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NOTICE TO USERS OF THIS MANUAL

Regulations specify that this Water Control Manual (WCM) be used in loose-leaf form,
and only those sections, or parts thereof, requiring changes will be revised and printed.
Therefore, this copy should be preserved in good condition so that inserts can be made
to keep the WCM current. Changes to individual pages must carry the date of revision,
which is the Division’s approval date.

REGULATION ASSISTANCE PROCEDURES

In the event that unusual conditions arise during duty hours, please contact the Water
Management Section, Hydrologic Engineering Branch, Kansas City District Office at
(816) 389-3545. If this office cannot be contacted, assistance can be obtained by
contacting one of the numbers listed below. In emergencies during non-duty hours call
the District’'s 24-hour Emergency Management Line at (816) 426-6320. Section VII of
this WCM contains detailed instructions for emergency regulation.

DAYTIME CONTACT NUMBERS

OFFICE TELEPHONE
Emergency Management Branch (816) 389-3282
Hydrologic Engineering Branch (816) 389-3159
Water Management Section (816) 389-3545
Rathbun Project Office (641) 647-2464
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PERTINENT DATA

a. Location: Rathbun Dam is located at mile 142.3 on the Chariton River in
Appanoose County, lowa. The dam is 5 miles north of Centerville, 1.8 miles north of
Rathbun, 3.9 miles upstream from Walnut Creek, and 30.1 miles upstream from the
lowa-Missouri state line.

b. Drainage Area: The contributing drainage area above Rathbun Dam is 549
square miles. One inch of uniform runoff over this area would result in 29,280 acre feet
of runoff into Rathbun Reservoir.

c. Dam, Outlet and Spillway Data: The dam is an earth fill structure with a length
of 10,600 feet, and maximum height of 101 feet above the streambed. The dam has a
crest elevation of 946 feet, and a top width of 30 feet. A gated outlet conduit is located
in the right abutment of the dam. The intake invert elevation is 855.0 feet and the outlet
invert is at 852.0 feet. The single conduit has an 11 feet horseshoe shape and is 539
feet long. Two 2.0 feet x 2.0 feet hydraulic slide auxiliary gates are located in the main
gate for low flow releases. An uncontrolled spillway is located near the right abutment
with a crest elevation at 926 feet and a crest/width of 500 feet.

d. Real Estate Procurement:

Fee Taking Line: Elevation 931.0 feet, (NGVD 29)
Flowage Easements: Acquired in remote areas of the lake where it was a
financial advantage to the Government to acquire easements

e. Storage & Discharge:

Elevation  Surface Total Increment  Spillway Outlet
(t NGVD Area Storage Storage  Capacity Capacity
29) (Acres) (AF) (AF) (cfs) (cfs)
Surcharge 940.0 31,135 939,392 368,859 45,600 5,680
Flood Pool 926.0 22,452 570,533 349,173 0 5,160
Multipurpose 904.0 10,329 221,360 221,360 0 4,200
Streambed 845.0 0 0 0 0 0

Area-Capacity-Elevation Data Revised January 2000
Original Sediment Reserve 24,000 acre feet
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ABBREVIATIONS

WCM
USACE
WCP
NWK
NGVD29
NAVD88
NOAA
AF

DM

cfs

ER
MPP
NWD
MRBWM
WLMP
NRCS
IDNR
USGS
USPHS
ppm
NWS
DCPs
GOES
CWMS
lowa DOT
FTP
RFC
LAN
NWSRFS
API
SAC-SMA
HEC-HMS
RRWA
WRP
EWRP
EA
MDC
USFWS
MDNR
MGD
POR

Water Control Manual

U.S. Army Corps of Engineers

Water control plan

Kansas City District of the U.S. Army Corps of Engineers
Sea Level Datum of 1929 or National Geodetic Vertical Datum of 1929
North American Vertical Datum of 1988

National Oceanic and Atmospheric Administration
Acre-feet

Design Memorandum

Cubic feet per second

Engineering Regulation

Multipurpose pool

Northwestern Division

Missouri River Basin Water Management

Water Level Management Plans

Natural Resources Conservation Services

lowa Department of Natural Resources

U.S. Geological Survey

U.S. Public Health Service

Parts per million

National Weather Service

Data Collection Platforms

Geostationary Orbiting Environmental Satellite
Corps Water Management System

lowa Department of Transportation

File Transfer Protocol

NWS River Forecast Center

Local Area Network

National Weather Service River Forecast System
Antecedent Precipitation Index

Sacramento Soil Moisture Accounting

Hydrologic Engineering Center Hydrologic Modeling System
Rathbun Regional Water Association

Wetland Reserves Program

Emergency Wetlands Reserve Program
Environmental Assessment

Missouri Department of Conservation

U.S. Fish and Wildlife Service

Missouri Department of Natural Resources
Millions of Gallons per Day

Period of record
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1-INTRODUCTION

1-01. Authorization.

This WCM has been prepared as directed in ER 1110-2-240, Water Control
Management, and is in compliance with instructions contained in ER 1110-2-8156,
Preparation of Water Control Manuals. Construction of Rathbun Dam was authorized
by the Flood Control Act of 1954 (Public Law 83-780).

1-02. Purpose and Scope.

Rathbun Dam was constructed by the U.S. Army Corps of Engineers (USACE) on the
Chariton River, near Rathbun, lowa, as part of a comprehensive plan for flood control
and water resource development in the Missouri River basin. This WCM includes
descriptions of the project authorized purposes, project features, project history,
watershed characteristics, data collection and communication networks, forecast
methodology, water control plan (WCP), effect of the WCP, and water control
management.

1-03. Datum.

In the original design and construction of Rathbun Dam, elevations on design drawings
and reservoir levels were referenced to the Sea Level Datum of 1929, which was based
upon measured water levels at 26 tide stations'in the United States and Canada, and
commonly referred to as "feet above mean sea level". In 1973 the Sea Level Datum of
1929 was renamed the National Geodetic Vertical Datum of 1929 (NGVD29). The
NGVD29 datum was subsequently replaced by the North American Vertical Datum of
1988 (NAVD88) as the current vertical reference datum used by the National Oceanic
and Atmospheric Administration (NOAA). NAVDS88 is based upon a single point as the
reference point from which all other elevations are measured. The NAVD88 datum is
more accurate than the NGVD29 datum, and takes into account variations in earth
surface due to subsidence and rebounding, and distortions caused by gravity. Corps
policy specifies that all projects be referenced to the current NOAA vertical reference
datum (NAVD88) in ER 1110-2-8160.

In this WCM, reservoir and river levels use the NGVD29 datum and have not been
converted to the NAVD88 datum because of the desire to provide reservoir and river
levels that are consistent with historical events and the original design drawings for the
project. The conversion from NGVD29 datum to NAVD88 datum varies depending
upon location. At Rathbun Dam, to convert from NGVD29 to NAVD88 datum, add 0.04
feet. Within this WCM, elevations will be with regards to NGVD29 unless otherwise
stated. The following table provides conversion for bench marks in the Rathbun
Reservoir area.
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Table 1-1: Conversion from NGVD29 to NAVDS88 Elevation

Point Elevation | Elevation | Delta Latitude Longitude
Name in feet in feet Elevation

(NAVDS88) | (NGVD29) | in feet
Tower LT | 953.16 953.12 0.04 40 50 02.48046 N | 92 52 30.12675 W
BM TSD | 944.95 945.02 0.07 40 49 24.62706 N | 92 53 39.91667 W
BM RT-A | 925.72 925.76 0.04 4049 17.15426 N | 92 53 48.32405 W
BM C-LT | 944.02 944.04 0.02 40 50 12.95649 N | 92 52 09.57121 W
BM 965.70 965.70 0.00 40 49 08.20548 N | 92 54 08.62324 W
Office

1-04. Related Manuals and Reports.
Rathbun Reservoir is the only flood control reservoir constructed by USACE in the
Chariton Basin. This WCM supersedes the Chariton River Basin Lake Regulation
Manual, Rathbun Lake, lowa, dated May 1974, as revised September 1980. Other prior
reports pertinent to the project include:

Design Memorandum No. 2, Hydrology.
This memorandum, dated February 1957 and revised December 1961, recommended
132,000 AF of storage for conservation and 24,000 AF for sediment reserve. This
represents no change in fotal project storage, but does include a reallocation of 2,000
AF of storage from consérvation to sediment reserve to provide for 100-year project life.
No operating plan for use of the storage was provided.

Design Memorandum No.3, General.
This memorandum, dated March 1963 and revised March 1964, included a
recommendation for raising the full pool elevation by 2.7 feet to provide an additional
storage of 50,000 AF in the conservation pool for water quality control purposes.
Addition of this storage would place the elevation of the top of conservation pool at
903.7 ft, as opposed to an elevation of 898.6 ft for the 132,000 AF of storage proposed
by DM No. 2. Investigations into the recreation potential, the desirability of water quality
control storage, the water supply potential, the needs for navigation supplementation,
and fish and wildlife storage requirements led to the initial storage allocations. The
storage was reallocated in 1985 and the current storage allocations are provided on
Plate 1-1. Minimum flow requirements for water quality control were established at 11
cfs, to be increased by the year 2060, as required, to 33 cfs. Storage assigned to
navigation supplementation would be released for that purpose, as originally authorized.

No additional regulation criteria were presented.

Related manuals are provided in Table 1-2.
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Table 1-2: Related Manuals — Rathbun Project

TITLE APPROVAL DATE
Rathbun Dam & Reservoir, General Design February 1957
Memorandum No. 2, Hydrology
Rathbun Dam & Reservoir, General Design March 1963
Memorandum No. 3, General and Appendices
Rathbun Dam & Reservoir, General Design Memorandum No. 8, July 1964
Outlet Works
Rathbun Dam & Reservoir, General Design December 1964
Memorandum No. 7, Soil Data, Embankment Design and
Spillway
Rathbun Dam Master Plan, Design Memorandum No. 5C March 1970
Rathbun Dam & Reservoir, General Design Memorandum No. 8, December 1978
Stilling Basin Repair
Rathbun Dam & Reservoir, General Design Memorandum No. February 1980
5C, Appendix F, Lakeshore Management Plan
Rathbun Dam & Reservoir, General Design Memorandum No. November 1987
17, Seepage Collector System
Rathbun Dam & Reservoir, General Design Memorandum No. January 1990
16, Fish Hatchery Intake
Rathbun Dam & Reseroir, O&M Manual Volume I, Dam 2002
Surveillance Plan
Rathbun Dam & Reseroir, O&M Manual Volume Il; Emergency 2011
Action Plan

1-05. Project Owner.
Rathbun Reservoir is owned by USACE.

1-06. Operating Agency.

The Kansas City District of the U.S. Army Corps of Engineers (NWK) is the operating
agency for Rathbun Reservoir. The project office is manned during normal business
hours five days a week during the winter and seven days a week during other times of
the year. The project office contact information is:

Rathbun Project Office

20112 Hwy J5T

Centerville, lowa 52544

Office Telephone 641-647-2464
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1-07. Regulating Agencies.

Engineering Regulation (ER) 1110-2-240, dated August 1995, stipulates that District
Commanders are primarily responsible for background studies and for developing plans
and manuals required for reservoirs, locks and dams, major control structures, and
interrelated systems in their respective areas. Policies and general guidelines are
prescribed by ERs, while specific requirements to implement these guidelines are
established by the Division Commander. Division Commanders are delegated the
primary responsibility for water control management within their respective areas and
for evaluations and performance of activities associated therewith. Division
Commanders are delegated the authority for review and approval of the WCP, WCM
and associated activities. Division Commanders are responsible for providing
management and technical assistance required to assure that plans and manuals are
prepared on a timely and adequate basis, and for pertinent coordination among districts,
divisions, and appropriate entities. It is the role of the District Water Management
Section to make hydrologic forecasts for use in the regulation of the reservoirs for flood
control and other authorized purposes, and for the benefit of USACE constructed
projects and flood-mitigating activities. The District Water Management Section staff
also provide release change orders for day-to-day lake regulation consistent with
hydrologic forecasts and water control plan criteria. The day-to-day coordination with
stakeholders and other responsible Federal, State, and local agencies is the
responsibility of the Water Management Section staff and the Rathbun Project Office
staff.
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2 - DESCRIPTION OF PROJECT

2-01. Location.

Rathbun Dam is located at mile 142.3 on the Chariton River, a left bank tributary of the
Missouri River. The Dam is in Sections 25, 35, and 36, Township 70N, Range 18W, in
Appanoose County, lowa, about 5 miles north of Centerville, and 16 miles north of the
Missouri-lowa State line. A location map of the Chariton River basin is provided as
Plate 2-1. The Rathbun Dam components and immediate downstream area are
illustrated in Figure 2-1.

