East Locust Creek Watershed Revised Plan Draft Supplemental Environmental Impact Statement
Sullivan County, MO

Appendix D
East Locust Creek Reservoir Water Budget Model



EAST LOCUST CREEK RESERVOIR
ATER BUDGET ODEL

PREPARED FOR

RTH CENTRAL ISSOURI REGIONAL ATER COMMISSION

— ——
\\\\\\H"HHH[”I
\\\\ //,,
. o Mig Y,
N O wtitieeg o
N I N I & o my, Q%
SFA %,
3 QN ’, />> %
v 2
3 Z

S ”

s ;s JOoP _oo% %
:E WES T2
Ny

l"-, E :_;:‘59

z

% %1 N
. W

“, S LTI

“U, Ty
v “ny, ”’“f? OFES

- N
3\\\\\\\\
i

MARCH 20, 2020
DRAFT



Contents

1.0 Introduction and background .................eiiiiiiiiii i e 1
11 Water BUAQEt MOTEL...... ..t e 1

1.2 Proposed East LOCUSt Creek RESEIVOIN .....vuuuieieeiiiiiiieiiiicie e e 2
P22 O B 1 41= 1 oo PP PP PR URP P 3
2.1 = 1101 = 3
2.2 Watershed Runoff — Unit Runoff Method .............cccooiiiiii e, 4
2.3 SEEPAYE RALE ... ..t e e e 8
2.4 EVAPOTALION ... et e e e e e e e e e 9
2.5 LAY L= g 7= ¢ = g o SO 10
2.6 RESEIVOIr STAgE STOTAQGE .. ... ittt e e e e e e e e e e e e e e e e e s 11
2.7 Reservoir Stage OULFIOW. ... e 12
2.8 IN-Stream FIOW REIEASES .......uuuiiiiiiiiiiiie it 13
2.8.1  EXIStiNg Sream FIOW........uuuiiiiiii e e 13

L0 RESUILS ettt ettt e e e e e e e e e e 15
3.1 GENEIAI FESUILS ....cevieiee et ettt e et e e e et aeaaeee s 15
3.2 In-stream flow IMplementation.............cooooiiiiiiiii e 18
3.3 RESErVOIr STartUp SCENAIOS ... .. ccuueuuiiieiiiieiiiiie et e e e e e e et e e e e e e e e e e e 21
3.4 RESEIVOIr FIUCTUALION. ..ottt ittt e et e e e s e e e e 24
3.4.1  Operational LEVEIS ........ooiiiiiiieieeee e 24

G (o o o 1= =SS 26

4.0 CONCIUSIONS ...ci ittt ettt ettt et e e e e teeeeeeeeaaeeeeeaaan e e anan sannnan 26
LT I o= (=] =T o= SR 28

List of Figures

Figure 1. Surrogate Gage Selection for Watershed Runoff

Figure 2. Runoff Records from Three Gages Used in Unit Runoff Analysis
Figure 3. Pan Evaporation Gage Selection

Figure 4. ELCR Elevation Area Curve

Figure 5. ELCR Elevation Volume Curve

Figure 6. Gage Data - East Locust Stream Gage near Boynton

Figure 7. Flow Duration Curve — East Locust Creek — Period of Record
Figure 8. Annual Flow Duration Curves — East Locust Creek

Figure 9. Annual Total Volumes of Reservoir Inputs

Figure 10. Annual Total Volumes of Reservoir Outputs

December 2019 i



Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.

Annual Total Volumes of Reservoir Inputs and Outputs

Projected Lake Level at Steady Demand of 7 MGD

Flow Duration Curves — Estimated Pre and Post Reservoir

Reservoir Level During Startup Scenarios

Estimated Time to Fill vs. Average Palmer Drought Severity Index
Proposed East Locust Creek Reservoir — Estimated Reservoir Levels
Reservoir Level Frequency Diagram

List of Tables

Table 1. Water Budget Model Inputs.

Table 2. Short Listed Stream Gages

Table 3. Watershed Land Use (NLCD 2016).

Table 4.
Table 5.

Evaporation Gage Stations
Reservoir Seepage Rates

Table 6. Stage Outflow Data

Table 7.

In-Stream Flow Orifice Details

Table 8. Time Required to Fill Reservoirs under Various Scenarios

Table 9.

Maximum WBM Reservoir Level Drop Rates

Table 10. Maximum WBM Reservoir Level Rise Rates
Table 11. Reservoir Flood Levels

Appendix

A - Water Budget Model — Varying Water Supply Demand Rates
B — East Locust Creek Reservoir Hydraulics Report
C — East Locust Creek Reservoir Hydrology Report

Acronyms and Initialisms

Term Definition

CFS Cubic Feet per Second

EIS Environmental Impact Statement

ET Evapotranspiration

ELCR East Locust Creek Reservoir

MDC Missouri Department of Conservation
MDNR Missouri Department of Natural Resources
MGD Million Gallons per Day

NCMRWC | North Central Missouri Regional Water Commission

NLCD National Land Cover Database

NOAA National Oceanic and Atmospheric Administration
NRCS Natural Resources Conservation Service

URM Unit Runoff Method

WBM Water Budget Model

December 2019



1.0 INTRODUCTION AND BACKGROUND

The proposed East Locust Creek Reservoir (ELCR) project in Sullivan County Missouri will create
a 2,328-acre multi-purpose reservoir designed to provide drinking water, recreation, and flood
damage reduction for a 10-county region in north central Missouri. The reservoir is sized to
provide 7 million gallons a day (MGD) to the 10-county region in north central Missouri. The
reservoir is designed to provide a reliable drinking water source during the drought of record. The
current proposed reservoir location, reservoir size, and the drinking water capacity of 7 MGD was
established in 2007 in the “East Locust Creek Watershed Revised Plan and Environmental Impact
Statement” (EIS) (NRCS 2007).

Because the 10-county area is one of the poorest regions in the state and because existing
drinking water rates are among the highest in the state, the residents of the region currently pay
an inordinately high percentage of their household income for drinking water. For this reason, it
is also critical that the reservoir provide high quality recreational opportunities to help subsidize
drinking water production. An important constraint in designing recreational opportunities that will
attract consumers to the reservoir is an understanding of how the lake levels will fluctuate through
typically varying weather patterns.

1.1 Water Budget Model

The ELCR water budget model is intended to estimate the amount of drinking water the proposed
ELCR can provide during a drought equivalent to the drought of record while considering
watershed runoff, rainfall, downstream flows, seepage, and evaporation and without excluding
the other two project purposes (recreation and flood damage reduction). In the absence of reliable
predictions of future rainfall, runoff, evaporation rates, etc, a water budget model relies on
historical climate records to simulate reservoir operations during past conditions with an
assumption that future conditions will be similar to past conditions. As such, the model cannot
predict conditions on any particular day, but can provide information about the range of conditions
that may be encountered.

The NRCS model, Reservoir Operation Study Program TR-19 (RESOP) was developed by the
Soil Conservation Service in the 1960s to determine the storage requirements necessary to meet
supply-demand relationship (NRCS 1967). In other words, it was developed to produce a water
budget model.

NRCS used RESOP to develop the original ELCR water budget model for the 2007 EIS (NRCS
2007). This RESOP model used climatological data from 1951-1992 as the proxy for future
conditions. The RESOP model was a monthly water budget model that considered seepage,
evaporation, rainfall, runoff, 0.5 CFS in-stream flow, and 7 MGD in water use.

This current water budget model, referred to hereafter as the Water Budget Model (WBM) is
intended to update the previous NRCS RESOP model to include the additional 25 years of records
now available and to gain a better understanding of daily reservoir fluctuation. An improved
understanding of daily reservoir fluctuations is needed to make sure that the reservoir design
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facilitates reservoir operation during normal, wet and dry periods.

The project team determined that a daily model with additional years of data, would be helpful to:
e Extend the results to consider 25 additional years of information
e Gain a better understanding of the reservoir level fluctuations for optimal design
< Provide additional information for the Supplemental Environmental Impact Statement

e Consider in-stream flow capabilities on a daily basis. (The term “in-stream flow” is
intended to be synonymous with the terms “ecological flows” or “environmental flows”
which have all been used by various parties to describe the water that is released through
the dam to maintain the downstream reach of East Locust Creek.)

Because the RESOP model is based on a monthly time step, it could not provide daily results.
Accordingly, a spreadsheet (the WBM) was developed to replicate the RESOP model
calculations, but on a daily time step basis. This WBM uses historical data (1950-2017) along
with projected watershed, reservoir and water supply conditions to simulate the reservoir water
level fluctuation caused by natural, water supply and in-stream flow withdrawals from ELCR.

The WBM is not intended to modify the original 7 MGD estimate of the reservoir firm yield or the
size of the reservoir. It does not provide any improved accuracy in estimating firm yield during
the design drought (the drought of the 1950s).  Rather, it provides additional years of record
and details of daily fluctuation to help plan reservoir design and operations.

1.2 Proposed East Locust Creek Reservoir

The proposed East Locust Creek Reservoir will consist of a multipurpose reservoir with a zoned
earth dam and a drainage area of approximately 21,000 acres, creating a reservoir surface area
of approximately 2,328 acres at normal pool elevation of 922.3 feet, MSL. Watershed land use
is described in Table 3. The proposed reservoir spillway is a two-stage labyrinth weir with the first
stage at normal pool and the second stage at the 25-year flood level. There is no auxiliary or
emergency spillway as the principal spillway is designed to handle all events up to the probable
maximum precipitation (PMP) storm. Approximately 10 feet below normal pool will be a passive
in-stream flow orifice system that will pass 0.5 cubic feet per second (CFS) to the existing stream
below the reservoir (on average). The orifices will pass flow at diminishing rates as the reservoir
drops until they cease when the lake falls below the orifice elevations..
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2.0 METHODS

The WBM uses historical data (1950-2017) with projected reservoir, in-stream flow and water
supply conditions to simulate the reservoir water level fluctuation caused by natural, water supply
and in-stream flow withdrawals from ELCR. This approach provides a range of conditions typical
for this region to help us to understand reservoir levels but does not predict any particular temporal
sequence of events. In other words, it can’'t be used to predict conditions at any particular time
and it can’t be used to model a progression of water demand unless we assume an exact repeat
of past history.  Further, it does not account for climate change.

The inflow to the reservoir consists of direct rainfall on the reservoir and runoff from the East
Locust Creek watershed. Outflow from the reservoir consists of seepage, evaporation, outflow
through the two-state labyrinth weir, water supply demand, and through the passive in-stream
flow system. Based on the inflows and outflows, the WBM calculates the modeled reservoir
level for each day.

The model inputs and data sources for the WBM consist of water exchange within the reservoir
watershed system, based on factors that add or deduct from the reservoir's water supply. These
inputs are listed in Error! Reference source not found. and further described below.

Table 1. Water Budget Model Inputs.

Model Input Data Source

Historic rain gage data near ELCR. (Green City, Milan
(preferentially in that order))

Historic stream gage data. (Locust Creek at Linneus, Medicine

Rainfall

Watershed Runoff Creek Near Galt, South Fork Chariton (preferentially in that
order))

Seepage Rate NRCS (NRCS 2007) and DNR (MDNR 2013)

Evaporation Historic regional pan evaporation gages as described in Section
2.4,

Water Demand Varies as described for each scenario.

Reservoir Stage Storage 2008 and 2017 LIDAR Data (Surdex 2009) (Woolpert 2017)

Reservoir Stage Outflow Hydraulics Report (Appendix B).

In-Stream Flow Releases Varies as described for each scenario.

2.1 Rainfall

Rain gage data was used to model the quantity of direct rainfall on the reservoir surface. The
rainfall that falls on the rest of the watershed is included in the measured watershed runoff, so
the rain gage data is not used to calculate watershed runoff.

Rain gages within 11 miles of the reservoir were investigated to determine which gages could
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provide continuous data for the full period of modeling from gages closest to the reservoir
watershed. Of the five evaluated, it was determined that the combination of the two closest
gages, Green City 5 N gage (6.6 miles from watershed center) and Mo Milan gage (8.08 miles
from watershed center), provided a continuous period of record over the modeled time frame.
Data from the Green City 5 N gage was used when available and data from the Mo Milan gage
was used to fill in any gaps. The Green City 5 N gage was installed in June of 2006, so the Mo
Milan Gage provided the bulk of the data.

2.2 Watershed Runoff — Unit Runoff Method

The Unit Runoff Method (URM) estimates watershed flow into the reservoir based on measured
runoff per unit area at nearby stream gages. The URM is based on the measured runoff per unit
area at an existing stream gage for each day during the period of record. This runoff per unit area
is then applied directly to the watershed area for the proposed reservoir (less the area of the
reservoir surface for each day) to determine a volume of watershed runoff into the reservoir.
Because the gage data reflects both base flow and storm runoff, the application of this method
includes both the base flow and storm runoff merged as watershed runoff. So, no independent
estimate of base flow is necessary for the model.

For example, on January 1, 1950, USGS Gage #06901500 reported an average daily flow of 1510
CFS. Dividing this flow into the watershed area (550 mi?) and making appropriate simple
conversions indicates that the flow represented 0.102 inches of runoff averaged over the
watershed. This 0.102 watershed inches was applied to the watershed area for the proposed
reservoir (29.2 mi?) to estimate the watershed runoff volume that would have flowed into the
reservoir on that day (158.9 ac-ft (or 80.1 CFS)).

To determine the best gage(s) to use for this purpose, stream gages within 50 miles of the
watershed centroid with drainage area between 10 and 600 square miles were evaluated to find
the most suitable watershed for determining the unit runoff. Consideration was given to similarity
of drainage area size, degree of existing impoundment, distance of the gage watershed centroid
from the ELCR watershed centroid, and period of record available during the modeled time frame.
Of the 21 gages found, 10 were pre-screened out due to insufficient period of record or because
they were just downstream of existing major impoundments. Eleven gages were short listed as
shown in Figure 1. From this set, two gages stood out due to their proximity to the reservoir and
were selected as potential sources of runoff data. However, the combination of these two gages
did not provide a complete record of runoff for the period modeled so a third gage was necessary.
While the Medicine Creek near Laredo Gage would have been the most appropriate third gage
due to location and shape, its data gaps coincided with the gaps in the two primary gage records.
Details of the 11 short listed gages are presented in Table 2.
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Table 2. Short Listed Stream Gages

Laredo, MO

Distance
(Watershed Relevant
Centroid to ELCR Period of
Drainage Catchment Record
Gage Area (mi?) Centroid) (mi) (years) Priority
6901500 Locust Creek near
Linneus, MO 550 5.8 68 1
6900000 Medicine Creek near
Galt. MO 225 16.9 40 2
6903700 South Fork Chariton
River near Promise City, 1A 168 33.3 52 3
6900050 Medicine Creek near 355 16.0 17 NA
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Table 2. Short Listed Stream Gages

Distance
(Watershed Relevant
Centroid to ELCR Period of
Drainage Catchment Record
Gage Area (mi?) Centroid) (mi) (years) Priority
5497500 Mlddl(_a Fabius River 185 35.6 11 NA
near Baring, MO
6906150 Long Branch Creek
near Atlanta, MO 23 37.2 22 NA
6899000 Weldon River at Mill 494 374 23 NA
Grove, MO
5494300 Fox River at
Bloomfield, 1A 88 38.3 65 NA
6898500 Weldon River near
Mercer, MO 246 39.1 28 NA
6903400 Chquton River near 182 448 68 NA
Chariton, IA
6898400 Weldon River near 104 45,2 33 NA
Leon, IA

The two primary gages are Locust Creek near Linneus (#06901500) and Medicine Creek near
Galt, MO (#06900000) and the third gage on the South Fork of Chariton River near Promise City,
IA (#06903700). Because the Locust Creek gage watershed includes the ELCR catchment, it is
selected as the unit runoff source whenever it has valid data. Likewise, the Medicine Creek near
Galt data is used when Locust Creek gage doesn't have data and the S. Fork Chariton data fills
in the remaining data gaps. Figure 2. graphically represents the availability of data from these
gages. Table 3 compares the land use in the respective watersheds to the land use in the ELCR
watershed.
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Figure 2. Runoff Records from Three Gages Used in Unit Runoff Analysis
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Table 3. Watershed Land Use (2016 NLCD).

S. Fork
Medicine Chariton ELCR
Creek Near near Catchment
Linneus Galt Promise City (above
NLCD #6901500 #6900000 #6903700 pool)
Class Land Use Land Use Percentage (%)
11 Open Water 0.7% 0.4% 0.7% 0.8%
Developed, Open
21 Space 2.8% 2.6% 2.8% 3.5%
Developed, Low
22 Intensity 0.7% 0.9% 1.4% 0.6%
Developed, Medium
23 Intensity 0.1% 0.1% 0.1% 0.0%
Developed, High
24 Intensity 0.0% 0.0% 0.0% 0.0%
Barren Land
31 (Rock/Sand/Clay) 0.0% 0.0% 0.0% 0.0%
41 Deciduous Forest 19.7% 16.1% 11.0% 21.3%
42 Evergreen Forest 0.3% 0.3% 0.1% 0.5%
43 Mixed Forest 5.5% 3.4% 0.8% 7.1%
52 Shrub/Scrub 0.3% 0.2% 0.1% 0.2%
71 Grassland/Herbaceous 0.6% 0.5% 0.3% 0.5%
81 Pasture/Hay 51.6% 50.0% 39.6% 60.3%
82 Cultivated Crops 15.6% 23.2% 41.6% 5.0%
90 Woody Wetlands 1.9% 1.9% 1.2% 0.1%
Emergent Herbaceous
95 Wetlands 0.2% 0.2% 0.4% 0.0%
Total 100.0% 100.0% 100.0% 100.0%

2.3 Seepage Rate

The seepage from the reservoir varies with the surface area of the lake. Table 4 lists the lake
surface area and the seepage rate for the lake. The seepage rate table for ELCR was provided
by NRCS and is consistent with seepage values used for ElImwood Reservoir and Lake
Thunderhead in the 2013 MDNR Water Supply Study (MDNR 2013).
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Table 4. Seepage Values

Lake Surface Area (acres) | Seepage (inches/day) | Seepage (inches/month)
2100 and above 0.100 3.0
1100 to 2100 0.067 2.0
1100 and below 0.033 1.0

2.4 Evaporation

The evaporation from the reservoir was simulated using the pan evaporation data from gages
throughout the region and the daily calculated reservoir surface area. The evaporation gages near
ELCR are listed below in Table 5:

Table 5. Evaporation Gage Stations.

Distance
from
ELCR
Catchment Period of
Station Centroid Record Comments
Rathbun Dam, IA US
(USC00136910) 34.5 1970-Present
: Not used — data
Mo Spickard 7 W (USC00237963) 34.5 1957-1993 quality concerns.
Mo Long Branch Rsuvr.
(USC00235050) 50.2 2011-Present
Mo New Franklin 1W
(USC00236012) 92.4 1956-2016
Mo Clarence Cannon Dam Not Used-
(USC00231600) 94.1 1996-1997 insufficient data
Columbia 9 WNW, MO US 98.6 1944-1953
Norwich Experimental Farm, IA US 115 1937-1970
o Not used — data
Smithville Lake (USC00237862) 102 1985-Present quality concerns.
Ames 3 SW, IA US 118 1893-1964
lowa City, IA US 120 1950-Present
Mo Lakeside (Lake of the Ozarks)
(USC00234694) 149 1931-1990
St. Louis Washington University,
MO US 187 1938-1957

Because the records were often missing within the reported period of record, it was necessary to
find multiple stations to ensure some data was available. The model used the average of all
gages with data for each individual day.

There were some dates for which none of these stations had data. In that case, the average pan
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evaporation value for that day of the year was used. The average pan evaporation for the day of

the year was calculated by averaging all values at all stations in every year there was data for
that day.

The pan evaporation coefficient of 0.76 was used to convert the pan evaporation values from the
National Oceanic and Atmospheric Administration (NOAA) gages to the free water surface of the
reservoir (NOAA 1982). The pan coefficient of 0.76 was selected based on DNR’'s WBM of
Elmwood Reservoir (4 miles from ELCR) (DNR 2013). Figure 3 shows the locations of the pan
evaporation gages considered and used.

2.5 Water Demand

The reservoir is designed to be able to supply 7 MGD during the drought of record (NRCS 2003).
The model was setup to be able to run various demand scenarios up to 7MGD. For basic sizing
of the reservoir a constant demand of 7MGD is used. Appendix A contains a summary of results
for other demand rates for use in understanding reservoir fluctuation and ecological flows during
periods prior to when the full 7 MGD is being sold.
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2.6 Reservoir Stage Storage

The reservoir stage storage data was created from LIDAR taken in 2008 and 2017. The 2017
LIDAR only includes the floodplains but is used to the extent possible with the 2008 data being
used for higher elevations not covered by the 2017 data. Figure 4 displays the relationship of
reservoir surface area to elevation and Figure 5 displays the relationship of total reservoir
volume to elevation.
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2.7 Reservoir Stage Outflow

The proposed reservoir spillway is a two-stage labyrinth weir with the first stage at normal pool

and the second stage at the 25-year flood level. There is no auxiliary or emergency spillway as
the principal spillway is designed to handle all events up to the probable maximum precipitation
(PMP) storm. The reservoir stage outflow for the two stage spillway is described fully in

appendix B. The stage discharge data from that report is compiled in Table 6.

Table 6. Stage Outflow Data
Elevation Flow
(ft) (CFS) Description

922.3 0 1% Stage Weir

922.55 19

922.8 59

923.05 112

923.3 179

923.55 256

923.8 342

924.05 436

924.3 536

924.55 642

924.8 753 2" Stage Weir

924.9 762

December 2019
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Table 6. Stage Outflow Data
Elevation Flow
(ft) (CEFS) Description
925 780
926.4 1501
927.8 2730
929.2 4152
930.5 5491
931.9 6887
933.3 8235
934.6 9469
936 10817 2' Below Top of Dam

2.8 In-Stream Flow Releases

To maintain the stream below the dam, the reservoir will be configured to provide in-stream flow
when the principal spillway is not active. This in-stream flow will be in addition to what passes
through the spillway due to storm events and what seeps through the dam. The original
Environmental Impact Study (NRCS 2006) assumed an average value of 0.5 CFS for in-stream
flows. As discussed in Section 3.2, a passive system has been devised to produce at least an
average of 0.5 CFS over the period of record given projected lake elevation and the results below
reflect the presence of that system unless stated otherwise.

2.8.1 Existing Stream Flow

To provide a description of existing flows in East Locust Creek for comparison to post project
flows, a USGS stream gage, #06901205, was constructed on East Locust Creek and began
operation on September 30, 2013. The gage is about a mile downstream of the proposed dam
and has a drainage area of 33.8 mi2. The proposed reservoir has a drainage area of 32.5 mi?.
Figure 6 shows the mean daily discharge over the period of record.

The following flow duration curves were created from the gage data to illustrate the flow
characteristics of East Locust Creek. Figure 7 shows the flow duration curve for the entire period
of record and Figure 8 shows the flow duration curve separated by calendar year. Data over the
period from 7/1/2014-6/30/2019 indicates that the gage records zero flow approximately 6% of
days and less than 0.1 CFS approximately 15% of days. The median daily average discharge
during this time period was 2.86 CFS.

Breaking down the flow data by year (Figure 8) reveals that in the 2018 the creek did not have
any flow for 25% of the year and that in 2015 the creek had year round flow. Three out of five
years had some periods with zero flow.
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Figure 6. Gage Data - East Locust Creek near
Boynton (Gage 06901205)
9/30/2013-7/23/2019
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3.0 RESULTS

The WBM was applied with varying assumptions and constraints to develop a better

understanding of how the reservoir might operate, based on historical climate and conditions.
Particularly the model was used to:

» Simulate flow conditions in East Locust Creek below the dam
» Estimate the time required to fill the reservoir once dam construction is complete

* Model how lake levels will tend to fluctuate after the reservoir is initially filled

3.1 General results

Figures 9-11 display the annual average values of the model inputs and outputs. As expected,
the watershed runoff is the primary source of water into the reservoir, but direct rainfall on the
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reservoir is also a significant source. The 7 MGD water supply demand is the largest steady
outflow of water from the reservoir, although there are years when evaporation exceeds
demand. Seepage is also a significant source of loss, especially in years when the reservoir is
full. Spillway release is highly variable, reflecting the fact that the reservoir will often be below
normal pool and many storms will add significant volumes of water to the reservoir without
raising it to the level that allows spillway flow.

The average annual reservoir volume has been added to Figure 11 to provide a sense of scale

for the total inputs and outputs from the reservoir. As can be expected, the inputs tend to be
more variable while the outputs are dampened by reservoir storage.

Figure 9. Annual Total Volumes of Reservoir Inputs
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Figure 10. Annual Total Volumes of Reservoir Outputs at 7 MGD
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Figure 12 shows the estimated reservoir level over the period of record for the full 7 MGD demand,
starting with the reservaoir full, and utilizing the proposed in-stream flow configuration. It shows
that during the drought of record the lake level drops to the low intake level, confirming that the
firm yield of the reservoir is 7 MGD given this configuration. Appendix A and Figure 16 below
provide similar curves for other demand rates less than 7 MGD for use in estimating reservoir
operations prior to when the full demand is developed.

Figure 12. Projected Lake Level at Steady Demand of 7 MGD
(1/1/1950-12/27/2017)
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3.2 In-stream flow Implementation

This study evaluated various options for passive orifices placed to provide an average in-stream
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value of 0.5 CFS over the period of record.

The reservoir principal/auxiliary/emergency spillway is controlled by a labyrinth weir placed in the
spillway (Appendix B). The weir wall is notched to 10’ tall for the principal spillway and is 12.5’
tall for the auxiliary/emergency spillway. Normal pool level is at elevation 922.3 and from normal
pool to the 25-year level the principle spillway notch handles all storm flow. At the 25-year flood
elevation (924.8") the auxiliary/emergency portion of the weir wall becomes active.

The proposed plan is to place orifices in the weir wall to provide in-stream flows. The orifices will
be fitted with flanges so that orifice sizes can be modified in the future using an adaptive
management approach. A configuration that is estimated by the model to provide 0.55 CFS of in-
stream flow on average over the period of record at the full 7MGD demand is described in Table
7. In addition, there will be some seepage through the dam and abutments that will also contribute
to in-stream flow. When the reservoir level drops below the elevation of 913’ (9.3’ below normal
pool) the orifices will not allow any flow to pass, but seepage through the dam and abutments will
continue. The low orifice elevation is set 0.7 above the base of the weir wall to allow space for
the flange.

To provide some basis for comparison to existing conditions, the unit runoff method was applied
to the entire East Locust Creek Reservoir watershed using the unit area flow from the stream
gage system described above to develop the pre-lake watershed runoff curve shown in Figure
13. Based on the daily reservoir elevation calculated by the model over the 1950-2017 time
frame with the full 7 MGD demand, the orifice equation was used to calculate daily flow through
the in-stream flow orifice system and the spillway rating curve was used to calculate daily
spillway flow. The seepage through the dam was estimated at 1% of the total seepage from the
reservoir described in Section 2.3.  Figure 13 also shows the resulting flow duration curve for
East Locust Creek and the contributions from the proposed reservoir for the 1950-2017 time
frame. Appendix A provides similar curves for other demand rates less than 7 MGD for use in
estimating reservoir operations and stream flows prior to when the full demand is used.

The flow duration curves show that at most times there will be less water in the stream after the
reservoir is built. This is not a surprising result because the reservoir is being built for water
supply purposes and a significant amount of water will go to water supply. However, during the
drier times, it will not be uncommon for the reservoir to pass some water downstream when
there wouldn’t have been water without the dam. The curves also show that the reservoir will
reduce the volume of flooding that is passed downstream during large storm events.
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Table 7. In-Stream Flow Orifice Details

Flow through Orifice
System at Reservoir
Reservoir Elevation (ft) Feature Elevation (CFS)
Auxiliary/Emergency
924.8' Spillway 1.77
922.3 Principal Spillway 1.49
917 2 — 2.5" diameter orifices 0.52
915’ 2 — 2" diameter orifices 0.15
913’ 1 — 1.5” diameter orifices 0
Bottom of weir walll,
912.3 spillway floor 0

Figure 13. Flow Duration Curves - Estimated Pre and Post
Reservoir - 7 MGD Demand
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The impacts on the stream below the dam will be most noticeable near the dam and will recede
further downstream as the reservoir watershed becomes a smaller fraction of the overall
watershed. At 5.39 miles downstream from the dam the EImwood Branch brings the drainage
area up to 49.3 square miles, but it also adds the relatively reliable 1.5 CFS flow of treated
process water from the Smithfield pork processing plant. According to the 2019 MDNR Stream
Classification data set, East Locust Creek becomes perennial just downstream of this point.

At 20.9 miles downstream is the confluence with Little East Locust Creek and the total drainage
area is 121 square miles and the reservoir drainage area is 27% of the watershed. At 22.8
miles downstream from the dam East Locust Creek pours into Locust Creek and the total
drainage area below the confluence is 380 square miles and the reservoir drainage area is 8.5%
of the total watershed. By the time Locust Creek reaches Pershing State Park, the first
downstream recreational access to a stream, the reservoir is only 6% of the total watershed.

