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A

NOTICE TO USERS OF THIS MANUAL

This Water Control Manual complies with the latest US Army Corps of Engineers guidelines
regarding management of water control systems and preparation of water control manuals. The St.
Paul District completed the water control manual for Orwell Dam and Reservoir in April 1954. The

manual was revised August 1963 and was updated in August 2001.

This manual was published in loose leaf form to facilitate modifications. In the future, only those
sections, or parts thereof, requiring changes will be revised and replaced.

EMERGENCY REGULATION ASSISTANCE PROCEDURES

In the event that unusual conditions arise during normal business (duty) hours, contact can be made
to Water Control by telephone (651-290-5617), fax (651-290-5841), or VHF-FM radio, call signal
WUG-613 (St. Paul, MN). During nonduty hours, assistance can be obtained by contacting one of
the following persons, in the order listed below.

Name

Title/Internet Address

Number

Edward Eaton

Kenton Spading

Ferris Chamberlin

Michael Knoff

John Bailen

Chief, Water Contro] Section
edwarc :.eaton@usace.army.mil

Hydraulic Engineer
kenton.e.spading @usace.army.mil

Hydraulic Engineer
ferris.w.chamberlin @usace.army.mil

Chief, Hydraulics & Hydrology Branch
michael.r knoff @usace.army.mil

Chief, Engineering Division
john.j.bailen@usace.army.mil

Work: 651-290-5617

Work: 651-290-5623

Work: 651-290-5619

Work: 651-290-5602

Work: 612-290-5303
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Mean Sea Level Reference Datum

All elevations in this manual use the 1912 Mean Sea Level adjustment (1912 MSL) unless
otherwise stated.

Metric Equivalents and Conversions
Length:
1 Centimeter = 0.394 inches
1 meter = 3.28 feet
1 kilometer = 0.621 miles
Area:
1 meter? = 10.764 feet?
1 kilometer? = 0.386 miles?
1 hectare = 2.,471 acres
Volume:
1 meter’ = 35.31 feet?
1 meter’ = 1.308 yards®
1 meter’ = 0.81 x 107 acre-feet
Flow:
1 meter’/second = 35.31 feet’/second

Temperature:

(Fahrenheit - 32)/1.8 = Degrees Celsius

World Wide Web Sites

St. Paul District http://www.usace.army.mil
Water Control Section http://www.mvp-wc.usace.army.mil
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I - INTRODUCTION

1-01. Authorization for the Manual. Authority to prepare a Reservoir Regulation Manual (Water
Control Manual) for Orwell Dam and Reservoir was given by letter, 800.2 (Reservoirs) UMVGW,
Upper Mississippi Valley Division, subject: "Manual of Regulation for Flood Control and Multiple
Purpose Reservoirs”, dated 30 August 1948. The interim Reservoir Regulation Manual was
submitted as requested by first indorsement, UMVGB, Upper Mississippi Valley Division, dated 8
October 1952, to letter, UMPRH 800.2 (Reservoirs), St. Paul District, subject: "Operation of Flood
Control Reservoirs", dated 30 September 1952.

This manual supersedes the Reservoir Regulation Manual, dated April 1954 and revised August
1963, and incorporates changes to the water control plan as recommended in the Operation Plan
Evaluation and Environmental Assessment, Lake Traverse, Bois de Sioux River, and Orwell

Reservoir, dated April 1994. This manual was prepared in compliance with the following

guidelines:
Civil Works Document Number Document Title Date
Engineering Regulation 1110-2-240 Water Control Management 30 Apr 1987
Engineering Manual 1110-2-3600 Management of Water Control Systems 30 Nov 1987

Engineering Regulation ~ 1110-2-8156 Preparation of Water Control Manuals 31 Aug 1995

1-02. Purpose and Scope of the Manual. The purpose of this manual is to provide guidance and
instruction for project personnel and to serve as a reference source for others who may be involved
with the regulation of this project. The manual is for daily use in Water Control Section activities
for most foreseeable conditions and occurrences. The scope of this manual covers all water control

management activities as they relate to the hydraulic and hydrologic aspects of the project.