2-02. Purpose.
Rathbun Reservoir is a multipurpose project for flood control, water supply, water
quality, navigation, recreation, and fish and wildlife. The authorizing documents for
these purposes are:
a. PL 83-780 Flood Control Act of 1954 (flood control, navigation, water quality).
b. PL 78-534 Flood Control Act of 1944 (recreation).
c. PL 85-624 Fish and Wildlife Coordination Act (fish/wildlife)
d. PL 85-500 Water Supply Act of 1958 (water supply)

2-03. Physical'Components.
The relative locations of the physical components are provided in Figure 2-1.
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| Figure 2-1: Rathbun Dam

Embankment.

The Dam consists of two zoned rolled earth embankments separated by high ground.
The larger, primary, embankment crosses the Chariton valley embankment and the
smaller embankment crosses Buck Branch to the northeast of the Chariton
embankment. Total project length is 10,600 feet (8,160 feet Chariton embankment,
1,960 feet Buck Branch embankment), the crest elevation is 946.0 ft, and the maximum
height crest to streambed is 102 feet (75 feet Buck Branch embankment). Both
embankments are similarly zoned and include random fill on the upstream and
downstream faces surrounding a central impervious core. The embankment has a
maximum base width of 800 feet and a top width of 30 feet. The upstream face of the
embankment is protected by riprap and the downstream slope is grass covered. The
embankments have variable slopes on the upstream and downstream. The crest of the
Dam is crossed by a hard-surfaced road. Seepage through the embankments is filtered
by pervious drains on the downstream sides of the cores (below elevation 926) and
includes horizontal portions that exit at the downstream toes. In addition to upstream
blanketing, foundation underseepage is controlled at each embankment by relief wells
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at the downstream toes. Historical seepage through the high ground between the
embankments is controlled with a buried collector system. A freeboard allowance of 6
feet above the top of the design surcharge pool has been adopted by use of a sustained
wind velocity of 45 miles per hour in the direction of maximum fetch. Plan and section
views of the Dam are shown on Plate 2-2.

Spillway.

The uncontrolled spillway is located approximately 3,000 feet west of the right
abutment. Itis 500 feet wide at its base, 3,600 feet long, and discharges into a tributary
of the Chariton River below the Dam. A concrete control sill, at elevation 926.0, is
located approximately midway between the intake and outlet ends. The side slopes are
1V on 3H and the base and sides are grass, except in the vicinity of the sill where riprap
protects the side slopes for a distance of 100 feet upstream and 200 feet downstream.
Discharge capacity of the spillway at the top of the design surcharge pool, elevation
940.0, is 45,600 cfs. The rating curve for the spillway is shown on Plate 2-3.

Outlet Works and Stilling Basin.

The outlet works is composed of one 11-foot horseshoe conduit, 539 feet long with
intake and outlet inverts at elevations 855.0 and 852.0, respectively, preceded by two
rectangular passages, each 6 feet wide and 12 feet high. Each passage contains an
emergency gate and a service gate, both hydraulically operated, in the intake tower. A
small slide gate, 2 feet by 2 feet, also hydraulically operated, is incarporated in each
service gate to control low flows. The control valves and indicators for both the service
gates and the low flow gates are located in the intake tower control room, together with
the hydraulic pumps, and control valves./ Hydraulically operated indicators are provided
for precise knowledge of the various gate openings at all times. Manually operated
hanger devices are provided to hold the gates in open position for extended periods of
time. The outlet works discharge into a concrete stilling basin. The base of this
structure is at elevation 835.5 and extends for a distance of 81 feet. Two rows of
staggered baffle blocks, 3 feet high and 3 feet 9 inches square, are provided as energy
dissipaters. Concrete training walls extending to elevation 864.0 form the sides of the
basin. Rating curves for the outlet works are shown on Plate 2-4. Plate 2-5 illustrates
the outlet works and intake tower.

Stilling Basin Modification.

Observation of stilling basin activities during the passage of flows most frequently
experienced at Rathbun Dam, 200 to 2,000 cfs, disclosed poor flow conditions to exist
within the basin. Model studies made by USACE Waterways Experiment Station
confirmed the poor flow conditions. It was found that within the range of discharges
mentioned above, flow separated from the sidewalls and eddies developed in the basin
due to high tailwater. It was also found that currents near the bottom of the channel
were in an upstream direction. It is known that rocks are at times thrown into the basin.
With flows moving in an upstream direction and the eddy movement previously referred
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to, riprap pulled from the downstream channel, along with debris collected from other
sources, is moved around over the bottom slab causing a considerable amount of wear.
To counteract these conditions, a repair plan was chosen in which a concrete overlay
was placed on the stilling basin floor. The overlay was of constant slope, beginning
about 26 feet downstream of the end of the conduit and extending downstream for
about 78 feet. The overlay covers the downstream two-thirds of the transition slab and
the upstream one-third of the basin slab. At the junction of the transition and basin
slabs, the overlay is slightly over six feet thick. In addition to the overlay, the end sill of
the stilling basin was raised ten feet to block the upstream movement of riprap. The
modification apparently does not improve the hydraulic characteristics of the basin, but
it does prevent riprap from being pulled into the basin. In addition, the raised sill
provides a considerable amount of sacrificial concrete for anticipated future erosion.
The modification was constructed in two separate contracts, the first in 1978 and the
second one in 1988. The stilling basin modification is shown on Plate 2-6.

During the flood event of 2010, additional riprap was placed around the stilling basin to
facilitate a release of 3,000 cfs. The riprap material maintained the stability of the
stilling basin even though the water overtopped the training walls.  After the flood
events, a concrete slab was constructed around the basin and the outlet channel riprap
was extended downstream. A description of the 2010 event is provided in section 4-06

().

2-04. Related Control Facilities.

Facilities for releasing up to 13 cfs for the State Fish Hatchery are incorporated within
the outlet works through a separate conduit. The conduit is an 18 inch diameter steel
pipe with cement mortar lining, and is encased in concrete. The inlet, with invert
elevation 887.0, is located at the upstream end of the center pier of the intake tower.
The upstream valve for emergency closure is exposed and operable within the gate
chamber. If it becomes necessary to bulkhead the inlet, the trash screen may be
removed and stoplogs installed through the platform. Progressing downstream from the
valve, the pipe is embedded in concrete between the gate bonnets above the dividing
pier, then emerges and piggybacks on top of the conduit section encased with 12
inches of concrete. Releases to the hatchery are regulated from a valve pit located in
the parking area near the stilling basin.

2-05. Real Estate Acquisition.

Lands acquired for Rathbun Reservoir were obtained pursuant to the "Joint Policies of
the Departments of the Interior and Army, Relative to Reservoir Project Lands" as
published in the Federal Register of 22 February 1962 and in compliance with ER 405-
2-150, paragraph 13. In general, fee title was acquired to elevation 931.0, or 300 feet
horizontally from full pool elevation 926.0 (whichever is the greater) blocked out along
practical property subdivision lines. Flowage easements were acquired in remote areas
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of the reservoir where it was a financial advantage to the Government to acquire
easements. In other areas, perpetual and assignable easements were acquired for
road rights-of-way. In all, a total of 33,908 acres were obtained in fee and 2,164 acres
were acquired in easements.

2-06. Public Facilities.

Federal, State, and local interested agencies have conducted investigations and
prepared recommendations regarding developments for purposes of recreation and fish
and wildlife enhancement at Rathbun Reservoir. Design Memorandum No. 5C, Master
Plan, dated March 1970, shows one State park, nine recreation areas, and one
concession area, totaling altogether 4,835 acres, proposed for initial and ultimate
development. Public use facilities available at the Rathbun Project are shown on Plate
2-7.
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3 - HISTORY OF PROJECT

3-01. Authorization.

Construction of Rathbun Reservoir was authorized by the Flood Control Act of 1954
(Public Law 83-780) substantially in accordance with recommendations by the Chief of
Engineers as presented in House Document No. 561, 81st Congress, 2d Session, for
the purposes of flood control, silt control, low-flow supplementation, and other
conservation purposes. Capacity of the project for all purposes totaled 483,000 AF.

3-02. Planning and Design.

Federal participation in the field of water resources began with establishment of the
Federal Extension Service in 1915. The basic flood control report on the Missouri River
and Minor Tributaries (including the Chariton River) was made in 1932 under the
provisions of House Document No. 308, 69th Congress, and was printed as House
Document No. 238, 73rd Congress. Channel improvements and related works on
certain reaches of the Chariton River in Missouri were recommended in 1942 in House
Document No. 628, 78th Congress, and authorized by the Flood Control Act of 1944,
Public Law 78-534. House Document No. 561, 8Ist Congress, dated April 1950,
contained the recommendation for Rathbun Reservoir. Construction of the reservoir
was authorized by the Flood Control Act of 1954, Public Law 83-780. Public Law 89-
298, Flood Control Act of 1965, authorized the measures recommended in House
Document No. 238, 89th Congress, consisting of flood control improvements along
Mussel Fork and Shoal Creek, major Chariton River tributaries

3-03. Construction.

Construction began September 26, 1964 and closure of the Dam was made on
September 29, 1967. Filling of the pool and multipurpose operations at the project
began November 21, 1969, and the multipurpose pool (MPP) first filled October 10,
1970.

3-04. Related Projects.

a. U.S. Army Corps of Engineers Local Protection Projects. The Chariton
River flood control project, authorized by the Flood Control Act of 1944, included three
sections of channel improvement: Chariton County Unit, Macon-Adair Counties Unit,
and Reinhart Ranch Unit, as well as tieback levees at the mouth of the river. These
improvements, except the tieback levees, were initiated in 1948 and completed in 1952.
The cost of the project, revised in 1959, was $4,313,000 of which $4,050,000 was
Federal cost for construction and $263,000 was the cost of lands and damages to be
borne by local interests.
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1. Chariton County Unit. This unit consisted of channel cutoffs, channel
blocks, and improvements to the then existing channel from the mouth of the Chariton
River to the vicinity of Missouri State Highway No. 129 bridge, a distance of
approximately 20 miles. The project included a cutoff which moved the mouth of the
Chariton River upstream from Missouri River mile 227.2 to 238.8 (1960 mileage
adjustment). Federal construction was completed in August 1950 and the unit
transferred to the Chariton River Drainage District No. 4 of Chariton County for
maintenance and operation in September 1950.

2. Macon-Adair Counties Unit. This unit consisted of channel cutoffs,
channel blocks, and improvement of the then existing channel of the Chariton River
from a point south of Gifford, Missouri, upstream to the vicinity of Novinger, Missouri, a
distance of about 17.5 miles, and similar improvements along the lower reaches of
Goose Creek and Spring Creek. Most of the cutoffs were pilot channels and their
enlargement was slow during the drought years of initial project operation. Federal
construction was completed and the project transferred to the Chariton River Drainage
District of Adair County, Missouri, for maintenance and operation, in September 1952.

3. Reinhart Ranch Unit. This unit consisted of channel cutoffs, channel
blocks, and channel improvement for approximately 4 miles upstream from the Adair
County line in Schuyler and Putnam Counties, Missouri. It also included channel
excavation for Last Creek and Cat Creek. The cutoffs were constructed as pilot
channels which have since eroded to design capacity. Federal construction was
completed and accepted for operation and maintenance by the Worthington Drainage
District of Schuyler'County, Missouri, in-September 1952.

4. Tieback Levees. The authorization for the Chariton River improvement
provided for tieback levees along both banks of the Chariton River across the Missouri
River floodplain. Construction of these levees was completed in 1967.

b. Other Agency Local Protection Projects.

1. Federal. In the Chariton River basin, the U.S. Soil Conservation
Service (renamed Natural Resources Conservation Service in 1994) had two watershed
projects. The Honey Creek Pilot Watershed Project encompasses a drainage area of
14.25 sq. mi. along Honey Creek in southeastern Lucas County, lowa. The
improvements include 28 flood water retarding structures designed to detain
approximately 2 inches of runoff from 45 percent of the watershed area. This pilot
project was completed in 1958. The Moulton Watershed Project covers an area of
11.37 sqg. mi. in southeastern Appanoose County, lowa, and was constructed under the
provisions of the Watershed Protection and Flood Protection Act of 1954. The work
plan included three floodwater retarding structures, to detain from 2.5 to 3 inches of
runoff from 6.91 sq. mi. of watershed area, and eight grade stabilization structures.
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Other federally financed water resource projects in the basin are those of the Work
Projects Administration which provided small water conservation ponds.

2. Non-Federal. Local interests, through drainage district organizations,
have improved sections of river channel in the Chariton River basin. Thirteen drainage
districts, located along the mainstem of the Chariton River or on adjacent tributary
reaches, have been organized since 1904 and have spent over $800,000 on local
projects. These projects are located between the mouth and a point a few miles south
of the Macon-Adair County line and were completed prior to 1931. Later, one
straightening project extended from Novinger to the Adair-Schuyler County line and
another, several miles in length, extended downstream from U.S. Highway 136.
However, due to lack of coordination works by the various districts, these projects did
not connect. Prior to the completion of the Federal portion, flooding in unimproved
reaches was aggravated by upstream improvements. The Federal improvements have
been located largely in the reaches between locally constructed works and have served
to make a complete project. In general, the channel improvements and occasional
levees constructed by the districts and individuals have been reasonably successful in
reducing local flooding.