3.3 Reservoir Startup Scenarios

Several model scenarios were run to evaluate the range of possibilities for time to fill the reservoir
based on the precipitation conditions throughout the period of record. These scenarios were run
by setting the reservoir volume to zero at various scenario start dates to see how long it takes to
recover to full pool under the conditions at that time. To capture the likely range of water demand
during the filling period, startup scenarios were run at both 0 MGD and 3 MGD demand. Given
the time it will take to expand the water supply system to reach the additional customers, it is
unlikely that the water demand will exceed 3 MGD during the filling period. Table 8 describes
the scenarios and lists the time required to fill the reservoir under the evaluated scenarios. The
average monthly Palmer Drought Severity Index (PDSI) for north eastern Missouri is also included
for the time of filling to provide a quantitative description of conditions at the time. To simulate in-
stream flows during the reservoir startup scenarios it was assumed that steps would be taken to
produce an average of 0.5 CFS of in-stream flow per day during filling, even when the reservoir
level is below the passive in-stream flow orifices. The in-stream flow release during reservoir
filling is anticipated as a step taken to avoid an initial possible multiyear dry period for the stream.
Figure 14 shows the reservoir level over time for these various scenarios. Figure 15 compares
the filling time to the average PDSI during the filling time.
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Table 8. Time Required to Fill Reservoir under various scenarios
Average PDSI* Years To Fill
Scenario during filling
Start Date Description period @0 MGD %Sm'\:\(r?: %jml\gf(?
(and @3MGD)
1/1/1950 Drought of -1.310 (-1.175) 9.41 10.50
Record
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Table 8. Time Required to Fill Reservoir under various scenarios
Average PDSI* Years To Fill
Start Date @ 0 MGD @ 3 MGD
Demand Demand
1/1//1965 0.400 (1.063) 4.52 5.77
3/1/1974 -0.325 (0.057) 7.43 8.25
Wettest Period
4/1/1981 in 1900s 3.613 (3.622) 1.88 2.01
1/1/1990 0.123 (0.123) 2.70 2.71
Drought of early
1/1/2000 20005 0.031 (0.085) 8.30 8.49
2/19/2007 Recovery from | 678 (0.678) 1.36 157
dry years
1/1/2010 0.989 (1.261) 4.69 5.55

* Palmer Drought Severity Index

Figure 15. Estimated Time to Fill vs. Average Palmer Drought
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3.4 Reservoir Fluctuation

3.4.1 QOperational Levels

Operational level simulations were run by setting the reservoir level to normal pool at the
beginning of 1950 and running the model for the period of record. In-stream flows were
included in these simulations based on the orifice system described above and all other inputs
and outputs were as described in Section 2. However, the water supply demand was varied
from 0 to 7 MGD to provide insight into how the reservoir levels might fluctuate at any given
demand because the full 7 MGD demand could take anywhere from 10-30 years to develop.
Consideration was given to modeling a ramp up in demand, but such modeling would only be
valid if climactic conditions repeated the exact temporal patterns in the period of record.

Figure 16 provides the model results over the period of record for the range of demands from 0
MGD to 7 MGD. Figure 17 shows the results in the form of a reservoir level frequency diagram.

A main goal of completing this analysis is to set an operational level to which the reservoir
facilities will be designed. Given the model results, it seems appropriate to design the reservoir
facilities to operate normally for 75% of the time when the reservoir is providing 7 MGD. This
equates to a reservoir level of 911'. At this elevation, the reservoir surface area would be 1,710
acres. Below this level, recreational activities on the lake can still be allowed but with
restrictions and cautions.

Figure 16. Proposed East Locust Creek Reservoir - Estimated Reservoir Levels over
Period of Record (1/1/1950-12/27/2017)
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Model predicted maximum rates of reservoir level drop were evaluated to determine whether
there is cause for concern about slope failures for embankments or shoreline around the
reservoir. Rates were calculated by subtracting each day from the previous day to find the
maximum reservoir level drop over a single day. The rate of drop was also averaged over 7, 14,
30, 90, and 180 days and over 1, 3 and 5 years to find the highest extended period of reservoir
level drop. The maximum drop rates are provided in Table 9. Not surprisingly, the shorter
duration drops all start when the reservoir is above normal pool (922.3’).

Table 9. Maximum WBM Reservoir Level Drop Rates

Time Period 1 Day 7 Days 14 Days 30 Days 90 Days 180 Days 1 Year 3 Years 5 Years

Starting Date | 7/6/1993 | 7/25/1993 | 7/25/1993 | 9/16/1992 7/16/1957 4/25/1957 | 10/22/1956 | 10/23/1954 | 10/22/1952

Ending Date | 7/7/1993 | 8/1/1993 8/8/1993 | 10/16/1992 | 10/14/1957 | 10/22/1957 | 10/22/1957 | 10/22/1957 | 10/22/1957

Starting Elev.
(ft) 924.3 924.4 924.4 924.6 889.4 891.8 896.2 908.9 917.8
Ending Elev. (ft) 924.0 923.0 922.6 922.7 885.8 885.5 885.5 885.5 885.5
Total Drop (ft) 0.3 1.3 1.8 1.9 3.5 6.2 10.7 234 32.2
Rate (in/day) 3.9 2.3 1.5 0.7 0.5 0.4 0.4 0.3 0.2
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A similar analysis was conducted to determine the maximum rates of rise. Results are

presented in Table 10.

Table 10. Maximum WBM Reservoir Level Rise Rates
Time Period 1 Day 7 Days 14 Days 30 Days 90 Days 180 Days 1 Year 3 Years 5 Years
Starting Date | 9/14/1992 7/14/1958 | 7/14/1958 | 7/14/1958 7/2/1958 2/2/2008 5/3/1958 | 5/2/1958 10/22/1957
Ending Date | 9/15/1992 7/21/1958 | 7/28/1958 | 8/13/1958 | 9/30/1958 | 7/31/2008 | 5/3/1959 | 5/1/1961 10/22/1962
Starting Elev. (ft) 918.3 888.7 888.7 888.7 887.9 904.4 885.8 885.8 885.5
Ending Elev. (ft) 923.4 897.5 897.7 901.7 902.6 922.6 907.0 916.7 919.1
Total Rise (ft) 5.1 8.9 9.0 13.1 14.8 18.2 21.2 30.9 33.6
Rate (in/day) 61.2 15.2 7.7 5.2 2.0 1.2 0.7 0.3 0.2

3.4.2 Flood Levels

The determination of flood levels for the reservoir are described in Appendix C, East Locust

Creek Reservoir Hydrology Report. The watershed and proposed dam were modeled using the
United States Department of Agriculture (USDA) SITES program, version 3.5. Per the guidance
in the Natural Resources Conservation Service Technical Release 60, “Earth Dams and
Reservoirs” issued July, 2005 (TR-60), and the National Engineering Handbook (NEH), Part 630
- Hydrology, USDA NRCS, version 2010. The report includes analysis of reservoir flood levels
based on an assumption that the reservoir starts out full when flood events occur. Table 11
summarizes the flood elevations documented in Appendix C and applies the stage storage
information described in Section 2.6 to estimate the area flooded. If a flood event occurs when
the reservoir level is below normal pool, the flood elevation and area flooded will be lower than

reported.

Table 11 Reservoir Flood Levels
Annual Exceedance Return Period (Yrs) Elevation (ft) Area (ac)
Probability (%)

Normal Pool 922.30 2,328

100% 1 923.35 2,396
50% 2 923.59 2,416
20% 5 924.03 2,452
10% 10 924.44 2,484

4% 25 924.90 2,519

2% 50 925.53 2,565

1% 100 925.97 2,595

Top of Dam 938 3,580

4.0 Conclusions

Based on the assumptions and historical conditions used in this model, it appears that the
proposed reservoir level will fluctuate significantly, but in addition to being able to provide 7

MGD will be able to sustain the other two major project purposes which are:
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e Provide reservoir based recreational opportunities
e Provide flood damage reduction benefits

In addition, the reservoir will be able to provide in-stream flows with an average value of 0.5
CFS over a range of historical conditions like those from the years 1950 through 2017.

The reservoir should be designed to function normally when the reservoir is down to an
elevation of 911 feet. However, this should be considered a general guiding principle not a hard
and fast rule. Some situations may warrant designing for lower water. For example, a boat
ramp that facilitates emergency operations might be extended to be useable when the lake is
below normal operating level. Likewise, for some situations it might be acceptable to design to
higher levels. There would be no point in improving an entrance to a shallow cove to provide
boat access to elevation 911’ if the bottom of the cove is at 912’
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Flow Duration Curves
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Flow Duration Curves - Estimated Pre and Post Reservoir - 1 MGD Demand
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Flow Duration Curves - Estimated Pre and Post Reservoir - 5 MGD Demand
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Flow Duration Curves - Estimated Pre and Post Reservoir - 7 MGD Demand
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Reservoir Levels
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Hydraulics Report
East Locust Creek Reservoir A11-1513

A reservoir on East Locust Creek near Milan, Missouri (ELCR) is proposed to provide flood
control, recreation and water supply for the surrounding community. The proposed reservoir has
been in the planning stages since the 1980s. The design of the proposed reservoir will follow
the Natural Resource Conservation Service (NRCS) guidelines for dam construction. This report
addresses the hydraulics for the dam outfall, spillway chute and stilling basin of the proposed
reservoir. The hydrology for ELCR is addressed in “East Locust Creek Reservoir Hydrology
Report” Olsson Associates, June 2015.

1.0 DAM OUTFLOW STRUCTURE

The outflow structure for ELCR was designed to provide an economical, low maintenance and
safe structure that meets freeboard requirements and allows the dam to fulfill the primary
purposes of flood control, recreation and water supply for the surrounding community. The
freeboard requirements for the dam are based on passing the Probable Maximum Precipitation
(PMP) 5-point storm event with adequate freeboard to the top of the dam. The required
calculated freeboard for the dam during the PMP event is 1.13 feet from the peak PMP
elevation to the top of the dam. ELCR is proposed as an earthen embankment and erosion must
be prevented along the flow path from the reservoir outflow structure to the toe of the dam to
ensure the stability of the dam.

1.1 Previously Completed Design

A preliminary sizing of an outflow structure and spillway chute was completed by URS in 2013.
The design consisted of a combined emergency and primary spillway with a labyrinth weir as
the outfall structure, a concrete spillway chute and an energy dissipation basin. The summary of
the outflow structure designed in 2013 can be seen in Table 1. The spillway design met all
freeboard requirements and provided a feasible outflow structure for ELCR.

Table 1. Previous Completed Outflow Structure Information

Spillway Width 70 feet
Apex Width 4 feet
Number of Cycles 2
Magnification 1.3
Side Wall Angle 46.05°
Flow Line Elevation 924.8

1.2 Design of Outflow Structure

The design completed by URS was reviewed and it was determined that potential cost savings
could be achieved. Several options were investigated to reduce cost and meet the design
requirements and reservoir objectives. It was determined that a combined primary and
emergency outflow structure labyrinth weir was the most economical option, however a revised
configuration was designed to reduce costs.

May 2017 1



Hydraulics Report
East Locust Creek Reservoir A11-1513

1.2.1 Design References

The design of labyrinth weirs was completed using the equations developed by Henry Falvey
and published in Hydraulic Design of Labyrinth Weirs (Falvey, Henry, T., Hydraulic Design of
Labyrinth Weirs, 2003) additional research and testing into the flow characteristics of labyrinth
weirs was completed and published by Brian Crookston (Crookston, Brian, M. Hydraulic Design
and Analysis of Labyrinth Weirs. 1: Discharge Relationships, J. Irrig Drain Eng. 2013). The
research completed by Brian Crookston concluded that coefficient adjustments for the equations
developed in the Hydraulic Design of Labyrinth Weirs should be used to better analyze the
proposed weir structure. In the analysis of the outflow structure the updated coefficients were
used to analyze the proposed outflow structure.

1.2.2 Proposed Outflow Structure

The proposed labyrinth outflow structure is a two-stage outflow structure with a lower notch of
the outflow structure at elevation 922.3 and the higher portion of the outflow structure set at
elevation 924.8. The lower and higher portions of the outflow structure will provide a stage
outflow curve that will allow for flood storage and will also maintain adequate freeboard to the
top of the dam.

1.2.2.1 Low Flow Notch

The lower notch portion of the outflow structure was set to a length of 27.5 feet. The lower notch
of the outflow structure will be constructed in the middle of the proposed outflow structure. The
outflow structure was modeled using the equations for the calculation of flow over labyrinth
weirs with the amended coefficients. The proposed outflow structure design parameters for the
notch portion of the outflow structure are summarized in Table 2.

Table 2. Proposed Outflow Structure Notch Information

Outflow structure Width 27.5 feet
Apex Width 4 feet
Number of Cycles 0.5
Magnification 2
Side Wall Angle 27.07°
Flow Line Elevation 922.3

The stage outflow table for the notch portion of the weir can be seen in Table 3. The flow in the
notch portion of the spillway ranges from 924.8 to 922.3. The upper stage of the outflow
structure begins at 924.8 and the effective length of the outflow structure is increased.
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Table 3. Proposed Outflow Structure Notch Stage Outflow

753 924.80
642 924.55
536 924.30
436 924.05
342 923.80
256 923.55
179 923.30
112 923.05
59 922.80

19 922.55

0 922.30

1.2.2.2 Full Outflow structure

Once flow from the proposed reservoir reaches 924.8 the outflow will flow over the full width of
the weir. The full width of the proposed outflow structure is 55 feet at elevation 924.8. The
proposed outflow structure design parameters are summarized in Table 4.

Table 4. Proposed Outflow Structure Information

[ Outflow Structure Summary |
Outflow structure Width 55 feet
Apex Width 4 feet
Number of Cycles 1
Magnification 2
Side Wall Angle 27.07°
Flow Line Elevation 924.8

The stage outflow for upper full width portion of the can be seen in Table 5. The peak elevation
for the notch portion of the outflow structure was calculated to 936.
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Table 5. Proposed Full Outflow Structure Stage Outflow

10064 936.00
8717 934.60
7482 933.30
6135 931.90
4739 930.50
3399 929.20
1977 927.80

749 926.40
27 925.00
9 924.90
0 924.80

1.2.2.3 Composite Runoff Curve

The composite runoff curve for the labyrinth weir was computed by combining the flow from the
notch outflow structure and the flow from the full width weir. The flow from the notch portion of
the weir was only added into the composite curve from 922.3 to 924.8. Above elevation 924.8
the flow goes over the full outflow structure. It is assumed that when flow is above elevation
924 .8 that the notch outflow structure is flowing full at 753 cfs. Table 6 gives the composite
stage outflow curve for the combined outflow structure.

Table 6. Composite Stage Outflow

10817 936.00
9469 934.60
8235 933.30
6887 931.90
5491 930.50
4152 929.20
2730 927.80
1501 926.40

780 925.00
762 924.90
753 924.80

The proposed outflow structure will function as the primary and emergency outflow structure for
ELCR. The openness of the labyrinth weir outflow structure will prevent clogging by brush and
other debris. The outflow structure can also be easily inspected to assure proper function. The
55-foot-wide outflow structure with the labyrinth weir will reduce costs compared to the 70-foot-
wide design and will still provide the required outflow from the reservoir.
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The composite elevation discharge curve was input into the SITES software program to
determine the water surface elevation for the various storms. The 25-year 24-hour storm and
PMP 5-point hydrograph were routed through the proposed outflow structure. The maximum
elevation of the 25-year storm is 924.9. The majority of the 25-year outflow from the dam will
pass through the lower notch outflow structure and the upper portion of the outflow structure will
experience flows in storm events larger than the 25-year storm.

The peak elevation for the PMP 24 hour 5-point storm is 936.02 the top of dam is 938 which
results in a freeboard of 1.98 feet.

The calculated freeboard required for the dam is 1.13 feet. The provided freeboard of 1.98 feet
is above the required freeboard of 1.13 feet and provides extra protection from overtopping in
the extreme storm events.

Flow from the proposed labyrinth weir structure flows down the dam and into East Locust Creek.
To protect the integrity of the dam and slow flows before they reach East Locust Creek a
concrete spillway and stilling basin were designed for the dam.

A preliminary sizing of an outflow structure and spillway chute was completed by URS in 2013.
The design consisted of a combined emergency and primary spillway with a labyrinth weir as
the outfall structure, a concrete spillway chute and an energy dissipation basin. The width for
the spillway chute was set at 70 feet to match the width of the previously designed labyrinth
weir.

The proposed spillway chute was modeled using the HEC-RAS software program. Since the
spillway functions as the primary and emergency spillway the spillway was sized using the peak
PMP outflow, 10,817 cfs, calculated in the SITES modeling. The freeboard requirements for the
spillway walls were calculated using the Design of Small Dams, United States Bureau of
Reclamation, 1987. The spillway width was set at 55 feet to match the width of the labyrinth
spillway. The labyrinth weir was modeled as an inline structure in HEC-RAS. The weir
coefficient of the inline structure was adjusted to obtain the peak elevation that was calculated in
the routing of the PMP storm in SITES. The proposed concrete spillway chute was modeled in
HEC-RAS with an interpolated cross section approximately every 10 feet. The freeboard was
calculated using the formula from the Design of Small Dams. The flow in the spillway is
supercritical and will be dissipated in a stilling basin before the flow enters the receiving stream.
The summary of the spillway chute can be seen in Table 7.
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Table 7. Proposed Spillway Chute Information

Chute Width 55 feet
Minimum Wall Height 10 feet
Maximum Velocity 52 feet/sec
Maximum Froude Number 4.66
Channel Slope 12.5%

The wall heights along the spillway chute were adjusted to match site conditions, however the
minimum 10-foot wall height was maintained along the spillway chute.

2.3 Proposed Stilling Basin

The stilling basin was designed to dissipate energy from the spillway chute before the flow
enters East Locust Creek. The stilling basin was designed using the guidance in the USBR
Design of Small Dams. The Froude number is greater than 4.5 and the velocity in the channel
upstream of the stilling basin is less than 60 feet/sec therefore a Type Il basin was selected to
dissipate the energy from the spillway chute. Table 8 provides a summary of the stilling basin.

Table 8. Proposed Stilling Basin Information

Basin Width 55 feet
Height of Hydraulic Jump 24.5 feet
Required Freeboard 7.7 feet
Wall Height 32.2 feet
Chute Block Height 4.1 feet
Baffle Block Height 5.7 feet
Length of Basin 56.3 feet

End Sill Height 5.1 feet

2.4 Proposed Channel Downstream of Stilling Basin

The channel downstream of the stilling basin will convey the water from the stilling basin to East
Locust Creek. A trapezoidal channel is the most efficient design shape, and the channel will be
lined with riprap to prevent erosion. The channel downstream will also provide the required
tailwater for the stilling basin. The downstream channel was modeled in HEC-RAS in
conjunction with the spillway chute and stilling basin. The channel at the outlet of the stilling
basin will be 50-foot-wide at the base, and the channel will transition to a 20-foot-wide base to
increase the tailwater in the stilling basin and limit the extents of excavation. The velocity in the
channel at the outlet to East Locust Creek in the 100-year event is approximately 13 feet/sec.
Riprap will be utilized for energy dissipation and slope protection at the transition from the
proposed trapezoidal channel to the natural stream channel. The flow parameters in the channel
for the PMP storm and the 100-year event are summarized in Table 9 and Table 10.
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Hydraulics Report
East Locust Creek Reservoir A11-1513

Table 9. Downstream Channel, PMP Storm Summary

Channel Width 20 feet
Peak Velocity 24 feet/sec
Peak Flow Depth 13.0 feet

Table 10. Downstream Channel, 100-year Storm Summary

Channel Width 20 feet
Peak Velocity 13 feet/sec
Peak Flow Depth 3.1 feet

The rip-rap for the trapezoidal channel was sized for the 100-year event using the HEC No. 11.
The calculated required Dso riprap size for the channel during the 100-year event is 1.44 ft.
MoDOT Type 4 ditch lining with a Dso of 1.58 feet was selected as the ditch lining gradation for

the channel.
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Sidewall angle
_.( W-4.q
a =tan _—
2-S

Length of one leg of weir crest

p_L-2:(2-a)

Depth of labyrinth weir

Head on weir

Quantities .
The volume computations to estimate the materials and costs are as follows:

Weir walls
V,=n-L-P-T,
End walls = :
V,=(P+H, +F,,)-(S+H,,)-2-T;
Slab
V,=(S+2-H,)-W,-T,
Concrete cutoff wall

(Without sheet piles)

V.=[W,-D,+2-(D,+T, + P+ H, + F,)]- T,

(With sheet piles)

I/c =Ws .2.Dc
Sheet piles ‘
As =(ﬂ’, 'D_‘)+D, '(P+Ho +F‘b)

HYDRAULIC DESIGN OF LABYRINTH WEIRS

HYDRAULIC DESIGN OF LABYRIN
Reinforcing bars

M@)=L2(0, +V,+V,+7)
in which y, = the unit weight of steel.

Discharge Coefficient e
The discharge coefficients are obtained from Table 1 based on the design curves. of o
Tullis (1994). In this table, the discharge cpefﬁclent is computed from

H, H,Y HY H)Y
C,=4,+4, +A 2| +4 2| +4 ° 18
(7] (%) 7] a
in which the discharge is given by
2 (
Q=Cd.5_"2.g.L.H03/2 (19)

Interpolation for other angles should be done by first determining the coefficient for
the adjacent angles and the given head ratio. Then, use linear interpolation between
the two adjacent angles. Do not interpolate between the coefficients!

The discharge curves of Tullis (1994) are valid for an Ho/P of less than or equal to
0.9, for interference ratios less than those shown in Figure 7, and for sidewall angles
greater than or equal to 6°.

Because the head ratio, Hy/P, should be less that 0.9, a maximum interference

criterion of Lg4e/B equals 0.35 is recommended for use in the spreadsheet.
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Attachment B

Hydraulic Design and Analysis of Labyrinth
Weirs. I: Discharge Relationships

B. M. Crookston, A.M.ASCE?; and B. P. Tullis, M.ASCE?

Abstract: A method is presented for the hydraulic design and analysis of labyrinth weirs based upon the experimental results of physical
modeling. Discharge coefficient data for labyrinth weirs with quarter-round and half-round crest shapes are presented for sidewall angles
ranging from 6 to 35°. Cycle efficiency is also introduced as a design aid, which compares the hydraulic performance of different cycle
geometries. Geometric parameters that affect flow performance are discussed. The predictive accuracy of the design method is evaluated
through comparisons to previously published labyrinth weir head-discharge data. The companion paper examines nappe behaviors that affect
flow performance and presents hydraulic design considerations specific to nappe characteristics. DOI: 10.1061/(ASCE)IR.1943-4774

.0000558. © 2013 American Society of Civil Engineers.

CE Database subject headings: Weirs; Water discharge; Coefficients; Hydraulics; Design; Irrigation.

Author keywords: Labyrinth weir design; Discharge coefficients; Weir crest shape; Cycle efficiency; Local submergence.

Introduction

A labyrinth weir is a linear weir that is folded in plan-view to in-
crease the crest length for a given channel or spillway width (Fig. 1).
There are an infinite number of possible labyrinth weir configura-
tions and design variations; however, labyrinth cycles are typically
placed in a linear fashion (i.e., upstream apexes align at a common
channel cross section; Fig. 1), have a sidewall angle (a) less than
30°, and are oriented towards the approaching flow.

A labyrinth weir is able to pass large discharges at relatively low
heads compared to traditional linear weir structures of equal width.
As aresult of their hydraulic performance and geometric versatility,
labyrinth weirs have been placed in streams, canals, rivers, ponds,
and reservoirs as headwater control structures, energy dissipaters,
flow aerators, and spillways. Labyrinth weirs are well suited for
spillway rehabilitation where aging infrastructure, dam safety con-
cerns, freeboard limitations, and revised and larger probable maxi-
mum flows have required increased spillway capacity. Recently
constructed examples are: Lake Brazos spillway in Texas (Vasquez
et al. 2007) and Lake Townsend spillway in Greensboro, North
Carolina (Tullis and Crookston 2008).

Flow Characteristics

The geometry of a labyrinth weir produces complex three-
dimensional flow patterns. At very low heads, it behaves similar
to a linear weir (o ¥ 90°, oriented normally to the approach flow

postdoctoral Researcher, Utah Water Research Laboratory, Dept. of
Civil and Environmental Engineering, Utah State Univ., 8200 Old Main
Hill, Logan, UT 84322-8200. E-mail: bcrookston@gmail.com

2Associate Professor, Utah Water Research Laboratory, Dept. of Civil
and Environmental Engineering, Utah State Univ., 8200 Old Main Hill,
Logan, UT 84322-8200 (corresponding author). E-mail: blake.tullis@
usu.edu

Note. This manuscript was submitted on July 6, 2011; approved on
October 25, 2012; published online on October 29, 2012. Discussion per-
iod open until October 1, 2013; separate discussions must be submitted for
individual papers. This paper is part of the Journal of Irrigation and
Drainage Engineering, Vol. 139, No. 5, May 1, 2013. © ASCE, ISSN
0733-9437/2013/5-363-370/$25.00.

direction) of equivalent length. However, as the head increases,
labyrinth weir discharge efficiency, as quantified by the discharge
coefficient value, begins to decline as nappe collision and local
submergence regions develop (Crookston and Tullis 2012c).

Previous Studies

Labyrinth weir head-discharge relationships have been described
by various empirical equations. These relationships vary based
on different definitions of the discharge coefficient, the character-
istic weir length, and the upstream driving head (e.g., the inclusion
of the velocity head component VV2=2g, described in the following).
In the present study, a standard form of the weir equation, Eq. (1),
was selected with the centerline length of the crest (L) as the char-
acteristic weir length:

2 P .
Q ¥ 3 CaarrLc 2gH3 31p

where Q = labyrinth weir discharge; Cgysqe» = dimensionless dis-
charge coefficient; L. ¥4 N2l p A b Db where N = number of
cycles, I = centerline length of the sidewall, A = inside apex length,
and D = outside apex length; g = acceleration constant of gravity;
and Hy = total upstream head (unsubmerged) measured relative
to the crest elevation [Ht ¥4 V,=2g p h (V is the average cross-
sectional velocity at the gauging location, and h is the piezometric
head upstream of the weir)].

Several earlier labyrinth weir studies resulted in published
design methods; a selection is presented and discussed. Hay and
Taylor (1970) presented parameter guidelines, based upon research
by Taylor (1968), for sharp-crested triangular and trapezoidal
labyrinth weirs. Discharge rating curves for h=P < 0.6 were pre-
sented in terms of a labyrinth-to-linear weir discharge ratio (based
on a common channel width, W, and h), requiring discharge infor-
mation for a linear weir (a ¥ 90°) of equivalent weir height (P),
wall thickness (t,,), and crest shape. The Bureau of Reclamation
(USBR) conducted model studies to aid in the design of Ute Dam
(Houston 1982). Discrepancies between their experimental results
and the recommendations by Hay and Taylor (1970) were attributed
to different definitions of upstream head [h, Hay and Taylor (1970);
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Table 1. Physical Model Test Program

o? [ Lecyoe  Looyole™w — W=P N Crest
Model () (mm)  (mm) (=) = =) (=)
1P 6 3048 4,654.6 7.607 2008 2 HR
2-3 6 3048 4,654.6 7.607 2008 2 OR HR
4-5 8 3048 3,544.9 5.793 2008 2 OR, HR
6-7 10 3048 2,879.1 4.705 2008 2 OR HR
8-9 12 3048 2,435.1 3.980 2008 2 OR, HR
10-11 15 304.8 1,991.4 3.254 2008 2 QR HR
12 15 1524 1,991.4 3.254 4015 2 OR
13 15  152.4 995.7 3.254 2008 4 QR
14 15 304.8 995.7 3.254 1019 4 QR
15-16 20 304.8 1548.1 2.530 2008 2 OR, HR
17-18 35 304.8 983.5 1.607 2008 2 OR HR
19-20 90 304.8 1,223.8 1.000 4015 — OR,HR

dLinear configuration and normal orientation for all models unless noted.

PInverse orientation.

in which at least 10% of the data were repeated to ensure accuracy
and to determine measurement repeatability.

Experimental Results

Discharge Rating Curves

Eq. (1) was used to quantify the labyrinth weir head-discharge re-
lationship with L. representing the characteristic weir length. The
term Cgaqe Can be influenced by weir geometry (e.g., P, ty, A, w, q,
and crest shape), weir abutments, flow conditions (Hy, approach-
ing flow angle, local submergence, and nappe interference), and
nappe aeration conditions (clinging, aerated, partially aerated,
and drowned). The two-cycle sectional labyrinth weir models
evaluated in this study did not account for the influence of abut-
ments on discharge. Data for Cys,p are presented in terms of
H+=P for nonvented trapezoidal labyrinth weirs for 6° < a < 35°
in Fig. 2 (quarter-round crest shape) and Fig. 3 (half-round crest
shape). The data for o % 90° (linear) weirs are also included for
comparison.

The influence of labyrinth weir orientation in the channel [distal
apexes connecting to channel sidewalls as upstream apexes (re-
ferred to as normal orientation) or as downstream apexes (inverse
orientation)] was evaluated by testing the o ¥ 6° labyrinth weirs
with both orientations. No measurable variations were observed
between Cgs, data sets (data not presented). Consequently, the
data in Figs. 2 and 3 are assumed to be applicable, independent
of weir orientation. Crookston and Tullis (2012b) present addi-
tional design information and discussion regarding labyrinth weirs
in reservoir applications and abutment effects on discharge.