1-03. Related Manuals and Reports. Prior reports on flood control and navigation in the region
date from 1850. The annual reports of the Chief of Engineers are a good source of pre-project
information. Reports and documents concerning the basin prior to 1949 are listed in Exhibit B. The

following is a list of more recent reports.
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a. Flood Control Definite Project Report on Orwell Reservoir, Otter Tail River, Minnesota,
U.S. Army Corps of Engineers, St. Paul District, February 1949 (revised August 1950).

b. Final Report, Laboratory Tests on Hydraulic Models of Orwell Reservoir Conduit Outlet
and Spillway Structures for Otter Tail River, Minnesota, U.S. Army Corps of Engineers, St. Paul
District, December 1953.

c. Flood Control and Water Conservation, Otter Tail River, Minnesota Red River of the
North Watershed, Orwell Dam and Reservoir, Reservoir Regulation Manual, U.S. Army Corps of
Engineers, St. Paul District, April 1954 (Revised August 1963).

d. Finding of Fact and Negative Declaration for Operation and Maintenance, Orwell Lake
and Dam, Ottertail County, Minnesota, Finding of Fact signed May 1975.

e. Flood Control, Orwell Dam, Otter Tail River, Minnesota, Letter Report No. 2 Seepage
and Uplift Investigation, U.S. Army Corps of Engineers, St. Paul District, May 1979.

f. Probable Maximum Flood and Standard Project Flood Discharge Hydrographs for the
Otter Tail River at Orwell Dam near Fergus Falls, Minnesota, - Prepared for U.S. Army Corps of
Engineers, St. Paul District by Enviroscience Inc., November 1981.

g. Shoreline Erosion Process, Orwell Lake, Minnesota, John R. Reid, University of North
Dakota, January 1983.

h. Orwell Reservoir Operation Plan Evaluation (ROPE) and Environmental Assessment,
U.S. Army Engineer District, St. Paul, Corps of Engineers, St. Paul, Minnesota, January 1986.
Finding of No Significant Impact (FONSI) signed February 1986.

i. Risk Assessment Report, Orwell Dam, Otter Tail River, Minnesota, U.S. Army Corps of
Engineers, St. Paul District, July, 1987.

j.  Flood Control Project, Orwell Dam & Reservoir Emergency Plan, U.S. Army Corps of
Engineers, St. Paul District, April 1990.

k. Ice Influenced Flood Stage Frequency Analysis - Red River of the North and Bois de
Sioux River at Wahpeton, North Dakota, and Breckenridge, Minnesota, U.S. Army Corps of
Engineers, St. Paul District, October, 1990.

. Drought Contingency Plan, Orwell Reservoir Water Control Appendix DCP (draft), U.S.
Army Corps of Engineers, St. Paul District, September 1992.

m. St. Paul District Designs Wetlands Restoration Project at Orwell Lake, U.S. Army Corps
of Engineers, Waterways Experiment Station, The Wetlands Research Program Bulletin, Volume
3, Number 3, October 1993.

D
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n. Operation Plan Evaluation and Environmental Assessment (ROPE), Lake Traverse, Bois
de Sioux River, and Orwell Reservoir, U.S. Army Corps of Engineers, St. Paul District, In-House
Draft dated June 1988. Final report issued April 1994. Finding of No Significant Impact (FONSI)
signed July 1994.

0. Design Memorandum, Dam Safety Assurance Program, Orwell Dam, Otter Tail River,
Minnesota, U.S. Army Corps of Engineers, St. Paul District, June 1994.

p- Lake Traverse Reservoir, Bois de Sioux River, Water Control Manual, U.S. Army Corps
of Engineers, St. Paul District, Revised December 1994.

q. Supplement to Design Memorandum, Dam Safety Assurance Program, Orwell Dam,
Otter Tail River, Minnesota, U.S. Army Corps of Engineers, St. Paul District, January 1996.
Structural Rehabilitation and Downstream Channel Modifications for Orwell Dam, Environmental
Assessment and Finding of No Significant Impact (FONSI) signed June 1996. Drawdown for
Construction, Environmental Assessment and Finding of No Significant Impact (FONSI) signed
December 1997.

r. Operation and Maintenance Manual, Section 1135 Habitat Restoration Project, Orwell
Lake, Otter Tail County, Minnesota, U.S. Army Corps of Engineers, St. Paul District, May 1996.

s. Feasibility Study and Environmental Assessment, Wahpeton, North Dakota and
Breckenridge, Minnesota, Section 205 Local Flood Reduction Project, Red River of the North, U.S.
Army Corps of Engineers, St. Paul District, September 2000.

1-04. Project Owner. The United States Government is the owner of Orwell Dam. The U.S.

Army Corps of Engineers, St. Paul District is responsible for the regulation of the Orwell Project.