3-05. Modification to Regulation.

a. Regulation Plans Assumed for Project Planning. House Document No.
561 recommended 327,000 AF as the flood control storage allocation for Rathbun
Reservoir. This figure was based on a study of floods occurring in the 1926 to 1946
period. The flood 6f May, June, and July 1935 was the largest observed during the
years studied. Later studies showed that the period from 25 May to 30 June 1947 had a
larger volume of runoff per square mile at Novinger and Keytesville on the lower
Chariton River than occurred during the 1935 flood period. Additional studies of the
1947 flood in the upper basin, as well as analyses of floods occurring after 1947,
reaffirmed and supported the need for 327,000 AF of flood storage space and the
recommended allocation for flood control was not changed. No operating plan for
regulation of the flood control storage was submitted.

b. Regulation Plans Assumed During the Design Stages. The plan of
operation for flood control during the design stages, as outlined in Design Memorandum
No.2, Hydrology, was as follows:

1. Releases from the reservoir to be dependent on stages of the Chariton
and Missouri Rivers downstream from the reservoir. During periods of high stages
downstream, substantially all flows would be stored, and on falling stages, releases
would be made at approximately channel capacity to empty the reservoir as quickly as
possible without causing damage.
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2. In addition to the above, no releases would be made to contribute to
more than 7,000 cfs at Novinger or Keytesville.

3. No releases would be made to contribute to more than 200,000 cfs at
Boonville while the stage is rising or stationary. Releases may be made with falling
stages at Boonville.

c. Preliminary Reservoir Regulation Manual - 1968. In this WCM, general
criteria for flood control regulation of the reservoir were as follows:

1. Flood control storage space will be reserved for the control of floods.

2. Downstream channels will be used judiciously for the release of water
accumulated in flood control space, recognizing the need for passing releases plus
downstream tributary runoff without damage to adjacent property, insofar as practicable.

3. In determining releases, consideration will be given to the occupied
flood control storage space in Rathbun Reservoir together with the runoff potential of
respective uncontrolled contributing areas and travel times to downstream flood-
damage centers.

4. Seasonal hydrologic characteristics will be recognized in determining
reservoir releases.

5. Surcharge storage space will be used only to control floods in excess of
flood pool capacity.

6. When climatic and downstream conditions permit, and water is
available, releases will be made periodically at channel capacity for the purpose of
cleaning out the channel and maintaining a precedent for use of the channel for
reservoir regulation.

7. Regulation of Rathbun Reservoir for local flood control purposes will be
subordinate to the safety of the structure.

d. Chariton River Basin, Lake Regulation Manual, Rathbun Lake, lowa,
dated May 1974. This WCM set forth the criteria, schedules, and procedures used to
govern the storage and release functions of Rathbun Reservoir as constructed.
Consideration continued to be given to downstream channels, unoccupied flood control
storage space in the reservoir, the runoff potential of respective uncontrolled
contributing areas, travel time to downstream flood-damage centers, and seasonal
hydrologic characteristics. Application of the criteria and techniques set forth in the
1974 WCM appeared to be satisfactorily meeting the objectives for flood control
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regulation. Complaints from the public, however, indicated quite clearly that observance
of the designated storage and release schedules was not providing the most
satisfactory overall results as far as all interested parties were concerned. The
complaints included reports of overbank flows, high water table, lack of drainage, and
accelerated erosion. In an effort to provide regulation more acceptable to all concerned,
some revisions to the general plan were made. Portions of the above-referenced
criteria were retained; other portions were deleted or significantly revised. A brief
discussion of the revisions is presented in the next subsection.

e. Chariton River Basin, Lake Regulation Manual, Rathbun Lake, lowa,
dated September 1980. This WCM provided for a revised operation method to account
for downstream concerns. The revised method generally reduced the permitted
Rathbun Reservoir releases. In addition, the releases were further reduced during
planting and harvesting periods. Specifically, the maximum outflow from the reservoir
during the months of April, May, and June was reduced to 800 cfs for planting. The
release was also reduced to 800 cfs during September, October, and November for
harvesting. The maximum outflow during July and August was set at 1,200 cfs as it was
a less critical period for downstream farmers. For the period December through March,
the release was set at 1,500 cfs as there was no reason for severely limiting
downstream flows. At water surface elevations between 921.1 and 926.0 (top of the
flood control pool) the maximum release was always 1,500 cfs regardless of the time of
year.

3-06. Principle’'Regulation Problems.

Historically, the downstream channel capacity has been the most restrictive factor in
project regulation. In general, regulation criteria state that downstream channels will be
used judiciously for the release of water accumulated in flood control space, recognizing
the need for passing releases plus downstream tributary runoff without damage to
adjacent property, insofar as practicable. To accomplish this objective, techniques have
been developed by which outflow is scheduled to evacuate flood impoundments while
giving the maximum possible consideration to all interests affected by the reservoir's
operation. In addition to damage caused by out of channel flow, downstream farming
interests are affected by long term in-channel releases that do not permit adequate
draining for crop production.

Shortly after construction of Rathbun Dam farming encroached on the lowest lying
areas of the Chariton River bottom in the Dean and Sedan Bottoms reaches. Farmers
in those areas stated that Rathbun Reservoir releases at these design levels were
contributing to wet farming conditions and flooding of low lying fields. Flooding
problems were documented in 1973, 1974, 1978, and 1979 Memorandums-for-File.
Partial restrictions on releases were first attempted in 1973, and the restrictions were
formalized in a 1980 revision of the WCM.
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Many of the downstream agricultural lands that were a factor in the 1980 WCM revision
(over 6,500 acres) are no longer in agricultural production, but instead have been
enrolled in the Natural Resources Conservation Services (NRCS) Wetland Reserve
program. The lowa Department of Natural Resources (IDNR) has also made sizeable
land acquisitions in that area and now manages their lands for wetlands and wildlife.
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4 - WATERSHED CHARACTERISTICS

4-01. General Characteristics.

The Chariton River headwaters are in Clark County in extreme south-central lowa.
From its source, the river flows southeasterly about 70 miles to near the lowa-Missouri
State line and thence southerly through Missouri for 111 miles to its confluence with the
Missouri River near Glasgow, Missouri, at river mile 238.8 (1960 mileage). The
Chariton and Little Chariton Rivers were originally one drainage system, but now, the
two rivers are separate tributaries due to a cutoff of the Chariton River through which it
discharges into the Missouri River at a point about 12 miles upstream from the mouth of
the Little Chariton. The Chariton River basin contains about 2,390 sq. mi., of which 925
sq. mi. are in lowa and the remaining 1,465 sq. mi. are in Missouri. The Chariton River
basin is somewhat banana-shaped with a maximum width of about 25 miles and a
length of about 160 miles. The Chariton River profile elevations are shown on Plate 4-
1.

4-02. Topography.

The outstanding topographic feature of the Chariton River basin is the broad level plain
which has been extensively dissected and eroded by numerous streams. The Chariton
River itself has cut a deep valley through which, in its natural state, winds in a tortuous

course over a floodplain varying from one-quarter to three miles in width. The basin is

well drained except for bottom lands located along the mainstem.

4-03. Geology and Soils.

The Chariton River basin is located in the Dissected Till Plains Section of the Central
Lowlands Province. The underlying formations are sedimentary deposits which are
covered by a mantle of loess and glacial till. The land, originally in plains, has been
dissected by erosion, leaving the original surface on comparatively narrow stream
divides. Below these flat ridge tops, the slopes are mostly covered with trees and
shrubs. The major soils are developed from Peorian loess and old glacial drift with
several minor series developed from shale, sandstones, and limestone. The areas of
flatlands are mostly in cultivation with corn, soybeans, small grains, and hay as the
principal crops. Areas too steep for cultivation are used mostly for pasture. Many of the
streams are bordered by terraces and floodplains of considerable width, however,
repeated loss of crops due to recurring floods has made farming of these areas risky.

4-04. Sediment.

In 1970-1971, 30 sedimentation ranges were established in Rathbun Reservoir and 10
degradation ranges below Rathbun Dam. A reservoir sediment survey is made
periodically (10 to 20 years) to determine the location and progress of sediment
accumulation and to provide the data necessary for recompilation of capacity tables and
reallocation of storage when deemed necessary. Periodic resurveys of selected
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degradation ranges downstream from the Dam provide channel cross section and
profile data indicating any changes in channel characteristics.

The 1999 sediment survey found more space in the Rathbun Reservoir pool than in the
1963 original capacity table estimates, which reflected the lake condition when the pool
first began filling in November 1969. Intermediate surveys of the lake sediment ranges
showed sediment accumulation on cross section plots. The larger overall space
computation derived from the 1999 lake survey was due to a change in measurement
and computational methodology compared to traditional methods using only the
sediment range data. For the 1999 survey, the entire lake was digitally surveyed using
total lake bathymetry. In addition, the land portions of the reservoir sediment ranges
were surveyed using traditional survey techniques. A GIS digital terrain model was
developed from this survey data. The 1999 area/capacity table was computed using
this digital model. The GIS analysis of the pool was checked using separate digital
surveys of the sediment ranges. As a result, the original 1963 pool capacity data is
considered in error, and the rate of sedimentation is currently undetermined. The
area/capacity tables dated 2000 computed from the 1999 sediment survey are now
used for day-to-day operations and shown in Exhibit D.

A bathymetric survey of the multipurpose pool only was conducted in May 2010 before
the major 2010 flood event. The survey methodology was similar to that for the 1999
pool survey, but it was only intended io monitor sediment accumulation in the
multipurpose pool. The 2010 survey showed that the estimated multipurpose pool
capacity at the time of the survey was 210,700 AF. Although this is a slight reduction in
the capacity of 221,360 AF found with'the 1999 survey, it still appears to demonstrate a
greater capacity than the 205,359 AF initial pool capacity estimate. The results did not
justify a complete recomputation of the operational pool capacity tables, and the 1999
tables continue to be used for day-to-day operations. Future bathymetric surveys
should provide a better estimate of actual sedimentation rates. The lake schematic
provided in Plate 1-1 shows the results of the 1999 and 2010 lake surveys along with
the space distribution to the various pool allocations.

4-05. Climate.

The climate of the Chariton River basin is humid with wide variations in temperature and
rainfall including occasional high winds and cyclonic disturbances. Rainfall is usually of
short duration and high intensity over small areas or of light to moderate intensity for
longer durations over large areas. Average annual precipitation varies from about 32 to
36 inches from north to south. At Chariton, lowa, the maximum annual precipitation
recorded was 55.9 inches in 1902 and the minimum was 13.8 inches in 1910. About 70
percent of the rainfall occurs during the 6-month growing season, April through
September. The average annual snowfall of about 25 inches generally occurs during
the period November through March and normally contributes little to flood flows. One
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exception was the snowmelt of 1960 which is discussed later in this section. The mean
annual temperature is 52.5 degrees Fahrenheit (deg F) with a record high of 116 deg F
occurring at Macon, Missouri, in 1936, and the lowest, minus 31 deg F at Chariton,
lowa, in 1912. Table 4-1 shows climatologic data for Des Moines, lowa, which is 65
miles northwest from Rathbun Dam and considered representative of the Chariton River
basin. The maximum daily precipitation values since 1879 are also included in Table 4-
1. Note that the daily values exceed the average monthly totals for every month except
May. The maximum daily precipitation values were provided by
http://w2.weather.gov/climate/local_data.php?wfo=DMX. The remaining data was
provided by http://www.ncdc.noaa.gov/cag/time-series/us/13/USW00014933. Des
Moines, lowa, climatologic data has also been included in Plate 4-2.

Table 4-1: Precipitation and Temperature — Des Moines, lowa

Month Average Max Daily Low Temperature |High
Precipitation Precipitation Degree F Temperature
(inches) (inches) Degree F
January 1.11 213 11.4 28.8
February 1.17 1.76 16.9 34.7
March 2.27 2.44 27.3 46.1
April 3.27 3.80 39.8 61.1
May 4.14 3.48 51.3 72.2
June 447 5.48 61.1 81.6
July 3.72 4.32 65.8 86.0
August 3.91 6.18 63.7 84.0
September |3.05 4.87 54.1 75.8
October 2.37 3.67 43.1 64.6
November |1.80 3.18 29.1 47 .1
December |[1.24 1.48 17.2 33.6

Personnel at the project collect daily pan evaporation in inches at the project during
periods of the year when freezing is not expected to occur. Generally pan data is
collected from early March through October of each year. The volume of water
evaporated from the reservoir is calculated by multiplying the pan evaporation value by
the surface area of the reservoir and a pan coefficient. The pan coefficient varies by
month and corresponds to the following values provided in Table 4-2 for Rathbun
Reservoir:
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Table 4-2: Pan Evaporation Coefficients Rathbun Reservoir

Month Pan Coefficient
January .87
February .68
March .53
April 45
May 45
June 47
July .56
August 73
September .97
October 1.10
November 1.13
December 1.06

During the times of the year when the evaporation pan is not utilized, the daily pan
evaporation is estimated depending on the month and the percent of ice cover on the
reservoir. The total reservoir daily evaporation can be calculated by multiplying the
inches of evaporation shown on Table 4-3 reduced to a daily value times the pan
evaporation coefficient and reservoir surface area. During months when little ice on the
reservoir is anticipated, only a single monthly evaporation value is provided.