For convenience, the labyrinth weir Cgysqe, data in Figs. 2 and 3
were curve-fit per Eq. (2), and the corresponding coefficients are
presented in Tables 2 and 3. Eq. (3) was used for o ¥ 90° data
and the corresponding coefficients are presented in the aforemen-
tioned tables. The curves have been validated for 0.05 < H;=
P < 0.8-0.9; however, due to the well-behaved nature of the
data and Eq. (2), the Cgsqr Curves have been extrapolated to
Hy=P % 1.0. Egs. (2) and (3) were selected over polynomial rela-
tionships because of their improved data representation (R = 0.99)
and extrapolation performance (they remain well-behaved up to
Hy=P < 2.0). Crookston et al. (2012) evaluated Eq. (2) for Hy=P <
2 via physical and numerical modeling and found that Eq. 2 may be
used as a good first order approximation. When the Tullis et al.
(1995) polynomial Cgsqe relationships are extrapolated, they incor-
rectly compute Cgysqep (€Ven producing negative values) beyond the
upper limit of their experimental data (experimental data limited to
Hy=P < 0.9). For labyrinth weirs:

c

H
Casorr ¥4 @ ?T bd §2b

o
oF

For linear weirs:

1

1 pd 53p
apb%pHTC:P

Cagoos Y4

A comparison between the half-round and quarter-round exper-
imental data is presented in Fig. 4 as the ratio of the half-round over

Fig. 2. Values of C4 versus Hy=P for quarter-round trapezoidal labyrinth weirs
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Fig. 3. Values of C4 versus H=P for half-round trapezoidal labyrinth weirs

Table 2. Curve-Fit Coefficients for Quarter-Round Labyrinth and Linear
Weirs, Validated for 0.05 < H{=P < 0.9

a a b [ d

6° 0.02623 —2.681 0.3669 0.1572
8° 0.03612 —2.576 0.4104 0.1936
10° 0.06151 —-2.113 0.4210 0.2030
12° 0.09303 —-1.711 0.4278 0.2047
15° 0.10890 -1.723 0.5042 0.2257
20° 0.11130 —1.889 0.5982 0.2719
35° 0.03571 —3.760 0.7996 0.4759
90° —2.3800 6.476 1.3710 0.5300

Table 3. Curve-Fit Coefficients for Half-Round Labyrinth and Linear
Weirs, Validated for 0.05 < Hy=P < 0.9

a a b [ d

6° 0.009447 —4.039 0.3955 0.1870
8° 0.017090 —3.497 0.4048 0.2286
10° 0.029900 —2.978 0.4107 0.2520
12° 0.030390 —3.102 0.4393 0.2912
15° 0.031600 —3.270 0.4849 0.3349
20° 0.033610 —3.500 0.5536 0.3923
35° 0.018550 —4.904 0.6697 0.5062
90° —8.60900 22.650 1.8120 0.6375

the quarter-round Cgsqep Values (Cyyr=Cgq.or) Versus Hr=P.
A crest that is rounded on the downstream face helps the flow stay
attached (clinging flow) to the downstream weir wall at smaller
H+=P values, thus increasing flow efficiency and discharge capac-
ity. As the discharge and the corresponding momentum of the flow
passing over the weir increase, the nappe becomes aerated and the
streamlines will eventually detach from the weir crest, creating a
similar nappe profile to the quarter-round crest. Once nappe detach-
ment occurs, the gains in the half-round crest flow efficiency are
lost relative to the quarter-round crest. All of the Cypr=Cg.qr
curves are anticipated to eventually converge to 1.0 with increasing

1.20

Cn'JIR / CJAQR

1.00 s
00 01 02 03 04 05 06 07 08 09 1.0

H,/P

Fig. 4. Comparison of half-round and quarter-round crest shape on
hydraulic performance of labyrinth weirs

H+=P. Improving weir approach flow conditions and using a more
efficient crest shape can obtain further gains in efficiency. Brazos
Dam (Waco, TX), for example, features an ogee-type crest [modi-
fied half-round crest with an upstream radius of 1=3t,, and a down-
stream radius of 2=3t,, (Willmore 2004)].

Nappe Behavior and Artificial Aeration

Labyrinth weir flow can produce several nappe behavior phenom-
ena that should not be overlooked: nappe aeration conditions,
nappe instability (also termed flow surging), and nappe vibrations.
These behaviors, conditions, and remedial actions are discussed
in detail in the companion paper (Crookston and Tullis 2013).
The artificial aeration, vent pipes, and nappe breakers are also
discussed.

Labyrinth Design and Analyses

The recommended procedure for designing a labyrinth weir is pre-
sented in Table 4, which includes a design example for illustration
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Earth Dams and Reservoirs

Earth embankments and
foundations

Earth embankments constructed of soil and rock are
the principal means of impounding water. The earth
embankment and its foundation must withstand the
anticipated loads without movements leading to fail-
ure. Measures must be provided for adequate seepage
control.

Height

The design height of an earth embankment must be
sufficient to prevent overtopping during passage of
either the freeboard hydrograph or stability design
hydrograph plus the freeboard required for frost condi-
tions or wave action, whichever is larger. The design
height must also meet the requirements for minimum
auxiliary spillway depth. The design height of the dam
must be increased by the amount needed to compen-
sate for settlement.

Top width

The minimum top width of embankment is shown in
table 5-1.

The width may need to be greater than the above mini-
mus to:

e meet state and local standards;
e accommodate embankment zoning;
e provide roadway access and traffic safety; and

e provide structural stability.

An increase in top width is a major design feature in
preventing breaching after embankment slumping
caused by earthquake ground motion.

When the embankment top is used as a public road-
way, the minimum width shall be 16 feet for one-way
and 26 feet for two-way traffic. Guardrails or other
safety measures shall be used and must meet the re-
quirements of the responsible road authority.

Embankment slope
stability

Analyze the stability of embankment slopes using gen-
erally accepted methods based on sound engineering
principles. Document all analyses including assump-
tions regarding shear strength parameters for each
zone of the embankment and each soil type or hori-
zon in the foundation. Documentation should include
methods used for analyses and a summary of results.
Design features necessary to provide required safety
factors should be noted.

Table 5-1
—

Minimum top width of embankment

Top Width (ft)
. Single purpose .
Total height of embankment, Multipurpose or
All dams floodwater
H, (ft) . other purposes
retarding
14 or less
15-19 8 N/A N/A
10 N/A N/A
20-24 12 N/A N/A
25-34 14 N/A N/A
35-95 N/A 14 (H+35)/5
Over 95 N/A 16 26

(210-VI-TR60, July 2005) 5-1



Attachment D

LABYRINTH WEIR DESIGN - Low Flow Notch
No Approach Velocity
PROJECT: East Locust Creek TIME: 10:17:46
PROJECT NO. A11-1513 DATE: 06-Aug-15
FLOOD CRITERIA: PMF BY: BHL
USER INPUT
Units - English -
Max. Res Zr 924 .8|ft Thickness
Crest el. Zc 922.3|ft Wall Crest Tw 1.3 |ft
Floor el. Zf 911.8|ft Wall Bottom Th 2.5 |ft
Spillway width Ws 27.5|ft Slab Ts 4 |ft
Apex Width D 4 |ft Cutoff Depth
No. of cycles n 0.5 |- Sheet Pile Ds 0 |ft
Mnification L/IW 2 |- Conc Wall Dc 4 |ft
LABYRINTH DIMENSIONS (Per Cycle)
CHECK ON RATIOS r ' ' N
Lde/B =|0.07 Ld/B RATIO IS OK k )
Ho/P =|0.24 Ho/P RATIO IS OK Wall Height P 10.5 |ft
a=(27.07 Angle IS OK | Width w 55.00 |ft
Note: Ly/B must be <= 0.35 Effective Length L. 110.00 |ft
Ho/P must be <= 0.9 Inside Apex A 2.41 |ft
a must be >= 6 deg Wall Length L4 53.39 |ft
Depth B 48.84 |ft
CREST LAYOUT Head max H 2.50 |ft
(One|Cycle) Wall Angle a 27.07 deg
Interference Length Lge 3.74|ft
X Y
0.00 0.00 DISCHARGE
0.00 1.30 Qmax 2,235|cfs
1.20 1.30
25.50 48.84
29.50 48.84 COST ESTIMATE
53.80 1.30 Unit price Units Cost
55.00 1.30 $/unit $
55.00 0.00
53.00 0.00 Weir wall, cy 350 41 14,224
28.70 47 .54 Abutment walls, cy 350 101 35,404
26.30 47.54 Slab, cy | 225 207 46,601
2.00 0.00 Concrete cutoff, cy 200 47 9,333
0.00 0.00 Sheet pile, sf | 20 0 0
Reinforcement, Ib 0.65 55,381 35,998
ESTIMATED COST
$141,560
Slab & Weir Wy $ 60,825

15.07.30_ MASTER TEMPLATE_OA_updated Coef_SpillwayNotch.xIsrh




RATING CURVE Metric
English
HEAD HolP Clower Cupper Cd Q RES
ft - - - - cfs ft
2.50 0.24| 0.6230 0.67 0.65 753| 924.80 924.8
2.25 0.21| 0.63 0.67 0.65 642| 924.55 924.55
2.00 0.19| 0.63 0.66 0.64 536 924.30 924.3
1.75 0.17| 0.63 0.65 0.64 436 924.05 924.05
1.50 0.14| 0.62 0.64 0.63 342| 923.80 923.8
1.25 0.11904762| 0.61 0.63 0.62 256| 923.55 923.55
1.00 0.10, 0.60 0.61 0.61 179| 923.30 923.3
0.75 0.07| 0.58 0.59 0.59 112| 923.05 923.05
0.50 0.05| 0.55 0.57 0.56 59| 922.80 922.8
0.25 0.024| 0.51 0.55 0.52737 19| 922.55 922.55
0.00 0.00/ 0.00 0.00 0.00 0] 922.30 922.3
Discharge Coefficient Table Tullis et al. (1995)
|
Angle wall makes with centerline a
6 8 10 12 15 20 35 90
a 0.02623 0.03612 0.06151 0.09303 | 0.1089 | 0.1113 |0.03571 | -2.38
b -2.681 -2.576 -2.113 -1.711 -1.723 | -1.889 -3.76 6.476
c 0.3669 0.4104 0.421 0.4278 | 0.5042 | 0.5982 | 0.7996 1.371
d 0.1572 0.1936 0.203 0.2047 | 0.2257 | 0.2719 | 0.4759 0.53

COEFFICIENTS

Column 6.00
Cd lower 0.98
Cd Upper 2.98

Cd 1.92

Efficacy 5.40

50.0

-
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LABYRINTH WEIR DESIGN - Main Spillway
No Approach Velocity
PROJECT: East Locust Creek TIME: 10:18:52
PROJECT NO. A11-1513 DATE: 06-Aug-15
FLOOD CRITERIA: PMF BY: BHL
USER INPUT
Units - English -
Max. Res Zr 936.0|ft Thickness
Crest el. Zc 924 .8|ft Wall Crest Tw 1.3 |ft
Floor el. Zf 912.8|ft Wall Bottom Th 2.5 |ft
Spillway width Ws 55.0/|ft Slab Ts 4 |ft
Apex Width D 4 |ft Cutoff Depth
No. of cycles n 11- Sheet Pile Ds 0 |ft
Mnification L/IW 2 |- Conc Wall Dc 4 |ft
LABYRINTH DIMENSIONS (Per Cycle)
CHECK ON RATIOS r ' ' N
Lde/B =0.31 Ld/B RATIO IS OK k )
Ho/P =|0.93 WARNING! H/P > 0.9! Wall Height P 12 |ft
a=(27.07 Angle IS OK | Width w 55.00 |ft
Note: Ly/B must be <= 0.35 Effective Length L. 110.00 |ft
Ho/P must be <= 0.9 Inside Apex A 2.41 |ft
a must be >= 6 deg Wall Length L4 53.39 |ft
Depth B 48.84 |ft
CREST LAYOUT Head max H 11.20 |ft
(One|Cycle) Wall Angle a 27.07 deg
Interference Length Lge 16.77|ft
X Y
0.00 0.00 DISCHARGE
0.00 1.30 Qmax 9,993 |cfs
1.20 1.30
25.50 48.84
29.50 48.84 COST ESTIMATE
53.80 1.30 Unit price Units Cost
55.00 1.30 $/unit $
55.00 0.00
53.00 0.00 Weir wall, cy 350 93 32,511
28.70 47 .54 Abutment walls, cy 350 204 71,570
26.30 47.54 Slab, cy | 225 414 93,203
2.00 0.00 Concrete cutoff, cy 200 97 19,378
0.00 0.00 Sheet pile, sf | 20 0 0
Reinforcement, Ib 0.65 113,190 73,573
ESTIMATED COST
$290,235
Slab & WeirWg $ 125,714
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RATING CURVE Metric
English
HEAD H,/P Clower Cupper Cd Q RES Rating Curve with |
ft - - - - cfs ft
11.20 0.93| 0.3980 0.52 0.46 10064| 936.00 10816.6 936
9.80 0.82| 0.43 0.54 0.48 8717| 934.60 9469.2 934.6
8.50 0.71| 0.46 0.57 0.51 7482 933.30 8234.83 933.3
7.10 0.59| 0.50 0.61 0.55 6135/ 931.90 6887.43 931.9
5.70 0.48| 0.55 0.64 0.59 4739| 930.50 5491.15 930.5
4.40 0.36666667| 0.59 0.67 0.63 3399| 929.20 4151.88 929.2
3.00 0.25| 0.62 0.68 0.65 1977| 927.80 2729.7 927.8
1.60 0.13| 0.62 0.64 0.63 749| 926.40 1501.09 926.4
0.20 0.02| 049 0.54 0.51 27| 925.00 779.542 925
0.10 0.008| 0.46 0.53 0.49152 9| 924.90 761.689 924.9
0.00 0.00/ 0.00 0.00 0.00 0| 924.80 752.542 924.8
Discharge Coefficient Table Tullis et al. (1995)
\
Angle wall makes with centerline a
6 8 10 12 15 20 35 90
a 0.02623 0.03612 0.06151 0.09303 | 0.1089 | 0.1113 |0.03571 -2.38
b -2.681 -2.576 -2.113 -1.711 -1.723 | -1.889 -3.76 6.476
[ 0.3669 0.4104 0.421 0.4278 | 0.5042 | 0.5982 | 0.7996 1.371
d 0.1572 0.1936 0.203 0.2047 | 0.2257 | 0.2719 | 0.4759 0.53

COEFFICIENTS

Column 6.00
Cd lower 0.39
Cd Upper 0.52

Cd 0.45

Efficacy 1.14

50.0

-

15.07.15_ MASTER TEMPLATE_OA_updated Coef.xlsm 2
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Table 9-3.—Side channel spillway computations. Using eq(15) for design example in section 9.17(b): given @ = 2,000 ft*/s, bottom
width = 10 feet, side slopes = %:1, and bottom slope = 1 foot in 100 feet.

Q@ ® @® ® ® m ® & () 12 (3 (4 @) (e amn (18) (19)
Water Q Q@-Q;  va(Qe-Qy)
Elevation Trial  surface iRl M A Ay = (11)

Station Ar bottom Ay elevation d A Q@ v @+Q €119 uvtug vy @-Qy @ Q (18)+(16)  x(12)x(17) Remarke

1400 - 100.0 - 1168.34 16.34 297 2000 6.73 - - - - - - = = - u

0+75 25 10025 1.00 117.34 1709 317 1600 473 3,600 0.01332 11.46 2.00 500 0.333 2.24 4.24 0.64 Too low
62 116.96 16,71 307 - 4.89 - - 11,62 184 - - - 4.08 63 OK

0+60 25 100.50 B0 117.46 1686 313 1000 3.19 2500 01244 8.08 170 500 50 244 4.14 42 Too low
42 117.38 16.88 311 - 32 - - 811 167 - - - 4.11 41 0K

0+25 25 10095 30 117.68 1693 313 500 160 1,600 01036 4.82 162 600 1.00 a.z2 4.54 24 Too low
24 117.62 16.87 311 - 181 - - 483 1.61 - - - 483 24 0K

0+00 15 10090 10 11772 1682 310 200 .64 700 00888 225 97 300 150 241 338 0 Toolow
07 11769 16.79 309 - 65 - - 2.26 96 - - - 337 07 0K

reservoir water level. To obtain the assumed crest
coefficient value of 3.6, excessive submergence of
the overflow must be avoided. If it is assumed that
a maximum of two-thirds submergence at the up-
stream end of the channel can be tolerated, the
maximum water surface level in the channel will be
%H, above the crest, or elevation 1002.0. Then at
station 0+10, the channel datum water surface level
elevation 117.7 will become elevation 1002.0, placing
the channel floor level for station 0+00 at approx-
imately elevation 985.3, and for station 1+00 at ap-

proximately elevation 984.3.

The design of the side channel control structure
would be completed by designing the uncontrolled
ogee crest by the methods shown in section 9.13, to
obtain the crest coefficient value of 3.6 that was
assumed.

Variations in the design can be made by assum-
ing different bottom widths, different channel
slopes, and varying control sections. A proper and
economical design can usually be achieved after
comparing several alternatives.

D. HYDRAULICS OF FREE-FLOW DISCHARGE CHANNELS

9.18. General.—Discharge generally passes
through the critical stage in the spillway control
structure and enters the discharge channel as su-
percritical or shooting flow. To avoid a hydraulic
jump below the control, the flow must remain at
the supercritical stage throughout the length of the
channel. The flow in the channel may be uniform
or it may be accelerated or decelerated, depending
on the slopes and dimensions of the channel and
on the total drop. Where it is desired to minimize
the grade to reduce excavation at the upstream end
»f a channel, the flow might be uniform or decel-
erating, followed by accelerating flow in the steep
drop leading to the downstream river level. Flow at
any point along the channel will depend upon the
specific energy, d+h,, available at that point. This
energy will equal the total drop from the reservoir
water level to the floor of the channel at the point
under consideration, less the head losses accumu-
lated to that point. The velocities and depths of
flow along the channel can be fixed by selecting the

grade and the cross-sectional dimensions of the
channel.
The velocities and depths of free surface flow in
a channel, whether it be an open channel, a conduit,
or a tunnel, conform to the principle of the con-
servation of energy as expressed by Bernoulli’s
theorem, which states “the absolute energy of flow
at any cross section is equal to the absolute energy
at a downstream section plus intervening losses of
energy.” As applied to figure 9-35 this relationship
can be expressed as follows:
AZ+d1+hv==d,+hu2+AhL (17)
When the channel grades are not too steep, for
practical purposes the normal depth, d,,, can be con-
sidered equal to the vertical depth d. The term Ah,
includes all losses that occur in the reach of chan-
nel, such as friction, turbulence, impact, and tran-

sition losses. Because changes in most channels are
made gradually, all losses except those from friction
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Figure 9-35.—Flow in open channels. 288-D-2421.

can ordinarily be neglected. The friction loss can
then be expressed as:

Ah, = sAL (18)

where s is the average friction slope expressed by
either the Chezy or the Manning formula. For the
reach AL, the head loss can be expressed as:

(3‘t + 82') i,
2

From the Manning formula (eq. (30), app. B),
s = (un/1.486r%%)2,

The roughness coefficient, n, will depend on the
nature of the channel surface. For conservative de-
sign the frictional loss should be maximized when
evaluating depths of flow and minimized when eval-
uating the energy content of the flow. For deter-
mining depths of flow in a concrete-lined channel,
an n of about 0.014 should be assumed. For deter-

Ah;y =

mining specific energies of flow needed to design
the dissipating device, an n of about 0.008 should
be assumed.

Where only rough approximations of depths and
velocities of flow in a discharge channel are desired,
the total head loss ZAh, to any point along the
channel might be expressed in terms of the velocity
head. Thus, at any section the relationship can be
stated: reservoir water surface elevation minus floor
grade elevation = d + h, + Kh,. For spillways with
small drops, K can be assumed as approximately
0.2 for determining depths of flow and 0.1 or less
for evaluating the energy of flow. Rough approxi-
mations of losses can also be obtained from figure
B-5.

9.19. Open Channels.—(a) Profile.—The pro-
file of an open channel is usually selected to con-
form to topographic and geologic site conditions. It
is generally defined as straight reaches connected
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by vertical curves. Sharp convex and concave ver-
tical curves would develop unsatisfactory flows in
the channel and should be avoided. Convex curves
should be flat enough to maintain positive pressures
and thus preclude the tendency for the flow to sep-
arate from the floor. Concave curves should have a
sufficiently long radius of curvature to minimize the
dynamic forces on the floor brought about by the
centrifugal force from a change in the direction of
flow.

To avoid the tendency for the water to spring
away from the floor and, thereby, reduce the surface
contact pressure, the floor shape for convex cur-
vature should be made slightly flatter than the tra-
jectory of a free-discharging jet issuing under a head
equal to the specific energy of flow as it enters the
curve. The curvature should approximate a shape
defined by the equation:

X

y = xtanb+ g h,) cos? 0] (19)
where € is the slope angle of the floor upstream
from the curve. Except for the factor K, the equa-
tion is that of a free-discharging trajectory issuing
from an inclined orifice. To ensure positive pressure
along the entire contact surface of the curve, K
should be equal to or greater than 1.5.

For the concave curvature, the pressure exerted
upon the floor surface by the centrifugal force of
the flow varies directly with the energy of the flow
and inversely with the radius of curvature. An ap-
proximate relationship of these criteria can be ex-
pressed in the equations:

2
R-= —zgv—and R - 2‘;" (20)

where:

R = the minimum radius of curvature, in
feet,

g = the discharge, in cubic feet per second
per foot of width,

v = the velocity, in feet per second,

d = the depth of flow, in feet, and

p = the normal dynamic pressure exerted
on the floor, in pounds per square
foot.

An assumed value of p = 1,000 will normally pro-
duce an acceptable radius; however, in no case
should the radius be less than 10d. For the reverse
curve at the lower end of the ogee crest, radii of not
less than 5d have been found acceptable.

(b) Convergence and Divergence.—The best hy-
draulic performance in a discharge channel is ob-
tained when the confining sidewalls are parallel and
the distribution of flow across the channel is main-
tained uniform. However, economy may dictate a
channel section narrower or wider than either the
crest or the terminal structure, thereby requiring
converging or diverging transitions to fit the various
components together. Sidewall convergence must be
made gradual to avoid cross waves, wave runup on
the walls, and uneven distribution of flow across
the channel. Similarly, the rate of divergence of the
sidewalls must be limited or else the flow will not
spread to occupy the entire width of the channel
uniformly. This will result in undesirable flow con-
ditions at the terminal structure.

The inertial and gravitational forces of stream-
lined kinetic flow in a channel can be expressed by
the Froude number parameter, v/(gd)'/2. Variations
from streamlined flow caused by outside interfer-
ences that cause an expansion or a contraction of
the flow can also be related to this parameter. Ex-
periments have shown that an angular variation of
the flow boundaries not exceeding that produced by
the equation,

tan a = (21)

3F
will provide an acceptable transition for either a
contracting or an expanding channel. In this equa-
tion, F = v/(gd)/? and «a is the angular variation
of the sidewall with respect to the channel center-
line; v and d are the velocity and depth at the start
of the transition. Figure 9-36 is a nomograph from
which the tangent of the flare angle or the flare
angle in degrees may be obtained for known values
of depth and velocity of flow.

(¢c) Channel Freeboard.—In a channel conduct-
ing flow at the supercritical stage, the surface
roughness, wave action, air bulking, splash, and
spray are related to the velocity and energy content
of the flow. Expressed in terms of v and d, the en-
ergy per foot of width gh,=v®d/2g. Therefore the
relationship of velocity and depth to the flow energy
also can be expressed in terms of v and d/. An
empirical expression based on this relationship that
gives a reasonable indication of desirable freeboard
values is:

Freeboard (in feet) = 2.0 + 0.025v ¢/ d (22)
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E. HYDRAULICS OF TERMINAL STRUCTURES

9.20. Deflector Buckets.—Where the spillway
discharge may be safely delivered directly to the
river without providing a dissipating or stilling de-
vice, the jet is often projected beyond the
structure by a deflector bucket or lip. Flow from
these deflectors leaves the structure as a free-
discharging upturned jet and falls into the stream
channel some distance from the end of the spillway.
The path the jet assumes depends on the energy of
flow available at the lip and the angle at which the
jet leaves the bucket.

With the origin of the coordinates taken at the
end of the lip, the path of the trajectory is given by
the equation:

2

- > %
A e kRl T
where:
6 = angle of the edge of the lip with the hor-
izontal, and

K = a factor, equal to 1, for the theoretical jet.

To compensate for loss of energy and the velocity
reduction caused by air resistance, internal turbu-
lences, and disintegration of the jet, K = 0.9 should
be assumed. -

The horizontal range of the jet at the level of the
lip is obtained by making y = 0 in equation (23).
Then, x=4K(d+h,)tan 6 cos® 6 =2K(d+h,)sin 26.
The maximum value of x will be 2K(d + h,) when
0 = 45°. However, the angle of the lip is influenced
by the bucket radius and the height of the lip above
the bucket invert; ordinarily the exit angle should
not be more than 30°.

The bucket radius should be made long enough
to maintain concentric flow as the water moves
around the curve. The rate of curvature must be
limited, similar to that of a vertical curve in a dis-
charge channel (sec. 9.19), so that the floor pres-
sures will not alter the streamline distribution of
the flow. The minimum radius of curvature, R, can
be determined from equation (20), except that val-
ues of p < 1,000 lb/ft? will produce values of the
radius that have proved satisfactory in practice.
However, the radius should not be less than 5d, five
times the depth of water. Structurally, the canti-
lever bucket must be strong enough to withstand
this normal dynamic force in addition to the other
applied forces.

9.21. Hydravlic-Jump Basins.—(a) General.—
Where the energy of flow in a spillway must be
dissipated before the discharge is returned to the
downstream river channel, the hydraulic-jump still-
ing basin is an effective device for reducing the exit
velocity to a tranquil state. The jump that will occur
in such a stilling basin has distinctive character-
istics and assumes a definite form, depending on
the relation between the energy of flow that must
be dissipated and the depth of the flow.

A comprehensive series of tests have been per-
formed by the Bureau of Reclamation [15] to de-
termine the properties of the hydraulic jump. The
jump form and the flow characteristics can be re-
lated to the kinetic flow factor, v?/gd, of the dis-
charge entering the basin; to the critical depth of
flow, d, ; or to the Froude number parameter,
v/(gd)'/%. Forms of the hydraulic-jump phenomena
for various ranges of the Froude number are illus-
trated on figure 9-37.
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FORM A-PREJUMP STAGE
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_}4:) S
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—= ‘__/.-/_,_./-'""'-’_.-—ﬂ'——-

F BETWEEN 2.50nd 4.5
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Figure 9-37.—Characteristic forms of hydraulic jump re-
lated to the Froude number. 288-D-2423.
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When the Froude number of the incoming flow
is 1.0, the flow is at critical depth and a hydraulic
jump cannot form. For Froude numbers from 1.0 to
about 1.7, the incoming flow is only slightly below
critical depth, and the change from this low stage
to the high stage flow is gradual and manifests itself
only by a slightly ruffled water surface. As the
Froude number approaches 1.7, a series of small
rollers begins to develop on the surface. These be-
come more intense with increasingly higher values
of the number. Other than the surface roller phe-
nomena, relatively smooth flows prevail throughout
the Froude number range up to about 2.5. Stilling
action for the range of Froude numbers from 1.7 to
2.5 is shown as form A on figure 9-37. Forms B, C,
and D on figure 9-37 show characteristic forms at
hydraulic jumps related to higher Froude numbers.

For Froude numbers between 2.5 and 4.5, an 0s-
cillating form of jump occurs. The entering jet in-
termittently flows near the bottom and then along
the surface of the downstream channel. This oscil-
lating flow causes objectionable surface waves that
carry far beyond the end of the basin. The action
represented through this range of flows is desig-
nated as form B on figure 9-37.

For Froude numbers between 4.5 and 9, a stable
and well-balanced jump occurs. Turbulence is con-
fined to the main body of the jump, and the water
surface downstream is comparatively smooth. As
the Froude number increases above 9, the turbu-
lence within the jump and the surface roller be-
comes increasingly active, resulting in a rough water
surface with strong surface waves downstream from
the jump. Stilling action for Froude numbers be-
tween 4.5 and 9 is designed as form C on figure
9-37, and that above 9 is designated as form D.

Figure 9-38 plots relationships of conjugate
depths and velocities for the hydraulic jump in a
rectangular channel. The ranges for the various
forms of jump described above are also indicated
on the figure.

(b) Basin Design in Relation to Froude Num-
bers.—Stilling basin designs suitable to provide
stilling action for the various forms of jump are
described in the following paragraphs.

(1) Basins for Froude Numbers Less Than 1.7.—
For a Froude number of 1.7, the conjugate depth,
d,, is about twice the incoming depth, or about 40
percent greater than the critical depth. The exit
velocity, v, is about one-half the incoming velocity,
or 30 percent less than the critical velocity. No spe-

DESIGN OF SMALL DAMS

cial stilling basin is needed to still flows where the
Froude number of the incoming flow is less than
1.7, except that the channel lengths beyond the
point where the depth starts to change should be
not less than about 4d,. No baffles or other dissi-
pating devices are needed. These basins, designated
type I, are not shown here (see [15]).

(2) Basins for Froude Numbers Between 1.7 and
2.5.—Flow phenomena for these basins will be in
the form designated as the prejump stage, as shown
on figure 9-37. Because such flows are not attended
by active turbulence, baffles or sills are not re-
quired. The basin should be long enough to contain
the flow prism while it is undergoing retardation.
Conjugate depths and basin lengths shown on figure
B-15 will provide acceptable basins. These basins,
designated type I, are not shown here (see [15]).

(3) Basins for Froude Numbers Between 2.5 and
4.5.—Flows for these basins are considerad to be in
the transition flow stage because a true hyvdraulic
jump does not fully develop. Stilling basins that
accommodate these flows are the least effective in
providing satisfactory dissipation because the at-
tendant wave action ordinarily cannot be controlled
by the usual basin devices. Waves generated by the
flow phenomena will persist beyond the end of the
basin and must often be dampened by means apart
from the basin.

Where a stilling device must be provided to dis-
sipate flows for this range of Froude number, the
basin shown on figure 9-39(A), which is designated
a type IV basin, has proved relatively effective for
dissipating the bulk of the energy of flow. However,
the wave action propagated by the oscillating flow
cannot be entirely dampened. Auxiliary wave damp-
eners or wave suppressors must sometimes be used
to provide smooth surface flow downstream.

Because of the tendency of the jump to sweep
out and as an aid in suppressing wave action, the
water depths in the basin should be about 10 per-
cent greater than the computed conjugate depth.

Often, the need to design this type of basin can
be avoided by selecting stilling basin dimensions
that will provide flow conditions that fall outside
the range of transition flow. For example, with an
800-ft3/s capacity spillway where the specific energy
at the upstream end of the basin is about 15 feet
and the velocity into the basin is about 30 ft/s, the
Froude number will be 3.2 for a basin width of 10
feet. The Froude number can be raised to 4.6 by
widening the basin to 20 feet. The selection of basin
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width then becomes a matter of economics as well
as hydraulic performance.