1-05. Operating Agency. Regulation instructions for the project are provided by the St. Paul
District, Engineering Division, Hydraulics and Hydrology (H&H) Branch, Water Control Section.
Operation and maintenance of the Orwell Project is the responsibility of Construction-Operations

(Con-Ops) Division, Western Flood Control Office.

The project is attended full time. Site personnel are responsible for project maintenance as well was
as performing gate adjustments as directed by Water Control. The following table gives the names,

addresses and phone numbers for the Orwell Project related personnel.
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Pass

HI - HISTORY OF THE PROJECT

3-01. Authorization. House Document No. 185, 81st Congress, dated 24 May 1948, contained a
comprehensive plan for flood control for the Red River of the North basin. Included in this
document was a recommendation for the construction of a reservoir on the Otter Tail River and
channel modifications downstream of the reservoir, between river miles 24.8 and 9.7 (Plates 2-1 and
4-7). Partial completion of the comprehensive plan was authorized by the 1948 Flood Control Act
(approved 30 June 1948). Completion of the plan was authorized by the Flood Control Act approved
on 17 May 1950.

3-02. Planning and Design. Numerous attempts have been made to alleviate flooding in the lower
Otter Tail River area. The first project (in 1895) was sponsored by the Red River Valley Drainage
Commission. The Commission constructed a ditch to divert overflow from the Otter Tail River (near
river mile 23.0) into the Doran Slough. In 1910, another attempt was made to control the overflow
in the same vicinity by constructing a high flow cutoff ditch (floodway) linking river miles 25.9 and
18.8. This cutoff was constructed through the joint efforts of the Wilkin County Board and the
Minnesota State Drainage Commission. Later, several cutoffs and ditches between river miles 16

and 22 were constructed, but none effectively solved the flooding problems.

Following the drought of the 1930’s, water supply became an issue in the region. As aresult, 31 low
head dams were constructed in the lake region of the Otter Tail River basin to restore the lakes to
levels deemed necessary for recreational activities and water conservation. These dams were
sponsored by the Water Resources Branch of the Minnesota Department of Conservation and were

constructed by the Works Progress Administration. The dams were completed in 1938.

In the 19407, a basin-wide study of the Red River of the North was made by the Corps of Engineers.
The Corps developed a comprehensive plan for flood control and associated purposes and presented
its results in a report entitled "Survey Report on the Red River of the North”. The plan included two
features; (1) a reservoir on the Otter Tail River to control floods and to supplement low flows for

water supply and pollution abatement, and (2) channel modifications downstream of the reservoir,
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between river miles 24.8 (later changed to river mile 21.4) and 9.7, for increased channel capacity.
The report was submitted to congress on 24 May 1948 and construction of the project was authorized w
by the Flood Control Acts approved 30 June 1948 and 17 May 1950. The 1948 act authorized partial
accomplishment of the Red River of the North comprehensive plan for flood control and the 1950

act authorized completion of the plan.

3-03. Construction. Construction of the Orwell Dam and Reservoir Project began in May 1951 and
was placed into operation during the spring of 1953. The downstream channel modification was

started in January 1953 and completed in June 1954.

3-04. Related Projects. The Otter Tail River and the Bois de Sioux River combine at Wahpeton,
North Dakota/Breckenridge, Minnesota to form the Red River of the North. The Lake Traverse
Project on the Bois de Sioux River is operated in conjunction with Orwell Dam to provide flood
control for the two cities. Detailed information on the Orwell Dam operation plan is given in
Chapter 7. The Lake Traverse Project consists of White Rock Dam and a low-head structure
(upstream) called Reservation Dam. Refer to the Lake Traverse Project, Water Control Manual for 3

additional information.

There are numerous small dams upstream of Orwell Dam. Dayton Hollow Dam, located about five
miles upstream of Orwell Dam, is the only dam that can affect regulation of Orwell Reservoir.
However, under normal operating procedure, Dayton Hollow Dam does not store or release large
volumes of water and therefore, has minor impacts on the operation of Orwell Dam. See Paragraph

4-10 for more information regarding upstream dams.

