.
Each impoundment and trangmisson pipdine to the Lake Holiday WTP would have smilar
impacts associated with condruction of a water intake and transmisson pipeline.  Four new or
modified reservoir Stes were conddered in this sudy. Since dl new impoundments involve
discharges of fill materid into weaters of the U.S, each new impoundment requires a DA permit

review.

Clear Creek Impoundment

The Catoosa Utility Didrict's previoudy proposed impoundment a Mile 43.2 of Clear Creek is
included in this sudy. Potential environmental impacts associated with this project are discussed
in detal in the TVA report. One additiond concern with this ste involves the implications of the
Designated Wild and Scenic River Sections of Clear Creek and the Obed River. No
impoundment can be permitted on Clear Creek without a technica determination that the project
would not “diminish® desgnation vaues or “invade’ the dedgnated aea  Additiond
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environmenta issues would be dmilar in nature to the other impoundment Stes  converson of
dream habitat to lacustrine habitat and terrestrid and cultural resources in the proposed pool
area. Clear Creek downgtream of Interstate 40 is listed as critica habitat for the Spotfin Chub, a
federally listed threstened species.  This proposed impoundment aternative was dropped after
the negative responses from the public hearing and letters from TWRA and EPA expressng
concerns about the project. If the project were proposed again, approva from TVA under
Section 26a would be required, in addition to the DA Section 404 permit and TDEC water
quaity certification. It isanticipated that an EIS would be required.

Meadow Park Lake (Caney Fork Tributary)
Two dternatives were evauated that affect the existing Meadow Park Lake: 1) condruct a new

dam 300 feet downsgream of the exiging dam or, 2) rase the exiting dam to impound 20
additional feet of water.  Environmental impacts that are likey to occur with ether of these
modifications to Meadow Park Lake are not as substantiad as congtructing a new reservoir since
only smal headwater streams would be impounded. The tallwaer of the existing dam is highly
degraded by the reduced stream flow below the existing lake and the loss of this 300 foot stream
reech would be much less substantial than loss of a free-flowing sream reach. The additiond
impounded area is owned by the City of Crossville and could harbor terrestria T&E species and
culturd resource dtes, dthough the potentid of this is probably much less in comparison to the
other impoundment Stes. The watershed above Meadow Park Lake is predominately forested.
This impoundment is aso being consdered in conjunction with the water harvesting dternaive
discussed later. A DA Section 404 permit review would be required.

Meadow Creek (Tributary of the East Fork Obey River)
A new impoundment was evauated immediaidy below the existing Meadow Creek Lake on
Meadow Creek (upstream of State Route 62). The existing dam was recently constructed by the

Monterey Water System for an additiond water source. Environmental issues with this project
would be the converson of sections of Meadow Creek from pool and riffle area to lacudtrine
habitat by enlarging the pool area. Impacts to the downsiream sections of Meadow Creek would
have to be consdered even though it is dready highly degraded from abandoned cod mine
discharges. Meadow Creek above the existing lake appears to be of high qudity. The gorge area
above the lake is rdatively prigine and forested. A cultura resource survey would likely be
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required for the additiona inundated area pool areas. A DA Section 404 permit review would be
required.

Caney Fork
A potential dam dSte was evauated on the upper Caney Fork. The design team visted the dam

gte, which is located in forested gorge area. The proposed impoundment would convert about
7.2 miles of pool and riffle habitat to lacustrine habitat. The pool area is edimated to be 272
acres a the soillway devaion (dlevation 1635 feet). Portions of the proposed pool area have
been previoudy disturbed by dtrip mining or sandstone quarries.  This project would have
subgtantia  environmental  impacts and would likely require an EIS if pursued by a Federd
agency. If it were a non-Federd project, an Individual Section 404 and Section 10 DA Permit
would be required. An EIS would likedy be required as pat of the DA permit issuance.
Congruction of an impoundment on the Caney Fork appears to be difficult to permit since it will
likey fail the 404(b)(1) guideines due to sgnificant degradation and the presence of other less
impecting dternatives.  However, this determination cannot be made without information
obtained by going through a public interest review (NEPA process).

The dam dte is gpproximaey 3.7 miles upstream of the 4000-acre Bridgestone/Firestone
Conservation Area (ak.a Scott's Gulf) that was recently deeded to the State of Tennessee. The
Consarvation Area contains about twelve miles of the Caney Fork, and any upstream

impoundment would have to consder impacts to the downstream river uses and qudlity.

