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November 19, 2003

North Central Missouri Regional Water Cornmission
1415 East Majn
Unionville, MO 63565

ATTN: Mr. Don: Surmmers

WATER SYSTEM REASTER PLAN

BURNS & MICIMONNELL PROZECT MO, 32508, 32521, AN 32508

Dear Mr. Summers:

Enclosed is the final draft of the Water System Master Plan which has been prepared for the
North Central Missourt Regional Water Commission, We were assisted in the study by Rhodes
Engineering Company of Brookfield, Missouri.

This report presents a Master Plan for the proposed regional water supply that was recommended
in the Feasibility Study to serve the future needs of the Green Hills area. The Master Plan
examines the proposed reservoir in detail and evaluates the dam and spillway, water supply
infrastructure, environmental conditions and economic parametess.

We appreciate this opportunity to be of service to the North Central Missouri Regional Water
Commission. We wish to express our appreciation for the assistance provided by you and the
City of Milan, the City of Green City and Sullivan Public Water Supply District No. 1.

Five copies of the Master Plan have been included for the Water Commission and twelve copies

have been farwarded to the National Resources Conservation Service in Columbia, Missouri.
Please feel free to contact aty of the undersigned at 816-333-9400 with any questiomns.

J’MW

Sincerely,

Donald J. Novak, F.E. Fred Pinkney, P.E. David Stiverstein, P.E.
Project Engineer Project Engineer Project Engineer
cc: NRCS
Rhodes Engineering Company
Enclosure
9400 Vasd Parkwery
Renses Gy, Missourd 64114-2319
Tk 816 3339400
Fux; 816 3333690
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PART
INTRODUCTICN
A, INTRODUCTION
A Water System Feasibility Study, dated August 1, 2003 was prepared for the North Central
Missouri Regional Water Commission (NCMORWC). A total of 22 different alternatives
were considered for the development of additional water supply for the proposed service area.
It was the recommendation of the Feasibility Study that a reservoir be developed by
constructing a dam across the East Fork Locust Creek Northeast of the City of Milan. It was
also recommended that the NCMORWC purchase the Milan Water Treatment Plant. The
Master Plan further expands on this recommendation by developing design criteria for the
construction of the new reservoir near Milan and related water infrastructure system.

B, PUBPOSE
The Master Plan examines in detail the recommended location for the new water supply
reserveir in North Central Missouri. Additional alternative analyses were also preformed to
determine the recommended reservoir capacity and yield and dam configuration. A phased
plan for the development of infrastructure required to deliver both petable and non-potable
Water to prospective future customers was also developed.

C. SCCPE
Burns & McDonnell was authorized by the North Central Misscuri Regional Water
Commission, under Authorization No. 1 dated Noversber 26™ 2002, to provide this Master
Plan. Upon compleiion of the Feasibility Study, this Water Supply Master Plan for the
selected new water supply and associated infrastructure for the North Centrai Missouri
Regional Water Commission was developed. Figure I-1 shows the location of the proposed
reservoir in North Central Missouri,
As a part of this Master Plan, the following tasks are performed:

¢ Develop project design criteria

@ Conduct discussions with the Natura] Resource Conservation Service (NRCS) regarding
coordination with the local Watershed District and anticipated federal funding

¢ Develop recommendations for land purchase/ flowage easements

© Develop preliminary opinion of cost for the complete project

¢ Evaluate of purchase of the Milan Water Plant

* Develop cost of service and estimated Commission water rates

INTRODUCTION 1-1 NOVEMBER, 03
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FART I
DAM AND RESERVOIR EVALUATION

A. RESERVOIR YIELD ANALYSES

1.

General

This secticn of the report contains a description of the yield analyses conducted for the proposed
reservoir. The primary purpose of these yield analyses was to determine the required size of the
reservoir, or the amount of conservation storage required to provide the target water supply yield
under drought conditions. These analyses required completion of the following tasks:

Estimate historic streamflow at the site of the proposed reservoir

Estimate historic lake evaporation rates at the reservoir site

Collect physical data for the proposed reservoir

Perform computer simulations of reservoir operation te test adequacy of various project
configurations

Complete analyses to test the sensitivity of the selected project configuration to changing
assumptions

Each of these topics is discussed in the following paragraphs.

Reservoir Inflow

Various methods are available to estimate the yield of a reservoir, but all require estimates of
natural stream discharge at the specified dam axis. The dats sources end methedology used to

estimate the historic inflow to the proposed reservoir are described below,

a. Historic Streamfiow Data

Stream discharge data are collected primarily by the U.S. Geological Survey (USGS).
Although the USGS maintains a network of stream gaging stations located throughout the
country, there are ne records of natural discharge for the East Fork of Locust Creek at the
proposed dam axis. For this reason, the historic discharge at this location was estimated
using streamflow data recorded by the USGS at nearby gaging stations as shown on Figure
II-1. Gaging stations used in this analysis are listed in Table II-1, along with other pertinent
data. Historic streamflow data available for these gages were obtained from the National

DAN AND RESERVOIR EVALUATION R-1 NOVEMBER, 03
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miles west and 45 miles north of the proposed reservoir site (NCDC, 2002}. These and the
other climatic data stations used in estimating reservoir evapcration are listed in Table II-4.