3-05. Modification to Regulations. The Water Control Plan was formally presented in the Interim
Reservoir Regulation Manual dated April 1954. This section begins by describing portions of the
regulation manual, as presented in 1954, that were later changed. Following this, in chronological

order, are modifications to the regulation plan.
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a. 1954 Regulations (That Were Later Modified). The Water Control Plan of 1954
established a "normal full pool"” elevation of 1070.0 feet and a minimum pool elevation of 1048.0
feet. Winter drawdown was to begin on 1 November to assure that elevation 1048.0 feet would be
reached by 1 March. During flood runoff, discharges were not to exceed 900 cfs until elevation
1070.0 feet was achieved. At this point, the gate was to be adjusted to discharge 90 percent of the
reservoir inflow rate (based on the average inflow rate for the previous 3 hours), thus changing to
an induced surcharge operation. When the maximum pool elevation of 1075.0 feet was reached, the
gate was opened as necessary to pass inflow. Upon recession, the gate remained unchanged until

the pool had lowered to elevation 1070.0 feet.

Minimum release from Orwell Dam was not to be less than 5 cfs. During drought conditions,
releases from Orwell Dam were to be coordinated with Baldhill Dam to meet water supply needs
above the confluence of Red Lake River. Minimum releases from Orwell Dam for water supply,

pollution abatement, and sugar beet processing was approximately 40 cfs.

b. 1963 Modifications. In August of 1963, the Water Control Manual was revised.
Changes were made to the Water Control Plan to augment low-flow conditions and control
downstream flooding during winter drawdown. Under this plan, winter drawdown began on 20
September and was to be completed by 15 March. Also, so as not to exceed channel capacity during

winter drawdown, a maximum discharge of 900 cfs was established. See Exhibit D-3.

c. 1972 Modifications. Due to the reduced need to augment low flows downstream,
delaying the start of the winter drawdown was investigated. In 1969, winter drawdown began on 15
October, and in 1970 it began on 1 November. After completion of the Fargo low-flow diversion
dam on the Sheyenne River in July 1972, augmentation of low-flow conditions was deemed less
critical; therefore, the date to begin winter drawdown was officially changed back to 1 November.

See Exhibit D-4.

d. 1977-79 Modifications. Several boils were discovered in the bottom of the discharge

channel in late May 1977 with a pool elevation 1069.5 feet and a differential head of 35.5 feet. Boils
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also occurred in late September 1978 under similar conditions. Because of these seepage problems,
there were safety concerns regarding the allowable surcharge to be placed on the pool; therefore, e
surcharging of the pool above top of flood control (1070.0 feet) was avoided, thus minimizing
surcharge pressures on the dam. For example, the peak pool elevation in the spring of 1979 was
1070.06 feet (Table 4-7). Relief wells were put in place in the summer of 1979 and thereby allowed

surcharging pool to revert back to elevation 1075.0 feet.

e. 1986 Modifications. In January 1986, the Orwell Reservoir Operation Plan Evaluation
(ROPE) and Environmental Assessment was released. The Finding of No Significant Impact
(FONSI) was signed in February 1986. The ROPE study indicated that the annual fluctuations of
the pool between elevations 1070.0 and 1048.0 feet caused environmental problems for the reservoir
area. The report presented an alternative operating plan to mitigate these problems. As a result, the
operating plan was amended such that a normal pool elevation of 1068.0 feet and a normal winter
drawdown elevation of 1064.0 feet was established. Drawdown would begin on 1 February and be
completed by 15 March. The intent was to minimize pool fluctuations so as to improve habitat
conditions in the wetlands and shallow aquatic areas around the reservoir. In addition, studies 3
indicated that a discharge of 1,200 cfs from the dam did not interfere with agricultural operations
downstream. Therefore, the channel capacity discharge was increased from 900 cfs to 1,200 cfs.

Essentially, this change in operation eliminated freeboard in the channel improvement reach.

An agreement between the Corps of Engineers (COE) and the Minnesota Department of Natural
Resources (MDNR), regarding low flow releases, was established in 1986 (Exhibit D-6). Prior to
this agreement, the low flow minimum was 5 cfs with an exception for water supply, pollution
abatement, and sugar beet processing whereby the minimum flow was approximately 40 cfs. The
new agreement raised the minimum outflow to a year-round minimum release of 80 cfs. This was
based on the need for (1) pollution abatement during the summer when wastewater treatment plants
have higher biochemical oxygen demand constraint, (2) water supply, (3) recreational boating, and

(4) instream aquatic wildlife and fish habitat.