There would be a high potentid for threstened and endangered (T&E) species to be present
within the proposed impoundment’s pool area due to the pristine nature of the stream and lands.
Based on records of the US Fish and Wildlife Service, the proposed pool area does contain
occurrences of Cumberland Rosemary, listed as a Federdly threatened plant. Three other
federdly liged T&E <species tha ae likdy to occur are the Cumberland PFigtall (mussd),
Bluemask Darter (fish), and Virginia Spiraea (plant). No known surveys have been previoudy
performed in this area Snce the area has not been developed. Likewise, culturd resources would
be another issue to be condgdered since the pool area could contain cultural resource dtes. A

survey of sgnificant natural and cultural resources would be required as part of an EIS.
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6.3.4 Water Harvesting

This dternative congsts of inddling a water intake on the Caney Fork to supply water to an
enlarged Meadow Park Lake or to a new upland impoundment ste. Water withdrawa rates and
timing, dong with condruction of an intake Sructure/pumping deaion and transmisson pipdine,
would be the primary environmenta issues to be evauated. In theory, water would be
withdrawvn during high flow events when impacts to aguatic sysems would be reduced. When
river flow drops bedow a cetan leve, water withdrawvas would be curtalled. The minimum
flow levd would be st to avoid subgtantial impacts to the aguatic resources in the Stream.
Impacts associated with this project include flow reduction below the intake location, pipdine
impacts of tranamisson line from the intake to the sorage impoundment, and impacts from
congtruction of the storage impoundment. Terredria and culturd resource impacts would be
more criticd for the trangmisson line and the upland storage impoundment. The impeacts of flow
reduction would be less substantial compared to congtructing a new reservoir; however, water
withdrawa impacts could be subgtantia enough to require an EIS. As discussed in the section
on the new impoundment on the Caney Fork, impacts to the Bridgestone/Firestone Conservation
Area would be consdered. A DA Section 404 and Section 10 Permit would be required for the
intake, including Water Qudlity certification from TDEC.

64 ENVIRONMENTAL IMPACT SUMMARY

Each dternaive discussed in this report would have both construction and operation impects.
The proposed new impoundments gppear to have the most potentia for substantial impacts due
to being located within very high qudity, prigine stream sections and undeveloped gorge aress.
The potentid for impacts to threatened and endangered species is higher for the reservoir
dternatives.  The condruction of an impoundment would diminate habitat for these T&E
goecies. Based on known habitat preferences, severd T&E species could potentialy occur in the
proposed pool areas, especidly on the Caney Fork. No forma review of known T&E species
records with the TWRA, USFWS or TDEC (Divison of Natural Heritage) has been performed to
date. A key issue with condructing a new impoundment would be compliance with the Section
404(b)(1) Guiddines. Alternaives that do not involve impounding free-flowing streams agppear
to have the potentid to supply the same or greater quantity of water supply with fewer
environmentd impacts.  However, this formd determinaion cannot be made without going
through a full public interes review under NEPA. The uncertainties with determining the
projected water demand are another issue that is expected to surface during the NEPA process.
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Each of these dternatives should be thoroughly evauated before sdecting a preferred option.
Since the tota additiond water supply may not be needed untili some time in the future,
flexibility and expandability of each dternative should be a key consideration.
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7.0 SUMMARY

This Preiminary Enginering Report (PER) sarves the purpose of a reconnaissance or pre-
feadbility sudy. It is a prdiminary sudy of the exiging water supply conditions of Cumberland
County.

A preiminay Needs Assessment of the county water supply needs was followed by data
collection and a minimum leve of fidd work with respect to topographic surveys, streamflow
measurements, and soil and geologic invedigations.  Six water supply dterndives were
investigated: (1) Water Conservation; (2) Groundwater; (3) Pipeline to large reservoir; (4)
Storage Impoundments which includes new impoundments and improvements to existing
reservoirs, (5) Water Harvesting; and (6) No Action. A summary of the dternaive andyses

follows.

Water Conservation

Water conservation measures reduce water consumption, reduce water loss or waste, and
improve water use efficency. Unfortunately, conservation policies depend on thousands of
cusomers behaving in cetan ways. In this sense, consarvation done may not be a secure
dternaive to the expanson of trestment and didtribution systems for meeting water needs in the
Year 2050. However, water conservation is consdered an essentid complement to the

traditiona approach of capital improvements and should not be overlooked

Groundwater

A viable groundwater dternative was investigated because geomorphic and lithologic controls
gmilar to those in Erwin, TN exis a the foot of the Cumberland Platesu. This area is located
within a feasble piping distance from Cumberland County. Based on topographic and geologic
maps, high-dtitude photography, and gSte vidts, the USGS identified five potentid dtes for
groundweter supply dong the Cumberland Plateau. The groundwater wells were designed with
the assumption that groundwater could be pumped from three wells at each dte at a rate of 500
gallons per minute (gpm) (approximatey 0.75 million gdlons per day (MGD). The totd yidd
would therefore be approximady 11.25 MGD. The pipdine route from each of the five
identified well Stes was designed to flow to the Lake Holiday Treatment Plant in Crossville, TN.
It should be noted that the feadhility of a viable groundwater dternative has not been fully
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explored. No test drilling and aquifer testing have been performed on the potentiad ground-water
aea  Additionaly, the effect of locd cod mines on waer qudity a each of the five
groundwater dtes is unknown. This quetionable data would be researched during an extensive
feasbility sudy of the dternative.