(4) Alternative Low Froude Number Stilling Ba-
sins.—Type IV basins are fairly effective at low
Froude number flows for small canals and for struc-
tures with small unit discharges. However, recent
model tests have developed designs quite different
from the type IV basin design, even though the type
IV basin design was included in the initial tests.

Palmetto Bend Dam stilling basin [22] is an ex-
ample of a low Froude number structure, modeled
in the Bureau of Reclamation Hydraulics Labora-
tory, whose recommended design is quite different
from type IV design. The type IV design has large
deflector blocks, similar to but larger than chute
blocks, and an optional solid end sill; the Palmetto
Bend design has no chute blocks, but has large baf-
fle piers and a dentated end sill.

The foregoing generalized designs have not been
suitable for some Bureau applications, and the in-
creased use of low Froude number stilling basins
has created a need for additional data on this type
of design. A study was initiated to develop gener-
alized criteria for the design of low Froude number
hydraulic-jump stilling basins. The criteria and
guidelines from previous studies were combined
with the results of this study to formulate the de-
gign guidelines recommended for low Froude num-
ber stilling basins [23]. However, it should be noted
that a hydraulic-jump stilling basin is not an effi-
cient energy dissipator at low Froude numbers; that
is, the efficiency of a hydraulic-jump basin is less
than 50 percent in this Froude number range. Al-
ternative energy dissipators, such as the baffled
apron chute or spillway, should be considered for
these conditions.

The recommended design has chute blocks,
baffle piers, and a dentated end sill. All design
data are presented on figure 9-40. The length
is rather short, approximately three times d, (the
conjugate depth after the jump). The size and spac-
ing of the chute blocks and baffle piers are a func-
tion of d, (incoming depth) and the Froude number.
The dentated end sill is proportioned according
to d; and the Froude number. The end sill is
placed at or near the downstream end of the stilling
basin. Erosion tests were not included in the de-
velopment of this basin. Observations of flow pat-
terns near the invert downstream from the ba-
sin indicated that no erosion problem should exist.
However, if hydraulic model tests are performed

to confirm a design based on these criteria, erosion
tests should be included. Tests should be made over
a full range of discharges to determine whether ab-
rasive materials will move upstream into the basin
and to determine the erosion potential downstream
from the basin. If the inflow velocity is greater than
50 ft/s, hydraulic model studies should be
performed.

(5) Basins for Froude Numbers Higher Than
4.5.—For these basins, a true hydraulic jump will
form. The elements of the jump will vary according
to the Foude number, as shown on figure B-15. The
installation of accessory devices such as blocks, baf-
fles, and sills along the floor of the basin produce
a stabilizing effect on the jump, which permits
shortening the basin and provides a safety factor
against sweepout caused by inadequate tailwater
depth.

The basin shown on figure 9-41, which is des-
ignated a type III basin, can be adopted where in-
coming velocities do not exceed 60 ft/s. The type
IIT basin uses chute blocks, impact baffle blocks,
and an end sill to shorten the jump length and to
dissipate the high-velocity flow within the short-
ened basin length. This basin relies on dissipation
of energy by the impact blocks and on the turbu-
lence of the jump phenomena for its effectiveness.
Because of the large impact forces to which the
baffles are subjected by the impingement of high
incoming velocities and because of the possibility
of cavitation along the surfaces of the blocks and
floor, the use of this basin must be limited to heads
where the velocity does not exceed 60 ft/s.

Cognizance must be taken of the added loads
placed on the structure floor by the dynamic force
brought against the upstream face of the baffle
blocks. This dynamic force will approximate that
of a jet impinging upon a plane normal to the di-
rection of flow. The ferce, in pounds, may be ex-
pressed by the formula:

Force = 2wA{d,+h,,l) (24)
where:

w = unit weight of water, in pounds
per cubic foot,
A = area of the upstream face of the
block, in square feet, and
(d1+hD1) = the specific energy of the flow
entering the basin, in feet.

Negative pressure on the back face of the blocks



392 DESIGN OF SMALL DAMS

/

1.075d; (MINJ,
0.150>
s




SPILLWAYS 393

e

~> ie-0.2h, End sil}-‘.
-Chute blocks 2" _"-ggtfle blocks 3
& /




394 DESIGN OF SMALL DAMS

will further increase the total load. However, be-
cause the baffle blocks are placed a distance equal
to 0.8d; beyond the start of the jump, there will be
some cushioning effect by the time the incoming jet
reaches the blocks, and the force will be less than
that indicated by the above equation. If the full
force computed by equation (24) is used, the neg-
ative pressure force may be neglected.

Where incoming velocities exceed 60 ft/s, or
where impact baffle blocks are not used, the type
II basin (fig. 9-42) may be adopted. Because the
dissipation is accomplished primarily by hydraulic-
jump action, the basin length will be greater than
that indicated for the type III basin. However, the
chute blocks and dentated end sill will still effec-
tively reduce the length. Because of the reduced
margin of safety against sweepout, the water depth
in the basin should be about 5 percent greater than
the computed conjugate depth.

(¢) Rectangular Versus Trapezoidal Stilling
Basin.—The use of a trapezoidal stilling basin in-
stead of a rectangular basin may often be proposed
where economy favors sloped side lining over ver-
tical wall construction. Model tests have shown,
however, that the hydraulic-jump action in a trap-
ezoidal basin is much less complete and less stable
than it is in the rectangular basin. In a trapezoidal
basin, the water in the triangular areas along the
sides of the basin adjacent to the jump does not
oppose the incoming high-velocity jet. The jump,
which tends to occur vertically, cannot spread suf-
ficiently to occupy the side areas. Consequently, the
jump will form only in the central portion of the
basin, while areas along the outside will be occupied
by upstream-moving flows that ravel off the jump
or come from the lower end of the basin. The eddy
or horizontal roller action resulting from this phe-
nomenon tends to interfere and interrupt the jump
action to the extent that there is incomplete dis-
sipation of the energy and severe scouring can occur
beyond the basin. For good hydraulic performance,
the sidewalls of a stilling basin should be vertical
or as close to vertical as practicable.

(d) Basin Depths Versus Hydraulic Heads.—The
nomograph on figure 9-43 can help determine ap-
proximate basin depths for various basin widths
and for various differences between reservoir and
tailwater levels. Plots are shown for the condition
of no loss of head to the upstream end of the stilling
basin, and for 10, 20, and 30 percent loss as scales
A, B, C, and D, respectively. The required conjugate

depths, d,, will depend on the specific energy avail-
able at the entrance of the basin, as determined by
the procedure discussed in section 9.18. Where the
specific energy is known, the head loss in the chan-
nel upstream can be related to the velocity head,
the percentage loss can be determined, and the ap-
proximate conjugate depth can be read for the nom-
ograph. Where head losses have not been computed,
a quick approximation of the head losses can be
obtained from figure B-5. Where only a rough de-
termination of basin depths is needed, the choice
of the loss to be applied for various spillway designs
may be generalized as follows:

(1) For a design of an overflow spillway where
the basin is directly downstream from the
crest, or where the chute is not longer than
the hydraulic head, consider no loss of head.

(2) For a design of a channel spillway where the
channel length is between one and five times
the hydraulic head, consider 10 percent loss
of head.

(3) For a design of a spillway where the channel
length exceeds five times the hydraulic head,
consider 20 percent loss of head.

The nomograph on figure 9-43 gives values of
the conjugate depth of the hydraulic jump. Tail-
water depths for the various types of basin de-
scribed should be increased as noted earlier in this
section.

(e) Tailwater Considerations.—Determination of
the tailwater rating curve, which gives the stage-
discharge relationship of the natural stream below
the dam, is discussed in appendix B, part B. Tail-
water rating curves for the regime of river below a
dam are fixed by the natural conditions along the
stream and ordinarily cannot be altered by the spill-
way design or by the release characteristics. As dis-
cussed in section 9.7(d), the retrogression or
aggradation of the river below the dam, which will
affect the ultimate stage-discharge conditions, must
be recognized in selecting the tailwater rating curve
to be used for stilling basin design. Usually, river
flows that approach the maximum design dis-
charges do not occur, and an estimate of the tail-
water rating curve must either be extrapolated from
known conditions or computed on a basis of as-
sumed or empirical criteria. Thus, the tailwater rat-
ing curve is, at best, only approximate, and safety
factors must be included in the design to compen-
sate for variations in tailwater.

For a jump-type stilling basin, downstream water
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Figure 9-43.—Stilling basin depths versus hydraulic heads for various channel losses.
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levels for various discharges must conform to the
tailwater rating curve. The basin floor level must
therefore be selected to provide jump depths that
most nearly agree with the tailwater depths. For a
given basin design, the tailwater depth for each dis-
charge seldom corresponds to the conjugate depth
needed to form a perfect jump. Thus, the relative
shapes and relationships of the tailwater curve to
the depth curve will determine the required mini-
mum depth to the basin floor. This is shown on
figure 9-44(A) where the tailwater rating curve is
shown as curve 1, and a conjugate depth versus dis-
charge curve for a basin of certain width is repre-
sented by curve 3. Because the basin must be deep
enough to provide for full conjugate depth (or some
greater depth to provide a safety factor) at the max-
imum spillway design discharge, the curves will in-
tersect at point D. For lesser discharges the
tailwater depth will be greater than the required
conjugate depth, thus providing an excess of tail-
water, which is conducive to the formation of a
“drowned jump.” (With the drowned jump condi-
tion, instead of achieving good jump-type dissipa-
tion by the intermingling of the upstream and
downstream flows, the incoming jet plunges to the
bottom and carries along the entire length of the
basin floor at high velocity.) If the basin floor is
higher than indicated by the position of curve 3 on
figure 9-44, the depth curve and tailwater rating
curve will intersect to the left of point D. This in-
dicates an excess of tailwater for smaller discharges
and a deficiency of tailwater for higher discharges.
As an alternative to the selected basin repre-
sented by curve 3, a wider basin might be considered
for which conjugate depth curve 2 will apply. This
design will provide a shallower basin, in which the
ideal jump depths will more nearly match the tail-
water depths for all discharges. The choice of basin
widths, of course, involves consideration of eco-
nomics, as well as of hydraulic performance.
Where a tailwater rating curve shaped similar to
that represented by curve 4 on figure 9-44(B) is
encountered, the level of the stilling basin floor
must be determined for some discharge other than
the maximum design capacity. If the tailwater curve
intersects the required water surface elevation at
the maximum design capacity, as in figure 9-44(A),
there would be insufficient tailwater depth for most
smaller discharges. In this case the basin floor el-
evation is selected so that there will be sufficient
tailwater depth for all discharges. For a basin of
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Figure 9-44.—Relationships of conjugate depth curves to
tailwater rating curves. 288-D-2429.

width W, the floor level should be selected so that
the two curves would coincide at the discharge rep-
resented by point E on the figure 9-44(B). For all
other discharges the tailwater depth will be greater
than that needed to form a satisfactory jump. Sim-
ilarly, if a basin width of 2W were considered, the
basin floor level would be selected so that curve 6
would intersect the tailwater curve at point F. Here
also, the selection of basin widths should be based
on economics as well as on hydraulic performance.

Where exact conjugate depth conditions for
forming the jump cannot be attained, the relative
desirability of having insufficient tailwater as com-
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pared with having excessive tailwater should be con-
sidered. With insufficient tailwater the back
pressure will be deficient and sweepout of the basin
will occur. With an excess of tailwater the jump will
be formed, and energy dissipation within the basin
will be complete until the drowned-jump phenom-
enon becomes critical. Chute blocks, baffles, and
end sills will also assist in energy dissipation, even
with a drowned jump.

(f) Stilling Basin Freebourd.—Freeboard is or-
dinarily provided so that the stilling basin walls will
not be overtopped by surges, splash and spray, and
wave action set up by the turbulence of the jump.
The surface roughness of the flow is related to the
energy dissipated in the jump and to the depth of
flow in the basin, The following empirical expres-
sion provides values that have proved satisfactory
for most basins:

Freeboard in feet = 0.1(v, + d,) (25)

9.22. Submerged Bucket Dissipators.—When
the tailwater depth is too great for the formation
of a hydraulic jump, the high energy can be dissi-
pated by the use of a submerged bucket deflector.
The hydraulic behavior in this type of dissipator is
manifested primarily by the formation of two roll-
ers: one occurs on the surface, moves counterclock-
wise, and is contained within the region above the
curved bucket; the other is a ground roller, moves
clockwise, and is situated downstream from the
bucket. The movements of these rollers, along with
the intermingling of the incoming flows, effectively
dissipate the high energy of the water and prevent
excessive scouring downstream from the bucket.

Two types of roller buckets have been developed
and model tested [15]. Their shape and dimensions
are shown on figure 9-45. The general nature of the
dissipating action for each type is represented on
figure 9-46. The hydraulic actions of the two buck-
ets have the same characteristics, but distinctive
features of their flows differ to the extent that each
has certain limitations. The high-velocity flow leav-
ing the deflector lip of the solid bucket is directed
upward (fig. 9-46(A)). This creates a high boil on
the water surface and a violent ground roller moving
clockwise downstream from the bucket. This
ground roller continuously pulls loose material back
towards the lip of the bucket and keeps some of the
intermingling material in a constant state of agi-
tation. The typical scour pattern that results from
this action is shown on figure 9-47. The high-

velocity jet leaves the lip of a slotted bucket at a
flatter angle, and only a part of the high-velocity
flow finds its way to the surface (fig. 9-46(B)). Thus,
a less violent surface boil occurs, and there is a
better dissipation of flow in the region above the
ground roller. This results in less concentration of
high-energy flow throughout the bucket and a
smoother downstream flow.

Use of a solid bucket dissipator may be objec-
tionable because of the abrasion on the concrete
surfaces caused by material that is swept back along
the lip of the deflector by the ground roller. In ad-
dition, the more turbulent surface roughness in-
duced by the severe surface boil carries farther
down the river, causing objectionable eddy currents
that contribute to riverbank sloughing. Although
the slotted bucket provides better energy dissipa-
tion with less severe surface and streambed dis-
turbances, it is more sensitive to sweepout at lower
tailwaters and is conducive to a diving and scouring
action at excessive tailwaters. This is not the case
with the solid bucket. Thus, the tailwater range that
provides good performance with the slotted bucket
is much narrower than that of the solid bucket. A

{B) SLOTTED BUCKET

Figure 9-45.—Submerged buckets. 288-D-2430.
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Freeboard = 0.1(52.6 + 24.51) = 7.7 ft
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HEC-RAS Plan: Plan 01 River: Chute1

Reach: Chute1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)

Chute1 542.5 PMF 10817.00 911.80 936.26 922.42 937.27 0.000217 8.04 1345.65 55.02 0.29
Chute1 542.5 25-yr 783.00 911.80 924.87 913.64 924.89 0.000007 1.09 719.17 55.01 0.05
Chute1 542.5 100-YR 1065.00 911.80 925.45 914.06 925.48 0.000011 1.42 750.96 55.01 0.07
Chute1 502.65 PMF 10817.00 911.80 935.99 923.12 937.23 0.000287 8.94 1209.74 50.02 0.32
Chute1 502.65 25-yr 783.00 911.80 924.87 913.76 924.89 0.000008 1.20 653.57 50.01 0.06
Chute1 502.65 100-YR 1065.00 911.80 925.44 914.21 925.48 0.000014 1.56 682.31 50.01 0.07
Chute1 496.65 Inl Struct

Chute1 490.65 PMF 10817.00 911.80 923.66 922.40 927.93 0.001670 16.58 652.46 55.01 0.85
Chute1 490.65 25-yr 783.00 911.80 914.07 914.68 0.001489 6.27 124.96 55.00 0.73
Chute1 490.65 100-YR 1065.00 911.80 914.53 914.06 915.31 0.001516 7.08 150.40 55.00 0.75
Chute1 450.8 PMF 10817.00 911.80 922.40 922.40 927.74 0.002328 18.56 582.93 55.01 1.00
Chute1 450.8 25-yr 783.00 911.80 913.64 913.64 914.57 0.002951 7.74 101.19 55.00 1.01
Chute1 450.8 100-YR 1065.00 911.80 914.06 914.06 915.20 0.002806 8.57 124.26 55.00 1.00
Chute1 440.777* PMF 10817.00 910.55 919.01 921.17 927.40 0.004562 23.24 465.53 55.01 1.41
Chute1 440.777* 25-yr 783.00 910.55 911.63 912.39 914.34 0.016954 13.21 59.26 55.00 2.24
Chute1 440.777* 100-YR 1065.00 910.55 911.94 912.81 914.96 0.013671 13.95 76.35 55.00 2.09
Chute1 430.754* PMF 10817.00 909.29 916.97 919.91 927.16 0.006136 25.62 422.16 55.01 1.63
Chute1 430.754* 25-yr 783.00 909.29 910.20 911.13 914.01 0.029629 15.66 50.00 55.00 2.89
Chute1 430.754* 100-YR 1065.00 909.29 910.47 911.55 914.67 0.023423 16.44 64.78 55.00 2.67
Chute1 420.731* PMF 10817.00 908.04 915.19 918.66 926.94 0.007615 27.50 393.29 55.01 1.81
Chute1 420.731* 25-yr 783.00 908.04 908.86 909.88 913.57 0.042024 17.41 44.97 55.00 3.39
Chute1 420.731* 100-YR 1065.00 908.04 909.10 910.30 914.29 0.033143 18.28 58.27 55.00 3.13
Chute1 410.708* PMF 10817.00 906.78 913.53 917.40 926.71 0.009084 29.13 371.29 55.01 1.98
Chute1 410.708* 25-yr 783.00 906.78 907.54 908.62 913.01 0.053876 18.78 41.70 55.00 3.80
Chute1 410.708* 100-YR 1065.00 906.78 907.76 909.04 913.82 0.042790 19.75 53.91 55.00 3.52
Chute1 400.685* PMF 10817.00 905.53 911.96 916.15 926.48 0.010539 30.57 353.79 55.01 212
Chute1 400.685* 25-yr 783.00 905.53 906.25 907.37 912.36 0.064624 19.84 39.46 55.00 4.13
Chute1 400.685* 100-YR 1065.00 905.53 906.45 907.79 913.27 0.051975 20.96 50.82 55.00 3.84




HEC-RAS Plan: Plan 01 River: Chute1

Reach: Chute1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
Chute1 390.662* PMF 10817.00 904.27 910.43 914.89 926.24 0.012014 31.90 339.09 55.01 2.26
Chute1 390.662* 25-yr 783.00 904.27 904.96 906.11 911.61 0.074377 20.70 37.82 55.00 4.40
Chute1 390.662* 100-YR 1065.00 904.27 905.15 906.53 912.65 0.060693 21.97 48.48 55.00 4.12
Chute1 380.64* PMF 10817.00 903.02 908.96 913.64 925.99 0.013483 33.11 326.67 55.00 2.39
Chute1 380.64* 25-yr 783.00 903.02 903.69 904.86 910.78 0.082726 21.38 36.62 55.00 4.62
Chute1 380.64* 100-YR 1065.00 903.02 903.87 905.28 911.94 0.068604 22.80 46.71 55.00 4.36
Chute1 370.617* PMF 10817.00 901.77 907.51 912.39 925.72 0.014961 34.24 315.87 55.00 2.52
Chute1 370.617* 25-yr 783.00 901.77 902.42 903.61 909.88 0.089887 21.93 35.71 55.00 4.80
Chute1 370.617* 100-YR 1065.00 901.77 902.59 904.03 911.17 0.075796 23.50 45.32 55.00 4.56
Chute1 360.594* PMF 10817.00 900.51 906.08 911.13 925.44 0.016456 35.31 306.34 55.00 2.64
Chute1 360.594* 25-yr 783.00 900.51 901.15 902.35 908.92 0.096168 22.38 34.99 55.00 4.94
Chute1 360.594* 100-YR 1065.00 900.51 901.31 902.77 910.33 0.082364 24.10 44.19 55.00 4.74
Chute1 350.571* PMF 10817.00 899.26 904.68 909.88 925.16 0.017963 36.32 297.84 55.00 2.75
Chute1 350.571* 25-yr 783.00 899.26 899.89 901.10 907.91 0.101156 22.72 34.46 55.00 5.06
Chute1 350.571* 100-YR 1065.00 899.26 900.05 901.52 909.44 0.088070 24.60 43.30 55.00 4.89
Chute1 340.548* PMF 10817.00 898.00 903.28 908.62 924.86 0.019490 37.28 290.13 55.00 2.86
Chute1 340.548* 25-yr 783.00 898.00 898.62 899.84 906.86 0.105805 23.03 33.99 55.00 5.16
Chute1 340.548* 100-YR 1065.00 898.00 898.77 900.26 908.50 0.093340 25.03 42.54 55.00 5.02
Chute1 330.525* PMF 10817.00 896.75 901.90 907.37 924.55 0.021016 38.19 283.22 55.00 2.97
Chute1 330.525* 25-yr 783.00 896.75 897.36 898.59 905.76 0.109252 23.26 33.66 55.00 5.24
Chute1 330.525* 100-YR 1065.00 896.75 897.51 899.01 907.53 0.097882 25.40 41.93 55.00 5.13
Chute1 320.502* PMF 10817.00 895.49 900.52 906.11 924.23 0.022561 39.07 276.86 55.00 3.07
Chute1 320.502* 25-yr 783.00 895.49 896.10 897.33 904.64 0.112282 23.45 33.38 55.00 5.31
Chute1 320.502* 100-YR 1065.00 895.49 896.24 897.75 906.50 0.101833 25.71 41.43 55.00 5.22
Chute1 310.48* PMF 10817.00 894.24 899.17 904.86 923.89 0.024097 39.90 271.09 55.00 3.17
Chute1 310.48* 25-yr 783.00 894.24 894.84 896.08 903.49 0.114638 23.60 33.18 55.00 5.36
Chute1 310.48* 100-YR 1065.00 894.24 894.99 896.50 905.44 0.105102 25.95 41.04 55.00 5.29
Chute1 300.457* PMF 10817.00 892.99 897.82 903.61 923.54 0.025641 40.70 265.77 55.00 3.26
Chute1 300.457* 25-yr 783.00 892.99 893.59 894.83 902.33 0.116741 23.73 33.00 55.00 5.40




HEC-RAS Plan: Plan 01 River: Chute1

Reach: Chute1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
Chute1 300.457* 100-YR 1065.00 892.99 893.73 895.25 904.36 0.107980 26.17 40.70 55.00 5.36
Chute1 290.434* PMF 10817.00 891.73 896.47 902.35 923.19 0.027207 41.48 260.79 55.00 3.36
Chute1 290.434* 25-yr 783.00 891.73 892.33 893.57 901.16 0.118588 23.84 32.84 55.00 5.44
Chute1 290.434* 100-YR 1065.00 891.73 892.46 893.99 903.25 0.110596 26.36 40.41 55.00 5.42
Chute1 280.411* PMF 10817.00 890.48 895.14 901.10 922.81 0.028753 42.21 256.24 55.00 3.45
Chute1 280.411* 25-yr 783.00 890.48 891.08 892.32 899.95 0.119680 23.91 32.75 55.00 5.46
Chute1 280.411* 100-YR 1065.00 890.48 891.21 892.74 902.12 0.112723 26.51 40.18 55.00 5.47
Chute1 270.388* PMF 10817.00 889.22 893.80 899.84 922.42 0.030313 42.93 251.96 55.00 3.53
Chute1 270.388* 25-yr 783.00 889.22 889.81 891.06 898.74 0.120787 23.98 32.66 55.00 5.48
Chute1 270.388* 100-YR 1065.00 889.22 889.95 891.48 900.97 0.114690 26.65 39.96 55.00 5.51
Chute1 260.365* PMF 10817.00 887.97 892.48 898.59 922.02 0.031864 43.62 248.01 55.00 3.62
Chute1 260.365* 25-yr 783.00 887.97 888.56 889.81 897.52 0.121573 24.02 32.59 55.00 5.50
Chute1 260.365* 100-YR 1065.00 887.97 888.69 890.23 899.81 0.116301 26.76 39.80 55.00 5.54
Chute1 250.342* PMF 10817.00 886.71 891.15 897.33 921.61 0.033428 44.29 244.25 55.00 3.70
Chute1 250.342* 25-yr 783.00 886.71 887.30 888.55 896.30 0.122408 24.07 32.53 55.00 5.52
Chute1 250.342* 100-YR 1065.00 886.71 887.43 888.97 898.64 0.117811 26.87 39.64 55.00 5.58
Chute1 240.32* PMF 10817.00 885.46 889.84 896.08 921.18 0.034966 44.92 240.78 55.00 3.78
Chute1 240.32* 25-yr 783.00 885.46 886.05 887.30 895.07 0.122828 24.10 32.49 55.00 5.53
Chute1 240.32* 100-YR 1065.00 885.46 886.18 887.72 897.44 0.118775 26.93 39.54 55.00 5.60
Chute1 230.297* PMF 10817.00 884.21 888.53 894.83 920.73 0.036502 45.54 237.53 55.00 3.86
Chute1 230.297* 25-yr 783.00 884.21 884.80 886.05 893.83 0.123182 24.12 32.46 55.00 5.53
Chute1 230.297* 100-YR 1065.00 884.21 884.93 886.47 896.24 0.119657 26.99 39.45 55.00 5.62
Chute1 220.274* PMF 10817.00 882.95 887.21 893.57 920.27 0.038046 46.14 234.43 55.00 3.94
Chute1 220.274* 25-yr 783.00 882.95 883.54 884.79 892.59 0.123648 24.15 32.42 55.00 5.54
Chute1 220.274* 100-YR 1065.00 882.95 883.67 885.21 895.03 0.120572 27.06 39.36 55.00 5.64
Chute1 210.251* PMF 10817.00 881.70 885.91 892.32 919.79 0.039551 46.71 231.56 55.00 4.01
Chute1 210.251* 25-yr 783.00 881.70 882.29 883.54 891.35 0.123776 24.16 32.41 55.00 5.55
Chute1 210.251* 100-YR 1065.00 881.70 882.41 883.96 893.81 0.121121 27.09 39.31 55.00 5.65




HEC-RAS Plan: Plan 01 River: Chute1

Reach: Chute1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
Chute1 200.228* PMF 10817.00 880.44 884.60 891.06 919.31 0.041078 47.28 228.79 55.00 4.09
Chute1 200.228* 25-yr 783.00 880.44 881.03 882.28 890.11 0.124159 24.18 32.38 55.00 5.55
Chute1 200.228* 100-YR 1065.00 880.44 881.15 882.70 892.59 0.121842 27.14 39.24 55.00 5.66
Chute1 190.205* PMF 10817.00 879.19 883.30 889.81 918.81 0.042589 47.82 226.19 55.00 4.16
Chute1 190.205* 25-yr 783.00 879.19 883.54 881.03 883.71 0.000187 3.27 239.23 55.00 0.28
Chute1 190.205* 100-YR 1065.00 879.19 879.90 881.45 891.36 0.122259 27.17 39.20 55.00 5.67
Chute1 180.182* PMF 10817.00 877.93 882.00 888.55 918.31 0.044114 48.36 223.69 55.00 4.23
Chute1 180.182* 25-yr 783.00 877.93 883.59 883.68 0.000082 2.52 311.07 55.00 0.19
Chute1 180.182* 100-YR 1065.00 877.93 884.36 880.19 884.50 0.000102 3.01 353.70 55.01 0.21
Chute1 170.16* PMF 10817.00 876.68 880.70 887.30 917.78 0.045603 48.87 221.36 55.00 4.29
Chute1 170.16* 25-yr 783.00 876.68 883.61 883.67 0.000044 2.05 381.05 55.01 0.14
Chute1 170.16* 100-YR 1065.00 876.68 884.39 884.49 0.000059 2.51 424.07 55.01 0.16
Chute1 160.137* PMF 10817.00 875.43 879.41 886.05 917.24 0.047067 49.36 219.15 55.00 4.36
Chute1 160.137* 25-yr 783.00 875.43 883.62 883.67 0.000026 1.74 450.51 55.01 0.11
Chute1 160.137* 100-YR 1065.00 875.43 884.41 884.48 0.000037 2.16 493.79 55.01 0.13
Chute1 150.114* PMF 10817.00 874.17 878.12 884.79 916.69 0.048546 49.84 217.03 55.00 4.42
Chute1 150.114* 25-yr 783.00 874.17 883.63 883.66 0.000017 1.51 520.26 55.01 0.09
Chute1 150.114* 100-YR 1065.00 874.17 884.42 884.47 0.000025 1.89 563.73 55.01 0.10
Chute1 140.091* PMF 10817.00 872.92 876.83 883.54 916.13 0.049990 50.31 215.02 55.00 4.48
Chute1 140.091* 25-yr 783.00 872.92 883.63 883.66 0.000012 1.33 589.31 55.01 0.07
Chute1 140.091* 100-YR 1065.00 872.92 884.43 884.47 0.000018 1.68 632.92 55.01 0.09
Chute1 130.068* PMF 10817.00 871.66 895.39 882.28 896.45 0.000235 8.29 1305.26 55.02 0.30
Chute1 130.068* 25-yr 783.00 871.66 883.64 883.66 0.000009 1.19 658.83 55.01 0.06
Chute1 130.068* 100-YR 1065.00 871.66 884.43 884.47 0.000013 1.52 702.54 55.01 0.07
Chute1 120.045* PMF 10817.00 870.41 895.46 896.42 0.000197 7.84 1386.53 70.02 0.28
Chute1 120.045* 25-yr 783.00 870.41 883.64 883.66 0.000006 1.08 727.74 55.01 0.05
Chute1 120.045* 100-YR 1065.00 870.41 884.44 884.47 0.000010 1.38 771.53 55.01 0.06
Chute1 110.022* PMF 10817.00 869.15 895.53 896.39 0.000165 7.42 1479.69 70.02 0.25
Chute1 110.022* 25-yr 783.00 869.15 883.64 883.66 0.000005 0.98 797.16 55.01 0.05