#
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While improvements to the dam were made in 1979 to address seepage problems, boils were again
discovered in May 1986 when the pool peaked at elevation 1072.14 feet. After that, surcharging of
the pool more that a couple tenths of a foot above the top of flood control (1070.0 feet) was avoided.
For example, during the floods of 1993 and 1997, the pool reached elevations of 1070.73 feet and
1070.30 feet respectively.

f. 1988 Modifications. Problems associated with pool fluctuations were addressed in the
Operation Plan Evaluation and Environmental Assessment, Lake Traverse, Bois de Sioux River, and
Orwell Reservoir, In-House Draft Report (1988). While the final report was not issued until April
1994, some recommendations were adopted in 1988. The report proved that a normal pool elevation
of 1068.0 feet with a winter drawdown to elevation 1064.0 feet, established in 1986, was ineffective
in improving habitat conditions. Therefore, the following recommendation was adopted: A year-
round conservation pool elevation of 1064.0 feet will be maintained with an allowance for a
drawdown to as low as 1048.0 feet, by 31 March, if the water content of the winter snow pack

indicated a potential for significant spring flooding (i.e. three inches or more snow-water content).

g. 1994 Modifications. The Operation Plan Evaluation and Environmental Assessment,
Lake Traverse, Bois de Sioux River, and Orwell Reservoir Report was completed in April 1994.
The Finding of No Significant Impact (FONSI) was signed Ju]y 1994. While some of the reports
recommendations were adopted in 1988 (see above paragraph), additional modifications were made
in 1994. Two Minnesota Department of Natural Resources (MDNR) recommended changes to the
operating plan were adopted to further enhance habitat conditions. One was to allow for a temporary
pool raise to about 1066 feet during the fall waterfow] migration season to provide waterfowl staging
and feeding areas. The other was to draw down the reservoir to about 1061 feet following the spring
runoff every few years to allow the MDNR to drain their sub-impoundments located in the south arm

of the reservoir. See Exhibit D-7.

The city of Moorhead, Minnesota draws water supply from the Red River of the North and therefore
has concems regarding water quality (Exhibit D-8). Outflows from the Lake Traverse Project are

of poor water quality while outflows from Orwell Reservoir are of much higher quality. Therefore,
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when the appropriate conditions exist for an Orwell drawdown, Orwell Reservoir will be drawn

J

down concurrently with the drawdown of Lake Traverse. Drawdown will begin on 1 March and be

completed by 31 March.

h. 1999 Modifications. To meet dam safety requirements for the Probable Maximum Flood
(PMF), construction of a tailwater structure to raise tailwater elevations began in 1998 and was
completed in 1999. The Finding of No Significant Impact (FONSI) for construction was signed in
June 1996. The FONSI for drawdown to meet construction needs was signed in December 1997.
Improvements to the scour protection downstream of the dam were completed in fall 2000. The
tailwater structure, along with the channel improvements, safely allows for a surcharge pool
elevation of 1075.0 feet. However, the taking line guide for the reservoir is the 1073.0 feet contour
(Plates 2-8 and 2-9) and no arrangements have been made for flood easements to elevation 1075.0
feet. Therefore, top of surcharge pool for the current operating plan is constrained to an elevation
of 1073.0 feet. (Note: Under this operating plan, a record pool elevation of 1072.47 feet occurred
on 9 June 1999; Table 4-7).

As per agreement with the US Fish and Wildlife Service, maximum drawdown was established to
provide 1,000 acre-feet of storage for fish habitat. The elevation associated with this capacity was
elevation 1048.0 feet based the survey of 1943-1944 (Table 4-1). The survey of 1985 indicated
sedimentation had reduced the storage volume at this elevation to 700 acre-feet. Based on this
survey, 1,000 acre-feet of storage would exist at elevation 1049.2 feet. Assuming a linear rate of
sedimentation, the elevation that would presently (year 2000) provide 1,000 acre-feet of storage is
1049.6 feet. To eliminate the need for adjusting the maximum drawdown elevation on an annual
basis, maximum drawdown was established at elevation 1050.0 feet. This elevation will remain in

effect until the next sedimentation survey is performed.

When the basin-average snow-water equivalent was exceptionally high, drawdown was allowed to
begin before 1 March. For example, excessive snowfall during the winter of 1996-97 resulted in a
concurrent drawdown of Lake Traverse and Orwell Reservoir beginning on 16 February. On 13 June

1997, the Minnesota Department of Natural Resources became aware of a turtle kill on Orwell

=
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Reservoir. Based on a survey of the shoreline, the turtle kill consisted of 69 snapping turtles and 23
painted turtles. It was theorized by the St. Paul District, Environmental Unit that early drawdown
during cold temperatures was the likely cause for the turtle kill. This brought about consideration
of the following two items: (1) Drawdown of Orwell Reservoir can be achieved much faster than
drawdown of Lake Traverse, and (2) Recent improvements to water supply plants on the Red River
of the North make the diluting of Lake Traverse water less critical. Therefore, when there is
potential for high runoff volume, drawdown of Lake Traverse may begin before 1 March; however,
drawdown of Orwell Reservoir will begin on or after 1 March and be completed by 31 March. To
reduce shoreline erosion, a general guide rule for maximum drawdown rate was established at 0.5

feet per day.