Pipelines

This dternative explores the option of trangporting raw water from existing reservoirs in adjacent
geographic areas to Cumberland County and the Lake Holiday Treatment Plant. The sdected
gtes are Waits Bar Lake in Roane County, Center Hill Lake in Dekab County, and Great Fals
Lake in White County. The Tennessee Valey Authority (TVA) initidly developed the pipdine
dternatives during a previous water supply study for the Catoosa Utility Didrict. A target yield
of 9 MGD was used to size the pumps and pipelines necessary to transport water form each of
the raw water intakes to the Lake Holiday Treatment Plant.

Raising of Existing Dams
The fourth dternative discussed is to rase the height of exiging dams in the County and use

those raised resarvoirs for water supply. Rasng an exising dam would have less environmenta
impacts than condruction of a new impoundment on a free-flowing sream. Resarvoir sdection
began with a lig of reservoirs within Cumberland County obtained from a database mantained
by the State of Tennessee's Divison of Water Supply. The lig contained 53 reservoirs.
Through a sysematic eimination process, four reservoirs were identified for consderation
Meadow Park Lake, Mayland Lake, Camp Ozone Lake and Tranquilechee Lake.

Meadow Park

Meadow Pak Lake is an exising water supply reservoir located approximately five miles
southwest of Crossville, Tennessee. The top of the Meadow Park Lake dam can be raised from
elevation 18215 to 1840.0 feet NGVD29, the maximum height the surrounding terrain would
permit. A yidd andyss was performed with the engineering software HEC1-API and the results
indicated the exiging dam could provide 3 MGD. The yidd andyss of the rased dam
configuration indicated the enlarged reservoir could provide 4 MGD. The reason for the smal

increase in yidd despite the increase in dam height is the smdl drainage area of the watershed
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(5.19 mi%). The amount of runoff from the watershed is the controlling factor as opposed to the

amount of storage provided by the reservoir.

Mayland

Mayland Lake is a recreationa lake located just south of Interstate 40 and gpproximately two
and a hdf miles northwest of Plateau Road. A yidd andyss was peformed with an existing
condition HEC1-API mode and the results indicated the existing dam could provide 2 MGD.
The top of the Mayland Lake dam can be raised from eevation 1926.4 to 1940.0 feet NGV D29,
the maximum height the surrounding terrain would permit.  The yidd andyss indicated the
rased dam configuration could provide 2 MGD. The reason there was no increase in yidd
despite the increase in dam height is the smal drainage area of the watershed (2.76 mi%). The
amount of runoff from the waershed is the controlling factor as opposed to the amount of
storage provided by the reservoir.

Camp Ozone

Camp Ozone Lake is a recregtiona lake located just north of Interstate 40 and approximately
3000 feet northwest from the post office in Ozone, Tennessee. The top of the Camp Ozone Lake
dam can be raised from eevatiion 1680.0 to 1739.5 feet NGVD29, the maximum height the
aurrounding terrain would permit.  The yidd andyss indicated the rased dam configuraion
could provide 1 MGD. The reason for the smdl yield is the smdl amount of storage provided by
the reservoir. The valley that the proposed reservoir would fill is narrow and does not provide

adequate storage.

Tranquilechee

Tranquilechee Lake is an undeveloped residentid lake located gpproximately 4000 feet north of
the Cumberland and Bledsoe County line and four and a hadf miles southwest of Grassy Cove,
Tennesee.  Tranquilechee Lake was diminated from condderation for raisng the dam height to
provide water supply after a review of the USGS Grassy Cove Quadrangle Map indicated the

valey which the raised reservoir would fill is quite narrow.
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New | mpoundments

The condruction of new impoundments is another dternaive consdered for providing additiond
water supply to Cumberland County.

Clear Creek

Clear Creek is a tributary of the Obed River, a portion of which is protected by the Wild and
Scenic Rivers Act.  Congruction of an impoundment on a tributary to the Obed River would
pose serious environmenta concerns.  However, because it had been lised as a potentid
dternative in a previous study for the Catoosa Utility Didtrict, the Clear Creek dam was included
in this sudy. The proposed dam is approximately 72 feet in height, with the top of dam at
elevaion 18195 fedt, the maximum heght the surrounding terrain would permit. A yidd
anayss performed on the proposed Clear Creek reservoir cdculated a potentiad water supply
yidd of 3MGD.

Meadow Creek — Above Monterey Dam

Based on a review of the USGS quadrangle maps that cover Cumberland County, a dam built on
Meadow Creek a the Cumberland County and Putnam County line appeared to have the
potential to provide a substantiad amount of water supply. Two problems were identified with
this proposed dam dte.  The firgt problem identified is the Interstate 40 (1-40) crossng over
Meadow Creek. The second and more critical problem identified is the exigence of a dam
downstream of the proposed dte that was built by the City of Monterey for water supply.
Building a dam upstream of the exiding dam would capture the mgority of the flow that is
currently flowing into the exiging dam, thus subdtantidly depleting the water supply a the
Monterey Dam. Due to these problems, the congdruction of a new impoundment on Meadow
Creek a the Cumberland County and Putnam County line was not caried forward as an