Table 4-3: Estimated Evaporation Winter Season — Monthly Total (Inches)
Rathbun Reservoir

Ice Cover % [0% [10% [20% |[30% |40% |50% |60% [70% [80% [90% [100%

January 0.93 [0.90 |0.87 |0.84 |0.81 |0.78 |0.75 [0.72 [0.69 |0.66 |0.63
February 1.03 |1.00 [0.97 [0.94 {0.91 {0.88 [0.85 |{0.82 |0.79 |0.76 |0.73
March 1.55 |1.52 (1.49 (146 (1.43 [1.40 |1.37 |1.34 |1.31 |1.28 [1.25
October 4.00 INO |ICE

November 2.05 ([NO |ICE

December 0.89 10.86 [0.83 10.80 [0.77 |0.74 |0.71 |0.68 |0.65 |0.62 |0.59

4-06. Storms and Floods.

Historical records show that the Chariton River basin has experienced moderate floods
nearly every year, and that more than one flood a year is not unusual. As an example
of the frequency with which some areas have been flooded, records for the Chariton
River gaging station at Novinger, Missouri, show that flood stage was exceeded 140
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times during the 84 year period October 1930 to October 2014, (no record for the years
1953 and 1954). Major floods were known to occur in 1892, 1903, 1909, 1917, 1926,
1927, 1928, 1929, 1931, 1932, 1935, 1943, 1946, 1947, 1960, 1967, 1973, 1993, and
2010. In addition, although of less extensive nature, above flood stage flows occurred
during the years 1939, 1944, 1945, 1950, 1959, 1961, 1965, 1978, 1981, 1982, 1992,
1996, 1998, 2008 and 2013. The keeping of flood records began in the Chariton River
basin with the establishment, by the U.S. Geological Survey (USGS), of a gaging station
at Elmer, Missouri, in 1921. Damage surveys have been made for the major floods in
the basin since 1941. Maijor floods for which records are available are described in the
following paragraphs. Flood damages prevented are indicated for the year in which the
event occurred.

a. Flood of May-June 1935. Above normal rainfall occurred during the months
of May and June in the Chariton River basin causing one of the largest known floods in
the downstream reach. During the period 25 May to 2 June, two large centers in the
vicinity of the basin were experienced. One 9-inch center was located east of Novinger,
Missouri, and one 7-inch center was located at Linneus, Missouri. At Brunswick,
Missouri, 2.03 inches were recorded on 28 May, followed by another 2.83 inches on 2
June. Although the Centerville, lowa, gage was not established and the Novinger
discharge did not reach flood stage, the gage near Keytesville, Missouri, located 5.25
miles upstream from Mussel Fork Creek, recorded a stage corresponding to a discharge
of 18,000 cfs. Due to the location of the storm little if any damages would have been
prevented by Rathbun Reservoir.

b. Floods of May and'June 1943. The storm ‘period of May 1943 consisted of
two intense periods of rainfall, 6-11 May and 13-20 May. The first period centered at
Warner, Oklahoma, where unofficial reports placed the 6-11 May total at 25 to 30 inches
of rain. The second center was located over Joplin, Missouri, with a total of 16.4 inches
of rain reported. General rains associated with these two intense centers spread over
large areas of Kansas, Oklahoma, Missouri, and Arkansas, with total for the 6-20 May
period ranging from 4 to 8 inches over the Chariton River basin. Flooding was
experienced on the Chariton River from the vicinity of Centerville, lowa, to the mouth.
Experienced stages exceeded flood stage by as much as 7 feet with discharges of
9,600 cfs near Centerville, 10,600 cfs at Novinger, and 13,000 cfs near Keytesuville.

Two storm periods, 3-12 June and 13-17 June, again produced heavy precipitation over
northern Missouri and southern lowa. Within the Chariton River basin and its immediate
vicinity, total rainfall amounts for the 3-17 June period ranged from 6 inches at Chariton,
lowa, to 10 inches at Linneus, Missouri. As a result of these intense and prolonged
rains, overflows again occurred on the Chariton River from near the headwaters to the
mouth. Peak stages, with associated discharges, were 19.8 feet with 6,800 cfs near
Centerville, 24.1 feet with 10,000 cfs at Novinger, and 21.9 feet with 12,000 cfs near
Keytesville. Flood damages were not determined for the May event, but in June the
total damage, about 98 percent of which was agricultural, amounted to $533,000. Due
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to the location of the May storms, little if any damage could have been prevented by
Rathbun Reservoir. However, the June storms were centered farther north and, had
Rathbun Reservoir been in existence, the total damage could have been reduced by
about one-third.

c. Flood of June 1946. Extremely heavy rainfall in southern lowa and northern
Missouri caused severe overflow on the Chariton River from the headwaters to the
mouth. The plotted accumulated total rainfall for the 5-day period of 15- 19 June
indicates a 10-inch center over Bloomfield, lowa, east of Rathbun, lowa. At Chariton,
lowa, on the north edge of the basin, a total of 4.10 inches was recorded on 18 June
followed by 1.50 inches on 19 June. The peak discharges in the river were 21,700 cfs
near Centerville, and 15,500 cfs at Novinger. The estimated damages in the basin were
$2,029,360 to agriculture, $116,850 to transportation and utilities, $2,000 to levees, and
$2,100 for flood expenditures. The total estimated damage was $2,150,310. Had
Rathbun Dam been in existence during the flood, $678,000 in damages would have
been prevented.

d. Flood of June 1947. The 1947 flood was the largest historical event prior to
the construction of Rathbun Dam. It extended over the entire length of the Chariton
River and adjacent streams. The month of June began with a major storm in the four-
state region of Nebraska; lowa, Kansas, and Missouri. An exceptional number of
storms occurred with high precipitation in at'least five major fronts. During the period 25
May to 30 June, a 21-inch center over Novinger and an 18-inch center over Brunswick,
Missouri, were experienced. At Chariton, lowa, the total reported rainfall was 4.25
inches on the 5th, 2.26 inches on the 21st, 1.13 inches on the 23rd; and 1.13 inches on
the 29th of June. The recorded peak discharges near Centerville, at Novinger, and near
Keytesville were, respectively, 20,300 cfs, 22,500 cfs, and 25,600 cfs. The total
estimated flood damage in the Chariton River basin during June was approximately 7
million dollars. Had Rathbun Dam been in existence during the flood, $1,383,000 in
damages would have been prevented.

e. Flood of May-July 1951. The 1951 flood on the Missouri River below the
Kansas River exceeded any that had occurred since 1844. However, runoff on the
Chariton River basin was minor. The maximum discharges experienced along the
mainstem during the flood period were 4,780 cfs near Centerville, lowa, on 12 May;
10,200 cfs near Keytesville, Missouri, on 27 June; and 8,340 cfs at Novinger, Missouri,
on 23 July.

f. Flood of March 1960. Snowmelt in the Chariton River basin generally
contributes little to flood flows. Normally, the snowmelt runoff progresses from south to
north with diurnal pauses as the melt refreezes at night. This diurnal effect reduces the
rate of contribution to downstream points on streams which drain from north to south,
such as the Chariton River. The spring of 1960 was not normal. Above normal
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precipitation occurring since October of the previous year had saturated the basin soils
and had built up a snow cover of 2 to 3-foot depths by the third week in March. A
warming trend which began in the southwestern fringes of the basin on 26 March had
progressed northward and eastward to embrace the entire Chariton River basin by 29
March. Daytime temperatures as high as 70 deg F and nighttime temperatures above
freezing produced a rapid ripening of the snow cover and almost continuous snowmelt.
The resulting runoff brought creeks and rivers out of their banks overnight. No
significant rainfall occurred in the early part of the runoff period. However, during the
period 30 March through 1 April, approximately one inch of rain fell over the upper basin
greatly aggravating the flood situation. This snowmelt flood was the second largest of
record in flood volume and peak discharges in the downstream reaches. Peak
discharges recorded near Rathbun, at Novinger, and near Prairie Hill were 21,800 cfs,
22,000 cfs, and 21,500 cfs, respectively. Total damage incurred during this flood was
estimated at $365,000; of this total, about $266,000 was agricultural, $42,500
transportation and utilities, and $57,000 levee repair. Had Rathbun Dam been in
existence during the flood, $293,000 in damages would have been prevented.

g. Flood of June 1967. The weather patterns which caused the June 1967
floods were very similar to those which caused the record floods of 1951. Successive
frontal systems, generally oriented north and south, moved from west to east across the
district. Squall lines preceding these frontal passages produced strong winds, violent
thunderstorms, and torrential rains. Total precipitation amounts over the Chariton River
basin for the period 8-24 June ranged from 4 inches near the mouth to 8 inches above
Rathbun Dam. Peak discharges on the Chariton River were 7,600 cfs near Rathbun,
lowa; 16,000 cfs‘at'Novinger, Missouri;;and 19,000 cfs near Prairie'Hill, Missouri. A
stage of 20.4 feet on Mussel Fork came within 0.3 foot of equaling the maximum of
record on this stream. The associated discharge was 4,200 cfs. Total damages on the
Chariton River mainstem amounted to $200,900 and on Mussel Fork, about $301,000.
Channel improvements on the Chariton River were credited with preventing damages in
the amount of $350,000. Had Rathbun Dam been completed, about $128,000 in
damages on the mainstem could have been prevented.

h. Floods of March-October 1973. The month of March 1973, was unusually
warm, cloudy, and rainy. Never had less snow fallen in lowa during a March. Since
moisture fell almost entirely as rain, this was the rainiest March in 101 years of lowa
State records. Above Rathbun Dam, rainfall for March totaled 5.5 inches at Osceola.
Below the Dam, 6 inches were recorded at Centerville. Rathbun Reservoir gained
43,800 AF of storage in the flood pool and reached elevation 909.0 by the end of March.
April's most notable weather was the snowstorm of 8-10 April. Snow depths varied from
10 to 15 inches in the Chariton River basin. Centerville, Osceola, and Rathbun Dam
recorded 7.2 inches, 3.4 inches, and 3.6 inches of total precipitation, respectively, for
the month of April. Rathbun Reservoir gained an additional 100,000 AF of floodwaters
and reached elevation 915.7, or 45 percent of the flood pool storage occupied, by the
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end of April. No releases were made due to downstream flooding conditions. The
month of May had severe storms and tornados causing flooding conditions throughout
the Missouri River basin and its tributaries. Rathbun Dam recorded 7.14 inches,
Centerville 9.34 inches, and Osceola 7.05 inches of rainfall during the month of May.
Rathbun Reservoir reached a maximum elevation of 918.15 ft on 9 May which
represents 57 percent of the flood pool storage occupied. The month of June was
sunny, dry, and warm. However, windstorms associated with destructive thunderstorms
occurred periodically throughout the month, causing localized flooding in some areas.
Rathbun Dam recorded 4.2 inches of precipitation and Chariton 5.4 inches during June.
The month of July was cool and wet. Rainfall over all of southern lowa was more than
twice the normal amount. Rathbun Dam recorded 6.6 inches and Centerville (below
Dam) recorded 8.7 inches. Chariton and Osceola (above Dam) recorded 7.0 inches,
and 6.5 inches, respectively. July rainfall occurred during the periods 1-4 and 19-30
July. Additional rainfall occurred during 8-14 and 22-24 August. Chariton and Osceola
recorded 3.9 inches and 3.6 inches, respectively, while at the Dam 2.9 inches were
reported. Rainfall continued throughout September. Rathbun Dam recorded 8.6 inches
and the basin above the reservoir averaged above 5 inches. Rainfall continued into the
first 2 weeks of October. At Rathbun Dam, 5.5 inches of precipitation were recorded
with 3.7 inches reported above Rathbun Reservoir. After reaching the maximum
elevation of 918.15 ft on 9 May, releases of 1,200 to 1,500 cfs during June, July,
August, and September evacuated the pool to elevation 904.54, or just 0.54 feet into the
flood pool on 24 September 1973. Rainfall during late September and early October
again raised the pool elevation 10 913.28 on 19 October. Reservoir releases were
limited to 10 cfs during the period 1-20 October due to flooding conditions on the lower
Missouri River. During the period of March through October 1973, Rathbun Reservoir
inflow totaled about 562,000 AF while outflow totaled about 444,000 AF. The peak
mean daily inflow was 10,150 cfs on 28 May. Releases varied from 0 to 1,500 cfs.
Rathbun Reservoir was credited with preventing damages in the amount of $3,295,000
during the spring floods of March and April and nearly $4,100,000 during the
September-October events.