3-06. Principal Regulation Problems.

a. Gate Icing. As part of the original gate structure, electric base and side seal heaters were
installed to address potential gate icing problems. During the first winter of operation (1953-54),
this heater system was proven to be inadequate. Icing was sufficient to freeze the Tainter gate in a
partially opened position, resulting in loss of reservoir regulation. The icing problem was corrected
in 1957 by supplementing the base and side seal heaters with a corrugated aluminum Tainter gate
housing connected to two liquefied petroleum-gas-fired, forced hot-air heating systems. The original
forced air system had the base and side seal heaters replaced in 1996. In 1999 the forced air system

was replaced with electric heaters.

b. Artesian Pressure. Artesian pressures became a cause for concern during the 1970
periodic inspection. At this time, a general wet condition was noted along the downstream toe of
the embankment. Clearing was recommended, along with construction of a drainage ditch and
installation of piezometers. This work, performed in 1973, was only partially effective. In 1976,
a 15-inch perforated polyvinyl chloride (PVC) toe drain was installed, and a 150-foot-wide berm,
up to 5 feet in depth, was constructed along the entire dam toe adjacent to the existing road. The

berm width was extended to 250 feet over the old river channel.
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¢. Boils. In May 1977, boils of significant size with some displacement of material (sand
cones) were detected in the bottom of the spillway discharge channel. To relieve the pressure and e
provide adequate safety, 10 relief wells were installed along the right bank of the outlet channel in
1979. In addition to the relief wells, 21 piezometers, 20 observation wells, and 2 inclinometers were
installed between 1971 and 1978. In spite of these improvements, boils were again discovered in
May 1986. Downstream channel improvements were made in 1999 and 2000 as part of design
measures to meet dam safety requirements. As a result of these improvements, boils are no longer

expected to be a problem.

d. Shoreline Erosion. A considerable amount of shore erosion has occurred since Orwell
Lake was first impounded. Steep banks have developed on about 35 percent of the high water
shoreline of the main lake, making many of the banks nearly vertical. The effects of the erosion have
been serious. For example, erosion of private land along the south shore resulted in the purchase of
30 acres of land by the Federal Government. A 2%:-year study was conducted by John R. Reid,
University of North Dakota, to determine the causes of bank erosion and ways to slow down its rate
and magnitude. The results of the study were published in January 1983 in a report entitled 3
Shoreline Erosion Process, Orwell Lake, Minnesota. The report identified wave action
accompanying high pool levels and, to a lesser extent, freeze-thaw and rainfall as the primary causes

of erosion.

The effects of bank erosion on storage capacity and the useful life of the reservoir were analyzed in
the Orwell Reservoir Operation Plan Evaluation and Environmental Assessment (ROPE) study of
1986. Also analyzed in the ROPE study were the environmental impacts of the plan of operation
in effect at that time. This plan allowed for an annual fluctuation of the pool elevation between
1048.0 and 1070.0 feet. This wide annual fluctuation and the resulting repeated changes in the
conditions to which the shoreline was exposed prevented the formation of a stable vegetative cover.
Recommendations from the ROPE study changed the operation of the pool from wide annual
fluctuations to a near constant elevation of 1064.0 feet, which has allowed the shoreline to establish

vegetation in the littoral zone. This for the most part has eliminated the serious bank erosion that

~af

3 8 Water Control Manual, Orwell Dam and Reservoir
- Revised August 2001

USACE-MVP-0000118572




c. Boils. In May 1977, boils of significant size with some displacement of material (sand
cones) were detected in the bottom of the spillway discharge channel. To relieve the pressure and
provide adequate safety, 10 relief wells were installed along the right bank of the outlet channel in
1979. In addition to the relief wells, 21 piezometers, 20 observation wells, and 2 inclinometers were
installed between 1971 and 1978. In spite of these improvements, boils were again discovered in
May 1986. Downstream channel improvements were made in 1999 and 2000 as part of design
measures to meet dam safety requirements. As a result of these improvements, boils are no longer

expected to be a problem.