dternative in the sudy process

Meadow Creek — Below Monterey Dam

The exiding Monterey Dam is located immediaidy south of Highway 62 and gpproximately a
mile north of the Cumberland and Putnam County line. During the dte vigt to the exiding
dructure it appeared a new dam could be built downstream of the current dam & a higher height.
Review of the USGS Campbel Junction quadrangle quad confirmed a new dam built
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gpproximately 200 feet downstream of the exigting structure could be constructed with a top of
dam at eevation 1799.5 feet NGVD29, which is esimated to be 30 feet higher than the exising
top of dam. The proposed new dam is gpproximately 90 feet in height. The proposed Meadow
Creek dam design would provide a water supply yidd of 7 MGD. The yidd of 7 MGD includes
the yidd that is already provided by the exising Monterey Dam, which was not determined
during this study. It should be noted that the condruction of this dam would require water
supply negotiations between the City of Monterey and Cumberland County.

Meadow Park Lake

As previoudy mentioned, Meadow Pak Lake is an exiting water supply reservoir located
agoproximatdy five miles southwest of Crossville, Tennesssee A new dam was proposed
downgtream of the exiding dructure a a higher height, gpproximately 300 feet downstream of
the existing Meadow Park Lake Dam with a top of dam at eevation 1859.5 feet NGVD29, which
is approximately 20 feet higher than the exiging dam could be rased. However, as dso
previoudy mentioned, the results of the yidd andyss on the raising of Meadow Park Lake Dam
reveded that the reservoir's watershed is too smal to contribute sufficient runoff to support a

larger reservair.

Caney Fork

The proposed impoundment Ste is located a mile and a haf east of Clifty, Tennessee and 4000
feet west of Bruce Knob. The proposed dam was sized to avoid impounding weater over U.S.
Highway 70 at the Caney Fork, Beam Creek and Tantrough Creek crossings. The proposed dam
is gpproximately 123 feet in height, with the top of dam a eevation 1665.0 feet NGVD29. The
proposed Caney Fork dam design would provide a water supply yield of 12 MGD. Congtruction

of an impoundment on the Caney Fork would pose serious environmental concerns.

Water Harvesting

The bass of water harvesting is to pump water from a stream during high-flow events and store
that water in an off-dte detention area for future use. While amilar in concept to a water supply
reservoir, water harvesting poses less of an environmenta impact on the stream because it

remans free-flowing. Water harvesting impacts on the source sream will be gradud as future
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needs arise.  Water is removed in gradualy increasing increments as opposed to congructing a

new impoundment based on a predicted need.

Two methods of water harvesting were investigated in this sudy. The fird is the “traditiond”
definition of pumping waer from a dream during high flows and goring it in a newly
condructed detention area. The second method consisted of pumping water during high-flow
events on the Caney Fork and storing it in araised Meadow Park Lake Dam

Traditional Method

The typica detention area would require an area of land approximately 1000 feet x 1000 feet (23
acres) in dze. There ae severa dreams in Cumberland County that could support the
aforementioned water harvesting system. These include the Caney Fork, Clear Creek, Meadow
Creek, Daddys Creek, etc. Due to scope limitations, no specific pump stes were identified for
this sudy. The desgned water harvesting system could provide a water supply yied of 0.8
MGD, per detention area.

Caney Fork to Meadow Park Lake

The second method of water harvesing investigated was pumping water during high-flow events
on the Caney Fork and goring it in a rased Meadow Pak Lake reservoir. If the existing
Meadow Park Lake Dam were raised, a substantid additional storage area could be utilized for
water supply. This dternative would combine the benefits of both stes  the large drainage area
upstream of the Caney Fork sSte could be utilized without impounding the river and the large
dorage area upstream of the existing Meadow Park Lake Dam could be utilized for water supply.
As designed, harvesting water from the Caney Fork to a raised Meadow Park Lake Reservoir
could increase the yield of Meadow Park Lake from 3 MGD (exigting yield) to 11 MGD.

No Action

The “No Action” dternative accounts for the posshility that the Cumberland County community
may decide not to pursue an additiond water supply source(s). Following a moderate growth
trend, the community would have an inadequate supply of water by the Year 2025, experiencing
a water shortage in 25 years. In this indance, it is the responghility of the County resdents to

gther curtall the current resdentid and commercid growth of the community or acknowledge
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the need for an additiond water supply source. The actua growth rate of the community may be
less than the projected moderate growth rate. Thus, no action would be a potentid dternative.

The actud growth rate of the community may aso be greater than the projected moderate growth
rate. In the short term, Cumberland County resdents and utility didricts could look to the
surrounding  communities for potentid connections with neighboring water supply  systems.
Possble connections include Spring City to serve the Grandview Utility Didrict, the City of
Monterey to serve the West Cumberland Utility Didtrict, Fentress County to serve the Catoosa
Utility Didrict, and the City of Rockwood to serve the Crab Orchard Utility Didrict in addition
to the current support provided by the Grandview Utility.
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APPENDIX A

HYDROLOGIC MODELING TECHNIQUES
HYDRAULIC MODELING TECHNIQUES
AREA CAPACITY CURVES
and
MODEL CALIBRATION CURVE






A.1 Hydrologic Modeling Techniques

Severa hydrologic computer models were utilized to Sze and andyze the capacity of the water
supply dternatives. The following paragraphs provide a brief description of each modd used, as
well as parameter derivations and assumptions used for each modd. More specific detals of
how each modd was used for the different water supply dterndtives are provided later in this
report.