i. Floods of July-September 1993. Precipitation was significantly above
average during the winter of 1992-1993. Persistent rains and early snowmelt
culminated in high spring runoff. During the summer of 1993 a large stationary high
pressure area in the upper atmosphere was situated over the southeastern United
States, while a large low pressure system sat over the northern Rockies. These two
systems resulted in a flow of warm humid air from the Gulf of Mexico and a large
number of thunderstorms. Rainfall amounts recorded at the Rathbun Project Office
were 5.45 inches in May, 4.24 inches in June, 14.26 inches in July, 4.19 inches in
August, and 5.46 inches in September. An outlet works discharge of 1,500 cfs was
initiated at noon on 24 July 1993 as the pool level neared the top of the flood control
zone and crest of uncontrolled spillway at elevation 926.0 ft. The maximum pool
elevation obtained at Rathbun Reservoir was 927.2 ft on 28 July, shattering the old
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record of 924.5 ft on 22 June 1982. Even though water was 1.2 feet deep in the
uncontrolled spillway, the USGS measured a flow of only 7 cfs. The long spillway was
choked with grass, cattails, weeds, and debris, which impeded flow. The outlet works
discharge was increased to 1,800 cfs on 28 July to more quickly lower the surcharge
pool. The pool was lowered to the top of flood control on 5 August for a total surcharge
operation of 12 days. A 34,500 AF of surcharge storage was utilized, resulting in a total
of 107.1% of the flood control pool. Rathbun Dam was credited with preventing
$31,498,000 in damages.

j. Floods of June-July 2010. The year 2010 was a historically wet year. Total
measured precipitation at the project office for the 2010 water year (October 2009 to
September 2010) was over 72 inches, whereas the typical amount is about 39 inches.
Rathbun Reservoir crested at elevation 926.69 ft on 24 July 2010. The reservoir
elevation was 0.69 feet over the design spillway crest, but discharge though the
emergency spillway was restricted by vegetation and only minor drainage occurred
through the left side of the spillway for a few days. At one point in the drainage channel
about 3 feet wide and 0.5 feet deep, the discharge velocity was estimated at about 9
feet per second, providing a drainage of about 13 cfs. The 13 cfs spillway flow is
pictured in Figure 4-1.

Figure 4-1. Uncontrolled Spillway Flow July 2010
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The crest elevation was 0.47 feet below the July 1993 record pool elevation of 927.16 ft.
Rathbun Dam was credited with preventing $7,171,300 in damages. A hydrograph of
the 2010 event is provided in Figure 4-2.
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Figure 4-2: Rathbun Reservoir Actual Pool Elevation and Releases for 2010

On 23 July 2010, a request was approved for outlet works discharge of 3,000 cfs. The
deviation request was pursued to reduce the possibility of uncontrolled spillway
discharge and in consideration of dam safety with a full flood pool. The WCP included a
maximum discharge of 1,500 cfs for pool levels between 921.1 and 926. The deviation
resulted in a maximum release of 3,000 cfs for 64 of the next 83 days. Previous
discharges had not exceeded 1,800 cfs with the exception of a 3,000 cfs test discharge
conducted on 14 December 1993.
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Figure 4-3: 3,000 cfs Release Through Outlet July 2010

Several modifications were completed after the 2010 high pool. A Riprap overlay was
completed at the outlet works during the high pool event. A concrete apron in place of
grouted riprap was completed in December 2010 around the stilling basin to prevent
surge erosion and to accommodate releases up to 3,000 cfs. After the pool was drawn
down to multipurpose level, seepage at abandoned relief well #4 has been controlled
with a sand filter; and a drain modification was completed at the Buck Branch left
abutment.

4-07. Runoff Characteristics.

The Chariton River basin is subject to considerable fluctuation in natural flows. Flood
runoff in the basin is frequent and has contributed to most of the maijor floods on the
Missouri River downstream from the mouth of the Chariton River. The average annual
runoff near Rathbun, lowa, for the 76 years from 1939 through 2014 is 273,407 AF, or
the equivalent of 9.3 inches over the 549 sq. mi. of drainage area above Rathbun Dam.
Reservoir inflow has been trending higher as noted in the below Figure 4-4.

Rathbun Lake Annual Inflow by Water Year
Simulated Inflows 1939-1967, Actual Inflows 1968-2014
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Figure 4-4: Rathbun Reservoir Annual Inflow (AF) by Water Year
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The trend for increasing inflow is likely due to increased rainfall. The land use upstream
of Rathbun Dam has not significantly changed in a way that would dramatically increase
runoff. However, the annual precipitation in the area has experienced an upward trend.
The following Figure 4-5 has obtained from the National Centers for Environmental
Information, a component of the National Oceanic and Atmospheric Administration
(http://www.ncdc.noaa.gov/cag/time-series/us/13/USW00014933). Annual precipitation
at Des Moines has been increasing since 1946 at a rate of 1.31 inch each decade.
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1946-2014 Trend 1946-2014 e o
+1.31"Decade Avg: 33.27" Precip
557 1400
1200
50
1200

2

g

sialauny

1, by Al M
jU‘\‘W‘\/V A1

<07 T 500

Inches

T 400

1 1 1 1 1 1 1 1 1 1 1 1 1
1950 1955 1360 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Figure 4-5: Des Moines Annual Precipitation Trend

The affect on lake operation decisions is noted, however the trend associated with the
increased inflow is low (R"2= 0.0662). Reservoir operation changes cannot be made to
accommodate this trend because of 1) the observed data is too limited, and 2) the
statistical confidence and reliability in the trend associated with the observed data is too
low. Until the trend is better understood and more prevalent, it is not believed sufficient
to dictate changes in reservoir operation.

Prior to establishment of the Rathbun (near) gage, runoff data were obtained by use of
the gage near Centerville, lowa, about 14 miles downstream. The monthly inflow values
are provided in Table 4-4 at the end of this chapter.
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4-08. Water Quality.

The principal chemicals that may adversely affect water quality in the Chariton River are
sulphates and chlorides. U.S. EPA has established drinking water standards of 250
parts per million (ppm) as the maximum desirable concentration for each. lowa has
established water quality standards for acute and chronic levels of chloride and sulfate
based on hardness dependent upon the use of the water (aquatic life needs, waste
water, drinking water, etc.). Chemical analyses are available for water samples
collected by the USGS near Prairie Hill, Missouri, drainage area 1,870 sqg. mi., during
1970 and 1971. Sulphates ranged from 32 to 110 ppm, chlorides from 3 to 16 ppm, and
hardness from 86 to 260 ppm, which indicates maximum concentrations of sulphates,
chlorides and hardness are well within safe limits as set by EPA standards and below
chronic and acute criteria set by lowa standards.

4-09. Channel and Floodway Characteristics.

Farmers along the Chariton River have experienced flooding and drainage problems
almost from the very beginning of settlement in this area. Efforts to alleviate some of
the problems were initiated as far back as the early 1900s when local farmers united to
form drainage districts. As a result of this united effort, channel straightening was
accomplished, first by local interests and later as Federal projects filled in the gaps,
from near the mouth of the Chariton River to U.S. Highway 136 near Livonia, Missouri,
and from the Missouri-lowa State line north to Sedan, lowa. Drainage systems,
including in some places underground clay tiles, were installed in a few locations to help
drain the fields. The'clay tiles, however, never proved totally successful due to the
flatness of the topography adjacent to the stream and the poor natural drainage
characteristics of the valley soils.

The improvements referred to above have proven beneficial in draining the lower part of
the Chariton River basin. However, between Livonia, Missouri, and Rathbun Dam, two
reaches still remain in which the channel is tortuous, with flat slopes and heavily
timbered banks and through which will pass a very limited flow. One reach is a stretch
of about 8 miles between Livonia and the Missouri-lowa State line known as the
"Missouri Narrows." In this reach, the river travels some 21 river miles to move about 6
map miles downstream. In the second unimproved reach, extending from near
Centerville, lowa, to Rathbun Dam, the river travels some 17 river miles to move 5 map
miles downstream. With the advent of large mechanical equipment suitable for
earthmoving and land clearing and its availability to the ordinary farmer, the practice of
clearing and leveling formerly timbered and/or rough areas has become quite
commonplace. Some of these areas are marginal in their ability to produce crops
because they are low and frequently wet. The cleared materials have been placed
along the riverbanks in many locations, only to be carried away by the next high flow,
with the result that logjams downstream are a frequent occurrence. Subsequent to
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straightening of the Chariton River channel between Sedan and the Missouri Narrows,
much timber and debris was placed in the old channel. In certain areas, the old channel
was completely filled, resulting in the elimination of natural drainage and promoting, in
many areas, the tendency toward pools of standing water. The slope of the streambed
ranges from about 1.1 feet per mile in unimproved sections to 2 feet per mile in
straightened and improved channel sections. The channel varies in width from 50 to
300 feet and streambanks are 10 to 25 feet high. The floodplain along the mainstem
ranges from 0.25 to 3 miles in width. Streambed elevations range from about 600 ft at
the mouth to about 1100 ft., at the headwaters.

As of 2014, the National Weather Service (NWS) flood stage designated for the Moulton
streamgage is 36 feet, equivalent to a river discharge of about 11,700 cfs. The NWS
would normally consider flood stage in rural areas as the bankfull capacity, overtopping
of which will result in some damages to farm fields or county roads. This may be true at
and near the Moulton gage, but this has long been known to be too high for the entire
reach from the Dam down to the Missouri Rebels Cove Conservation Area. Field
examinations have consistently shown that farmland and farm access road flooding
begin at much lower river discharges. Early design documents prior to the construction
of Rathbun Dam estimated that the Chariton River channel capacity down to Centerville
was about 4,000 cfs. Field surveys in the 1970s after the Dam was completed
estimated a lowest bankfull capacity in the reach from the Dam down to the State Line
at 2,000 to 3,000 cfs. The Moulton seasonal control point flows forithe 1980 revision of
the Water Control Manual were established in the 800 to 1,500 cfs range due to the
frequency of high inflows from uncontrolled tributaries, poor field drainage with higher
river flows, and problems with farmland-access over low water crossings.

Since the 1970s, most but not all of the lowest flood-prone farmland in the first reach
from the Dam down to Livonia was removed from production through the NRCS
Wetlands Reserve Program (WRP) and Emergency Wetlands Reserve Program
(EWRP) programs and private/public land purchases. Much of this converted land is
now managed as wetlands and wildlife habitat, particularly in the lowa Sedan Bottoms
reach from RM 119.8 downstream through the Missouri Rebels Cove area (RM 99).

In 2010, NWK Water Management staff completed detailed water surface, bankline, and
thalweg profile surveys of the channel and surrounding floodplain conditions with steady
Rathbun Dam releases of 3,000 cfs and 2,000 cfs. Local inflows downstream were
minimal at the time of the surveys. The high releases were needed following the major
flood of 2010 resulting in the lake rising above the designated top of flood pool and into
surcharge.

Water Management completed another land survey of floodplain conditions in 2013 with
a test release of 2,500 cfs. No farmland inundation was noted at this level. This survey
verified that from the dam down to Rebels Cove the minimum channel capacity at which
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some farmland flood damage is experienced is at least 2,500 cfs. Some narrow bands
of riparian woodland can be flooded at lower flow levels, but this is considered non-
damaging. Farmers have installed drain tiles in many floodplain fields and in some
locations they have noted that land drainage is reduced as flows increase above 800
cfs. Although no farmed acreage is flooded until flows are above 2,500 cfs, the
drainage problems increase the time needed to dry out the fields following a flood or
heavy rainfall. Wetland managers and owners state that wetland infrastructure can
utilize river flows for inundating wetlands when the flows are in the range of 2,000 to
2,700 cfs, depending on the location.

There was no evidence of overbank farmland flooding during the 2,000 cfs river profile
survey, although as noted above wet fields due to poor drainage were evident. Field
drainage problems were most noticeable along the left bank in the reach from RM 137.4
to 135.6 upstream of the Hwy 5 Bridge and again along the left bank in the reach from
RM 118.0 to 115.8 in the vicinity of Sedan Bottoms. A farmer stated that poor drainage
can also be a concern during moderate river flows along farm tracts on the right bank
from RM 132.2 to 131.1. He also noted that a walnut orchard along the right bank at
RM 131.4 can be damaged by root saturation and bank erosion during sustained high
releases of 2,000 to 3,000 cfs. Local inflows from uncontrolled tributaries can result in
flooding during severe rainstorms even without minimum releases from Rathbun Dam.
The major uncontrolled tributaries on the lowa side include Walnut Creek (Chariton
River confluence at RM 137.9) and Cooper Creek (Chariton River confluence at RM
129.2).