d. Shoreline Erosion. A considerable amount of shore erosion has occurred since Orwell
Lake was first impounded. Steep banks have developed on about 35 percent of the high water
shoreline of the main lake, making many of the banks nearly vertical. The effects of the erosion have
been serious. For example, erosion of private land along the south shore resulted in the purchase of
30 acres of land by the Federal Government. A 2'2-year study was conducted by John R. Reid,
University of North Dakota, to determine the causes of bank erosion and ways to slow down its rate
and magnitude. The results of the study were published in January 1983 in a report entitled
Shoreline Erosion Process, Orwell Lake, Minnesota. The report identified wave action
accompanying high pool levels and, to a lesser extent, freeze-thaw and rainfall as the primary causes

of erosion.
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Recommendations from the ROPE study changed the operation of the pool from wide annual
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vegetation in the littoral zone. This for the most part has eliminated the serious bank erosion that
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had been taking place and has provided stable habitat for the invertebrates which make up part of

the food supply for game fish and waterfowl. -

e. Low-Flow Conduits. The two existing 24-inch low-flow conduits were originally
controlled by double disc gate valves. When the gate valves were in a partially open position,
vibration would occur. Vibration resulted in excessive wear of the valves; therefore, the valves were
kept either fully open or fully closed. The Tainter gate was used to control low-flow releases for
those conditions when partially open valves would normally have been used. However, because of
the Tainter gate’s large size, it was not an adequate substitute for the valves and could not be
operated with sufficient accuracy. In addition, vibration and erosion of the lip occurred during very
small gate openings. In 1988, the double disk gate valves were replaced with slide gates to allow
the conduits to be operated over their full range. These have functioned effectively since their

installation.

U
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EXHIBIT B
RELATED MANUALS AND REPORTS

1. Early Reports. Prior reports for flood control and navigation aids date from about 1850
and include a number of printed documents and annual reports of the Chief of Engineers. These
reports deal with investigations into the advisability of dredging, removal of obstructions, and
construction of locks and dams on the Red River of the North and its tributaries, including the Otter
Tail River. In general, these reports were favorable to dredging and removal of obstructions but were
unfavorable to the construction of reservoirs with locks and dams as aids to navigation.

2. Report of an exploration of the Territory of Minnesota in 1849, Ex. Document #42, 31st
Congress, Captain John Pope, Corps of Topographical Engineers, 1850.

3. Examination and Survey of the Red River of the North and its Headwaters in Minnesota
and North Dakota, House Document No. 616, 62nd Congress, 2nd Session, 1912. This report
studied the use of storage reservoirs to improve navigation.

4. Report on Drainage and the Prevention of Overflow in the Valley of the Red River of the
North, P.T. Simons, F.V. King, U.S. Department of Agriculture, Bulletin No. 1017, 1922. This is
a comprehensive report on the Red River of the North Basin summarizing flood conditions and
recommending modifications for flood control and drainage.

5. Report on the Comprehensive Water Plan Proposed in the Report of the Interstate
Committee on the Red River of the North Drainage Basin, Prepared by the Corps of Engineers at the
request of the Works Progress Administration (WPA), 1937. The report includes a modified plan
to solve water problems in the basin, outlines certain projects suitable for inclusion in the WPA
program, and prioritizes individual reports.

6. Red River of the North Research Investigation, North Dakota State Department of Health,
1938-1941. This report covers a joint investigation by the North Dakota State Department of Health,
the Minnesota State Board of Health, and the U.S. Public Health Service into a variety of water
quality characteristics of the Red River of the North and its tributaries.

7. Flood Control Act of 1944, Section 6. This act provides the authority for the Secretary
of the Army to make contracts with others for domestic and industrial uses of surplus water that may
be available at any reservoir under the control of the Department of the Army.

8. Report on Survey of Red River of the North Drainage Basin in Minnesota, South Dakota,
and North Dakota for Flood Control and Other Purposes, U.S. Army Engineer District, St. Paul,
Corps of Engineers, St. Paul, Minnesota, September 1947.
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Reference

D-1

D-2

D-3

D-4

D-5

D-6

D-8

&

EXHIBIT D
LETTERS, AGREEMENTS, AND RESOLUTIONS

TABLE OF CONTENTS
Title

Laws of the United States Relating to the Improvement of Rivers and
Harbors, House Document No. 379, 76th Congress, 2 April 1938.

Documentation of “Standard Operating Procedure, Orwell Reservoir” and
“Reservoir Regulation Schedule”, circa. 1954.