Rainfall-Runoff Modeling
The Corps computer program, HEC-1 "Hood Hydrograph Package” was used to size and

andyze the effectiveness of the storage impoundments and water harvesting dternatives. HEC-1
produces discharge hydrographs that represent the flow in a stream or inflow into a reservoir.
These discharge hydrographs are a result of goplying ranfal excess, or runoff, to a unit
hydrograph.  The unit hydrographs were developed by synthetic methods and calibrated to
higoric events by smulating observed events. Rainfdl excess, for this type modding effort, is
essentialy that portion of rainfdl that can be observed in a stream as either baseflow or surface
runoff. A subgtantid portion of the volume of rainfal is ether absorbed into the ground or
vegetation. A modified verson of HEC-1 (HEC1-API) was used to predict these transformations
and provide the tools necessary to complete basic hydrologic designs for the water supply
dternatives.  This section outlines the procedures and assumptions used to develop the HEC-1
models.

Subbasin Delineation

The fird gep in a rainfal-runoff modeling process is to ddineate and measure the drainage area
of the subbasins within the watershed being modded. Table A-1 provides specific information
on the subbasin ddineations for each of the dternative andyses that utilized an HEC-1 modd.
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Table A-1
Subbasn Ddlineationsfor HEC-1 M odels

Site Type of Number of Size Range Total Drainage
Alternative Subbasins (sg. mi.) Area (sg. mi.)

Clear Creek New impoundment 1 555 555
Meadow Creek New impoundment 2 2.621t07.32 106

Caney Fork New impoundment 8 3.16t011.55 58.29
Camp Ozone Lake Raised impoundment 1 3.98 398
Mayland Lake Raised impoundment 1 2.76 2.76
Meadow Park Lake Raised impoundment 1 52 52

Caney Fork Water Harvesting 8 3.16t011.55 58.29

As shown in Table A-1, the aternatives located in the headwaters of a stream required only one
subbasin.  The aternatives located lower in the stream’s watershed, thus having a larger drainage
area, were divided into several subbasns. The subbasin divisons were located at points of
subgantial changes of flow, such as a the confluence of a tribuary, or a reservoirs the flow
travels through.

For the impoundment dternatives an additiond smaler subbasn was separated out to dlow for
direct runoff of rain on the pool area. All subbasin boundaries were determined from USGS 7.5
minute quadrangle topographic maps at a scae of 1" = 2000' and a contour interval of 20 fest.
The drainage aress of the subbasins were determined by using adigita planimeter.

Egtimation of M odédling Parameters

A unit hydrograph was used to digtribute the runoff for the subbasins with respect to time. Each
of the subbasins liged in Table A-1 was represented by a Clark synthetic unit hydrograph. This
type unit hydrograph is based on average basin time of concentration, a storage or basin shape
coefficient (R), and a time-area curve. The Clark method produces better control than other
hydrograph methods in defining the shape and the volume expected from a subbasin.

The definition of shape and volume for any hydrograph is usudly very important; however, for
the impoundment andyses only accurate volume definition is critical. This is due mainly to two
factors.  Fird, dl the inflows from the watershed are expected to be ether captured in the
resavoir or delayed by the resarvoir for a sufficient amount of time to negate the need to
accurately define the shagpe of the hydrograph. Second, the available rainfal data found for the
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higtorical drought periods are recorded as daily vadues. The times of concentration for the basins
delineated are much less than 24 hours. Therefore, the pesking of these hydrographs due to
intense rainfal bursts cannot be accurately smulated with this type data

Times of Concentration

The time of concentration (T.) for each subbasin was determined usng methods described in the
Soil Consarvation Services (SCS) Technicd Rdease 55, “Urban Hydrology for Smal
Watersheds” Time of concentration is based on overland, shdlow concentrated and channel
flow dong the longest flow path. Table A-2 ligs the range of times of concentration for the
modeled subbasins.

Table A-2
Times of Concentration for Subbasins
Site Type of Number of T. Range
Alternative Subbasins (hours)

Clear Creek New impoundment 1 223
Meadow Creek New impoundment 2 2.62107.32
Caney Fork New impoundment 8 1.54t04.39

Camp Ozone Lake Raised impoundment 1 3.96

Mayland Lake Raised impoundment 1 262

Meadow Park Lake Raised impoundment 1 471
Caney Fork Water Harvesting 8 1541t04.39