Bank measurements'during the 2010 and 2013 river surveys indicated that farmland
flooding begins with flows above 2,500 cfs from the Dam down to just below the State
Line (RM 111.5). The initial areas affected include a tract of low-lying pasture along the
right bank from RM 140.2 to 139.9, and row crop farm land (corn, soybeans) along the
left bank in the reaches from RM 137.4 to RM 136.4, in the vicinity of RM 132 just
upstream of the 493rd Street Bridge, and east (left bank) of the managed wetlands
downstream of Sedan Bottoms from about RM 118.0 to just above the State Line (RM
111.5).

At a river flow of 3,000 cfs some farmland flooding was documented particularly in the
reaches above the Hwy 5 Bridge at RM 135.6 and from RM 118.0 to 115.8 in the Sedan
Bottoms area. A rough field estimate indicated about 500 acres of farmland could be
flooded at this river level. At higher flows, the acreage flooded gradually increases, but
specific acreages could not be determined. The 2010 peak flows at the Moulton gage
ranged from 7,790 cfs to 14,500 cfs, and the river surveys noted large additional
acreages of row crops and pasture that had obviously been inundated and killed prior to
the Rathbun Dam late summer and fall high releases.
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Based on the 2010 and 2013 river surveys, it is estimated that infrastructure, primarily
county roads and bridges, is affected at river flows beginning at about 4,000 cfs. A 0.2
mile section of 461st Street at RM 139.6 near the Darby Bridge would be overtopped at
a flow near this level. However, alternate access is available to the fields and
improvements on either side of this section, and this section of the river is mainly
affected by releases from the dam. More substantial overtopping of County Road 300th
Avenue south of 590th Street from RM 114 to RM 112 begins at river flows above about
5,000 cfs. This section of road provides access to a number of public and private fields
and wetlands and two homes. One home is used seasonally or as a rental, and there is
no other access to it. The other home is a permanent residence with alternate access
from a hillside farm road. An abandoned section of 590th Street west of 300th Avenue
would be overtopped at some level between 3,000 cfs and 5,000 cfs, but it is only used
for wetland access. 285th Avenue west of the Sedan Bottoms Bridge at RM 118 would
be overtopped at around 7,000 cfs. This is also the lowest active bridge, with a low
steel equivalent to a flow around 8,300 cfs. The abandoned Mud Bridge west of 590th
Street at RM 114.2 and the abandoned railroad bridge at RM 115.3 have lower
substructures, but they are no longer maintained. The Darby Bridge at 461st Street at
RM 139.6 has a slightly lower substructure than the Sedan Bottoms Bridge, but like the
road it is only affected by releases from the dam. There were no residences or actively
used outbuildings or businesses that appeared to have been flooded even by the high
flows during the summerof 2010." A pole barn and other outbuildings in the vicinity of
RM 139 near the Darby Bridge were at a leyel that would be flooded with a river flow of
around 5,000 cfs, but again this area is upstream of any substantial inflow creeks and
only affected by releases from the Dam.

The Missouri Rebels Cove Conservation Area begins just below the State Line at about
RM 109.5 and extends to about RM 98.9, the lower extent of thedetailed 2010 river
surveys. The 2010 surveys noted that the channel capacity gradually increases through
the Rebels Cove reach, with an estimated channel capacity in the range of 5,500 cfs to
6,500 cfs at the lower end. The estimated channel capacity at the Livonia river gage
(RM 91.8) is 7,000 cfs or more. The channel downstream of Livonia has mostly been
straightened and channelized, and the channel capacity increases rapidly. At the
Novinger river gage (RM 73.1), the NWS shows a flood stage of 20 ft, about 17,500 cfs
with current rating curves. The NWS states that at this level farm fields along the river
begin to flood. The moderate flood stage at Novinger is 23 ft, about 21,700 cfs with the
current rating curves. The NWS states that at this level moderate flooding of farmland
occurs. At the Prairie Hill river gage near the Chariton River mouth, the NWS shows a
flood stage of 15 ft, about 13,100 cfs with current rating curves, with damage to farm
fields along the river. The moderate flood stage at Prairie Hill is 19 ft, about 22,900 cfs
with current rating curves. The NWS states that at this level farmland and secondary
roads in the floodplain are under water.
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The average rate of water travel for flood peaks on the Chariton River below Rathbun
Dam is about 70 miles per day, although water travel times vary considerably with rate
of flow and channel condition. Plate 4-3 indicates the flood peak travel time in days
from Rathbun Dam to the mouth of the Chariton River. Experience has indicated that
travel time of discharges less than bankfull will be about twice the travel time observed
for flood discharges, about 30 to 40 miles per day. The below Table 4-4 lists the results
of a travel time study for a 1,300 cfs discharge.

Table 4-4: Rathbun Reservoir Downstream Travel Time

Travel Time Travel Time Travel Time Distance From

Minutes From Hours From Hours Between | Rathbun Dam in
Rathbun Dam Rathbun Dam Stations Miles
C((em\(le;vsil)le 308 51 5.1 6.0
(I\c/l,gl.“Fte%r.]) 1028 " 2 0
E:g;l Igcljts)/ 1375 22.9 5.8 29.7
(Fy 136) ' 9 ®e
“é&\\j\i/;gsr 2865 478 10.6 67.2
(C\c()érF\r’g\.NN) 3300 > "2 62
comer | o 7
Neévlil/vc\?srgg)ria 4395 72 10 103.4
F()Iflf/(\i/;/ielZHQil)l 5025 83.7 11.7 120.8

4-10. Upstream Structures.
There are no regulated flood control structures upstream of Rathbun Dam.

4-11. Downstream Structures.

There are no regulated flood control structures downstream of Rathbun Dam on the
Chariton River.
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4-12. Economic Data.

a. Population. The population of Appanoose County, lowa is estimated to be
12,739 in 2014. The population is slowly declining with a total of 13,721 in the 2000
census and 12,887 in the 2010 census. The current per capita income is $22,820 per
year. The county includes about 5,600 households with a median household income of
$37,592 and average household income of $51,715. (http://www.appanoosecounty.org)

b. Agriculture. Agriculture is important to the economic fabric of Appanoose
County and lowa. Appanoose County’s 731 farms cover 197,904 acres of land, which
accounts for 60 percent of the surface land in the county. Crop and livestock production
are the visible parts of the agricultural economy, but many related businesses contribute
as well by producing, processing and marketing farm and food products. These
businesses generate income, employment and economic activity throughout the region.
Appanoose County farmers harvested 28,387 acres of corn and 24,189 acres of
soybeans, and produced 1,817 hogs and 28,626 head of cattle in 2007. Farms on
average are smaller in Appanoose County, at 271 acres, than the statewide average of
311 acres. Sales per farm in Appanoose County were $51,821 in 2007 (lowa State
University Extension).

c. Industry. Appanoose County was once a major coal mining region. In recent
decades, the state has made a mostly unsuccessful effort to develop manufacturing as
an alternate form of employment.” A Rubbermaid plant was the county's largest private
employer until the company announced, in June 2006, that the plant, located in the
Centerville industrial'park, would relocate to Winfield, Kansas in October of that year.
Unemployment in Appanoose County has consistently ranked among the highest in the
state of lowa.

d. Flood Damages. As of October 2014, the Rathbun Project has prevented
$160,880,400 in damages since MPP operation began on October 29, 1961. Damages
prevented are “fair shared” with other flood control projects in the Missouri River Basin.
The average annual damages prevented have been $2,979,300.

4-13. Stage-Damage Curves.
Stage-damage curves are shown on Plate 4-4.
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1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

JAN
797
99
881
24992
9069
1184
3866
68092
10102
696
3098
9808
242
9501
1234
81
1234
61

65
1218
1289
53499
857
18028
1531
323
15820
14845
553
10066
35703
6853
3709
1567
38817
58692
5217
367

2095
3749
1448
1210

Table 4-5: Monthly Rathbun Reservoir Inflow Acre-Feet

FEB
571
234

8694
11722
18800

4953
45077

8585

6559
28844
24708
32996
24756

6859
13664

115
18419
188
186
13682
38363
10362
19881
63333
9884
345
18764
17623

1119

3907
17425

2886
52523

7359
60031
18070

9041
10314

3777

3330

7541

9659
12774

MAR
89468
8097
2467
17798
10737
26297
50978
83365
36417
61895
41687
23542
18353
66800
33355
349
14983
119
286
14247
76543
93895
104816
95158
86403
1170
56498
7775
2386
3699
19597
7359
29475
5613
99096
25438
45571
41911
13837
75857
147868
19319
5534

APR
36730
8624
1587
2991
10848
100736
49260
15787
109529
5564
12752
11106
46138
16199
38284
3457
8652
63
21200
4512
58549
87544
22898
10645
9632
16388
90965
6607
24831
68887
21323
34553
5306
19230
132071
26936
34453
84259
9929
118133
36099
15878
33441

MAY
2103
17106
1127
5225
76198
60110
85560
9566
26408
8045
3550
22919
52067
15999
11473
2908
4507
71
11613
8807
104130
107831
7599
19129
11284
5699
5530
30504
14327
4403
18159
33194
13329
35872
100722
49528
13666
33263
6030
81272
28203
1146
4007

JUN
17342
849
25581
34455
88297
60632
39283
114587
210402
861
40805
85308
48998
52269
8317
7898
964
248
14208
1825
34449
16878
4320
42471
936
51636
7831
15190
144135
2132
10017
6744
3570
11851
38282
67221
37111
47306
2045
42483
23236
118879
68658
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JUL
5064
403
2949
19093
6327
581
5506
43770
7900
1166
25075
6591
12462
2152
1884
151
6434
1539
5968
26585
8065
9160
21168
2499
1295
4558
694
1115
3189
2112
42804
1577
4503
5851
31637
23227
6863
12595
2807
42298
16899
5236
173653

AUG
24827
7631
186
5219
13885
9348
438
31490
298
651
17697
3116
3939
6994
139
2323
173
19333
1012
32353
15664
2805
1545
6609
226
371
167
770
1825
536
8013
45025
1567
11048
17395
3243
2896
2579
37994
3652
1081
13597
8846

SEP
252
607

12641
2823
5115
7371
3178

16189

260
290
3622
200
726
436
56
274
69
113

1075

19250

12554
2698

69682
2446
1500

19553

86606

292
607
417
6268

68213
2926

30526

40166

645
4265
893

50091

36282
2093

49259
3660

OCT
95

77
28435
2479
462
16850
6290
19319
177
125
1664
127
9219
141
111
14886
65

22
319
4671
20287
710
35550
28124
85
770
3104
131
13845
595
2559
50976
2440
1279
97985
3521
387
1557
74883
1430
536
2003
5564

NOV
153
149

34303
12258

1184

5153

2993

9495

1343
426
873
145

7307

2517

99
89
60
60

1202

9785

2862

11953
145976
13436
434
579
1789
97

7964
734

6546

7527

5514

15233

5018

5951

5157

0
35023
14263

3023

2479

20896

DEC
129
234

14795

21809
783

21771

5859
6071
2531
188
1323
163
2765
1488
17
171
61
125
2057
1648
11006
1670
8763
2497
147
1133

14128

323

4453
456
1944
11584
8807
15263
32172
7170
12113
0
8422
7026
2033
26400
7448

TOTAL

177531

44110
133646
160864
241705
314986
208288
426316
411926
108751
176854
196021
226972
181355
108733

32702

55621

21942

59191
138583
383761
398005
443055
304375
123357
102525
301896

956272
219234

97944
190358
276491
133669
160692
693392
289642
176740
235044
244838
428121
272361
265303
345691



1982
1983

MONTH

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

AVERAGE

4066
10076

JAN

6476
3203
18496
5365
6575
1220
3104
1974
6159
13577
1289
1250
4532
2013
27640
10969
254
4574
714
61
2777
2529
103
5693
28592
10423
40483
5888
3009
1336
206

8647

60307
37388

FEB

29901
37438
21372
3481
13666
589
2571
26460
23187
26043
13597
4602
20202
56499
30813
17732
3550
53524
3025
1488
13418
34899
194
30506
16721
6754
7567
47283
5266
3939
26025

17736

93888
37755

MAR

37240
33421
45788
45917
7408
1678
24407
41406
15682
80857
21074
5205
11445
28790
92598
31061
190
103339
5098
2212
57441
3798
1912
26023
86707
96545
132506
28600
10437
32945
8196

38390

37567
102535

APR

78615
4532
23405
29702
6317
1061
17266
142029
102735
78011
9402
55874
4592
51164
88988
85041
428
38231
21293
2747
3779
43607
2856
81808
111431
46364
92451
45763
13593
182952
34897

40969

82433
12347

MAY

62876
6337
129867
27134
4393
5377
82464
76722
3560
73271
18625
177719
183104
40731
85400
64502
407
68370
72050
17207
23068
3679
6109
76978
60198
61845
113361
78212
13763
122202
43543

40158

25101
12972

JUN

57401
14965
7081
13309
1701
2180
79717
15065
1636
35772
29613
52502
44430
14331
53425
52790
22086
125157
6456
8936
33283
15084
355
13309
129987
51045
191567
131734
15070
31030
67634