TABLE II4
CLIMATIC DATA STATIONS
Location . .
Station Nc¢ Sﬂt:ti‘gn Name (Lst./Lon N .ivallable Permdrof Record
40°49700" | Pan Evaporation: 971993 - 1172000
ES00R0 Rathiun Dam 1A 92°54'00" |  Wind Speed: 9/1993 - 11/2000
] (»3 1 n
23-4544 Kirksville, MO i ggu ;i gg" % Temperature: 7/1993 - 12/2001
] ‘ 40° 12' 00" g .,
23-5578 Milan, MO 93° 07 00" | Precipitation: 7/1948 - 12/2001
: L 40° 15'00" ! Pan Evaporation: 8/1957 - 8/1993
R0 Spisknrd WM | 93°43' 00" Wind Speed: 8/1957 - 8/1693
Tt 40° 28' g Precipitation: 7/1948 - 6/1948
23-8523 e |__93°00'00" | _Temperature: 1/1922 - 6/1993

Water will evaporate from an evaporation pan at a faster rate than from an actual lake. This
phenomeron occurs because an evaporation pan is a much smaller body of water and will
heat up and cool off much faster during a day or season than a lake. The ratio of leke to pan
evaporation is referred to as the pan coefficient. These pan coefficients vary geographically
and range from 64 to 88 percent with a default value of 70 percent typically used when a
better estimate is not available. Based on a map published by the National Oceanic and
Atmoespheric Administration (NOAA, 1982), the pan coefficient at the proposed reservoir
site is estimated to be 75.6 percent,

Fan evaporation records available at the Spickard station cover 2 period of record from
August 1957 to August 1993, with missing data common during the winter months., At
Rathbun Dam, the availabie pan evaporaticn data runs from April 1970 to November 2000,
These periods of record are substantially shorter than that of the available reservoir inflow
estimates and do not cover the critical drought periods of the 1930°s and mid-1950°s.
Therefore, a reservoir evaporation computer mode! was used to estimate lake evaporation for
the entire 80-year period of record (calendar years 1922-2001),

Dam AND RESERVOIR EVALUATION
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b. Climatic Datz
The lake evaporation model requires estimates of historic climatic data for the entire period
of interest. Both average monthly and actual monthly climatic data were obtained from
published sources and the National Climatic Data Center (NCDC, 2002). The long-term
average monthly data used are listed in Table 11-5 and represent an average of the data for
Columbia, Missouri and Des Moines, lowa. In addition to these long-term average climatic

data, daily termperature, precipitation, and wind speed data were obtained for the stations
listed in Table I1-4,

TABLE II-5
AVERAGE MONTHLY CLIMATIC DATA

Solar [ Possible [ Relotive | Wind | Baromstric
Monih | Radistion | Suvnehize | Bumidity{ Speed § Pressure
: (Langleys) ¢ (percent) (gemem‘g___ (mph) (millibers)
Jan 174 56.5 76.0 12.20 9864 |
Feb 252 520 § 785 11.35 985.1
Mar 333 1 53¢ 78.0 12.40 980.8
Apr 418 550 | 770 1220 { 981.1
May 505 ! 595 80.5 10.15 980.0
Jun 558 & 68.0 815 § 945 980.9
Jul | 555 710 83.0 8.55 982.5
Aug 491 1 680 | 850 ! 430 983.2
Sep 410 | 640 85.0 4.90 983.9
Oct 298 ¢ 615 I 85 | 9095 984.4
Nov & 206 |} 485 | 795 | 1095 983.9
Dec § 151 | 445 | 796 | 1105 [ o847

¢. Evaporation Model
Reservoir evaporation rate estimates were caleulated for the proposed reservoir using Burns
& McDonnell’s ETCALC computer model. This model uses a form for the Penman

Equation to estimate evaporation depths. In general, the ETCALC model uses the following
procedure to estimate evaporation rates {Linsley, Kohler & Paulhus, 1982).

© Advective Losses: The ETCALC model contains a number of relationships to estimate
advective losses from the reservoir surface. Advective losses occur as water evaporates
from the reservoir into the air immediately above the water surface, when this air is not

saturated with water vapor (that is, has a relative humidity less than 100 percent). This

DAR AND RESERVOIR EVALUATION li-7 NOVEMBER, 03
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moister air is then carried away by the wind and replaced with drier air so the process
can continue. The principal factors affecting the rate of advective losses are wind speed,
air temperature and relative humidity.

¢ Energy Budget: A substantial amount of heat energy is required to transform water into
water vapor. The ETCALC model also contains relationships to estimate the amount of
evaporation that would occur using an energy budget, or heat balance, methodology.
The principal source of heat energy that controls evaporation is the Sun. Incident solar
radiation at the reservoir varies seasonally, based on the inclination of the Earth’s axis
and its distance from the Sun, and with the amount of cloud cover (percent possible
sunshine).

® Weighting Function: The Penman Equation uses a weighting function to estimate lake
evaporation from the separate advective loss and energy balance estimates. This
weighting function is based on the slope of the saturation-vapor-pressure versus
temperature curve at the given air temperature.

4. Mode! Calllrztion
The ETCALC model must be calibrated to yield accurate evaporation estimates. The model
was calibrated using the available pan evaporation data and a pan coefficient of 75.6 percent.
The available calibration coefficients were adjusted by trial and error to find the values that

yiclded the least squares difference between the measured and caleulated evaporation
estimates.

e. Met Evaporatior Rate Estimstes
Once the ETCALC model was successfully calibrated, it was used to estimate monthly
evaporation rates for the entire simulation period, calendar years 1922-2001. The
evaporation rates estimated by the ETCALC model zre gross rates. Precipitation that falls
directly on the surface of the proposed reservoir will tend to offset some of the gross
evaporation from the reservoir. The resulting evaporation — gross evaporation less direct
precipitation — is referred to as net evaporation. Not all of the precipitation that strikes the
surface of a reservoir is considered to reduce evaporation. In the absence of the reservoir,
sotne of this precipitation would run off from the reservoir area and would be contributed to
the discharge in the East Fork Locust Creek. This direct runoff is assumed to be included in

DaM AND RESERVOIR EVALUATIOM -8 NOVEMBER, 03