HEC-RAS Plan: Plan 01 River: Chute1

Reach: Chute1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
Chute1 110.022* 100-YR 1065.00 869.15 884.44 884.46 0.000008 1.27 841.02 55.01 0.06
Chute1 100 PMF 10817.00 867.90 895.58 896.36 0.000155 7.10 1522.65 55.02 0.24
Chute1 100 25-yr 783.00 867.90 883.64 883.66 0.000004 0.90 865.99 55.01 0.04
Chute1 100 100-YR 1065.00 867.90 884.44 884.46 0.000006 1.17 909.90 55.01 0.05
Chute1 40 PMF 10817.00 867.90 895.57 896.35 0.000156 7.1 1522.09 55.02 0.24
Chute1 40 25-yr 783.00 867.90 883.64 883.66 0.000004 0.90 865.97 55.01 0.04
Chute1 40 100-YR 1065.00 867.90 884.44 884.46 0.000006 1.17 909.88 55.01 0.05
Chute1 20 PMF 10817.00 880.25 892.41 889.80 896.06 0.003870 11.02 977.90 116.33 0.65
Chute1 20 25-yr 783.00 880.25 883.32 883.63 0.002928 4.42 177.34 65.37 0.47
Chute1 20 100-YR 1065.00 880.25 884.10 884.43 0.002494 4.64 229.29 69.23 0.45
Chute1 -25 PMF 10817.00 878.90 891.92 891.92 895.79 0.008582 15.81 702.90 120.96 0.95
Chute1 -25 25-yr 783.00 878.90 882.04 882.04 883.28 0.014024 8.94 87.58 35.72 1.01
Chute1 -25 100-YR 1065.00 878.90 882.66 882.66 884.10 0.013399 9.64 110.51 38.80 1.01
Chute1 -114.85* PMF 10817.00 876.20 886.82 889.22 894.25 0.022335 21.88 494.35 73.10 1.48
Chute1 -114.85* 25-yr 783.00 876.20 878.54 879.34 881.14 0.040846 12.95 60.45 31.69 1.65
Chute1 -114.85* 100-YR 1065.00 876.20 879.02 879.97 882.05 0.038744 13.99 76.14 34.08 1.65
Chute1 -204.71* PMF 10817.00 873.50 883.77 886.52 892.02 0.025704 23.05 469.33 71.37 1.58
Chute1 -204.71* 25-yr 783.00 873.50 876.16 876.64 878.06 0.025765 11.05 70.86 33.30 1.33
Chute1 -204.71* 100-YR 1065.00 873.50 876.61 877.28 878.97 0.027050 12.34 86.31 35.54 1.40
Chute1 -294.57* PMF 10817.00 870.80 880.91 883.82 889.59 0.027540 23.64 457.53 70.54 1.64
Chute1 -294.57* 25-yr 783.00 870.80 873.32 873.94 875.49 0.031218 11.81 66.31 32.61 1.46
Chute1 -294.57* 100-YR 1065.00 870.80 873.81 874.56 876.38 0.030381 12.85 82.87 35.05 1.47
Chute1 -384.42* PMF 10817.00 868.10 878.12 881.12 887.04 0.028591 23.97 451.24 70.09 1.66
Chute1 -384.42* 25-yr 783.00 868.10 870.66 871.24 872.74 0.029350 11.56 67.74 32.82 1.42
Chute1 -384.42* 100-YR 1065.00 868.10 871.13 871.86 873.66 0.029848 12.77 83.39 35.13 1.46
Chute1 -474.28* PMF 10817.00 865.40 875.37 878.42 884.43 0.029164 24.15 447.94 69.85 1.68
Chute1 -474.28* 25-yr 783.00 865.40 867.95 868.54 870.06 0.030111 11.66 67.14 32.73 1.43
Chute1 -474.28* 100-YR 1065.00 865.40 868.42 869.16 870.97 0.030155 12.82 83.09 35.08 1.47




HEC-RAS Plan: Plan 01 River: Chute1 Reach: Chute1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
Chute1 -564.14* PMF 10817.00 862.70 872.64 875.72 881.78 0.029529 24.26 445.89 69.71 1.69
Chute1 -564.14* 25-yr 783.00 862.70 865.25 865.84 867.36 0.030062 11.65 67.18 32.74 1.43
Chute1 -564.14* 100-YR 1065.00 862.70 865.72 866.46 868.26 0.030004 12.79 83.24 35.10 1.46
Chute1 -654 PMF 10817.00 860.00 869.92 873.02 879.11 0.029743 24.32 444.70 69.62 1.70
Chute1 -654 25-yr 783.00 860.00 862.55 863.14 864.66 0.030062 11.65 67.18 32.74 1.43
Chute1 -654 100-YR 1065.00 860.00 863.02 863.76 865.56 0.030004 12.79 83.24 35.10 1.46
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HEC-RAS Plan: chute2 River: Chute1 Reach: Chute1 Profile: PMF
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (fft) (ft/s) (sq ft) (ft)

Chute1 5425 PMF 10817.00 911.80 936.03 922.42 937.05 0.000222 8.12 1332.73 55.02 0.29
Chute1 502.65 PMF 10817.00 911.80 935.75 923.12 937.02 0.000295 9.03 1197.67 50.02 0.33
Chute1 496.65 Inl Struct

Chute1 490.65 PMF 10817.00 911.80 923.62 922.42 927.92 0.001688 16.64 650.06 55.01 0.85
Chute1 450.8 PMF 10817.00 911.80 922.42 922.42 927.74 0.002315 18.52 584.03 55.01 1.00
Chute1 440.777* PMF 10817.00 910.55 919.01 921.17 927.40 0.004561 23.24 465.53 55.01 1.41
Chute1 430.754* PMF 10817.00 909.29 916.97 919.91 927.16 0.006135 25.62 422.16 55.01 1.63
Chute1 420.731* PMF 10817.00 908.04 915.19 918.66 926.94 0.007615 27.50 393.29 55.01 1.81
Chute1 410.708* PMF 10817.00 906.78 913.53 917.40 926.71 0.009084 29.13 371.29 55.01 1.98
Chute1 400.685* PMF 10817.00 905.53 911.96 916.15 926.48 0.010538 30.57 353.79 55.01 2.12
Chute1 390.662* PMF 10817.00 904.27 910.43 914.89 926.24 0.012013 31.90 339.09 55.00 2.26
Chute1 380.64* PMF 10817.00 903.02 908.96 913.64 925.99 0.013483 33.11 326.67 55.00 2.39
Chute1 370.617* PMF 10817.00 901.77 907.51 912.39 925.72 0.014964 34.25 315.87 55.00 2.52
Chute1 360.594* PMF 10817.00 900.51 906.08 911.13 925.44 0.016457 35.31 306.33 55.00 2.64
Chute1 350.571* PMF 10817.00 899.26 904.68 909.88 925.16 0.017961 36.32 297.84 55.00 2.75
Chute1 340.548* PMF 10817.00 898.00 903.28 908.62 924.86 0.019490 37.28 290.13 55.00 2.86
Chute1 330.525* PMF 10817.00 896.75 901.90 907.37 924.55 0.021016 38.19 283.22 55.00 2.97
Chute1 320.502* PMF 10817.00 895.49 900.52 906.11 924.23 0.022558 39.07 276.86 55.00 3.07
Chute1 310.48* PMF 10817.00 894.24 899.17 904.86 923.89 0.024096 39.90 271.09 55.00 3.17
Chute1 300.457* PMF 10817.00 892.99 897.82 903.61 923.54 0.025642 40.70 265.77 55.00 3.26
Chute1 290.434* PMF 10817.00 891.73 896.47 902.35 923.18 0.027205 41.48 260.80 55.00 3.36
Chute1 280.411* PMF 10817.00 890.48 895.14 901.10 922.81 0.028752 42.21 256.24 55.00 3.45
Chute1 270.388* PMF 10817.00 889.22 893.80 899.84 922.42 0.030312 42.93 251.96 55.00 3.53
Chute1 260.365* PMF 10817.00 887.97 892.48 898.59 922.02 0.031864 43.62 248.01 55.00 3.62
Chute1 250.342* PMF 10817.00 886.71 891.15 897.33 921.61 0.033429 44.29 244.25 55.00 3.70
Chute1 240.32* PMF 10817.00 885.46 889.84 896.08 921.18 0.034966 44.92 240.79 55.00 3.78
Chute1 230.297* PMF 10817.00 884.21 888.53 894.83 920.73 0.036501 45.54 237.53 55.00 3.86
Chute1 220.274* PMF 10817.00 882.95 887.21 893.57 920.27 0.038045 46.14 234.43 55.00 3.94
Chute1 210.251* PMF 10817.00 881.70 885.91 892.32 919.79 0.039546 46.71 231.56 55.00 4.01
Chute1 200.228* PMF 10817.00 880.44 884.60 891.06 919.31 0.041079 47.28 228.79 55.00 4.09
Chute1 190.205* PMF 10817.00 879.19 883.30 889.81 918.81 0.042586 47.82 226.20 55.00 4.16
Chute1 180.182* PMF 10817.00 877.93 882.00 888.55 918.31 0.044118 48.36 223.69 55.00 4.23
Chute1 170.16* PMF 10817.00 876.68 880.70 887.30 917.78 0.045603 48.86 221.37 55.00 4.29
Chute1 160.137* PMF 10817.00 875.43 879.41 886.05 917.24 0.047073 49.36 219.16 55.00 4.36
Chute1 150.114* PMF 10817.00 874.17 878.12 884.79 916.69 0.048547 49.84 217.03 55.00 4.42
Chute1 140.091* PMF 10817.00 872.92 876.83 883.54 916.13 0.049985 50.31 215.03 55.00 4.48
Chute1 130.068* PMF 10817.00 871.66 875.53 882.28 915.55 0.051439 50.76 213.09 55.00 4.54
Chute1 120.045* PMF 10817.00 870.41 874.25 881.03 914.96 0.052857 51.20 211.27 55.00 4.60




HEC-RAS Plan: chute2 River: Chute1 Reach: Chute1

Profile: PMF (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
Chute1 110.022* PMF 10817.00 869.15 872.96 879.77 914.35 0.054278 51.63 209.51 55.00 4.66
Chute1 100 PMF 10817.00 867.90 871.68 878.52 913.73 0.055672 52.04 207.85 55.00 4.72




Attachment D - Chute Freeboard Calculation

Required

Reach [River Sta |Profile |QTotal |MinChEl |W.S.Elev |Crit W.S. [E.G. Elev |E.G. Slope [Vel Chnl |Flow Area |Top Width |Froude # Chl |Freeboard |Wall Height |Flow depth

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
Chutel 542.5|PF 1 10817 911.8 936.56 922.42 937.54] 0.00021 7.94] 1362.08 55.02 0.28
Chutel 502.65(PF 1 10817 911.8 936.3| 923.12f 937.51] 0.000278 8.83 1225.06 50.02 0.31
Chutel 496.65 Labrynith Weir Spillway
Chutel 490.65(PF 1 10817 911.8 923.62 922.42 927.92] 0.001688 16.64 650.06 55.01 0.85 2.95 14.77 11.82
Chutel 450.8(PF 1 10817 911.8 922.42| 922.42 927.74] 0.002315 18.52 584.02 55.01 1 3.02 13.64 10.62
Chutel [440.777* |PF 1 10817 910.55 919.01] 921.17 927.4] 0.004562 23.24 465.53 55.01 1.41 3.18 11.64 8.46
Chutel |430.754* |PF 1 10817 909.29 916.97( 919.91f 927.16] 0.006136 25.62 422.16 55.01 1.63 3.26 10.94 7.68
Chutel |420.731* |PF 1 10817 908.04 915.19 918.66[ 926.94] 0.007615 27.5 393.29 55.01 1.81 3.32 10.47 7.15
Chutel |410.708* |PF 1 10817 906.78 913.53 917.4] 926.71 0.009084 29.13 371.29 55.01 1.98 3.38 10.13 6.75
Chutel |400.685* |PF 1 10817 905.53 911.96/ 916.15[ 926.48] 0.010539 30.57 353.79 55.01 2.12 3.42 9.85 6.43
Chutel |390.662* |PF 1 10817 904.27 910.43( 914.89( 926.24] 0.012014 31.9 339.09 55.01 2.26 3.46 9.62 6.16
Chutel |380.64* |PF1 10817 903.02 908.96 913.64f 925.99] 0.013483 33.11 326.67 55 2.39 3.50 9.44 5.94
Chutel [370.617* [PF 1 10817 901.77 907.51] 912.39] 925.72| 0.014961 34.24 315.87 55 2.52 3.53 9.27 5.74
Chutel |360.594* |PF 1 10817 900.51 906.08 911.13[ 925.44] 0.016456 35.31 306.34 55 2.64 3.56 9.13 5.57
Chutel |350.571* |PF 1 10817 899.26 904.68 909.88[ 925.16] 0.017963 36.32 297.84 55 2.75 3.59 9.01 5.42
Chutel |340.548* |PF 1 10817 898 903.28 908.62f 924.86] 0.01949 37.28 290.13 55 2.86 3.62 8.90 5.28
Chutel |330.525* |PF 1 10817 896.75 901.9[ 907.37[ 924.55] 0.021016 38.19 283.22 55 2.97 3.65 8.80 5.15
Chutel |320.502* |PF 1 10817 895.49 900.52 906.11 924.23] 0.022561 39.07 276.86 55 3.07 3.67 8.70 5.03
Chutel |310.48* |PF1 10817 894.24 899.17( 904.86( 923.89] 0.024097 39.9 271.09 55 3.17 3.70 8.63 4.93
Chutel |300.457* |PF 1 10817 892.99 897.82 903.61 923.54] 0.025641 40.7 265.77 55 3.26 3.72 8.55 4.83
Chutel |290.434* |PF 1 10817 891.73 896.47 902.35[ 923.19] 0.027207 41.48 260.79 55 3.36 3.74 8.48 4.74
Chutel |280.411* |PF 1 10817 890.48 895.14 901.1] 922.81f 0.028753 42.21 256.24 55 3.45 3.76 8.42 4.66
Chutel |270.388* |PF 1 10817 889.22 893.8| 899.84| 922.42] 0.030313 42.93 251.96 55 3.53 3.78 8.36 4.58
Chutel |260.365* |PF 1 10817 887.97 892.48| 898.59| 922.02] 0.031864 43.62 248.01 55 3.62 3.80 8.31 4.51
Chutel |250.342* |PF 1 10817 886.71 891.15( 897.33] 921.61] 0.033428 44.29 244.25 55 3.7 3.82 8.26 4.44
Chutel |240.32* |PF1 10817 885.46 889.84 896.08] 921.18] 0.034966 44.92 240.78 55 3.78 3.84 8.22 4.38
Chutel |230.297* |PF 1 10817 884.21 888.53| 894.83| 920.73] 0.036502 45.54 237.53 55 3.86 3.85 8.17 4.32
Chutel [220.274* |PF 1 10817 882.95 887.21| 893.57| 920.27| 0.038046 46.14 234.43 55 3.94 3.87 8.13 4.26
Chutel [210.251* [PF 1 10817 881.7 885.91| 892.32 919.79| 0.039551 46.71 231.56 55 4.01 3.89 8.10 4.21
Chutel |200.228* |PF 1 10817 880.44 884.6| 891.06f 919.31] 0.041078 47.28 228.79 55 4.09 3.90 8.06 4.16
Chutel [190.205* [PF 1 10817 879.19 883.3] 889.81 918.81| 0.042589 47.82 226.19 55 4.16 3.91 8.02 4.11
Chutel [180.182* [PF 1 10817 877.93 882| 888.55 918.31| 0.044114 48.36 223.69 55 4.23 3.93 8.00 4.07
Chutel [170.16* |[PF1 10817 876.68 880.7 887.3 917.78| 0.045603 48.87 221.36 55 4.29 3.94 7.96 4.02
Chutel [160.137* [PF 1 10817 875.43 879.41| 886.05 917.24| 0.047067 49.36 219.15 55 4.36 3.96 7.94 3.98
Chutel [150.114* [PF 1 10817 874.17 878.12| 884.79] 916.69| 0.048546 49.84 217.03 55 4.42 3.97 7.92 3.95
Chutel [140.091* [PF 1 10817 872.92 876.83 883.54| 916.13 0.04999 50.31 215.02 55 4.48 3.98 7.89 3.91
Chutel [130.068* |PF 1 10817 871.66 875.53 882.28| 915.55 0.05144 50.76 213.09 55 4.54 3.99 7.86 3.87
Chutel [120.045* |PF 1 10817 870.41 874.25 881.03 914.96| 0.052864 51.2 211.27 55 4.6 4.00 7.84 3.84
Chutel [110.022* [PF 1 10817 869.15 872.96| 879.77| 914.35| 0.054282 51.63 209.51 55 4.66 4.02 7.83 3.81
Chutel 100|PF 1 10817 867.9 871.68| 878.52 913.73 0.05567 52.04 207.85 55 4.72 4.03 7.81 3.78




Attachment E - Riprap Sizing

RIP RAP REVETMENT SIZING

Project Name: East Locust Creek Stream Name:

Project # A11-1513 Chain Name
Date Created: 8/19/2015 Calculated:
Path= F:\PROJECTS\A11-1513\40-Design\Calcs\WTRS\Spillway\[RipRap Revetm Checked:
Hydraulic Engineering Circular No. 11 - Design of Riprap Revetment 1989
VARIABLES DESCRIPTION
Vo = 13 Average Velocity in Main Channel (ft/sec)
davg = 3.10 Average Depth in Main Channel (ft)
6 = 21.80 Bank Angle with Horizontal (deg) (See Bank Angle Sheet)
¢ = 42.0 Material Angle Repose (deg) (See Angle of Repose Sheet)

Section 4.1.1.1 Equation (6)

(sin0)2\]*° Ky = 0.8318
Ki=|l-|——"%
(singp)?
0.001 x V2
= D = 1.64
07 a95 x K1S 50
Coorection Factor
VARIABLES DESCRIPTION
SF = 1.10 Stabity Facter (See Stablity Factor Sheet)
Sg = 2.65 Specific Gravity of Rip Rap
= C = 0.88
CDs, = 1.44

EM_1110-2-1601 Hyraulic Design of Flood Control Channels 1994



East Locust Creek Reservoir Water Budget Summary

Appendix C.

East Locust Creek Reservoir Hydrology Report
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A reservoir on East Locust Creek near Milan, Missouri is proposed to provide flood control,
recreation and water supply for the surrounding community. The proposed reservoir has been in
the planning stages since the 1980s. The design of the proposed reservoir will follow the Natural
Resource Conservation Service (NRCS) guidelines for dam construction. This report addresses
the hydrology for the contributing drainage area of the proposed reservoir. The report also
summarizes the calculation of the storms for sizing the primary and auxiliary spillway and the

freeboard required above these spillways.

Watershed Description
The proposed reservoir on East Locust Creek is situated in north-central Missouri. The

watershed for the proposed reservoir drains portions of Putnam and Sullivan Counties, Figure 1.
The contributing drainage area of the proposed reservoir on East Locust Creek is approximately
32.6 square miles. The watershed for the proposed reservoir was determined by URS in 2013
using Surdex Corporation LiDAR (June 2009). The watershed area was reviewed, validated,
and used for this analysis. The watershed is largely rural and contains mostly agricultural lands.
Figures 2 and 3 show the extents of the watershed. The table below shows the land uses, as
classified by The National Land Cover Database published by the U.S. Geological Survey,

2011. The normal pool of the proposed reservoir is included as open water.

Table 1 - Land Use above Proposed Reservoir

Land Use in East Locust Creek Watershed
Upstream of Proposed Reservoir

Hay/Pasture 56%
Deciduous Forest 20%
Open Water 12%
Developed, Open Space 4%
Cultivated Crops 2%
Other Land Uses 6%




Project Location
Sullivan County

Putnam Schuyler

Mercer

e

|:| Proposed Normal Pool Boundary

FIGURE 1
Site Location Map
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The watershed and proposed dam were modeled using the United States Department of
Agriculture (USDA) SITES program, version 3.5. Per the guidance in the Natural Resources
Conservation Service Technical Release 60, “Earth Dams and Reservoirs” issued July, 2005
(TR-60), and the National Engineering Handbook (NEH), Part 630 - Hydrology, USDA NRCS,
version 2010, the watershed was analyzed as one watershed and was not broken into smaller
watersheds.

Curve Number

To calculate the curve number for the watershed, the hydraulic soil group from the Natural
Resources Conservation Service SSURGO Soil Data (accessed 2015) and land use data were
compiled. The soil and land use information can be seen in Figures 4 and 5. The curve number
tables, located in TR-55, were used to obtain a curve number for each land use and soil group.

Table 2 below provides the curve number for the corresponding land use and hydraulic soil

group.

Table 2 — Curve Number Table

Land Use Description Soil Group and Curve Number
A B C D
Open Water 98 98 98 98
Hay/Pasture 49 69 79 84
Barren Land & Cultivated Crops 77 86 9 94
Roads 98 98 98 98
Farmsteads 59 74 82 86
Mixed Forest 43 65 76 82
Deciduous Forest & Evergreen
Forest & Woody Wetlands 36 60 73 79
Shrub/Scrub 35 56 70 77
Developed, Open Space 39 61 74 80
Developed, Low Intensity 68 79 86 89
Emergent Herbaceous Wetlands 48 67 77 83
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A weighted curve number was calculated for the watershed and input into SITES. The weighted
curve number for the watershed draining to the proposed reservoir is 82.1.

Climate Area Zone

Climate Zone 2 was selected for the watershed. Climate Zone 2 corresponds to a humid and
sub-humid climate.

Time of Concentration

The velocity method in the NEH was selected for calculating the time of concentration. The
velocity method uses different overland flow types to compute the time of concentration. The
flow type at the top of the watershed is sheet flow and is limited to the first 300 feet on the
upstream side of the watershed. The travel time for sheet flow is calculated with the modified
Manning’s equation provided in the NEH. The shallow concentrated flow occurs after sheet flow
and represents the runoff collecting in swales or gullies. The tables in the NEH were used to
calculate the travel time for shallow concentrated flow. Shallow concentrated flow eventually
accumulates and becomes open channel flow. To calculate the travel time for the open channel
flow, a representative cross section was taken from the LiDAR and a velocity for the cross
section was calculated using Manning’s equation. The flow path for the watershed included flow
through the proposed reservoir. The wave velocity equation (NEH eq. 15-11) was used to
calculate the travel time through the proposed reservoir. The cumulative time of concentration
for the watershed is the sum of the travel times computed above, or 3.68 hours. The flow path

and types of flow for the watershed can be seen in Figure 6.

Rainfall Data

Design Storm Simulation
The SCS curve number method requires the input of rainfall total depths to calculate a peak

runoff value. The National Oceanic and Atmospheric Admiration (NOAA) Atlas 14 Precipitation-
Frequency Atlas of the United States, Volume 8, Version 2.0 (2013) was used for the 24-hour

rainfall depths for SITES modeling. The 24-hour rainfall depths are used to size the principal
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FIGURE 6
Time of Concentration and Flow Type




spillway, and determine the elevation for the auxiliary spillway. The rainfall data from the station
closest to the reservoir at Milan, Missouri was used for the SITES analysis. The rainfall depths
for the analysis were areally adjusted by 0.959 for the 32.6 square miles drainage area per

Table 2-3 in TR-60. Table 3 provides the adjusted rainfall depth for each return period analyzed.

Table 3 — Areally Adjusted 24-hr Rainfall Depths

Return Period | Adjusted Rainfall Depth (in)
1% 7.74
2% 6.75
10% 4.75
50% 3.23

The values from the SITES model with the parameters estimated for the contributing watershed

are below in Table 4.

Table 4. SITES Peak Runoff Rates

Return Period | SITES Output (cfs)
1% 24,360
2% 20,393
10% 12,416
50% 6,649

Probable Maximum Precipitation
TR-60 was utilized to determine the design storm for the principal spillway, auxiliary spillway,

and freeboard for the proposed dam. The proposed reservoir is classified as a high hazard dam,
per TR-60. To determine the size of the auxiliary spillway and the freeboard required from the
auxiliary spillway to the top of the dam, the Stability Design Hydrograph (SDH) and Freeboard
Hydrograph (FBH) were used. Routing the SDH and FBH require the input of the Probable
Maximum Precipitation (PMP) rainfall depth. The PMP depths for the proposed reservoir were
estimated from Hydrometeorological Report No. 51 (HMR — 51) published by NOAA, 1978. PMP

5



rainfall depths for the 6-hour, 12-hour, and 24-hour durations were estimated from HMR — 51.
The SDH value was computed from the equation SDH = P10+0.26(PMP-P1¢) and the FBH
runoff depth is equal to the PMP rainfall depth for high hazard dams. Table 5 shows the rainfall

depths for evaluating the auxiliary spillway and the required freeboard for the top of the dam.

Table 5 — Rainfall Depths for SDH and FBH Hydrographs

Storm Duration (hr) PMP (in) SDH (in) FBH (in)
6 26.9 11.63 26.9
12 31.8 NA 31.8
24 33.4 14.66 33.4

Hydrometeorological Report No. 52 (HMR — 52), published by NOAA in 1982, was used to route
the FBH storm. The 24-hour storm “5-point” rainfall distribution mass curve was used for the
FBH modeling. The 5-point rainfall distribution method divides the 24-hour distribution into four
quadrants with 5 points. The values in the 5 point distribution are calculated as a percentage of
the total rainfall for the 6-hour and 24-hour storms. The first point in the distribution is 0, the
second point is calculated by the equation (24+r-pvp - 6Hr-PvP)/( 24HR- PVP /2), the third point is
calculated by (61r-pmp)/(24Hr- pup), the fourth point is the (12nr-pvp - BHr- PvP)/ 24HR- Pup, the fifth

point is the remainder of the rainfall for the storm.

Calibration Approach
The primary hydrologic method of analysis for the watershed is the Curve Number method using

the SITES modeling software. To determine if the SITES model results represent the actual
runoff rates for the contributing drainage area with reasonable accuracy, the SITES model
output was compared to gages in the same region, rural regression equations, and sub

watersheds within the contributing drainage area of the proposed reservoir.



Gage Data
Historical data for the contributing watershed was not available. However several gages near

the area are available and have similar land use to the East Locust Creek watershed. To
determine the flood flow frequency from the gage data for the return periods required for the
design of the reservoir, the Corps of Engineers HEC-SSP ver. 2.0 software was utilized. HEC-
SSP uses Bulletin 17B “Guidelines for Determining Flood Flow Frequency” (1982) as the basis
for analysis. The flood flow frequency was calculated from the available data for seven gage
stations. The location of the gage stations can be seen in Figure 7. The flood flow frequency for
each station was weighted based on guidance provided in “The National Streamflow Statistics
Program: Chapter 6 of Book 4, Hydrologic Analysis and Interpretation, Section A - Statistical
Analysis” Published by U.S. Department of the Interior and U.S. Geological Survey. The
recommendation for weighting the gage values uses the exponents from the Regression
equations for the state of Missouri. The below values were weighted according to the procedure
in the publication. Table 6 shows the comparison of the peak flood flow rates computed from

gage stations to the values from the SITES model.

Table 6 - Weighted Gage Runoff Data

Return Period
Drainage Area

(mi?) 1% 2% 10% 50%
Linneus 550 4,829 4,359 3,103 1,465
Reger 232 5,949 4,926 2,842 1,088
Gage Atlanta 23 12,594 10,188 5,457 1,787
Station Chula 72 3,642 3,345 2,603 1,664
Locations Bethany 95 5,039 4,322 2,757 1,247
Mendon 14 4,826 4,659 3,877 1,924
Bedford 85 5,592 5,387 4,612 2,827
SITES Output 32.6 24,360 20,393 12,416 6,649
SITES Output 32.6 12,285 10,161 6,006 3,096

No Lake
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To compare the runoff rate for the proposed basin to the gage data, runoff rates were computed
for the contributing watershed without the proposed reservoir. The curve number and time of
concentration were computed using the same procedures used for the proposed conditions
watershed, as described above. The curve number for the watershed without the reservoir is 79

and the time of concentration is 8.53 hours.

The National Streamflow Statistics Program also recommends limiting comparisons of gage
data to locations that are between 0.5 and 1.5 times the drainage area of the proposed
reservoir. The gages near Atlanta and Mendon have a ratio to the proposed reservoir of 0.71

and 0.43 respectively. The other gages all have a ratio above 2.2.

The shape of a watershed can also have an impact on the runoff rates for a given watershed.
To determine the approximate length to width ratio of the watersheds, the centroid of the
watershed was found and the lengths of lines passing through the centroid along the flow path
and perpendicular to the flow path were calculated. The length to width ratios for those
watersheds that are close in shape and size to the contributing watershed, are shown in Table

7.

Table 7 — Length to Width Ratio

Length to
Width Ratio
Atlanta 6.0
Mendon 2.2
Proposed Reservoir 2.6

The higher length to width ratio of the gage near Atlanta could be part of the reason that the
flows at the Atlanta gage are higher than other weighted gages. The Mendon gage has a length
to width ratio closer to that of the contributing drainage area of the proposed reservoir; however,

the flow rates computed for the contributing drainage area (with no lake) are 2.5 times those
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derived from the gaged data. A detailed study of the gaged watersheds was not completed for

this study and many factors can contribute to lower runoff rates for an individual watershed.

Regional Regression Equations

Regional regression equations were also used to compute runoff rates which were compared to
the runoff rates from the SITES model. The USGS “Techniques for Estimating the 2-to 500-
Year Flood Discharges on Unregulated Streams in Rural Missouri” (1995) was used for the
regional regression equations. The regional regression equations were generated using the
least-squares regression technique. Runoff rates from 278 selected streamflow-gaging stations
were compared to basin characteristics in order to determine which basin characteristics were
statistically significant (USGS, 1995).The equations for Region 1 were used for estimating the
peak flows. The regional regression equations require the area and slope of the watershed. The
slope of the watershed between the 10% and 85% point on the watershed is 9.81 ft/mile (URS,

2014).