39556

4-21

191405
1577

JUL

10830
11028
30545
32737
194
1111
83416
714
58444
317013
4017
43378
1448
3511
10701
5574
6684
7170
2817
2102
11821
4314
99
329
192010
34235
184612
4356
91
585
11187

24667

25527
2073

AUG

123
34829
26281
66426

1765
3233
11881
1607
25528
36585
670
694
1716
9382
3451
3322
1964
4314

803

S
74588

734

3009
131591
15987
81461
54516
4089
1102
2467
86295

14298

35127
1170

SEP

565
13488
77504
28056

2413
9957
1022
714
290226
20936
853
1021
1835
2162
7140
1666
3481
3273
61
3501
8093
567
300
1880
50400
7974
138555
1519
515
1183
77125

17901

47147
3461

OoCT

6694
94324
74596

1745

83

1874

2162

2850

2132

2440

972
754

6833
22413
53207

684

2826
12793

1107

793

1131

119

1577
22869
24278
58755

7309

2270

3866

3035
51864

12800

29980
30595

NOV

4780
30496
7904
32787
2846
179
4979
6655
58364
813
2747
774
4502
6119
35762
1388
526
1150
113
9659
922
809
811
813
33094
37969
13932
4550
1759
1648
2049

10178

1291
12843

DEC

8162
4869
15550
50697
241
30
4655
6665
49310
4284
2231
843
2489
24228
6942
190
1388
2668
65
3759
1874
180
2380
34423
52383
29980
4684
8877
1479
99
6627

8098

633839
264792

TOTAL

303663
288930
478389
337356

47602

28489
317644
322861
636963
689602
105090
344616
287128
261343
496067
274919

43784
424563
113602

52580
232195
110319

19705
426222
801788
523350
981543
363141

69950
383421
415648

273407



5 - DATA COLLECTION AND COMMUNICATION NETWORKS

5-01. Hydrometeorological Stations.

a. Facilities. Upstream USGS rated gages are located near Chariton, lowa on
the Chariton River (06903400) and near Promise City on the South Fork Chariton River
(06903700). Downstream USGS rated gages are located directly downstream of the
Dam (0603880), near Moulton, lowa (06904010), at Livonia, Missouri (06904050), at
Novinger, Missouri (06904500), and near Prairie Hill, Missouri (06905500). A gage is
also located at the dam for reporting lake elevation information (06903880). These
gages are monitored in real time by the NWK Water Management Section. Stage-
discharge relationships, as determined from streamflow measurements, are maintained
for each of these stations by the USGS. The NWK Water Management Section applies
USGS shifts to the base curves to ensure that the flows correspond to the changing
hydraulic conditions at the gage site. Chariton is the only real time automated National
Weather Service (NWS) precipitation station within the Chariton basin. There are many
other Coop gages in the basin with data reported real-time to the NWS during floods
and daily otherwise. A NWS precipitation gage is monitored at the Rathbun Project
Office by Corps personnel.

b. Reporting. Data from the river gages are collected by satellite Data
Collection Platform (DCP) at the sites. The DCP transmits 15 minute data every hour
via Geostationary Orbiting Environmental Satellite (GOES). The data is received and
reviewed in the NWK Water Management Section. An additional DCP at the Rathbun
Project Office collects data for reservoir pool elevation, precipitation, and wind speed
and direction on an hourly basis and transmits every four hours.

c. Maintenance. A cooperative stream gaging program is maintained by the
USGS and USACE. USACE pays the USGS to maintain the DCP and associated
equipment in the Chariton basin. The USGS ensures that the gages are functioning
correctly, and conducts flow measurements to ensure that the rating curve reflects
current conditions at all the gage sites. During periods of data collection and
transmission problems, the NWK Water Management Section contacts the USGS office
at Council Bluffs, lowa, or Rolla, Missouri to arrange for repair.

5-02. Water Quality Stations.

a. Facilities. The nearest water quality recording station is located at Prairie
Hill, Missouri, 122.7 miles downstream of Rathbun Dam.
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b. Reporting. Water quality data are stored on the U.S. Geologic Survey
database and are not stored by the NWK Water Management Section. Data may be
obtained on the USGS website:
http://nwis.waterdata.usgs.gov/mo/nwis/qwdata/?site_no=06905500

5-03. Sediment Stations.

a. Facilities. In 1970-1971, 30 sedimentation ranges were established in
Rathbun Reservoir and 10 degradation ranges established downstream of Rathbun
Dam at the locations shown on Plate 5-1. 9 of the 10 degradation ranges are
resurveyed every 5 years and provide channel cross section and profile data indicating
any changes in channel characteristics. A reservoir sediment survey is made
periodically (10-20 years) to determine the location and progress of sediment
accumulation and to provide the data necessary for computation of capacity tables and
reallocation of storage when deemed necessary.

b. Reporting. Reporting is performed as necessary.

c. Maintenance. Sedimentation and degradation ranges are maintained by
NWK. The degradation ranges were last surveyed in 2011 as part of the last periodic
inspection. The current operational area capacity tables were generated as provided in
Exhibit D.

In recent years, the pool'sedimentation has been monitored with total lake digital
bathymetric surveys.  This methodology does not require surveys of the sedimentation
ranges themselves, although comparable cross sections can be derived using GIS
techniques. The last survey of the sedimentation ranges was done as part of a total
lake survey in 1999. The flood pool portions of the sedimentation ranges were also
surveyed at that time with traditional land survey techniques. The data was then used
to compute area-capacity tables that as of 2015 continue to be used operationally.
These tables are provided in Exhibit D.

In 2010 the multipurpose pool was again surveyed with total lake bathymetry. The
sediment ranges themselves were not resurveyed. The data was used to compute a
capacity table of the multipurpose pool only using GIS techniques, but this survey was
only intended to monitor sediment accumulation. Future sediment surveys will likely
use similar methodologies. When it becomes necessary to re-compute the operational
area capacity tables covering the entire project, the bathymetric surveys can be
combined with LIiDAR or similar remote sensing data for the land portions of the project.
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5-04. Recording Hydrologic Data.

Data from the DCP is reviewed for completeness and accuracy daily by the NWK Water
Management Section personnel. Daily 6:00 a.m. gage height readings, the 6:00 a.m.
flow, and raw hourly gage height data are stored in the Corps Water Management
System (CWMS). This data are used to prepare project forecasts for inflow and
Rathbun Reservoir pool elevations. Data are maintained indefinitely in the CWMS
database for use in subsequent studies and reports.

5-05. Communication Network.

Communication facilities at Rathbun Reservoir are local and long distance telephone
service. Contact can also be made by e-mail. Maintenance of the telephone lines is the
responsibility of the company leasing the lines to the Government. Project computers
are a part of the NWK network. To alert the public of impending gate changes, a
warning horn is located in the downstream area of the project.

5-06. Communication With Project.

a. Regulating Office With Project Office. Gate orders for Rathbun Dam are
made via telephone to project personnel, and then followed by a formal gate order
signed by the chief of the Hydrologic Engineering Branch. The project reporting
instructions, described in paragraph $-07 of this WCM are communicated directly to the
NWK Water Management Section either by/telephone or electronically. Generally the
regulating office coordinates reservoir operation activity with the IDNR, the NWS, the
USGS, the lowa State Patrol, the lowa Department of Transportation (lowa DOT), and
local sheriff and police agencies as needed.

b. Between Project Office and Others. On occasion, project personnel may
be responsible for coordinating with the IDNR, the NWS, the USGS, the lowa State
Patrol, the lowa DOT, and local sheriff and police agencies. The project office may also
communicate with various press outlets on routine matters. Unusual issues should be
referred to the regulating office for resolution.

5-07. Project Reporting Instructions.

Daily reservoir data from Rathbun Reservoir will be submitted to the NWK Water
Management Section. This daily reservoir condition information includes pool elevation,
24 hour precipitation, 24 hour pan evaporation, wind travel in miles, current wind speed
and direction, 24 hour wind peak, water temperature, air temperature (high, low and
current), ice conditions, and the current release from the project. The reports may be
provided electronically or by telephone.

5-08. Warnings.
The communities downstream from and surrounding Rathbun Reservoir are affected by
major changes in reservoir levels and release rates. The damtender releases
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information on current regulation activities to nearby radio stations, newspapers,
organizations, and individuals concerned with water management. Prior to making a
gate change, a horn is blown to give warning to people immediately downstream of
Rathbun Dam. Project personnel also observe the area to assure everyone in the
downstream area has taken appropriate action regarding the rising water. The NWS
offices in Des Moines, lowa, and Pleasant Hill, Missouri, are responsible for issuing
flood warnings.
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6 - HYDROLOGIC FORECAST

6-01. General.

Hydrologic forecasts are necessary for predicting streamflow above and below Rathbun
Dam to determine if and when releases should be made. The upstream forecasts are
also used to predict the inflow to Rathbun Reservoir and provide pool elevation
forecasts to the project office. The pool forecasts are used to determine whether some
public facilities around the reservoir shore may become unusable. In addition, the
predicted release forecast for Rathbun Dam is provided to the NWS for their use. Plate
6-1 shows the unit hydrograph for Rathbun Dam and downstream gages.

a. Role of U.S. Army Corps of Engineers, Kansas City District. Hydrologic
forecasts are made by the NWK Water Management Section for use in the regulation of
reservoirs for flood control and other authorized purposes, and for the benefit of USACE
constructed projects and flood-mitigating activities. As distinguished from the NWS
which prepares weather and flood forecasts for the public, the NWK Water Management
Section furnishes historic, current and forecasted information on reservoir levels and
releases; historic and current river gage stage readings; current river flow information
for rated stations; and information on observed conditions such as temperature,
evaporation or ice conditions at the reservoirs or rivers within NWK. This information is
available from the NWK Water Management Section by telephone.. NWK also
maintains a website at
http://www.nwk.usace.army.mil/Locations/\WaterManagement.aspx with information and
links to other data sources.

b. Role of Other Agencies. The NWS in Des Moines, lowa, is the official
Federal Agency for providing river forecast information to the public. NWK, by way of
the network connection and current file transfer process, obtains this information from
the NWS. The NWS issues routine and special reports including the following
information:

1. Weather forecasts (daily, severe weather and extended). These
forecasts are issued a minimum of twice per day, and more often if
weather conditions dictate. All forecasts are distributed by internet.

2. Quantitative precipitation forecasts are issued twice a day in the form of
digital maps and distributed by internet.

3. Three-day river stage forecasts for the Missouri River and tributaries

are issued each morning. Afternoon and evening updates are made if
conditions warrant.
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4. Urgent priority messages such as flood or severe weather
warnings, watches, forecasts and statements are issued by internet
throughout the day as conditions warrant.

6-02. Flood Condition Forecasts

a. Requirements. The regulation of Rathbun Reservoir requires a thorough
analysis of weather and river conditions throughout the Chariton River Basin and the
extrapolation of these conditions as far as possible into the future. Flood condition
forecasts are necessary whenever substantial rainfall has occurred on the basin above
or below Rathbun Dam. Modeling runoff based upon rainfall gage information from
downstream tributaries facilitates appropriate reductions in flood control releases.

b. Methods. The NWS River Forecast Center (RFC) uses the NWSRFS API-
based model and 6-hour unit hydrographs to provide daily inflow forecasts for Rathbun
Reservoir and for the uncontrolled areas below the Dam. Reservoir inflow forecasts are
based on the actual six-hour change in volume of storage at the project and the
upstream rated gages on the South Fork Chariton River (06903700) and the Chariton
River (06903400). These two gages measure the flow from 350 sqg. mi. of the 549 sq.
mi. drainage basin above Rathbun Dam. The RFC uses a SAC-SMA rainfall-runoff
operation and routes the water using Tatum, lag k, and Muskingum operations. The
NWK Water Management Section then inputs forecasted inflows and potential release
rates to a Corps-developed computer model which calculates the pool elevation
forecast. Forecasted pool elevations are then provided to project personnel and others
in NWK on the local area network (LAN), email or NWK’s intranet home page.
http://www.nwk.usace.army.mil/Locations/\WWaterManagement.aspx

NWK is coordinating with stakeholders for placement of reporting rain gages in Walnut
and Cooper creeks. HEC-HMS modeling of uniform rainfall events, in 2-inch
increments up to 4 inches, will be applied over the Chariton Basin. The design storm
hydrograph used to size the Rathbun Reservoir flood control pool will be utilized to
produce a family of runoff curves. These curves will then be incorporated into the WCP,
in section 7-05 c. This family of curves will permit water management staff to initiate
timely reduction in flows at Moulton, based on concurrent arrival of water from Walnut
and Cooper creeks.