Unit Hydrograph

The Clark R coefficient is usudly referred to as a sorage efficient. This is because R affects
the amount the hydrograph is atenuated with respect to time. Because this coefficient directly
affects the shape of the outflow hydrograph, it can adso be used to account for the effects of the

basn shape. The basin shape is typicdly accounted for by a time area curve, however, such a
curve is very cumbersome to develop. Therefore, the use of the R coefficient is faster and more
direct. The coefficient R can be edimated usng the rdaionship R/(T. + R). By setting this
expresson equal to a vaue between 0.1 and 0.7, a sharply pesked to an atenuated unit
hydrograph can be obtained. Sdection of this vaue was based on engineering judgment of the
expected shape of each subbasin's outflow hydrograph and cdibration to the average daily flow
data a the Crooked Creek gage near Jamestown, TN (closest stream gage with adequate period
of record for calibration). A Clark R coefficient determined by setting the expresson equa to
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0.3 to 0.6 was sdected for al the subbasins modeled. In addition to the cdibration of the Clark
R coefficient, a cursory sendtivity andyss was peformed to verify the R coefficients used. In
usng R to account for basin shegpe, the default time area curve option was sdected within the
HEC-1 program. The time-area curve was not used to account for the basin shape, and therefore
was held congtant in the modeling process.

API Continuous L osses

The Antecedent Precipitation Index (APl) method was used to determine rainfadl loss rates for
the continuous smulaions. This method was adopted by the Nashville Didrict to modd
continuous events on the Cumberland River and its tributaries.  To diginguish between
continuous and sngle event smuldions, the modds utilizing the APl methodology for
performing continuous smulations will be referred to as HEC1-API models. The modes used to
perform a sngle event amulation will be referred to as HEC-1 modds. The APl method of
trandforming ranfdl to runoff is empiricdly based.  Therefore, the matching of observed
occurrences is accomplished by using numericd techniques. The actud rainfdl loss rate is based

on the week of the year and the antecedent rainfdl. The week of the year accounts for severd
physica processes such as temperature, evaporation rates, vegetation and hours of sunlight. The
cdibration of thismodd and its use in this studly is discussed at the end of this section.

Reservoir Routing
The Modified Puls routing technique within HEC-1 was used to perform al reservoir routings.
This is a smple leve pool storage routing technique based on the principle of conservetion of

mass and the relationship that change in reservoir storage, for a given time period, is equa to
average inflowv minus average outflow. The reservoir storage data used in the HEC-1 models
were obtained from severd sources. For the new impoundments the Storage data were
determined from USGS 7.5-minute quadrangle topographic maps a a scde of 1" = 2000' and a
contour interval of 20 feet.

Determining the dtorage data for existing reservoirs that were being considered for raisng as a
water supply dternative proved to be more difficult. No as-built plans containing area-capacity
curves could be found for any of the reservoirs. Archived USGS quadrangle topographic maps
were found which were created prior to the impoundment of Meadow Park Lake and Camp
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Ozone Lake. The 1912 edition of the 15-minute Crossville Quadrangle Map with a contour
interva of 20 feet was used to develop the storage data for the Meadow Park Lake HEC-1
modd. The 1949 edition of the 7.5-minute Ozone Quadrangle Map with a contour interva of 20
feet was used to obtain the storage data for the Camp Ozone Lake HEC-1 modd. The only
archived mapping tha could be found for the Mayland Lake area had a contour interval of 100
feet, which is too large to develop an accurate area-cgpacity curve. To determine the volume of
Mayland Lake a hydrographic survey was conducted. A boat equipped with GPS hydrographic
equipment was used to map Mayland Lake below the water surface. The Hydro Volume module
of the Hydro Processng software was utilized to caculate the volume of the reservoir a each
whole foot interval. This data was input into the Mayland Lake HEC-1 modd. The area
capacity cuvesfor each modd areillugtrated in Figures A-1 through A-6 of this Appendix.

Non-Reservoir Routing

The Muskingum-Cunge routing technique within HEC-1 was used to perform the non-reservoir
routings for the HEC-1 modds. This is a nonlinear coefficiet method that accounts for
hydrograph diffuson based on physcad channd propeties and the inflowing hydrograph. A
representative eight-point channel cross-section is used for each routing reach. The eght point
channels used were developed from the digitd USGS 20-foot contour interval quadrangle
mapping and gte vidts  In addition to the eight point channd, the Muskingum-Cunge technique

dso utilizes the roughness coefficients (Manning's nvaues) for the channd and overbanks,
reach lengths and dope in the routing caculations.

Storm Development

Severd different types of storm events were used in the andyses of the water supply dternatives.
The spillway widths of the impoundments were determined based on the one-hdf and full
Probable Maximum Hood (PMF). The water supply production capacity (yied) of the
dternatives was based on drought dudies, which utilize higorica rainfal. In the following
paragraphs there is a generd discussion of each of the storm events.