Table 8 - Regional Regression Equations Peak Runoff

Return Period | Regional Regression Equations (cfs) | SITES Output (cfs)
1% 8,043 24,360
2% 6,863 20,393
10% 4,313 12,416
50% 1,886 6,649

HEC-HMS Model Development
A U.S. Army Corps of Engineers (USACE) Hydrologic Engineering Center Hydrologic Modeling

System (HEC-HMS) version 3.5 model was developed. Computed peak runoff rates from HEC-
HMS were also compared to the calculated values from SITES. The curve number method was
also used in the model development. For the development of the HEC-HMS model, the

contributing watershed of the proposed reservoir was broken into 3 sub-watersheds, Figure 8.
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The same techniques of computing the curve number, time of concentration, and rainfall depth
that were used for the SITES model were used for the HEC-HMS model. The HEC-HMS model
includes routing between the watersheds that was not included in the SITES model. The Lag
method was used for routing within the watershed to the proposed reservoir. The lag time in the
watershed was calculated using a representative cross section from the LIDAR information, a
velocity was calculated using Manning’s equation. The velocity was used to compute a lag time

for the channel between the sub-areas.

Table 9 - HEC-HMS Peak Flows

Return Period HEC-HMS (cfs) SITES Output (cfs)
1% 31,327 24,360
2% 26,192 20,393
10% 15,982 12,416
50% 8,599 6,649

TR-60 guidance recommends that that highest value calculated for the watershed be used in
the analysis of the dam and spillway. The HEC-HMS output is significantly higher than both the
gage data and the rural regression equations. The TR-60 guidance does not recommend
dividing the watershed into subareas unless the drainage area is over 50 square miles. While
the HEC-HMS flows are higher than then SITES output the land use in the contributing
watershed for the proposed reservoir does not differ significantly and does not warrant dividing
the watershed into subareas. Therefore, the SITES output values will be used for the design

and analysis of the proposed spillway and dam.
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East Locust - Time of Concentration Estimation

Time of Concentration (TC) = Tsheet + Tshallow conc + Tchannel + Twave velocity PZ Source for Tsheet:
http://www.nws.noaa.gov/oh/hdsc/PF_documents/TechnicalPaper No40.pdf

Reference: National Engineering Handbook, Part 630 Hydrology, Chapter 15, USDA NRCS, May 2010

Tsheet
n= 0.17

= 300 ft
Py= 3.3in
Begin elev = 1076.97 ft
End elev = 1075.52 ft The Total Time of Concentration is the sum of all travel times:
s= 0.005 ft/ft
Tsheet = 0.755 hr
Tshatiow
Velocity =
v = 6.962*(slope)’®
(for short grass pasture)
(Table 15-3 and Figure 15-4)
(NEH Part 360 Hydrology, Chapter 15)
Tshallow = L (ft)/v (ft) * 1/3600
Begin elev = 1075.52 ft
End elev = 1062.99 ft
s= 0.00931 ft/ft
V= 0.67 ft/s
Lsnatiow = 1346.47 ft
Tshallow = 0.557 hr

Page 1



East Locust - Time of Concentration Estimation (Continued)

Tchannel(1)

Tchannel =

Begin elev =

End elev =

XS Flow Area =
Wetted Perimeter =
Hydraulic Radius =
Manning's n =

S=

\/ =

I-channel =

Tchannel =

L (ftyv (ft) * 1/3600
1062.99 ft
922.30 ft
155.35 ftr2
56.64 ft
2.74 ft
0.040
0.00432 ft/ft
478 /s
32558 ft
1.892 hr

Velocity for Channel Flow use Mannning's Eq:

Wave Velocity through Dam Backwater

Twave velocity

Twave velocity =

L (f)lv (ft) * 1/3600

Volume at elev. 922.3 = 54009 ac-ft
Surface Area at elev. 922.3 = 2331 acres
D, (Mean Depth) = 23.2 ft

Vy = 27.3 ft/s
I-channel = 46940 ft
Tchannel = 0.477 hr
|Tc= 3.68 hr

Page 2




East Locust - Time of Concentration Estimation (Continued)
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Chapter 2 Estimating Runoff

Technical Release b5

Urban Hydrology for Small Watersheds

Table 2-2a  Runoff curve numbers for urban areas ¥
.

Curve numbers for
Cover description hydrologic soil group —
Average percent
Cover type and hydrologic condition impervious area # A B C D
Fully developed urban areas (vegetation established)
Open space (lawns, parks, golf courses, cemeteries, etc.)¥:
Poor condition (grass cover < 5096) .. 68 79 86 89
Fair condition (grass cover 50% to 75%) ..... 49 69 79 84
Good condition (grass cover > 75%0) ..c..coovininrneonscvrressesanenns 39 61 74 80
Impervious areas:
Paved parking lots, roofs, driveways, etc.
(excluding right-ofway)........ 98 98 98 98
Streets and roads:
Paved; curbs and storm sewers (excluding
FIGMEOf-WAY) ceeecrereererere st snintsss s sn s s sssasasssnnsaserenssessasas 98 98 98 o8
Paved; open ditches (mcludmg Fight-0f-Way) cccnmsnserensrerens 83 89 92 93
Gravel (including right-0of-Way) ..o cmverenrmrerrnsssscseesesnisisenans 76 85 89 91
Dirt (including right-0f-way) ....coor it 72 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas only) 4/ ... 63 77 85 88
Artificial desert landscaping (impervious weed barrier,
desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) ... e - v 96 96 96 96
Urban districts:
Commercial and business ............ 85 89 92 94 95
Industrial ... 72 81 88 91 93
Residential districts by average lot size:
1/8 acre or 1685 (FOWI NOUSES} .ccviisisssisssse s sasarssnsegons 65 77 85 90 92
174 8CTe oo 38 61 75 83 87
1/3 acre ... 30 57 72 81 86
12 acre ... 25 54 70 80 85
1 acre ...... . " 20 51 68 79 84
2 CTOR c.eveveicereeseeeseeesonsst sas s esae s sisaaa b R SR d TSR e E 1 prnmnmnn e 12 46 G5 7 82
Developing urban areas
Newly graded areas
(pervious areas only, no vegetation) 8 i 86 91 04

Idle lands (CN’s are determined using cover types
similar to those in table 2-2¢).

1 Average runoff condition, and I, = 0.28.

2 The average percent impervious area shown was used to develop the composite CN's. Other assumptions are as follows: impervious areas are
directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent o open space in
good hydrologic condition. CN’s for other combinations of conditions may be compuied using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN's may be computed for other combinations of open space

cover type.

4 Composite CN'’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 08) and the pervious area CN. The pervious area CN’s are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN's to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 24

based on the degree of development (impervious area percentage) and the CN's for the newly graded pervious areas.

(210-VE-TR-55, Second Ed., June 1986)
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Chapter 2 Estimating Runoff Technical Release 56
Urban Hydrology for Small Watersheds

Table 2-2b  Runoff curve numbers for cultivated agricultural lands ¥

—
Curve numbers for
Cover description hydrologic soil group
Hydrologic
Cover type Treatment 2 condition & A B C D
Fallow Bare soil — 77 86 91 94
Crop residue cover (CR) Poor 76 85 90 93
Good 74 83 88 a0
Row crops Straight row (SR) Poor 72 81 88 91
Good 67 78 85 89
SR+ CR Poor Tl 80 87 90
Good 64 75 82 85
Contoured (C) Poor 70 79 84 a8
Good 65 75 82 86
C+CR Poor 69 78 83 87
Good 64 74 81 85
Contoured & terraced (C&T) Poor 66 T4 80 82
Good 62 71 78 81
C&T+ CR Poor 65 73 79 81
Good 61 70 77 80
Small grain SR Poor 65 76 84 88
Good 63 75 83 87
SR + CR Poor 64 75 83 86
Good 60 72 80 84
G Poor 63 74 82 85
Good 61 73 81 84
C+CR Poor 62 73 81 84
Good 60 72 80 83
C&T Poor 61 72 79 82
Good 59 70 78 81
C&T+ CR Poor 60 71 78 81
Good 58 69 77 80
Close-seeded SR . Poor 66 77 85 89
or broadcast Good 58 T2 81 85
legumes or C Poor 64 (i3] 83 85
rotation Good 55 69 78 83
meadow C&T Poor 63 73 80 83
Good bl 67 76 80

1 Average runoff condition, and I,=0.2S :

2 Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.

3 Hydraulic condition is based on combination factors that affect infiliration and runoff, including (a) density and canopy of vegetative areas,
(b) armount of year-round cover, (¢) amount of grass or close-seeded legumes, (d) percent of residue cover on the land surface (good = 20%),
and (e) degree of surface roughness.

Poor: Factors impair infiltration and tend to increase runoff.

Good: Factors encourage average and better than average infiltration and tend to decrease runoff,

2-6 (210-VI-TR-55, Second Ed., June 1986)



Chapter 2 Estimating Runoff

Technical Release b5
Urban Hydrology for Small Watersheds

Table 2-2c  Runoff curve numbers for other agricultural lands ¥

—
Curve numbers for
Cover description ——— hydrologic soil group
Hydrologic

Cover type condition A B C D
Pasture, grassland, or range—continuous Poor 68 79 86 89
forage for grazing. & Fair 49 69 79 84
Good 39 61 74 80
Meadow—continucus grass, protected from — 30 58 71 78

grazing and generally mowed for hay.
Brush—brush-weed-grass mixture with brush Poor 48 67 i 83
the major element. & Fair 35 56 70 77
Good 30¢ 48 65 73
Woods—grass combination {orchard Poor 57 73 82 86
or tree farm). & Fair 43 G5 76 82
Good 32 58 72 79
Woods. & Poor 45 66 77 83
Fair 36 60 73 79
Good 0¥ 55 70 77
Farmsteads—buildings, lanes, driveways, — 59 74 82 86

and surrounding lots.

1 Average runoff condition, and I, = 0.25.

2 Poor: <b0%) ground cover or heavily grazed with no mulch.
Fair: 50 to 75% ground cover and not heavily grazed.
Gaod: > T5% ground cover and lightly or only occasionally grazed.

3 Poor <b0% ground cover.
Fair: 50 to 76% ground cover.
Good:  >T5% ground cover.

4 Actual curve number is less than 30; use CN = 30 for runoff computations.
CN's shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinaticns of conditions may be computed

from the CN’s for woods and pasture.

8 Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.

Fair: Woods are grazed but not burned, and some forest litter covers the soil.

Gooed: Woods are protected from grazing, and litter and brush adequately cover the soil.

(210-VE-TR-55, Second Ed., June 1986)
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Precipitation Frequency Data Server

NOAA Atlas 14, Volume 8, Version 2 MILAN
Station ID: 23-5578

Location name: Milan, Missouri, US*

SRR
e’
Latitude: 40.2211°, Longitude: -93.1097° é‘ﬁiﬁ
R

Elevation:
Elevation (station metadata): 840 ft*

* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Deborah Martin, Sandra Pavlovic, Ishani Roy, Michael St. Laurent, Carl Trypaluk, Dale
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PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)'
i | Average recurrence interval (years)
Duration
| 1 || 2 H 5 || 10 || 25 H 50 100 200 || 500 1000 |
5-min 0.398 0.461 0.568 0.662 0.798 0.908 1.02 1.14 1.31 1.44
(0.315-0.514)||(0.364-0.595)|((0.447-0.735)(|(0.517-0.858)||(0.604-1.06)||(0.669-1.21)]|(0.727-1.39)||(0.777-1.57)| |(0.855-1.83)||(0.913-2.03)|
10-min 0.583 0.675 0.832 0.969 117 1.33 1.50 1.67 1.92 2.1
(0.461-0.753)|/(0.533-0.871)|| (0.655-1.08) || (0.758-1.26) ||(0.884-1.55)||(0.980-1.78)|| (1.06-2.03) || (1.14-2.30) || (1.25-2.68) || (1.34-2.97)
15-min 0.711 0.823 1.02 1.18 1.43 1.62 1.83 2.04 2.34 2.58
(0.562-0.918)|| (0.650-1.06) || (0.798-1.31) || (0.924-1.53) || (1.08-1.89) || (1.20-2.17) || (1.30-2.47) || (1.39-2.81) || (1.53-3.27) || (1.63-3.62)
30-min 0.995 1.16 1.43 1.67 2.02 2.29 2.58 2.89 3.30 3.63
(0.786-1.28) || (0.913-1.49) || (1.13-1.85) || (1.31-2.17) || (1.53-2.68) || (1.69-3.06) || (1.84-3.50) || (1.96-3.97) || (2.16-4.61) || (2.30-5.10)
60-min 1.31 1.53 1.91 2.24 2,73 3.12 3.53 3.97 4.58 5.06
(1.04-1.70) || (1.21-1.98) || (1.50-2.47) || (1.75-2.90) ||(2.07-3.63) || (2.30-4.17) || (2.51-4.79) || (2.70-5.46) || (2.99-6.40) || (3.20-7.10)
2-hr 1.63 1.91 2.39 2.81 3.43 3.94 4.48 5.05 5.85 6.48
(1.31-2.08) || (1.53-2.43) || (1.90-3.05) || (2.22-3.60) || (2.64-4.52) || (2.95-5.22) || (3.22-6.02) || (3.48-6.90) || (3.86-8.12) || (4.15-9.04)
3-hr 1.85 2,16 2.71 3.20 3.93 4.53 5.17 5.85 6.82 7.59
(1.49-2.34) || (1.74-2.73) || (2.17-3.43) || (2.55-4.06) ||(3.04-5.15) || (3.41-5.97) || (3.75-6.91) || (4.06-7.96) || (4.53-9.43) || (4.89-10.5)
6-hr 2.21 2.58 3.23 3.82 4,72 5.47 6.27 7.14 8.38 9.38
(1.80-2.76) || (2.10-3.21) || (2.62-4.03) || (3.08-4.79) ||(3.70-6.13) || (4.17-7.14) || (4.61-8.32) || (5.02-9.64) || (5.64-11.5) || (6.11-12.9)
12-hr 2.56 2.96 3.69 4.37 5.39 6.26 719 8.21 9.66 10.8
(2.11-3.14) || (2.44-3.64) || (3.04-4.55) || (3.57-5.39) ||(4.29-6.93) || (4.84-8.09) || (5.35-9.46) || (5.84-11.0) || (6.58-13.2) || (7.15-14.8)
24-hr 2.91 3.37 4.20 4.95 6.09 7.04 8.07 9.19 10.8 121
(2.44-3.53) | (2.82-4.09) || (3.49-5.10) || (4.10-6.03) || (4.90-7.72) || (5.51-8.99) || (6.08-10.5) || (6.61-12.2) || (7.42-14.6) || (8.03-16.4)
2.da 3.33 3.88 4.83 5.68 6.93 7.96 9.04 10.2 11.8 131
Y | (2.82-3.98) || (3.28-4.64) || (4.08-5.79) || (4.76-6.83) || (5.63-8.64) || (6.20-10.0) || (6.88-11.6) || (7.41-13.4) || (8.23-15.8) || (8.84-17.7)
3-da 3.65 4.24 5.26 6.15 7.45 8.51 9.61 10.8 124 13.7
Y |l (3.11-4.32) | (3.62-5.02) || (4.47-6.25) || (5.19-7.33) || (6.09-9.20) || (6.77-10.6) || (7.36-12.2) || (7.88-14.0) || (8.69-16.5) || (9.30-18.4)
4-da 3.92 4.54 5.60 6.52 7.85 8.92 10.0 11.2 12.9 14.1
y (3.37-4.62) || (3.90-5.35) || (4.78-6.61) || (5.54-7.73) || (6.45-9.63) || (7.13-11.1) || (7.73-12.7) || (8.24-14.5) || (9.04-17.1) || (9.65-19.0)
7-da 4.65 5.32 6.45 7.43 8.84 9.97 111 12.4 14.0 15.4
y (4.03-5.41) || (4.61-6.19) || (5.57-7.53) || (6.38-8.71) || (7.33-10.7) || (8.05-12.2) || (8.65-14.0) || (9.16-15.9) |[ (9.97-18.5) || (10.6-20.5)
10-da 5.30 6.02 7.25 8.30 9.79 11.0 12.2 13.5 15.2 16.6
Y || (4.63-6.12) || (5.26-6.96) || (6.30-8.40) || (7.17-9.65) || (8.17-11.8) || (8.92-13.4) || (9.54-15.2) || (10.1-17.2) || (10.9-20.0) | (11.5-22.0)
20-da 7.16 8.11 9.68 11.0 12.8 14.2 15.7 171 19.1 20.6
y (6.34-8.15) || (7.18-9.24) || (8.53-11.1) || (9.63-12.6) || (10.8-15.1) || (11.7-17.1) |[ (12.4-19.3) || (12.9-21.6) || (13.8-24.8) || (14.5-27.2)
30-da 8.70 9.86 11.8 13.3 15.5 171 18.7 20.3 22.5 241
Y | (7.77-9.81) || (8.80-11.1) | (10.5-13.3) || (11.8-15.2) || (13.1-18.1) || (14.1-20.3) || (14.9-22.8) || (15.4-25.5) || (16.3-29.0) || (17.0-31.6)
45-da 10.6 121 14.4 16.3 18.8 20.7 22.6 24.4 26.8 28.5
Y | (9.58-11.9) || (10.9-13.5) || (12.9-16.2) || (14.5-18.4) || (16.1-21.8) || (17.3-24.4) || (18.1-27.3) || (18.7-30.4) || (19.6-34.3) || (20.3-37.3)
60-da 12.3 14.0 16.7 18.8 21.7 23.8 25.9 27.9 30.5 323
Y | (11.1-13.7) || (12.7-15.6) | (15.0-18.6) || (16.9-21.1) || (18.6-25.0) || (20.0-27.9) || (20.9-31.1) || (21.4-34.5) || (22.4-38.8) || (23.1-42.1)
" Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates
(for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds
lare not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?st=mo&sta=23-5578&data=depth...
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US Department of Commerce
National Oceanic and Atmospheric Administration

National Weather Service
Office of Hydrologic Development
1325 East West Highway
Silver Spring, MD 20910
Questions?: HDSC.Questions@noaa.gov
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HYDROMETEOROLOGICAL REPORT NO. 51

Probable Maximum Precipitation Estimates, United States
East of the 105th Meridian
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CORPS OF ENGINEERS

Warhington, D €
June 1978



41

33

29

91 87"

257

Y

21

Z

\

STATUTE MitEs
I

180 0 100 2

KILOMETERS

91"

75

Figure 18.--All-season PMP (in.) for € hr 10 mi% (26 kn®).

8%



49




50

22 4 inches

Figure 20.--All-season PMP (in.) for 24 hr 10 m? (26 kn®).

19"

45

41




SITES Output

RW-1_1YR24HR_Jan2014_SingleStorm

Site Identification RW1
Watershed Runoff Curve Number 82
Total Watershed Drainage Area (Sqg.Miles) 32.66
Watershed Time of Concentration (Hours) 3.68
SDH Rainfall Total (Inches) N/A
SDH Rainfall Duration (Hours) N/A
FBH or Storm Rainfall Total (Inches) 2.79
FBH or Storm Rainfall Duration (Hours) 24
SDH Inflow Peak (CFS) N/A
FBH or Storm Inflow Peak (CFS) 5115.5
Initial Reservoir Elevation (Feet) 922.3
Maximum WS SDH (Feet) N/A
Maximum WS FBH or Storm (Feet) 923.35
Storage at Max. WS FBH or Storm (Acre-Ft) 56550.7
Top Dam (Feet) N/A
Storage, Top Dam (Acre-Ft) N/A
PS Discharge for SDH (CFS) N/A
PS Discharge FBH or Storm (CFS) N/A
AS Crest (Feet) 922.3
Storage, AS Crest (Acre-Ft) 54009
AS Max. Head SDH (Feet) N/A
Hp FBH or Storm (Feet) 1.05
AS Peak Discharge FBH/Storm (CFS) 96
Uncontrolled Drainage Area (Sqg.Miles) 32.66




SITES Output

RW-1_2YR24HR_Jan2014_SingleStorm

Site Identification RW1
Watershed Runoff Curve Number 82
Total Watershed Drainage Area (Sqg.Miles) 32.66
Watershed Time of Concentration (Hours) 3.68
SDH Rainfall Total (Inches) N/A
SDH Rainfall Duration (Hours) N/A
FBH or Storm Rainfall Total (Inches) 3.23
FBH or Storm Rainfall Duration (Hours) 24
SDH Inflow Peak (CFS) N/A
FBH or Storm Inflow Peak (CFS) 6649.6
Initial Reservoir Elevation (Feet) 922.3
Maximum WS SDH (Feet) N/A
Maximum WS FBH or Storm (Feet) 923.59
Storage at Max. WS FBH or Storm (Acre-Ft) 57131.8
Top Dam (Feet) N/A
Storage, Top Dam (Acre-Ft) N/A
PS Discharge for SDH (CFS) N/A
PS Discharge FBH or Storm (CFS) N/A
AS Crest (Feet) 922.3
Storage, AS Crest (Acre-Ft) 54009
AS Max. Head SDH (Feet) N/A
Hp FBH or Storm (Feet) 1.29
AS Peak Discharge FBH/Storm (CFS) 118
Uncontrolled Drainage Area (Sqg.Miles) 32.66




SITES Output

RW-1_5YR24HR_Jan2014_SingleStorm

Site Identification RW1
Watershed Runoff Curve Number 82
Total Watershed Drainage Area (Sqg.Miles) 32.66
Watershed Time of Concentration (Hours) 3.68
SDH Rainfall Total (Inches) N/A
SDH Rainfall Duration (Hours) N/A
FBH or Storm Rainfall Total (Inches) 4.03
FBH or Storm Rainfall Duration (Hours) 24
SDH Inflow Peak (CFS) N/A
FBH or Storm Inflow Peak (CFS) 9617.1
Initial Reservoir Elevation (Feet) 922.3
Maximum WS SDH (Feet) N/A
Maximum WS FBH or Storm (Feet) 924.03
Storage at Max. WS FBH or Storm (Acre-Ft) 58223.7
Top Dam (Feet) N/A
Storage, Top Dam (Acre-Ft) N/A
PS Discharge for SDH (CFS) N/A
PS Discharge FBH or Storm (CFS) N/A
AS Crest (Feet) 922.3
Storage, AS Crest (Acre-Ft) 54009
AS Max. Head SDH (Feet) N/A
Hp FBH or Storm (Feet) 1.73
AS Peak Discharge FBH/Storm (CFS) 193
Uncontrolled Drainage Area (Sqg.Miles) 32.66




SITES Output

RW-1_10YR24HR_Jan2014_SingleStorm

Site Identification RW1
Watershed Runoff Curve Number 82
Total Watershed Drainage Area (Sqg.Miles) 32.66
Watershed Time of Concentration (Hours) 3.68
SDH Rainfall Total (Inches) N/A
SDH Rainfall Duration (Hours) N/A
FBH or Storm Rainfall Total (Inches) 4.75
FBH or Storm Rainfall Duration (Hours) 24
SDH Inflow Peak (CFS) N/A
FBH or Storm Inflow Peak (CFS) 12416.2
Initial Reservoir Elevation (Feet) 922.3
Maximum WS SDH (Feet) N/A
Maximum WS FBH or Storm (Feet) 924.44
Storage at Max. WS FBH or Storm (Acre-Ft) 59249 4
Top Dam (Feet) N/A
Storage, Top Dam (Acre-Ft) N/A
PS Discharge for SDH (CFS) N/A
PS Discharge FBH or Storm (CFS) N/A
AS Crest (Feet) 922.3
Storage, AS Crest (Acre-Ft) 54009
AS Max. Head SDH (Feet) N/A
Hp FBH or Storm (Feet) 2.14
AS Peak Discharge FBH/Storm (CFS) 271
Uncontrolled Drainage Area (Sqg.Miles) 32.66




SITES Output

RW-1_25YR24HR_PSNotch_Jan2014_SingleStorm

Site Identification RW1
Watershed Runoff Curve Number 82
Total Watershed Drainage Area (Sqg.Miles) 32.66
Watershed Time of Concentration (Hours) 3.68
SDH Rainfall Total (Inches) N/A
SDH Rainfall Duration (Hours) N/A
FBH or Storm Rainfall Total (Inches) 5.84
FBH or Storm Rainfall Duration (Hours) 24
SDH Inflow Peak (CFS) N/A
FBH or Storm Inflow Peak (CFS) 16726.2
Initial Reservoir Elevation (Feet) 922.3
Maximum WS SDH (Feet) N/A
Maximum WS FBH or Storm (Feet) 924.9
Storage at Max. WS FBH or Storm (Acre-Ft) 60402.6
Top Dam (Feet) N/A
Storage, Top Dam (Acre-Ft) N/A
PS Discharge for SDH (CFS) N/A
PS Discharge FBH or Storm (CFS) N/A
AS Crest (Feet) 922.3
Storage, AS Crest (Acre-Ft) 54009
AS Max. Head SDH (Feet) N/A
Hp FBH or Storm (Feet) 2.6
AS Peak Discharge FBH/Storm (CFS) 767
Uncontrolled Drainage Area (Sqg.Miles) 32.66




SITES Output

RW-1_50YR24HR_Jan2014_SingleStorm

Site Identification RW1
Watershed Runoff Curve Number 82
Total Watershed Drainage Area (Sqg.Miles) 32.66
Watershed Time of Concentration (Hours) 3.68
SDH Rainfall Total (Inches) N/A
SDH Rainfall Duration (Hours) N/A
FBH or Storm Rainfall Total (Inches) 6.75
FBH or Storm Rainfall Duration (Hours) 24
SDH Inflow Peak (CFS) N/A
FBH or Storm Inflow Peak (CFS) 20392.9
Initial Reservoir Elevation (Feet) 922.3
Maximum WS SDH (Feet) N/A
Maximum WS FBH or Storm (Feet) 925.53
Storage at Max. WS FBH or Storm (Acre-Ft) 62036.5
Top Dam (Feet) N/A
Storage, Top Dam (Acre-Ft) N/A
PS Discharge for SDH (CFS) N/A
PS Discharge FBH or Storm (CFS) N/A
AS Crest (Feet) 922.3
Storage, AS Crest (Acre-Ft) 54009
AS Max. Head SDH (Feet) N/A
Hp FBH or Storm (Feet) 3.23
AS Peak Discharge FBH/Storm (CFS) 763
Uncontrolled Drainage Area (Sqg.Miles) 32.66




SITES Output

RW-1_100YR24HR_Jan2014_SingleStorm

Site Identification RW1
Watershed Runoff Curve Number 82
Total Watershed Drainage Area (Sqg.Miles) 32.66
Watershed Time of Concentration (Hours) 3.68
SDH Rainfall Total (Inches) N/A
SDH Rainfall Duration (Hours) N/A
FBH or Storm Rainfall Total (Inches) 7.74
FBH or Storm Rainfall Duration (Hours) 24
SDH Inflow Peak (CFS) N/A
FBH or Storm Inflow Peak (CFS) 24359.7
Initial Reservoir Elevation (Feet) 922.3
Maximum WS SDH (Feet) N/A
Maximum WS FBH or Storm (Feet) 925.97
Storage at Max. WS FBH or Storm (Acre-Ft) 63183.1
Top Dam (Feet) N/A
Storage, Top Dam (Acre-Ft) N/A
PS Discharge for SDH (CFS) N/A
PS Discharge FBH or Storm (CFS) N/A
AS Crest (Feet) 922.3
Storage, AS Crest (Acre-Ft) 54009
AS Max. Head SDH (Feet) N/A
Hp FBH or Storm (Feet) 3.67
AS Peak Discharge FBH/Storm (CFS) 1161
Uncontrolled Drainage Area (Sqg.Miles) 32.66




SITES Output

RW-1_TOD_6-HR_Labyrinth_Jan2014

Site Identification RW1
Watershed Runoff Curve Number 82
Total Watershed Drainage Area (Sqg.Miles) 32.66
Watershed Time of Concentration (Hours) 3.68
SDH Rainfall Total (Inches) 10.48
SDH Rainfall Duration (Hours) 6
FBH or Storm Rainfall Total (Inches) 24.23
FBH or Storm Rainfall Duration (Hours) 6
SDH Inflow Peak (CFS) 40039.9
FBH or Storm Inflow Peak (CFS) 105968
Initial Reservoir Elevation (Feet) 922.3
Maximum WS SDH (Feet) 927.69
Maximum WS FBH or Storm (Feet) 934.45
Storage at Max. WS FBH or Storm (Acre-Ft) 88092.1
Top Dam (Feet) 934.45
Storage, Top Dam (Acre-Ft) 88093
PS Discharge for SDH (CFS) 0.3
PS Discharge FBH or Storm (CFS) 0.5
AS Crest (Feet) 922.3
Storage, AS Crest (Acre-Ft) 54009
AS Max. Head SDH (Feet) 5.39
Hp FBH or Storm (Feet) 12.15
AS Peak Discharge FBH/Storm (CFS) 9366
Uncontrolled Drainage Area (Sqg.Miles) 32.66




SITES Output

RW-1_TOD_24-HR_5PT_Labyrinth_Jan2014

Site Identification RW1
Watershed Runoff Curve Number 82
Total Watershed Drainage Area (Sqg.Miles) 32.66
Watershed Time of Concentration (Hours) 3.68
SDH Rainfall Total (Inches) 13.2
SDH Rainfall Duration (Hours) 24
FBH or Storm Rainfall Total (Inches) 30.08
FBH or Storm Rainfall Duration (Hours) 24
SDH Inflow Peak (CFS) 32599.1
FBH or Storm Inflow Peak (CFS) 79352.6
Initial Reservoir Elevation (Feet) 922.3
Maximum WS SDH (Feet) 928.67
Maximum WS FBH or Storm (Feet) 936.02
Storage at Max. WS FBH or Storm (Acre-Ft) 933271
Top Dam (Feet) 936.02
Storage, Top Dam (Acre-Ft) 93328
PS Discharge for SDH (CFS) 0.3
PS Discharge FBH or Storm (CFS) 0.6
AS Crest (Feet) 922.3
Storage, AS Crest (Acre-Ft) 54009
AS Max. Head SDH (Feet) 6.37
Hp FBH or Storm (Feet) 13.72
AS Peak Discharge FBH/Storm (CFS) 10817
Uncontrolled Drainage Area (Sqg.Miles) 32.66