Reservoir Regulation Schedule taken from the Reservoir Regulation Manual for
Orwell Reservoir, August 1963.

Memorandum to North Central Division Engineer, Dated 22 February 1971,
Subject: Orwell Lake Regulation.

License for Wildlife Conservation and Management Purposes at Orwell
Reservoir, May 1980 (including Appendix dated July 1989).

Letter containing review comments, regarding Orwell Reservoir Operation
Plan Evaluation, from the State of Minnesota Department of Natural Resources,

31 December 1985.

Lake Traverse-Orwell Reservoir Operation Plan Evaluation (ROPE),
Recommended Plan, April 1994.

Letter from the City of Moorhead Public Service Department, 7 June 1994.
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Orwell Reservoir

Elevation in Feet (1912 MSL) with Storage Capacity in Acre-Feet

0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
1040.0 4 6 8 9 11 13 15 17 18 20
1041.0 22 24 26 27 29 31 33 35 36 38
1042.0 40 45 51 56 ° 62 67 73 78 84 89
1043.0 95 100 106 111 117 122 128 133 139 144
1044.0 150 161 172 183 194 205 216 227 238 249
1045.0 260 271 282 293 304 315 326 337 348 359
1046.0 370 386 403 419 436 452 469 485 502 518
1047.0 535 551 568 584 601 617 634 650 667 683
1048.0 700 725 750 775 800 825 850 875 900 925
1049.0f 950 975 1000 1025 1050 1075 1100 1125 1150 1175

1050.0 1200 1230 1260 1290 1520 1350 1380 1410 1440 1470
1051.0 1500 1530 1560 1590 1620 1650 1680 1710 1740 1770
1052.0 1800 1835 1870 1905 1940 1975 2010 2045 2080 2115
1053.0 2150 2185 2220 2255 2290 2325 2560 2395 2430 2465
1054.0 2500 2545 2585 2628 2670 2713 2755 2798 2840 2885
1055.0 2925 2968 3010 3053 3095 3138 3180 3223 3265 3308
1056.0 3350 3400 3450 3500 3550 3600 3650 3700 3750 3800
1057.0 3850 3900 3950 4000 4050 4100 4150 4200 4250 4300
1058.0 4350 4408 4465 4523 4580 4638 4695 4753 4810 4868
1059.0 4925 4983 5040 5098 5155 5215 5270 5328 5385 5443
©1060.0 5500 5565 5630 5695 5760 5825 5890 5955 6020 6085
1061.0 6150 6215 6280 6345 6410 6475 6540 6605 6670 6735
1062.0 6800 6875 6950 7025 - 7100 7175 7250 7325 7400 7475 .
1063.0 7550 7625 7700 7775 7850 7925 8000 8075 8150 8225
1064.0 8500 8385 8470 8555 8640 8725 8810 8895 8980 9065
1065.0 9150 9235 9320 9405 9490 9575 9660 9745 9830 9915
1066.0 10000 10100 10200 10300 10400 10500 10600 10700 10800 10900
1067.0 11000 11100 11200 11300 11400 11500 11600 11700 11800 11900
1068.0 12000 12100 12200 12300 12400 12500 12600 12700 12800 12900
1069.0 13000 13100 13200 13300 13400 13500 13600 13700 ~ 13800 13900
1070.0 14000 14125 14250 14375 14500 14625 14750 14875 15000 15125
1071.0 15250 15375 15500 15625 15750 15875 16000 16125 16250 16375
1072.0 16500 16625 16750 16875 17000 17125 17250 17375 17500 17625
1073.0 17750 17875 18000 18125 18250 18375 18500 18625 18750 18875
1074.0] 19000 19150 19300 19450 19600 19750 19900 20050 20200 20350
1075.0 20500 20650 20800 20950 21100 21250 21400 21550 21700 21850
1076.0{ 22000 22150 22300 22450 22600 22750 22900 23050 23200 23350
1077.0] 23500 23650 23800 23950 24100 24250 24400 24550 24700 24850
1078.0f 25000 25165 25330 25495 25660 25825 25990 26155 26320 26485
1079.0f 26650 26815 26980 27145 27310 27475 27640 27805 27970 28135
1080.0} 28300
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STAGE-DISCHARGE RATING CURVE
RED RIVER OF THE NORTH AT WAHPETON, ND
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AREA FLOODED
AGRICULTURAL AREA DOWNSTREAM OF ORWELL DAM
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DISCHARGE IN CFS
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