Probable Maximum Flood (PMF)
In May 1973, “The Safe Dams Act of 1973” was passed by the State of Tennessee, and amended
in October 1995. The Safe Dams Act contains standards for new and existing reservoirs, which
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include the magnitude of the frecboard desgn storm to be used in dzing the dam. The
magnitude of the required freeboard design storm is dependent on the size and downstream
hazard potentid of a dam. A dam with a height of 20 to 40 feet is classfied as “Smdl,” a height
of 41 to 100 feet is classfied as “Intermediate,” and a height greater than 100 feet is classfied as
“Large” Two downstream hazard potential categories gpply to the impoundments analyzed for
this sudy, “Sgnificant” and “High” A hazard potentid classfication of “Sgnificant” indicates
a dam located where falure may damage downstream private or public property, but such
damage would be rdatively minor, and chances of loss of human life would be possble but
remote. A hazad potentid classfication of “High” indicates a dam where falure would
probably result in any of the following: loss of human life excessve economic loss due to
damage of downstream properties; excessve economic loss, public hazard, or public
inconvenience die to loss of impoundment and/or damage to roads or any public or private
utilities Table A-3 ligs the Tennessee Safe Dam classfications of each impoundment and the
required freeboard design storm.

Table A-3
Tennessee Safe Dam Classifications
of Impoundment Alter natives

Site Typeof Size Hazard Potential Freeboard
Alternative Classification Category Design Storm
Clear Creek New impoundment Intermediate Significant 12 PMF
Meadow Creek New impoundment Intermediate High PMF
Caney Fork New impoundment Large Significant PMF
Camp OzonelLake | Raised impoundment Intermediate Significant 1/2 PMF
Mayland Lake Raised impoundment Intermediate Significant 12 PMF
Meadow Park Lake | Raised impoundment Intermediate Significant 1/2 PMF

It should be noted for those sites that require only the YPMF for the freeboard design storm,
State criteria States the freeboard desgn storm would have to be upgraded to a full PMF if the
hazard potentid classfication of a Site changes due to downstream devel opment.

The Probable Maximum Storm (PMYS) is the precipitation event that produces the PMF. This
gorm represents the most severe combination of flood producing rainfdl patterns possble for a
given area. The PMF is sdected as the design flood for projects that alow no degree of risk and
an unusudly high degree of protection. This condition usudly exigs for high head dams or

where a threat to life and/or extreme damage could occur downstream should the dam ever fail.
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The sdection of the desgn sorm is a key link between a ranfal-runoff modd and the
determination of the gze of the actud dam. The PMS usad in the desgns was determined using
methods provided in Nationa Weather Service publications Hydrometeorolgica Report Number
51 ("HMR-51") and “HMR-52" The average rainfdl for the watersheds upstream of the
impoundments was determined based on centering the PMS over the watershed. The resulting
hourly rainfal vadues were then input into the HEC-1 model to determine the PMF and PMF
discharges. The PMS hourly rainfal vaues are shown in Table A-4.

HEC-1's multi-plan capability was used to determine the /2 PMF. The “JR” card was used to
ratio the PMS rainfdl vaues by fifty percent. The modd was used with these reduced hourly
ranfal vauesto determine the 1/2 PMF discharges.

Table A-4
Probable Maximum Storm Precipitation
Hourly Values

Depth in inches for 1-hour increments of PMS

0.063 0.063 0.063 0.063 0.063 0.063 0.077 0.077 0.077 0.077 0.077 0.077
0.099 0.099 0.099 0.099 0.099 0.099 0.140 0.140 0.140 0.140 0.140 0.140
0.208 0.218 0.230 0.245 0.263 0.283 0.608 0.746 0.876 1.000 1117 1228
1.606 2448 4.190 15782 3.326 2126 0.500 0434 0.381 0.341 0.313 0.298
0.177 0177 0177 0177 0177 0177 0.116 0.116 0.116 0.116 0.116 0.116
0.087 0.087 0.087 0.087 0.087 0.087 0.069 0.069 0.069 0.069 0.069 0.069

Total Rainfall = 43.735 inches during a 3-day period

Historical Rainfall Information

Historica precipitation data for the modeled watersheds and surrounding areas were collected
from various precipitation gages. The precipitation gages used in this Sudy are in the vicinity of
the watersheds not more than fifty miles away. A totd of thirteen gages were sdected and
collectively used to determine total continuous rainfal amounts and paiterns for the Years 1912
to 1997. The gages and their respective years of record avallable for use in this sudy are listed
in Table A-5.

Ranfal records for dl of the gages liged in Table A-5 were retrieved from CD-ROM’s
containing NWS records.  All of the precipitation gages used for determining daly basin average
precipitation vaues in this sudy had daly precipitation vaue totds as the minimum time period
avaladle.
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Table A-5
Available Precipitation Gage I nformation
Within Fifty Milesof The

Modeled Water sheds

Gage Name Type Datesin Operation
Allardt Precipitation 1928 — 1997
Cookeville Precipitation 1951 — 1997
Crossvile EXP STN Precipitation 1912 — 1997
Crossville FAA Precipitation 1954 — 1997
Crossville Precipitation 1949 - 1954
Decatur Precipitation 1927 — 1956
Fall Creek Precipitation 19491970
Jamestown Precipitation 1951 — 1997
Livingston Precipitation 1948 — 1988
Monterey Precipitation 1948 — 1997
Pikeville Precipitation 1962 — 1997
Rockwood Precipitation 1962 — 1997
Sparta Precipitation 1948 — 1997

DSS Database

All of the historical precipitation gage data records were entered into the Corps Data Storage
System (DSS) database system. The data were entered in regular time series format. The use of
this database system dlows direct input and output from many Corps modes such as HEC-1
and PRECIP. The modified verson of HEC-1 used for this study (HEC1-API) requires the use
of aDSS database system.