SITES Output

RW-1_TOD_24-HR_Labyrinth_Jan2014

Site Identification RW1
Watershed Runoff Curve Number 82
Total Watershed Drainage Area (Sqg.Miles) 32.66
Watershed Time of Concentration (Hours) 3.68
SDH Rainfall Total (Inches) 13.2
SDH Rainfall Duration (Hours) 24
FBH or Storm Rainfall Total (Inches) 30.08
FBH or Storm Rainfall Duration (Hours) 24
SDH Inflow Peak (CFS) 46595.7
FBH or Storm Inflow Peak (CFS) 114613.6
Initial Reservoir Elevation (Feet) 922.3
Maximum WS SDH (Feet) 928.66
Maximum WS FBH or Storm (Feet) 935.86
Storage at Max. WS FBH or Storm (Acre-Ft) 92789
Top Dam (Feet) 935.86
Storage, Top Dam (Acre-Ft) 92777
PS Discharge for SDH (CFS) 0.3
PS Discharge FBH or Storm (CFS) 0.6
AS Crest (Feet) 922.3
Storage, AS Crest (Acre-Ft) 54009
AS Max. Head SDH (Feet) 6.36
Hp FBH or Storm (Feet) 13.56
AS Peak Discharge FBH/Storm (CFS) 11000
Uncontrolled Drainage Area (Sqg.Miles) 32.66




KC_AtTanta.rpt

Bulletin 17B Frequency Analysis
14 Apr 2015 02:16 PM

--- Input Data ---

Analysis Name: KC_Atlanta
Description:

Data Set Name: KC_Data_other-Atlanta, MO-FLOW-ANNUAL PEAK

DSS File Name: F:\PROJECTS\A1ll-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\Locust_Creek.dss

DSS Pathname: /Long Branch Creek/Atlanta, MO/FLOW-ANNUAL
PEAK/01jan1900/IR-CENTURY/USGS/

Report File Name: F:\PROJECTS\A1l1l-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\BulTletinl7bResults\KC_AtTanta\KC_Atlanta.rpt
XML File Name: F:\PROJECTS\A1l1l-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\BulTletinl7bResults\KC_AtTanta\KC_AtTanta.xml

Start Date:
End Date:

Skew Option: Use Station Skew
Regional Skew: -Infinity
Regional Skew MSE: -Infinity
Plotting Position Type: Median

Upper cConfidence Level: 0.05
Lower confidence Level: 0.95

Display ordinate values using 1 digits in fraction part of value

--- End of Input Data ---

Based on 19 events, 10 percent outlier test deviate K(N) = 2.361
Computed low outlier test value = 155.84

0 Tow outlier(s) identified below test value of 155.84

Based on 19 events, 10 percent outlier test deviate K(N) = 2.361
Computed high outlier test value = 11,826.48

0 high outlier(s) identified above test value of 11,826.48

--- Final Results ---

Page 1
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KC_AtTanta.rpt

FLOW, CFS Number of Events
Mean 3.133 Historic Events 0
Standard Dev 0.398 High outliers 0
Station Skew -0.196 Low outliers 0
Regional Skew -—- Zero Events 0
weighted Skew -—- Missing Events 0
Adopted skew -0.196 Systematic Events 19

--- End of Analytical Frequency Curve ---
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KC_Bedford.rpt
Bulletin 17B Frequency Analysis
14 Apr 2015 02:30 PM

--- Input Data ---

Analysis Name: KC_Bedford
Description:

Data Set Name: Bedford IA-Bedford, IA-FLOW-ANNUAL PEAK

DSS File Name: F:\PROJECTS\A1ll-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\Locust_Creek.dss

DSS Pathname: /East Fork 102 River/Bedford, IA/FLOW-ANNUAL
PEAK/01jan1900/IR-CENTURY/USGS/

Report File Name: F:\PROJECTS\A1l1l-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\BulTletinl7bResults\KC_Bedford\KC_Bedford. rpt
XML File Name: F:\PROJECTS\A1l1l-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\BulTletinl7bResults\KC_Bedford\KC_Bedford.xml

Start Date:
End Date:

Skew Option: Use Station Skew
Regional Skew: -Infinity
Regional Skew MSE: -Infinity

Plotting Position Type: Median

Upper cConfidence Level: 0.05
Lower confidence Level: 0.95

Display ordinate values using 1 digits in fraction part of value

--- End of Input Data ---
--- Preliminary Results ---

<< Skew weighting >>

Based on 31 events, mean-square error of station skew = 0.7
Mean-square error of regional skew = -7

<< Frequency Curve >>
Bedford IA-Bedford, IA-FLOW-ANNUAL PEAK

Computed Expected Percent Confidence Limits
Curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS
9,755.4 9,760.6 0.2 13,909.7 7,386.8
9,740.9 9,751.4 0.5 13,885.5 7,376.7
9,714.4 9,732.5 1.0 13,841.1 7,358.2
9,656.9 9,683.8 2.0 13,745.1 7,318.1
9,466.3 9,515.7 5.0 13,427.7 7,184.7
9,116.5 9,163.7 10.0 12,849.6 6,938.6
8,348.6 8,391.8 20.0 11,601.3 6,391.7
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| 5,709.8 5,709.8 |
| 2,612.3 2,521.3 |
| 1,426.7 1,312.1 |
| 774.8 667.9 |
I 185.4 121.6 I

<< Systematic Statistics >>

Bedford IA-Bedford, IA-FLOW-ANNUAL

Log Transform:
FLOW, CFS
Mean 3.637
Standard Dev 0.373
Station Skew -2.118
Regional Skew -—-
weighted Skew -—-
Adopted Skew -2.118

KC_Bedford.rpt

50.0 | 7,555.8 4,428
80.0 | 3,385.9 1,921
90.0 | 1,937.8 945
95.0 | 1,134.6 449
99.0 I 337.4 75
PEAK
Number of Events
Historic_Events 0
High outliers 0
Low outliers 0
Zero Events 0
Missing Events 0
Systematic Events 31

Based on 31 events, 10 percent outlier test deviate K(N) = 2.577
Computed low outlier test value = 472.58

2 Tow outlier(s) identified below test value of 472.58

Statistics and frequency curve adjusted for 2 low outlier(s)

<< Systematic Statistics >>

Bedford IA-Bedford, IA-FLOW-ANNUAL PEAK

Log Transform:

FLOW, CFS
Mean 3.716
Standard Dev 0.218
Station_skew -1.288
Regional Skew ---
weighted Skew -—-
Adopted Skew -2.118
<< High outlier Test >>

Historic Events 0
High outliers 0
Low outliers 2
Zero Events 0
Missing Events 0
Systematic Events

Based on 29 events, 10 percent outlier test deviate K(N) = 2.549
Computed high outlier test value = 18,756.09

0 high outlier(s) identified above test value of 18,756.09
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o KC_Bedford.rpt
Note: Statistics_and frequency curve were modified
using conditional probablity adjustment.

--- Final Results ---

<< Plotting Positions >>
Bedford IA-Bedford, IA-FLOW-ANNUAL PEAK

Events Analyzed ordered Events
FLOW water FLOW Median
Day Mon Year CFS Rank Year CFS Plot Pos
15 Jun 1984 4,930.0 1 2010 10,300.0 2.23
25 Jul 1985 1,160.0 2 1986 9,570.0 5.41
14 Jul 1986 9,570.0 3 1993 9,170.0 8.60
12 Jul 1987 5,660.0 4 2007 8,750.0 11.78
08 Dec 1987 328.0 5 2012 8,710.0 14.97
09 sep 1989 6,740.0 6 2013 7,860.0 18.15
17 Jun 1990 4,150.0 7 2008 7,180.0 21.34
18 Apr 1991 3,140.0 8 2014 7,080.0 24.52
20 Apr 1992 6,380.0 9 1989 6,740.0 27.71
05 Jul 1993 9,170.0 10 1992 6,380.0 30.89
18 Jun 1994 1,730.0 11 1999 6,350.0 34.08
04 Jul 1995 5,880.0 12 2006 6,320.0 37.26
09 may 1996 5,390.0 13 2009 6,060.0 40.45
07 May 1997 4,400.0 14 2011 5,950.0 43.63
30 Mar 1998 4,270.0 15 2004 5,910.0 46.82
31 Jul 1999 6,350.0 16 1995 5,880.0 50.00
25 Jun 2000 3,560.0 17 1987 5,660.0 53.18
10 may 2001 4,390.0 18 1996 5,390.0 56.37
11 may 2002 2,380.0 19 1984 4,930.0 59.55
04 May 2003 282.0 20 1997 4,400.0 62.74
04 Aug 2004 5,910.0 21 2001 4,390.0 65.92
12 3Jun 2005 3,650.0 22 1998 4,270.0 69.11
28 Aug 2006 6,320.0 23 1990 4,150.0 72.29
07 may 2007 8,750.0 24 2005 3,650.0 75.48
06 Jun 2008 7,180.0 25 2000 3,560.0 78.66
24 Mar 2009 6,060.0 26 1991 3,140.0 81.85
05 Jun 2010 10,300.0 27 2002 2,380.0 85.03
27 Jun 2011 5,950.0 28 1994 1,730.0 88.22
30 Mar 2012 8,710.0 29 1985 1,160.0 91.40
15 Jun 2013 7,860.0 30 1988 328.0*% 94.59
04 Jun 2014 7,080.0 31 2003 282.0*% 97.77
* outlier
<< Skew weighting >>
Based on 31 events, mean-square error of station skew = 0.396
Mean-square error of regional skew = -7
<< Frequency Curve >>
Bedford IA-Bedford, IA-FLOW-ANNUAL PEAK
| Computed Expected | Percent | Confidence Limits |



<< Synthetic Statistics >>

KC_Bedford.rpt

Curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS

10,863.9 10,995.7 0.2 14,410.5 8,828.8
10,665.2 10,808.2 0.5 14,093.0 8,685.3
10,446.2 10,595.1 1.0 13,745.1 8,526.5
10,140.7 10,282.5 2.0 13,263.2 8,303.6
9,537.5 9,667.6 5.0 12,324.5 7,859.0
8,848.8 8,940.3 10.0 11,274.3 7,343.1
7,835.8 7,891.9 20.0 9,774.8 6,565.5
5,545.1 5,545.1 50.0 6,622.2 4,697.2
3,291.3 3,224.2 80.0 3,911.1 2,667.3
2,316.6 2,213.1 90.0 2,836.4 1,762.6
1,659.9 1,534.3 95.0 2,117.5 1,174.6
795.5 645.4 99.0 1,131.9 470.8

Bedford IA-Bedford, IA-FLOW-ANNUAL PEAK

Log Transform:

FLOW, CFS
Mean 3.691
Standard Dev 0.244
Station_skew -1.354

Regional Skew -—-
weighted Skew -—-
Adopted Skew -1.354

Historic Events 0
High outliers 0
Low Ooutliers 2
Zero Events 0
Missing Events 0
Systematic Events 31

--- End of Analytical Frequency Curve ---
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KC_Bethany.rpt
Bulletin 17B Frequency Analysis
14 Apr 2015 02:18 PM

--- Input Data ---

Analysis Name: KC_Bethany
Description:

Data Set Name: KC_Data_other-Bethany, MO-FLOW-ANNUAL PEAK

DSS File Name: F:\PROJECTS\All-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\Locust_Creek.dss

DSS Pathname: /East Fork Big Creek/Bethany, MO/FLOW-ANNUAL
PEAK/01jan1900/IR-CENTURY/USGS/

Report File Name: F:\PROJECTS\A1l1l-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\BulTletinl7bResults\KC_Bethany\KC_Bethany.rpt
XML File Name: F:\PROJECTS\A1l1l-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\Bulletinl7bResuTts\KC_Bethany\KC_Bethany.xml

Start Date:
End Date:

Skew Option: Use Station Skew
Regional Skew: -Infinity
Regional Skew MSE: -Infinity
Plotting Position Type: Median

Upper cConfidence Level: 0.05
Lower confidence Level: 0.95

Display ordinate values using 1 digits in fraction part of value

--- End of Input Data ---

--- Preliminary Results ---

Note: Adopted skew equals station skew and preliminary
frequency statistics are for the conditional frequency curve
because of zero or missing events.

<< Frequency cCurve >>
KC_Data_other-Bethany, MO-FLOW-ANNUAL PEAK

Computed Expected Percent Confidence Limits
Curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS
9,788.0 10,113.4 0.2 13,190.5 7,764.8
9,083.4 9,342.9 0.5 12,102.2 7,261.5
8,468.6 8,683.9 1.0 11,165.0 6,817.8
7,771.1 7,937.8 2.0 10,117.1 6,308.8
6,698.1 6,808.2 5.0 8,539.2 5,512.3
5,746.3 5,811.2 10.0 7,178.7 4,789.3
4,637.5 4,668.9 20.0 5,648.5 3,922.5
2,797.0 2,797.0 50.0 3,276.5 2,399.1
1,471.4 1,453.2 80.0 1,734.2 1,215.1
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KC_Bethany.rpt

| 992.1 966.5 | 90.0 | 1,202.6 781.3 |
| 694.3 664.6 | 95.0 | 870.6 519.3 |
| 328.2 294.7 I 99.0 I 447.6 217.5 |

<< conditional Statistics >>
KC_Data_other—Bethany, MO-FLOW-ANNUAL PEAK

Log Transform:
FLOW, CFS Number of Events
Mean 3.405 Historic Events 0
Standard Dev 0.305 High outliers 0
Station Skew -0.829 Low outliers 0
Regional Skew -——- Zero Events 0
weighted Skew -—- Missing Events 1
Adopted skew -0.829 Systematic Events 58

<< Conditional Probability Adjusted oOrdinates >>

<< Frequency Curve >>
KC_Data_other-Bethany, MO-FLOW-ANNUAL PEAK

Computed Expected Percent confidence Limits

Curve Probability Chance 0.05 0.95

FLOW, CFS Exceedance FLOW, CFS
9,774.8 -—- 0.2 --- ---
9,068.1 --- 0.5 -—- ---
8,451.1 --- 1.0 - ---
7,752.1 --- 2.0 -——- -—-
6,674.3 -—- 5.0 -—- ---
5,718.5 --- 10.0 - --
4,605.6 --- 20.0 -——- -—-
2,754.5 -—- 50.0 --- -—-
1,405.4 -—- 80.0 --- ---
903.1 --- 90.0 -——- -—-
569.3 --- 95.0 -—- ---
--- --- 99.0 -—- ---

Based on 57 events, 10 percent outlier test deviate K(N) = 2.818
Computed low outlier test value = 350.16

1 lTow outlier(s) identified below test value of 350.16
Based on statistics after 0 zero events and 1 missing events were deleted.
Statistics and frequency curve adjusted for 1 low outlier(s)

<< conditional Statistics >>
Page 2



KC_Bethany.rpt
KC_Data_other-Bethany, MO-FLOW-ANNUAL PEAK

Log Transform:
FLOW, CFS Number of Events
Mean 3.424 Historic Events 0
Standard Dev 0.271 High outliers 0
Station Skew -0.229 Low outliers 1
Regional Skew -—- Zero Events 0
weighted Skew -—- Missing Events 1
Adopted Skew -0.829 Systematic Events 58

Based on 56 events, 10 percent outlier test deviate K(N) = 2.811
Computed high outlier test value = 15,320.95

0 high outlier(s) identified above test value of 15,320.95

Note: Statistics_and frequency curve were modified
using conditional probablity adjustment.

--- Final Results ---

<< Plotting Positions >>
KC_Data_other-Bethany, MO-FLOW-ANNUAL PEAK

Events Analyzed Oordered Events
FLOW water FLOW Median
Day Mon Year CFS Rank Year CFS Plot Pos
06 Jul 1909 -—- 1 1974 13,000.0 1.20
23 Jun 1934 590.0 2 1947 8,120.0 2.91
31 mMay 1935 3,500.0 3 1946 6,770.0 4.62
23 May 1936 980.0 4 1942 6,600.0 6.34
30 Jan 1937 1,610.0 5 2004 5,760.0 8.05
21 Aug 1938 210.0 6 1961 5,700.0 9.76
02 Aug 1939 2,060.0 7 1959 5,100.0 11.47
08 May 1940 1,780.0 8 2014 5,080.0 13.18
09 Jun 1941 2,950.0 9 2008 4,820.0 14.90
26 Jun 1942 6,600.0 10 2007 4,800.0 16.61
16 May 1943 3,110.0 11 2010 4,760.0 18.32
22 Apr 1944 3,210.0 12 1960 4,740.0 20.03
15 May 1945 4,120.0 13 1945 4,120.0 21.75
30 Jun 1946 6,770.0 14 2009 4,080.0 23.46
06 Jun 1947 8,120.0 15 1962 3,880.0 25.17
06 May 1948 2,310.0 16 2013 3,850.0 26.88
24 Feb 1949 2,000.0 17 1935 3,500.0 28.60
20 sep 1950 1,300.0 18 1965 3,480.0 30.31
01 May 1951 2,920.0 19 1967 3,350.0 32.02
21 Jun 1952 2,970.0 20 1944 3,210.0 33.73
31 Mar 1953 925.0 21 1972 3,190.0 35.45
01 Jun 1954 1,330.0 22 1968 3,150.0 37.16
25 Jun 1955 2,240.0 23 1969 3,110.0 38.87
02 Aug 1956 2,500.0 24 1943 3,110.0 40.58



KC_Bethany.rpt

21 May 1957 1,620.0 25 1970 3,070.0 42.29
15 Jul 1958 1,780.0 26 1971 2,970.0 44.01
30 May 1959 5,100.0 27 1952 2,970.0 45.72
30 Jun 1960 4,740.0 28 1941 2,950.0 47.43
13 sep 1961 5,700.0 29 1951 2,920.0 49.14
11 Jun 1962 3,880.0 30 2001 2,660.0 50.86
04 mar 1963 2,100.0 31 1956 2,500.0 52.57
06 Sep 1964 1,910.0 32 1966 2,430.0 54.28
21 sep 1965 3,480.0 33 1999 2,420.0 55.99
13 Jun 1966 2,430.0 34 1998 2,380.0 57.71
13 Jun 1967 3,350.0 35 1948 2,310.0 59.42
23 Apr 1968 3,150.0 36 1955 2,240.0 61.13
30 Jun 1969 3,110.0 37 1963 2,100.0 62.84
17 sep 1970 3,070.0 38 1939 2,060.0 64.55
18 Feb 1971 2,970.0 39 1949 2,000.0 66.27
07 may 1972 3,190.0 40 1964 1,910.0 67.98
13 oct 1973 13,000.0 41 2005 1,850.0 69.69
15 Apr 1997 1,790.0 42 1997 1,790.0 71.40
04 Jul 1998 2,380.0 43 2002 1,780.0 73.12
17 oct 1998 2,420.0 44 1958 1,780.0 74.83
24 Feb 2001 2,660.0 45 1940 1,780.0 76.54
12 may 2002 1,780.0 46 2011 1,660.0 78.25
01 may 2003 543.0 47 1957 1,620.0 79.97
30 May 2004 5,760.0 48 1937 1,610.0 81.68
11 3Jun 2005 1,850.0 49 1954 1,330.0 83.39
30 Apr 2006 1,110.0 50 1950 1,300.0 85.10
07 may 2007 4,800.0 51 2006 1,110.0 86.82
25 Jul 2008 4,820.0 52 2012 1,030.0 88.53
15 may 2009 4,080.0 53 1936 980.0 90.24
05 Jun 2010 4,760.0 54 1953 925.0 91.95
25 mMay 2011 1,660.0 55 1934 590.0 93.66
04 may 2012 1,030.0 56 2003 543.0 95.38
18 Apr 2013 3,850.0 57 1938 210.0* 97.09
10 sep 2014 5,080.0 58 1909 -—- 98.80
* outlier
<< Skew weighting >>
Based on 58 events, mean-square error of station skew = 0.103
Mean-square error of regional skew = -7
<< Frequency Curve >>
KC_Data_other-Bethany, MO-FLOW-ANNUAL PEAK
Computed Expected Percent confidence Limits
Curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS
13,447.6 14,474.8 0.2 18,788.2 10,428.3
11,527.0 12,203.7 0.5 15,707.2 9,096.8
10,121.3 10,595.1 1.0 13,509.6 8,103.0
8,754.4 9,067.9 2.0 11,425.1 7,117.7
7,000.4 7,163.1 5.0 8,838.4 5,819.7
5,704.6 5,789.3 10.0 7,003.2 4,829.0
4,417.9 4,453.0 20.0 5,260.6 3,808.1
2,645.1 2,645.1 50.0 3,037.3 2,306.0
1,533.7 1,519.6 80.0 1,778.0 1,289.8
1,138.6 1,118.0 90.0 1,348.2 923.9
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| 884.2 858.6 |
| 541.0 506.8 I

<< Synthetic Statistics >>

KC_Bethany.rpt
95.0 | 1,071.5 692.5 |
99.0 I 690.9 392.6 |

KC_Data_other-Bethany, MO-FLOW-ANNUAL PEAK

Log Transform:

FLOW, CFS
Mean 3.413
Standard Dev 0.274
Station_skew -0.216

Regional Skew -—-
weighted Skew -—-
Adopted Skew -0.216

Historic Events 0
High outliers 0
Low outliers 1
Zero Events 0
Missing Events 1
Systematic Events 58

--- End of Analytical Frequency Curve ---
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KC_Chula.rpt

Bulletin 17B Frequency Analysis
14 Apr 2015 02:17 PM

--- Input Data ---

Analysis Name: KC_Chula
Description:

Data Set Name: KC_Data_other-chula, MO-FLOW-ANNUAL PEAK

DSS File Name: F:\PROJECTS\A1ll-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\Locust_Creek.dss

DSS Pathname: /Muddy Creek/chula, MO/FLOW-ANNUAL PEAK/01jan1900/IR-CENTURY/USGS/
Report File Name: F:\PROJECTS\All-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_cCreek\BulTletinl7bResults\KC_Chula\KC_chuTa.rpt

XML File Name: F:\PROJECTS\A1ll-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\BulTletinl7bResults\KC_ChuTa\KC_chula.xml

Start Date:
End Date:

Skew Option: Use Station Skew
Regional Skew: -Infinity
Regional Skew MSE: -Infinity
Plotting Position Type: Median

Upper Confidence Level: 0.05
Lower Confidence Level: 0.95

Display ordinate values using 1 digits in fraction part of value
--- End of Input Data ---

warning: Less than 10 events for analysis,
Bulletin 17B procedures are not applicable.

Based on 4 events, 10 percent outlier_test deviate K(N) = 1.425
Computed Tow outlier test value = 1,721.56

0 Tow outlier(s) identified below test value of 1,721.56

Based on 4 events, 10 percent outlier_test deviate K(N) = 1.425
computed high outlier test value = 4,749.52

0 high outlier(s) identified above test value of 4,749.52
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KC_Chula.rpt
--- Final Results ---

<< Plotting Positions >>
KC_Data_other-chula, MO-FLOW-ANNUAL PEAK

Events Analyzed Oordered Events
FLOW water FLOW Median
Day Mon Year CFS Rank Year CFS Plot Pos
17 Feb 2011 2,520.0 1 2014 4,220.0 15.91
29 Mar 2012 1,860.0 2 2013 3,380.0 38.64
18 Apr 2013 3,380.0 3 2011 2,520.0 61.36
10 sep 2014 4,220.0 4 2012 1,860.0 84.09
<< Skew weighting >>
Based on 4 events, mean-square error of station skew = 1.091
Mean-square error of regional skew = -7
<< Frequency cCurve >>
KC_Data_other-chula, MO-FLOW-ANNUAL PEAK
Computed Expected Percent Confidence Limits
Curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS
7,113.6 33,452.3 0.2 49,060.0 4,608.4
6,549.1 17,940.0 0.5 38,385.3 4,358.3
6,105.2 12,437.8 1.0 31,199.1 4,152.7
5,643.1 9,229.9 2.0 24,760.0 3,928.2
4,994.3 6,648.9 5.0 17,366.0 3,589.6
4,462.2 5,282.8 10.0 12,600.2 3,282.2
3,872.7 4,200.6 20.0 8,542.4 2,889.3
2,904.7 2,904.7 50.0 4,370.5 1,980.9
2,130.8 1,931.6 80.0 2,855.7 980.7
1,795.8 1,437.1 90.0 2,450.1 613.1
1,551.8 1,020.9 95.0 2,188.1 403.3
1,166.2 326.8 99.0 1,791.6 174.0
<< Systematic Statistics >>
KC_Data_other-chula, MO-FLOW-ANNUAL PEAK
Log Transform:
FLOW, CFS Number of Events
Mean 3.456 Historic Events 0
Standard Dev 0.155 High outliers 0
Station Skew -0.265 Low outliers 0
Regional Skew -——- Zero Events 0
weighted Skew -—- Missing Events 0
Adopted Skew -0.265 Systematic Events 4

--- End of Analytical Frequency Curve ---
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KC_Hickory_Branch.rpt

Bulletin 17B Frequency Analysis
14 Apr 2015 02:25 PM

--- Input Data ---

Analysis Name: KC_Hickory Branch
Description:

Data Set Name: Hickory Branch-Mendon, MO-FLOW-ANNUAL PEAK

DSS File Name: F:\PROJECTS\A1ll-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\Locust_Creek.dss

DSS Pathname: /Hickory Branch/Mendon, MO/FLOW-ANNUAL PEAK/01jan1900/IR-CENTURY/USGS/
Report File Name: F:\PROJECTS\A1ll-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\BulTletinl7bResults\KC_Hickory_Branch\KC_Hickory_Branch.rpt

XML File Name: F:\PROJECTS\A1ll-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\BulTletinl7bResults\KC_Hickory_Branch\KC_Hickory_Branch.xml

Start Date:
End Date:

Skew Option: Use Station Skew
Regional Skew: -Infinity
Regional Skew MSE: -Infinity
Plotting Position Type: Median

Upper Confidence Level: 0.05
Lower Confidence Level: 0.95

Display ordinate values using 1 digits in fraction part of value
--- End of Input Data ---

warning: Less than 10 events for analysis,
Bulletin 17B procedures are not applicable.

Based on 4 events, 10 percent outlier test deviate K(N) = 1.425
Computed low outlier test value = 245.87

0 Tow outlier(s) identified below test value of 245.87

Based on 4 events, 10 percent outlier_test deviate K(N) = 1.425
Computed high outlier test value = 3,069.98

0 high outlier(s) identified above test value of 3,069.98
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--- Final Results ---

<< Plotting Positions >>
Hickory Branch-mMendon, MO-FLOW-ANNUAL PEAK

Events Analyzed Oordered Events
FLOW water FLOW Median
Day Mon Year CFS Rank Year CFS Plot Pos
28 Feb 2011 1,480.0 1 2013 1,760.0 15.91
29 Mar 2012 882.0 2 2011 1,480.0 38.64
18 Apr 2013 1,760.0 3 2012 882.0 61.36
03 Apr 2014 248.0 4 2014 248.0 84.09
<< Skew weighting >>
Based on 4 events, mean-square error of station skew = 1.351
Mean-square error of regional skew = -7
<< Frequency cCurve >>
Hickory Branch-mMendon, MO-FLOW-ANNUAL PEAK
Computed Expected Percent Confidence Limits
Curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS
2,934.5 3,494.9 0.2 47 ,468.7 1,339.3
2,862.3 3,269.9 0.5 44,230.0 1,312.8
2,781.3 3,144 .4 1.0 40,774.4 1,282.6
2,666.7 3,045.8 2.0 36,212.8 1,239.0
2,439.4 2,875.4 5.0 28,215.3 1,149.5
2,182.3 2,548.8 10.0 20,734.6 1,042.5
1,815.0 2,017.4 20.0 12,613.3 876.0
1,061.8 1,061.8 50.0 3,448.7 454.5
465.7 337.7 80.0 968.4 80.4
265.9 115.2 90.0 578.9 17.5
155.9 25.9 95.0 386.9 3.7
47.7 0.1 99.0 175.0 0.1
<< Systematic Statistics >>
Hickory Branch-mendon, MO-FLOW-ANNUAL PEAK
Log Transform:
FLOW, CFS Number of Events
Mean 2.939 Historic Events 0
Standard Dev 0.385 High outliers 0
Station Skew -1.407 Low outliers 0
Regional Skew -——- Zero Events 0
weighted Skew -—- Missing Events 0
Adopted Skew -1.407 Systematic Events 4

--- End of Analytical Frequency Curve ---
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Bulletin 17B Frequency Analysis
14 Apr 2015 01:47 PM

--- Input Data ---

Analysis Name: KC_Linneus
Description:

Data Set Name: KC_Streambata-Linneus, MO-FLOW-ANNUAL PEAK

DSS File Name: F:\PROJECTS\A1ll-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\Locust_Creek.dss

DSS Pathname: /Locust Creek/Linneus, MO/FLOW-ANNUAL PEAK/01jan1900/IR-CENTURY/USGS/

Report File Name: F:\PROJECTS\A1ll-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\BulTletinl7bResults\KC_Linneus\KC_Linneus.rpt
XML File Name: F:\PROJECTS\A1ll-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\BulTletinl7bResults\KC_Linneus\KC_Linneus.xml

Start Date:
End Date:

Skew Option: Use Station Skew
Regional Skew: -Infinity
Regional Skew MSE: -Infinity

Plotting Position Type: Median

Upper Confidence Level: 0.05
Lower Confidence Level: 0.95

Display ordinate values using 1 digits in fraction part of value

--- End of Input Data ---
--- Preliminary Results ---

<< Skew weighting >>

Based on 65 events, mean-square error of station skew = 0.229
Mean-square error of regional skew = -7

<< Frequency Curve >>
KC_Streambata-L1nneus, MO-FLOW-ANNUAL PEAK

Computed Expected Percent Confidence Limits
curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS
31,122.2 31,472.2 0.2 40,683.6 25,069.6
30,084.1 30,421.4 0.5 39,153.7 24,304.7
29,003.2 29,336.8 1.0 37,570.2 23,504.5
27,573.8 27,875.9 2.0 35,491.5 22,440.1
24,942.3 25,196.6 5.0 31,712.6 20,460.5
22,163.9 22,332.3 10.0 27,796.1 18,338.7
18,409.6 18,504.2 20.0 22,639.0 15,410.2
11,079.0 11,079.0 50.0 13,129.4 9,414.8
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| 5,280.6 5,209.5 | 80.0 | 6,278.5 4,331.7 |
| 3,233.1 3,138.8 | 90.0 | 3,970.8 2,513.7 |
| 2,037.1 1,936.9 | 95.0 | 2,609.4 1,488.6 |
I 41.4 650.5 I 99.0 I 1,059.3 464.9 |

<< Systematic Statistics >>
KC_Streambata-Linneus, MO-FLOW-ANNUAL PEAK

Log Transform:
FLOW, CFS Number of Events
Mean 3.974 Historic Events 0
Standard Dev 0.346 High outliers 0
Station Skew -1.259 Low outliers 0
Regional Skew -—- Zero Events 0
weighted Skew -—- Missing Events 0
Adopted Skew -1.259 Systematic Events 65

Based on 65 events, 10 percent outlier test deviate K(N) = 2.866
Computed low outlier test value = 956.64

2 low outlier(s) 1identified below test value of 956.64
Statistics and frequency curve adjusted for 2 low outlier(s)

<< Systematic Statistics >>
KC_Streambata-Linneus, MO-FLOW-ANNUAL PEAK

Log Transform:
FLOW, CFS Number of Events
Mean 4.009 Historic Events 0
Standard Dev 0.290 High outliers 0
Station Skew -0.780 Low outliers 2
Regional Skew -—- zZero Events 0
weighted Skew -—- Missing Events 0
Adopted skew -1.259 Systematic Events 65

Based on 63 events, 10 percent outlier test deviate K(N) = 2.854
Computed high outlier test value = 68,437.95

0 high outlier(s) identified above test value of 68,437.95

Note: Statistics and frequency curve were modified
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using conditional probablity adjustment.