6-03. Conservation Purpose Forecasts.

a. Requirements. Release and elevation forecast are performed daily by the
NWK Water Management Section. Forecasts are particularly relevant during fish
spawning season or special recreation events. NWK provides the NWS a 15 day
release forecast for their use.
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b. Methods. Forecasts for conservation purposes during non-flood periods are
calculated in the same manner as flood condition forecasts. The minimum release from
Rathbun Reservoir is normally 11 cfs for Chariton River water quality. The IDNR may
request larger releases during certain times of year through their WLMP. The releases
would be limited to a few hundred cfs, unless a large release was needed for a short
time such as for swift water rescue training. Any planned deviations will be thoroughly
evaluated and coordinated with State, local, and Federal interests to determine the
effects on fish and wildlife, and impacts to the other purposes of the project. In addition,
releases up to 13 cfs may be made for the State Fish Hatchery.

6-04. Long Range Forecasts.

a. Requirements. The regulatory decision involved in evacuating stored
floodwater, sustaining yield during low flow periods, and maintaining constant or slowly
changing pool levels for conservation purposes is dependent on accurate estimates of
the water volume that will pass through the reservoir.

b. Methods. Reliable methods for long-range runoff forecasts are not presently
available. The NWS publishes an “Average Monthly Weather Outlook” semi-monthly
which may be used as an estimate of the trend of the weather, but should not be given
too much weight for one forecast, especially for a specific point. As required, generally
during times of drought, long-range pool forecasts can be prepared based on the
historical monthly inflows to the project.

6-05. Drought Forecasts.

a. Requirements. Drought forecasts become particularly relevant when storage
allocation amounts become critically low. Paragraph 7-12 defines all of the
requirements for the Rathbun Reservoir drought contingency plan as specified in the
Rivers and Harbors Act of 1970. Drought contingency plans are generally incorporated
in an effort to improve environmental quality and to ensure that water is available for
downstream rural water districts, farmers and municipalities. The NWS Climate
Prediction Center issues seasonal drought forecasts each spring that may be used to
predict water supply shortages.

b. Methods. Drought forecast methods are generally produced in the same

manner as those for flood condition forecasts. Reservoir recharge time may be based
on different percentages of average inflow.
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7 - WATER CONTROL PLAN

7-01. General Objectives.

The Congressionally authorized purposes for the Rathbun Project as specified in the
original project authorizing documents are flood control, navigation, water quality,
recreation, and fish and wildlife. Water supply was added as a beneficial purpose in
1985 with a reallocation of 15,000 AF within the MPP. Although authorized, Rathbun
Dam has never been operated for navigation support. The WCP seeks to balance all
project purposes for Rathbun Reservoir in order to obtain optimum development and
utilization of the basin water resources. The plan gives appropriate consideration to all
applicable Congressional Acts relating to operation of Federal facilities and to public
input from basin interests, in accordance with ER 1110-2-240 (Water Control
Management). It is intended for use in day-to-day, real-time water management
decisions.

7-02. Constraints.

Physical limitations are the primary factors constraining the project from balancing the
project purposes. There are three main constraints on Rathbun Reservoir: limited
release capabilities of the outlet works, seepage through the Dam during high water
events, and seasonally limited release schedule.

a. Outlet Works. ' The outlet works'were initially designed for an intended
maximum capacity of 5,680 cfs capacity through the service gates. However, release
limitations were putiin place prior to the.completion of the dam. A 3,000 cfs test release
was conducted on December 14, 1993 (NWK-ED-GD 1110-2-1150a, September 25,
2010). The stilling basin walls overtop at an approximate release rate of 1,800 cfs
(USACE-NWK, July 2011).

Consequently, during the high water event of 2010 there was a historical basis for
concern with regards to increasing releases above 1,500 cfs, the highest non-surcharge
release allowed in the previous WCM. Improvements were made to the outlet channel
in 2010 during the high water event that improved release capability to accommodate
higher flows. Riprap was placed in the stilling basin and behind the wing walls of the
outlet. The performance of the outlet structure was evaluated and shown to be safe for
a release of at least 3,000 cfs (NWK-ED-GD 1110-2-1150a, September 25, 2010).

The magnitude of allowable pressurization in the conduit is not known. Conduit
discharges causing the downstream hydraulic jump to shift upstream toward the conduit
may pressurize flow through the conduit. However, prolonged 3,000 cfs releases in
2010 were closely monitored and verified that the hydraulic jump remained downstream
of the conduit. Close monitoring , per the Rathbun Dam Surveillance Plan (DSP) will be
necessary during releases of 3000 cfs or more to assure the hydraulic jump does not
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move upstream inside the conduit. The DSP will be updated per recommendations from
the next risk assessment.

Rathbun Dam currently supports a normal minimum release of 11 cfs for downstream
water quality purposes, usually from the low flow gates. The water quality release can
be increased if necessary to support channel flows needed for the Rathbun Rural Water
Association (RRWA) water supply river intake immediately downstream of the dam.
Since releases to the fish hatchery intake are non-consumptive and reenter the river
downstream of the RRWA intake, they contribute to the minimum desired river flows.
Low reservoir levels below 898.8 ft (NVGD29) reduce the efficiency of the RRWA water
supply intake within the reservoir. In the event of the pool level falling below the lake
water supply intake, the RRWA river intake can be utilized, although as the customer
water demand grows the river intake may not be able to supply peak demands in the
future. The river intake has a lower capacity than the lake intake, which is 17.5 million
gallons per day.

b. Seepage. Seepage through sand layers in all four abutments of the Dam
during high pool events presents a dam safety challenge during prolonged high pools .
Remedial measures that include buried drains at the Chariton Valley and Buck Branch
left abutment were installed to mitigate seepage concerns observed during the 2010
high pool event (USACE-NWK, July 2011). Limiting the frequency and duration of high
pool events reduces the risk associated with seepage in the abutments.

c. Release Rate History. The seasonal release rates in effect with the 1980
WCM revision were established in an attempt to balance downstream channel capacity
and adjacent land use constraints with the available flood control pool capacity and the
frequency of filling to the top of the flood control pool.

During the construction of the Dam, a test release was made in late April 1968. The
channel reconnaissance that took place the day after the release revealed that the
capacity of the Chariton River downstream of Rathbun Dam was significantly less than
has been estimated. Previously it had been estimated that the channel capacity at
Centerville, lowa was as high as 5,000 cfs. As a result of the test release it was seen
that a sustained controlled release of 2,300-2,400 cfs resulted in considerable flooding
over the first 1.5 miles below the Dam and additional flooding in the vicinity of the State
line. Based on this, the usable channel capacity for reservoir regulation in this reach
was tentatively estimated to be 1,500 cfs. The discharge at which flood damages would
become appreciable was estimated to be 2,000 cfs.

The 1980 WCM revision defined a restrictive release rate schedule that was more

sensitive to seasonal downstream land use, primarily agricultural, than to pool elevation,
see (USACE-NWK, Lake Regulation Manual, Sep 1980).
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A significant change has occurred in land use since the early 1980s. As a result of the
1985 Farm Bill, as amended, the NRCS began to offer a new conservation easement
program known as the WRP. This program allowed flood prone lands to be placed
under easement for the restoration of wetlands in order to increase wildlife habitat and
to improve water quality. The first applications in Appanoose County began receiving
funding following the major 1993 flood. This flood also led to additional Department of
Agriculture funding to accelerate the enrollment of flood prone lands into a permanent
easement program called the EWRP, paralleling the WRP program. By 1998, 4,127
acres in the Sedan Bottoms area alone had been enrolled in EWRP; and by 2007, a
total of 2,478 acres had been enrolled in WRP. Additional low-lying farm acreage has
been purchased by private conservation organizations and most of this has been turned
over to the State of lowa. As of 2012, 5,589 acres of the easement and purchased
lands had been incorporated into the Sedan Bottoms Wildlife Management Area (RM
114.3 to 119.8), managed by the IDNR. Large portions of the additional low-lying lands
down to the state line (RM 111.5) are managed as wetlands by the private owners. A
2007 NRCS report estimated that a total of 4,838 acres of the lowest lying flood prone
crop lands in the Chariton River floodplain are no longer used for agricultural
production. As a result of the WRP/EWRP enroliments and private purchases, it
appears that most, but not all of the low-lying farm lands are no longer affected by high
flows. As a result of the WRP/EWRP enrollments and land purchases, most of the
lowest farm lands relative to river flows have been removed from commercial
production.

Detailed Corps river profile surveys in 2010 and 2013 with releases varying from 2,000
to 3,000 cfs showed that initial flooding of remaining farmlands (pasture, row crops) in
the first reach from the Dam down to the state line now begins with a river discharge of
between 2,500 cfs and 3,000 cfs. At a river discharge of about 3,000 cfs, flooded
farmlands total an estimated 500 acres. Field inundation increases as flows increase.
The first county road overtopping begins at a discharge of 4,000 cfs, becoming
significant at flows over 5,000 cfs. Bridges and inhabited structures are not overtopped
until flows are well above 10,000 cfs, although the lowest support girders begin to be
impacted at flows around 8,300 cfs and approaches are affected by lower flows.
Downstream local inflows from tributary creeks can add substantially to Rathbun Dam
releases. Major tributaries include Walnut Creek, which enters the Chariton River at
RM 137.9, and Cooper Creek, which enters the river at RM 129.2.

7-03. Overall Plan for Water Control.

The WCP for Rathbun Reservoir is flexible and has been revised to allow the water
control managers to make more appropriate adjustments based on hydrologic
conditions in the Chariton River both upstream and downstream of the reservoir. This
revision incorporates three significant elements. Two improvements to the WCP include
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increasing allowable flood control release rates and a flexible range to implement
WLMPs. Increases to the allowable flood control release rates provide an improved
ability to regulate the reservoir and balance both upstream and downstream purposes.
The ability to implement a flexible WLMP further improves the range of ways in which all
authorized purposes can be balanced. A third improvement to the WCP allows more
responsive regulation adjustments due to real-time conditions downstream (Section 7-
05 c.). Uncontrolled tributary creeks can add substantial river flow between the Dam
and the Moulton river gage downstream. Faster responses to storm runoff can reduce
excessive flooding events downstream. NOTE: The 2015 WCM may be subiject to
changes based on future Risk Assessments that may update hydrologic modeling
and/or the understanding of project risks associated with various pool levels described
in the 2015 WCM.

7-04. Standing Instructions.

During flood periods, the lake will be regulated in accordance with the normal
regulations for flood control operations as directed in section 7-05. The NWK Water
Management Section will issue instructions for the storage and discharge of floodwater
as described in paragraph 5-06. In the event communication with the NWK is disrupted,
the pool level management will become the responsibility of the damtender and will be
regulated in accordance with paragraph 7-05 and Exhibit B of this Manual. In addition,
the damtender will immediately make every effort to reestablish communications with
NWK. The damtender will make daily observations of the weather station and pool level
data and report those observations as directed in paragraph 5-07 and repeated in
Exhibit B. Should an emergency situation occur in which communication is not lost,
such as inoperable gates, a drowning accident, or.excessive trash in gates, the NWK
Water Management Section will be notified immediately.

7-05. Flood Control Operations.

A flood control plan for the regulation of Rathbun Reservoir was developed according to
the preferred alternative outlined in the Rathbun Reservoir WCM Revision
Environmental Assessment (EA). A summary and graph of allowable flood control
releases follows in paragraph c and Table 7-1. An explanation and graph of the range
of allowable WLMP criteria is found in paragraph b and Figure 7-3. This is a seasonal
reservoir target pool elevation plan which is developed by USACE Water Management
with input from various stakeholders on an annual basis. The USACE Water
Management team reviews and takes into consideration all stakeholder WLMP
proposals and comments prior to implementation of the final annual WLMP. The WLMP
represents a plan of operation for the coming year. All WLMPs are subject to the
hydrologic events that occur and may not represent actual lake operation. However, the
plan provides a goal for operating the lake and will be followed as circumstances allow.
In paragraph d, methodology is outlined for using precipitation gages in the basin as
operational tools for flood risk reduction. Table 7-3 presents the maximum release rate
changes allowed.
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Paragraph e addresses the outlet works and surcharge operation. Evacuation of stored
flood waters should be conducted in an immediate but prudent manner. In most cases,
releases to evacuate stored flood waters can be made over a period of about 10 days.
There will be, however, times when it is prudent to shorten or lengthen this period of
time to lessen downstream flood risk or maintain project integrity.

a. Seasonal Guidelines. Zones have been established by seasonal guidelines
in Rathbun Reservoir called Phase |, Phase I, and Phase lll.

The dividing lines between these zones or phases vary seasonally and are referred to
as seasonal guidelines. Similar guidelines have been developed for the other storage
projects in NWK and serve to maintain a balance of the accumulated storage.
Downstream control points have flow values corresponding to the three phases in the
reservoir. Paragraph 7-05.b addresses the rates of release for the various phases.
Figure 7-1 depicts the relationship between reservoir flood control zones or phases and
the corresponding downstream control point flows. This illustrates that as the pool rises
the urgency to release the water increases, thus the allowable flow at downstream
control points also increases.

Relationship between ControlPoints
and

Flood Control Zones
Stage

Flood Control Zones

Figure 7-1: Relationship Between Reservoir Phases/Zones and Downstream
Cont