Basin Average Rainfall

The Corps computer program PRECIP was used to develop basin average rainfal for the
watersheds modeled. PRECIP computes area-average hyetographs from observed precipitation
gage data. Like HEC-1, the program is designed for use with a DSS database. Rainfdl at the
centroid of each watershed is computed based on a weighted average of nearby rain gages. The
gages are weighted based on the least distance squared from the watershed centroid. The dally
basn average precipitation vaues for the 85-year period of record were computed by PRECIP
and written into the DSS database. The computed vaues were then read directly into the HEC-1
and HEC1-API modds that transform them into inflow to the water supply aternatives.

Rainfall-Runoff Model Calibration
Observed dream gage data must be avalable to perform accurate cdibration of an HEC1-API
modd. In Cumberland County there are no stream gages with a dmilar drainage area Size as
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those moddled for water supply dternatives and an adequate period of record to caibrate the API
parameters. Therefore, data from the Crooked Creek gage near Jamestown, Tennessee was used.
The Crooked Creek gage has 3.62 square miles of contributing drainage area above the gage Ste
and was in operation from 1977-1981.

To calibrate the APl parameters a Smple HEC1-API model was setup to represent the Crooked
Creek watershed above the Crooked Creek gage. Precipitation from the Allardt, Tennessee
precipitation gage (located less than 3 miles from the Crooked Creek stream gage) was applied to
the watershed, and the APl parameters were varied until the calculated discharges matched the
observed discharge data from the Crooked Creek gage. Plots of the fina Crooked Creek model
cdibration runs are shown in Figures A-7 through A-11.

As illugraed in Fgures A-7 through A-11, the computed hydrographs from the Crooked Creek
HEC1-API modd meatch the timing and pesks of smaler events but tend to be lower than the
observed hydrographs during large events. The HEC1-API modd is not able to reproduce the
high pesks because of the use of daly ranfdl vaues As previoudy mentioned, al of the
precipitation gages used in this sudy had daly precipitation vaue totds as the minimum time
period avalable The use of daly ranfdl vdues in a ranfdl runoff modd cannot accuratey
amulate the peaking of larger events caused by intenserainfal burds.

Because the capacities of water supply dternatives are determined from drought events, accurate
gmulation of the amount of runoff expected from a watershed (volume of the hydrograph)
during drought conditions is more critica than matching the pesks of the hydrographs during
large events. For this reason, the APl parameters in the Crooked Creek modd were not only
adjusted to best match the historica hydrogrephs at the gage, but dso to match the higtoricd
volume of runoff messured a the gage Table A-6 ligs the observed and computed runoff
amounts from the Crooked Creek gage and HEC1-APl modd. Note, the gage was missng
runoff data for the years 1978 and 1981, making only the years 1977, 1979 and 1980 available.
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Table A-6
Calibration of HEC1-API Model
Observed and Computed Runoff Amounts

Year Observed Runoff Computed Runoff
(inches) (inches)

1977 25.60 25.63

1979 33.30 3274

1980 17.80 16.48

The calibrated APl parameters from the Crooked Creek model were then used in he various
HEC1-API modds for determining the cepacity of the water supply dternatives. Due to the
close proximity of the Crooked Creek and modeled watersheds (less than 40 miles), and
gmilarities in soil type, range of temperatures, seasond variation in temperatures and vegetation

types, the APl parameters should be smilar.

A.2 Hydraulic Modeling Techniques

The hydraulic caculations in this sudy were computed with the Corps of Engineers program
“HEC-RAS, River Andyss Sysem, verson 2.1, October 1997." HEC-RAS is typicdly used to
develop water surface profiles for a sream or sysem of sreams for various frequency or
higorica flow events. HEC-RAS can dso be used to develop a rating curve (a plot of water
surface elevation versus discharge) for a given cross-section.  This latter use is how the HEC-
RAS program was utilized in this study.

The water harvesting dternative requires modding that can caculate the water surface eevation
in a crek a each time interva of the modeding process. This can be accomplished using the
caibrated HEC1-APl modd previoudy discussed if a rating curve a the Ste is provided. To
accomplish this, an HEC-RAS modd was created which included a cross-section at the dSte as
well as two cross-sections downsiream from the dte. The two downstream sections were
included to provide mathematical sability to the caculations. The data used to develop the
cross-sections for the HEC-RAS models were the USGS 20-foot contour interva quadrangle
maps and fidd information from gte vidts The HEC-RAS modds were run with discharges
ranging from 10 to 50000 cubic feet per second (cfs). Each discharge and corresponding water
surface elevation was input into the HEC1- APl modd.
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APPENDIX B

MCACES
(Micro-Computer Aided Cost Engineering System)
COST ESTIMATING OUTPUT