--- Final Results ---

<< Plotting Positions >>
KC_StreambData-Linneus, MO-FLOW-ANNUAL PEAK

Events Analyzed Oordered Events
FLOW water FLOW Median
Day Mon Year CFS Rank Year CFS Plot Pos
30 Jun 1909 18,000.0 1 1947 38,000.0 1.07
30 Jun 1930 7,920.0 2 2014 32,500.0 2.60
20 Apr 1931 8,800.0 3 2004 27,700.0 4.13
23 Nov 1931 8,900.0 4 2008 26,900.0 5.66
24 pec 1932 4,390.0 5 1969 24,400.0 7.19
05 Apr 1934 900.0 6 1958 24,000.0 8.72
02 Jun 1935 11,800.0 7 2009 23,900.0 10.24
26 sep 1936 3,100.0 8 2007 20,500.0 11.77
30 Jan 1937 5,110.0 9 1944 20,100.0 13.30
10 Apr 1938 639.0 10 2010 19,300.0 14.83
21 Jun 1939 15,400.0 11 2002 19,200.0 16.36
18 Aug 1940 3,110.0 12 1942 19,000.0 17.89
11 Jun 1941 11,800.0 13 1909 18,000.0 19.42
26 Jun 1942 19,000.0 14 1967 17,800.0 20.95
10 Jun 1943 10,800.0 15 2013 16,700.0 22.48
23 Apr 1944 20,100.0 16 1945 16,500.0 24.01
16 Jun 1945 16,500.0 17 2001 15,600.0 25.54
06 Jan 1946 8,920.0 18 1939 15,400.0 27.06
06 Jun 1947 38,000.0 19 1973 15,000.0 28.59
20 Mar 1948 11,900.0 20 1970 14,800.0 30.12
15 Jun 1949 9,570.0 21 1953 14,000.0 31.65
16 Jun 1950 13,200.0 22 1960 13,800.0 33.18
24 3Jul 1951 12,300.0 23 1950 13,200.0 34.71
22 Jun 1952 8,200.0 24 1965 13,000.0 36.24
31 Mar 1953 14,000.0 25 1951 12,300.0 37.77
02 Jun 1954 7,280.0 26 1948 11,900.0 39.30
25 Jun 1955 8,000.0 27 1941 11,800.0 40.83
03 Jul 1956 5,640.0 28 1935 11,800.0 42.35
04 Apr 1957 1,910.0 29 2011 11,200.0 43.88
15 Jul 1958 24,000.0 30 1943 10,800.0 45.41
17 Nov 1958 10,300.0 31 1962 10,700.0 46.94
30 Jun 1960 13,800.0 32 1959 10,300.0 48.47
13 sep 1961 9,690.0 33 1961 9,690.0 50.00
17 Nov 1961 10,700.0 34 1949 9,570.0  51.53
04 Mar 1963 9,520.0 35 1963 9,520.0 53.06
21 Apr 1964 5,180.0 36 1974 9,200.0 54.59
01 Jan 1965 13,000.0 37 1977 9,000.0 56.12
13 Jun 1966 7,080.0 38 1946 8,920.0 57.65
13 Jun 1967 17,800.0 39 1932 8,900.0 59.17
23 Apr 1968 7,700.0 40 1931 8,800.0 60.70
10 Jul 1969 24,400.0 41 2005 8,700.0 62.23
23 sep 1970 14,800.0 42 1952 8,200.0 63.76
09 oct 1970 7,010.0 43 1978 8,000.0 65.29
15 pec 1971 5,680.0 44 1955 8,000.0 66.82
01 mMay 1973 15,000.0 45 1930 7,920.0 68.35
18 May 1974 9,200.0 46 1968 7,700.0 69.88
23 Apr 1975 6,700.0 47 1954 7,280.0 71.41
20 Apr 1976 4,500.0 48 1966 7,080.0 72.94
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28 Mar 1977 9,000.0 49 1971 7,010.0 74.46
10 Apr 1978 8,000.0 50 1979 6,800.0 75.99
03 Mmar 1979 6,800.0 51 1975 6,700.0 77.52
06 Jun 2001 15,600.0 52 2006 6,000.0 79.05
12 May 2002 19,200.0 53 1972 5,680.0 80.58
10 may 2003 984.0 54 1956 5,640.0 82.11
29 Aug 2004 27,700.0 55 1964 5,180.0 83.64
08 Jun 2005 8,700.0 56 1937 5,110.0 85.17
11 Jun 2006 6,000.0 57 2012 5,090.0 86.70
07 may 2007 20,500.0 58 1976 4,500.0 88.23
25 Jun 2008 26,900.0 59 1933 4,390.0 89.76
16 may 2009 23,900.0 60 1940 3,110.0 91.28
13 may 2010 19,300.0 61 1936 3,100.0 92.81
17 Feb 2011 11,200.0 62 1957 1,910.0 94.34
03 May 2012 5,090.0 63 2003 984.0 95.87
28 May 2013 16,700.0 64 1934 900.0* 97.40
10 sep 2014 32,500.0 65 1938 639.0* 98.93
* outlier
<< Skew weighting >>
Based on 65 events, mean-square error of station skew = 0.137
Mean-square error of regional skew = -7
<< Frequency Curve >>
KC_Streambata-Linneus, MO-FLOW-ANNUAL PEAK
Computed Expected Percent confidence Limits
Curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS
37,876.0 39,027.5 0.2 49,774.5 30,541.3
35,041.0 35,948.5 0.5 45,544 .4 28,472 .4
32,596.6 33,341.7 1.0 41,943.5 26,670.4
29,852.3 30,423.7 2.0 37,955.7 24,625.1
25,679.4 26,051.4 5.0 32,014.3 21,463.6
22,018.1 22,236.3 10.0 26,938.7 18,628.4
17,789.6 17,894.7 20.0 21,265.9 15,263.1
10,822.9 10,822.9 50.0 12,495.4 9,410.4
5,800.6 5,740.0 80.0 6,742.1 4,876.7
3,967.1 3,880.9 90.0 4,731.2 3,197.6
2,815.6 2,714.4 95.0 3,463.0 2,168.3
1,375.4 1,257.5 99.0 1,824.9 952.0
<< Synthetic Statistics >>
KC_Streambata-Linneus, MO-FLOW-ANNUAL PEAK
Log Transform:
FLOW, CFS Number of Events
Mean 3.996 Historic Events 0
Standard Dev 0.297 High outliers 0
Station Skew -0.789 Low outliers 2
Regional Skew -—- Zero Events 0
weighted Skew -—- Missing Events 0
Adopted skew -0.789 Systematic Events 65
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--- End of Analytical Frequency Curve ---
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KC_Reger.rpt
Bulletin 17B Frequency Analysis
14 Apr 2015 01:48 PM

--- Input Data ---

Analysis Name: KC_Reger
Description:

Data Set Name: KC_Streambata-Reger, MO-FLOW-ANNUAL PEAK

DSS File Name: F:\PROJECTS\All-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\Locust_Creek.dss

DSS Pathname: /Locust Creek/Reger, MO/FLOW-ANNUAL PEAK/01jan1900/IR-CENTURY/USGS/

Report File Name: F:\PROJECTS\A1ll-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_cCreek\BulTletinl7bResults\KC_Reger\KC_Reger.rpt

XML File Name: F:\PROJECTS\A1l1l-1513\40-Design\Calcs\WTRS\Stream
Gauges\Locust_Creek\BulTletinl7bResults\KC_Reger\KC_Reger.xml

Start Date:
End Date:

Skew Option: Use Station Skew
Regional Skew: -Infinity
Regional Skew MSE: -Infinity

Plotting Position Type: Median

Upper Confidence Level: 0.05
Lower Confidence Level: 0.95

Use non-standard frequencies
Frequency: 0.2
Frequency: 0.5
Frequency: 1.0
Frequency: 2.0
Frequency: 4.0
Frequency: 10.
Frequency: 20.
Frequency: 50.
Frequency: 80.
Frequency: 90.
Frequency: 95.
Frequency: 99.

[ecleololololole]

Display ordinate values using 1 digits in fraction part of value

--- End of Input Data ---

--- Preliminary Results ---

Note: Adopted skew equals station skew and preliminary
frequency statistics are for the conditional frequency curve
because of zero or missing events.

<< Frequency Curve >>
KC_Streambata-Reger, MO-FLOW-ANNUAL PEAK
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Computed Expected Percent Confidence Limits
curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS

21,827.2 24,088.7 0.2 40,115.0 14,489.7
19,845.2 21,650.4 0.5 35,564.9 13,357.5
18,160.1 19,604.5 1.0 31,801.1 12,377.2
16,297.7 17,371.8 2.0 27,761.3 11,272.6
14,240.8 14,993.0 4.0 23,458.3 10,022.8
11,187.8 11,559.6 10.0 17,414.5 8,096.2
8,586.5 8,754.5 20.0 12,641.5 6,365.0
4,624.2 4,624.2 50.0 6,227.3 3,480.5
2,120.8 2,048.2 80.0 2,847.8 1,458.5
1,317.8 1,224.1 90.0 1,850.9 818.6
857.4 757.2 95.0 1,274.3 478.1
348.8 255.6 99.0 597.5 151.5

<< conditional Statistics >>
KC_Streambata-Reger, MO-FLOW-ANNUAL PEAK

Log Transform:
FLOW, CFS Number of Events
Mean 3.616 Historic Events 0
Standard Dev 0.371 High outliers 0
Sstation Skew -0.801 Low outliers 0
Regional Skew --- Zero Events 0
weighted Skew -—- Missing Events 1
Adopted Skew -0.801 Systematic Events 26

<< Conditional Probability Adjusted ordinates >>

<< Frequency Curve >>
KC_Streambata-Reger, MO-FLOW-ANNUAL PEAK

Computed Expected Percent confidence Limits

Curve Probability Chance 0.05 0.95

FLOW, CFS Exceedance FLOW, CFS
21,742.2 --- 0.2 -——- -—-
19,749.5 -—- 0.5 -—- -—-
18,054.1 --- 1.0 -—- -
16,184.9 --- 2.0 -——- -—-
14,116.2 -—- 4.0 -—- -—-
11,037.6 --- 10.0 -—- ---
8,423.5 --- 20.0 -——- -—-
4,431.6 --- 50.0 -—- ---
1,861.7 -—- 80.0 -—- -—-
991.5 --- 90.0 -——- -—-
383.6 --- 95.0 -——- -—-
--- --- 99.0 -—- ---
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<< Low outlier Test >>

Based on 25 events, 10 percent outlier test deviate K(N) = 2.486
Computed low outlier test value = 493.25

1 Tow outlier(s) identified below test value of 493.25
Based on statistics after 0 zero events and 1 missing events were deleted.
Statistics and frequency curve adjusted for 1 low outlier(s)

<< conditional Statistics >>
KC_Streambata-Reger, MO-FLOW-ANNUAL PEAK

Log Transform:
FLOW, CFS Number of Events
Mean 3.659 Historic Events 0
Standard Dev 0.310 High outliers 0
Station Skew -0.185 Low outliers 1
Regional Skew -—- Zero Events 0
weighted Skew -—- Missing Events 1
Adopted Skew -0.801 Systematic Events 26

Based on 24 events, 10 percent outlier test deviate K(N) = 2.467
Computed high outlier test value = 26,571.25

0 high outlier(s) identified above test value of 26,571.25

Note: Statistics_and frequency curve were modified
using conditional probablity adjustment.

--- Final Results ---

<< Plotting Positions >>
KC_Streambata-Reger, MO-FLOW-ANNUAL PEAK

Events Analyzed Oordered Events

FLOW water FLOW Median

Day Mon Year CFS Rank Year CFS Plot Pos
20 Dec 1987 1,900.0 1 1993 19,700.0 2.65
29 May 1989 2,320.0 2 1991 10,800.0 6.44
30 Nov 1989 3,940.0 3 2008 10,200.0 10.23
05 May 1991 10,800.0 4 2004 9,500.0 14.02
19 Apr 1992 4,470.0 5 1996 8,030.0 17.80
07 Jul 1993 19,700.0 6 1995 7,820.0 21.59
09 oct 1993 2,710.0 7 2009 7,810.0 25.38
26 May 1995 7,820.0 8 2013 7,660.0 29.17
28 May 1996 8,030.0 9 2002 6,390.0 32.95
17 Apr 1997 3,890.0 10 1999 6,390.0 36.74
02 Apr 1998 3,800.0 11 2010 5,770.0  40.53
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07 oct 1998 6,390.0 12 2007 4,720.0 44.32
26 Jun 2000 1,800.0 13 1992 4,470.0 48.11
08 Nov 2000 -—- 14 1990 3,940.0 51.89
14 may 2002 6,390.0 15 1997 3,890.0 55.68
11 may 2003 391.0 16 1998 3,800.0 59.47
29 Aug 2004 9,500.0 17 2011 2,840.0 63.26
12 Apr 2005 2,420.0 18 1994 2,710.0 67.05
11 Jun 2006 919.0 19 2005 2,420.0 70.83
08 May 2007 4,720.0 20 1989 2,320.0 74.62
26 Jul 2008 10,200.0 21 2012 2,110.0 78.41
16 mMay 2009 7,810.0 22 1988 1,900.0 82.20
06 Jun 2010 5,770.0 23 2000 1,800.0 85.98
17 Feb 2011 2,840.0 24 2006 919.0 89.77
03 May 2012 2,110.0 25 2003 391.0* 93.56
19 Apr 2013 7,660.0 26 2001 --- 97.35
outlier
<< Skew weighting >>
Based on 26 events, mean-square error of station skew = 0.209
Mean-square error of regional skew = -7
<< Frequency cCurve >>
KC_Streambata-Reger, MO-FLOW-ANNUAL PEAK
Computed Expected Percent Confidence Limits
Curve Probability Chance 0.05 0.95
FLOW, CFS Exceedance FLOW, CFS
30,018.1 36,973.2 0.2 57,837.9 19,506.8
24,975.0 29,338.8 0.5 45,759.8 16,711.7
21,385.6 24,310.2 1.0 37,583.4 14,656.4
17,986.9 19,835.8 2.0 30,205.8 12,647.6
14,773.8 15,860.4 4.0 23,599.5 10,677.8
10,794.5 11,237.4 10.0 16,003.6 8,109.6
7,960.4 8,132.6 20.0 11,077.6 6,153.1
4,321.4 4,321.4 50.0 5,550.5 3,374.8
2,259.2 2,203.6 80.0 2,919.4 1,628.2
1,585.1 1,508.4 90.0 2,118.0 1,060.9
1,173.4 1,082.6 95.0 1,628.2 730.7
654.4 545.5 99.0 990.5 349.5
<< Synthetic Statistics >>
KC_Streambata-Reger, MO-FLOW-ANNUAL PEAK
Log Transform:
FLOW, CFS Number of Events
Mean 3.624 Historic Events 0
Standard Dev 0.326 High outliers 0
Station Skew -0.214 Low Outliers 1
Regional Skew -—- Zero Events 0
weighted Skew -—- Missing Events 1
Adopted Skew -0.214 Systematic Events 26
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--- End of Analytical Frequency Curve ---
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Techniques for Estimating the 2- to 500-Year Flood Discharges on Unregulated Streams in Rural Missouri
USGS - Water Resources Investigations Report 95-4231

Site: East Locust Creek
Existing Conditions
ELCO
Project No. A11-1515

Equations: Region | Region I Region Il
Qz = 69.4A0'7O3SO'373 Qz = 77.9A0'733SO'265 Qz = 88.0A0'658
Qs - 123A0.69080.383 Qs - 99.6A0'763SO'355 Qs - 145A0.627
010 = 170A0.68080.378 Q10 =1 17A0.774SO.395 Q10 = 187A0.612
025 - 243A0.66880.366 025 - 140A0.784SO.432 025 - 244A0.595
Qso - 305A0.GGOSO.356 Qso - 155A0.78980.453 Qso - 288A0.585
Q100 - 376A0.65280.346 Q100 - 17OA0.794SO.471 Q100 - 334A0.576
0500 - 569A0.63680.321 0500 - 203A0.804SO.503 Qsoo - 448A0.557
Input Data: A= 3266 mi Area contributing to surface runoff.
S= 981 ft/mile Between 10% and 85%, measured from site to ridge along low-water channel.
Region = 1 Figure 1
Output Data: Q,= 1,886 cfs

Qs= 3,268 cfs
Q= 4313 cfs
Qx;= 5,753 cfs
Q5= 6,863 cfs

Q0= 8,043 cfs
Qs00= 10,872 cfs




e Project : E. Locust Crk
NN Basin Model : Propsed w/ Lake
HEC-HMS May 28 13:38:27 CDT 2015

{%} « Northwest

-E-I . Northeast

128< Junction-1




2-year, 24 hour

Simulation Run:

2-Yr 24 hours

Basin Model:

Proposed w/ Lake

Meteorologic Model:

2-Year

Control Specifications:

24-hr

Hydrologic Element Drainage Area (mi2) Peak Discharge Time of Peak Volume (ac-ft)
Northeast 11.68 2765 15May2015, 01:40 883
Northwest 7.11 1866 15May2015, 01:25 538
Junction-1 18.79 4592 15May2015, 01:35 1421

Reach-1 18.79 4587 15May2015, 01:55 1413
South 13.84 4079 15May2015, 01:40 1266
Sink-1 32.63 8600 15May2015, 01:45 2679




10-year, 24 hour

Simulation Run:

10-Yr 24 hours

Basin Model:

Proposed w/ Lake

Meteorologic Model:

10-Year

Control Specifications:

24-hr

Hydrologic Element Drainage Area (mi2) Peak Discharge Time of Peak Volume (ac-ft)
Northeast 11.68 5304 15May2015, 01:40 1654
Northwest 7.11 3585 15May2015, 01:25 1009
Junction-1 18.79 8811 15May2015, 01:30 2663

Reach-1 18.79 8809 15May2015, 01:50 2649
South 13.84 7282 15May2015, 01:35 2244
Sink-1 32.63 15983 15May2015, 01:45 4894




50-year, 24 hour

Simulation Run:

50-Yr 24 hours

Basin Model:

Proposed w/ Lake

Meteorologic Model:

50-Year

Control Specifications:

24-hr

Hydrologic Element Drainage Area (mi2) Peak Discharge Time of Peak Volume (ac-ft)
Northeast 11.68 8861 15May2015, 01:35 2754
Northwest 7.11 5991 15May2015, 01:25 1681
Junction-1 18.79 14751 15May2015, 01:30 4435

Reach-1 18.79 14733 15May2015, 01:50 4415
South 13.84 11639 15May2015, 01:35 3604
Sink-1 32.63 26192 15May2015, 01:45 8019




100-year, 24 hour

Simulation Run:

100-Yr 24 hours

Basin Model:

Proposed w/ Lake

Meteorologic Model:

100-Year

Control Specifications:

24-hr

Hydrologic Element Drainage Area (mi2) Peak Discharge Time of Peak Volume (ac-ft)
Northeast 11.68 10665 15May2015, 01:35 3319
Northwest 7.11 7208 15May2015, 01:20 2026
Junction-1 18.79 17751 15May2015, 01:30 5344

Reach-1 18.79 17723 15May2015, 01:50 5321
South 13.84 13810 15May2015, 01:35 4292
Sink-1 32.63 31328 15May2015, 01:40 9613




East Locust - Time of Concentration Estimation - Northeast Drainage Area

Time Of Concentration (TC) = Tsheet + Tshallow conc + Tchannel + Twave velocity

Reference: National Engineering Handbook, Part 630 Hydrology, Chapter 15, USDA NRCS, May 2010

The Total Time of Concentration is the sum of all travel times:

Tsheet
n= 0.03

= 100 ft
Py = 3.37in
Begin elev = 1076.97 ft
End elev = 1076 ft
s= 0.010 ft/ft
Tsheet = 0.059 hr
Tshatlow
Velocity =

v = 6.962*(slope)’®
(for short grass pasture)

(Table 15-3 and Figure 15-4)

(NEH Part 360 Hydrology, Chapter 15)

Tshallow = L (ft)/v (ft) * 1/3600
Begin elev = 1076 ft
End elev = 1062.99 ft
S$= 0.00840 ft/ft
v= 0.64 ft/s
I—shallow = 1549 ft
Tshallow = 0.674 hr

Page 1

P, Source for Tgheet:
NOAA Atlas 14 - Milan MO Station
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=mo




East Locust - Time of Concentration Estimation (Continued)

Tchannel(1)

Tchannel =

Begin elev =

End elev =

XS Flow Area =
Wetted Perimeter =
Hydraulic Radius =
Manning's n =

S=

\/ =

I-channel =

Tchannel =

L (ftyv (ft) * 1/3600
1062.99 ft
922.30 ft
155.35 ftr2
56.64 ft
2.74 ft
0.040
0.00432 ft/ft
478 /s
32558 ft
1.892 hr

Velocity for Channel Flow use Mannning's Eq:

Wave Velocity through Dam Backwater

Twave velocity

Twave velocity =

L (f)lv (ft) * 1/3600

Volume at elev. 922.3 = 54009 ac-ft
Surface Area at elev. 922.3 = 2331 acres
D, (Mean Depth) = 23.2 ft

Vy = 27.3 ft/s
I-channel = 15442 ft
Tchannel = 0.157 hr
|Tc= 2.78 hr

Page 2




East Locust - Time of Concentration Estimation (Continued)
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East Locust - Time of Concentration Estimation - Northwest Drainage Area

Time Of Concentration (TC) = Tsheet + Tshallow conc + Tchannel + Twave velocity

Reference: National Engineering Handbook, Part 630 Hydrology, Chapter 15, USDA NRCS, May 2010

The Total Time of Concentration is the sum of all travel times:

Tsheet
n= 0.03

= 105 ft
Py = 3.37in
Begin elev = 1070 ft
End elev = 1068 ft
s= 0.019 ft/ft
Tsheet = 0.047 hr
Tshatlow
Velocity =

v = 6.962*(slope)’®
(for short grass pasture)

(Table 15-3 and Figure 15-4)

(NEH Part 360 Hydrology, Chapter 15)

Tshallow = L (ft)/v (ft) * 1/3600
Begin elev = 1068 ft
End elev = 1048 ft
S$= 0.02000 ft/ft
V= 0.98 ft/s
I—shallow = 1000 ft
Tshallow = 0.282 hr
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P, Source for Tgheet:
NOAA Atlas 14 - Milan MO Station
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=mo




East Locust - Time of Concentration Estimation (Continued)

Tchannel(1)

Tchannel =

Begin elev =

End elev =

XS Flow Area =
Wetted Perimeter =
Hydraulic Radius =
Manning's n =

S=

\/ =

I-channel =

Tchannel =

L (ftyv (ft) * 1/3600
1048 ft
922.88 ft
199 ftr2
116 ft
172 1t
0.040
0.00485 ft/ft
371 ft's
25778 ft
1.933 hr

Velocity for Channel Flow use Mannning's Eq:

Wave Velocity through Dam Backwater

Twave velocity

Twave velocity =

L (f)lv (ft) * 1/3600

Volume at elev. 922.3 = 54009 ac-ft
Surface Area at elev. 922.3 = 2331 acres
D, (Mean Depth) = 23.2 ft

Vy = 27.3 ft/s
I-channel = 14731 ft
Tchannel = 0.150 hr
|Tc= 2.41 hr
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East Locust - Time of Concentration Estimation (Continued)
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East Locust - Time of Concentration Estimation - South Drainage Area

Time Of Concentration (TC) = Tsheet + Tshallow conc + Tchannel + Twave velocity

Reference: National Engineering Handbook, Part 630 Hydrology, Chapter 15, USDA NRCS, May 2010

The Total Time of Concentration is the sum of all travel times:

Tsheet
n= 0.03

= 105 ft
Py = 3.37in
Begin elev = 1058.28 ft
End elev = 1056.8 ft
s= 0.014 ft/ft
Tsheet = 0.053 hr
Tshatlow
Velocity =

v = 6.962*(slope)’®
(for short grass pasture)

(Table 15-3 and Figure 15-4)

(NEH Part 360 Hydrology, Chapter 15)

Tshallow = L (ft)/v (ft) * 1/3600
Begin elev = 1056.8 ft
End elev = 1000.36 ft
S$= 0.05644 ft/ft
v= 1.65 ft/s
I—shallow = 1000 ft
Tshallow = 0.168 hr
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P, Source for Tgheet:
NOAA Atlas 14 - Milan MO Station
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=mo




East Locust - Time of Concentration Estimation (Continued)

Tchannel(1)

Tchannel =

Begin elev =

End elev =

XS Flow Area =
Wetted Perimeter =
Hydraulic Radius =
Manning's n =

S=

\/ =

I-channel =

Tchannel =

L (ftyv (ft) * 1/3600
1000.36 ft
918.00 ft
225.56 ft'2
114.67 ft
1.97 ft
0.040
0.00319 ft/ft
3129 ft/s
25778 ft
2174 hr

Velocity for Channel Flow use Mannning's Eq:

Wave Velocity through Dam Backwater

Twave velocity

Twave velocity =

L (f)lv (ft) * 1/3600

Volume at elev. 922.3 = 54009 ac-ft
Surface Area at elev. 922.3 = 2331 acres
D, (Mean Depth) = 23.2 ft

Vy = 27.3 ft/s
I-channel = 35087 ft
Tchannel = 0.357 hr
|Tc= 2.75 hr
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East Locust - Time of Concentration Estimation (Continued)

Page 3



East Locust - Time of Concentration Estimation - No Lake

Time of Concentration (TC) = Tsheet + Tshallow conc + Tchannel + Twave velocity PZ Source for Tsheet:
http://www.nws.noaa.gov/oh/hdsc/PF_documents/TechnicalPaper No40.pdf

Reference: National Engineering Handbook, Part 630 Hydrology, Chapter 15, USDA NRCS, May 2010

Tsheet
n= 0.17

= 300 ft
Py= 3.3in
Begin elev = 1076.97 ft
End elev = 1075.52 ft The Total Time of Concentration is the sum of all travel times:
s= 0.005 ft/ft
Tsheet = 0.755 hr
Tshatiow
Velocity =
v = 6.962*(slope)’®
(for short grass pasture)
(Table 15-3 and Figure 15-4)
(NEH Part 360 Hydrology, Chapter 15)
Tshallow = L (ft)/v (ft) * 1/3600
Begin elev = 1075.52 ft
End elev = 1062.99 ft
s= 0.00931 ft/ft
V= 0.67 ft/s
Lsnatiow = 1346.47 ft
Tshallow = 0.557 hr
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East Locust - Time of Concentration Estimation - No Lake(Continued)

Tchannel(1)

Tchannel =

Begin elev =

End elev =

XS Flow Area =
Wetted Perimeter =
Hydraulic Radius =
Manning's n =

S=

\/ =

I-channel =

Tchannel =

L (f)Iv (ft) * 1/3600
1062.99 ft
922.30 ft
155.35 ftr2
56.64 ft
2.74 ft
0.040
0.00177 ft/ft
3106 ft/s
79498 ft
7.219 hr

Velocity for Channel Flow use Mannning's Eq:

Wave Velocity through Dam Backwater

Twave velocity

Twave velocity =

L (f)lv (ft) * 1/3600

Volume at elev. 922.3 = 54009 ac-ft
Surface Area at elev. 922.3 = 2331 acres
D, (Mean Depth) = 23.2 ft

Vy = 27.3 ft/s
I-channel = ft
Tchannel = 0.000 hr
|Tc= 8.53 hr
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East Locust - Time of Concentration Estimation (Continued)
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